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PREAMBLE

The indicative plan contained in this document projects the activities of
the Center over the decade of the eighties. The plan focuses specifically
on the three biennial budgetary periods over the years 1982-1887, 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.
Representative of collaborating national research institutions will be
consulted at a special workshop to be held at CIAT where the second
approximation of the plan will be presented and appropriate modifications
which synthesize the opinicns of the group will be incorporated in the

final document.

In preparing the plan three basic sets of considerations were important
in guiding the planning process:

a) The needs for rew technology designed to increase food 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.

by The degree of success of thé Center's programs and how these
expected results will modify future priorities and strategies.

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

in the development of the plan there has been no indicationthat wouldcall
for a deviation from the current general structure of CIAT research over
the period, at least until 1987. The plan places continued emphasis on
common beans (Phaseolus vulgaris), cassava (Manihot esculenta), rice,
and tropical pastures. An integral part of the plan is the proposal for

an external review of the programs which would constitute the third

TAC Quinquennial Review of the Center to be carried out in 1987. This
in—-depth review would thoroughly analyse the degree to which the Center
has realized its objectives in the four commodities and make recommenda-
tions with respect to CIAT's future role in those commaodities or in pos—
sible alternative activities.

A basic orientation of CIAT towards the agricultural sector in the Western
Hemisphere is implicit in this document. The plan projects CIAT activities
within the framework of the constraints to increased production and produc—
tivity of basic food commeoedities important in the hemisphere. The need

for improved technology in these commuodities in regions outside the
Western Hemisphere has not been neglected and provision for an



appropriate level of CIAT involvement has been projected in the plan.

A series of factors may alter the projections contained in this document,
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 meaningfully be defined when seen
against contirniing 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 cooperation which complements and supports their
own programs,

Additional elements of uncertainty are implicit in the inherent unpredic~
tability of bicological research and in the ever existing possibility of new
and unexpectaed challenges, and in global socio=economic circumstances
the may have important repercussions in the definition of the mandate.
Naturally, the degree of certainty of the projections decreases with time.,

The docurment opens with an analysis of the socio-economic context in
which planning has been placed. A specific focus on the agricultural
sector in the developing countries of the Western Hemisphere is a reflec—
tion of the basic orientation of the Center. This analysis is followed by

a discussion of the role of CIAT within this context and a review of intitu-
tional progress over the first ten years of the Center's existence, leading
to a definition of the overall objectives and strategies of the Center, The
plan continuas with an analysis of the basic philosophy underiyving the
strategies in developing international collaborative and cooperative re-
search and technology transfer activities with national institutions.

The strategies to achieve the objectives in four basic commodities are
then outlined and projections made with respeact to future activities in the
light of expected developments at the national level. The plan concludes
with a discussion of new initiatives designed to complement the work of
existing programs and a Center—wide analysis of projected rescurce
requirements and their budgetary implications.



Chapter 1: THE PLANNING CONTEXT: SOCIO-ECONCMIC
ENVIRONMENT IN TROPICAL AMERICA

"Hunger is at least as much a political, economic and social challenge as
it is a scientific, technical or logistic one!” 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 conditions characteristic of the developing world is a necessary,
but by no means sufficient, component of a world food strategy. Recog-
nizing the key role of agricultural technology in increasing food produc—
tion in the tropics, the CGIAR systerm was formed in 1971, which in
addition to CIAT row includes nine other international centers and three
related activities, While the final product of centers such as CIAT is
irrmproved production technology, the CCIAR system has recognized that
such technology can be a means to achieving more basic socio-economic
goals, viz.,

ay Improving the production, quality and stability of supply of basic
food commuodities in developing countries;

b) Improving the nutritional status of those segments of the urban and
rural population gtill below minimal nutritional requirements; and

c) Improvement of the income levels of the limited resources population
of the rural sector, and, indirectly, of the low income urban population.

The manner in which the introduction of new technology works its way
through systems of food production, distribution and consumption and
impacts on nutrition and income distribution is complex and never fully
corractive, 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 it is first
necessary 1o review the socio-economic structure into which the agricul-
tral technology will enter.

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

1 Overcoming World Hunger: The Challenge Ahead, Report of the Presi-
dential Commission on World Hunger, U.S., Government Printing Of—
fice, Washington, D.C., 1880.
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unigue ecological orientation. CIAT's research within the CGIAR system
is very much regionally focused on Latin American agriculture. In clear
recognition of CIAT's role vis—a-vis other research and extension institu~
tions, changes in research activities follow a harizontal approach, (i.e.,
addition or deletion of essentially crop programs), rather than a vertical
approach in which activities expand into either more basic research or
extension, or both. Thus, the relevant context for plamning agricultural
research at CIAT will be an analysis of agriculture within tropical Latin
America.

1.1 Socio-economic Goals in the Production Context

1.1.1 The Production Gap

Food production in Latin America has grown at a sustained rate of 3.6%
per annum since 1850, a rate consistent with growth in aggregate demand.
The regional aggregate, howeve, is highly deceptive. [n the last decade
in only five of twenty—one countries 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 1evelsi All
countries in Latin America except the temperate countries Argentina and
Uruguay, remain net-imported of food staplesT If current rates of 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 © maintain current
levels of self~sufficiency in food will require an increase in the rate of
growth of agricultural production in most Latin American countries.

1.7.2 Land, L.abor and Growth

Growth in agricultural production depends on either bringing more land
ard labor resources into production or using the current stock of those
resources more efficiently. The general patterns is some combination

of the two curses, 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 Latin American case land is a highly
abundant resource. Studies comparing potential arable land to land

1 EAQ, The State of Food and Agriculture 1978, Rome, 1978.

2 IFPRI (International Food Policy Research Institute), Food Needs for
Developing Countries: Projections of Production and Consumption to

1990, Research Report 3, 1977.
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currently under the plow estimate that L.atin American agricutture is
utilizing only somewhere between 18 to 385 percert 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 increasing the produc-—
tivity of labor while at the same time expanding arable tand. One logical
outcome of this strategy would be increased farm mechanisation.

Such a conception of Latin American agriculture is a gross oversimplifi~
cation of its complexity. Past growth in agriculture has not followed such
a path. Except for Argentina, Uruguay and Venezuela, Latin American
countries have been increasing productivity of both land and labor. During
the 1960-78 periad, tractor use increased at a 5.6% annual rate while
fertilizer use grew at a 11.2% rate. Thig intensification of land use ap—
pears to be inconsistent with the conception of a land—surplus economy.

This apparent inconsistency arises from the very heterogenecus nature

of L.atin 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 intensgification of farms currently
in production. The high costs of bringing new frontier land into production
using existing technology make it less profitable than intensifying on land
already in production. This competition between extensive and intensive
development is further complicated by the very skewed distribution of land
which is particularly characteristic of [_atin American agricuiture. The
majority of the farm population have very limited tand rescurces and to
increase production they must concentrate on technigues to increase
yvields. Large-scale 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 increases there are rising costs in obtaining and managing
large numbers of seasonal laborers. Thus, large farmers invest in labor—
substituting mechanization or specialize in extensive production activities,
such as pasture beef systems,

An agricultural growth strategy for Latin America that efficiently utilizes
both land and labor resources is complicated by the distribution of these
two resources and the very marked differences in the quality of the land
resource. Three very different growth strategies emerge: (a) intensifica-
tion of production by large farmers on the more fertile areas, essentially
through mechanization and higher input use; (b) expansion of agricultural
production at the less fertile frontier; and (¢) intensification of production
by small farmers on existing larnd, essentially through higher and more
stable yields.

Each type of growth strategy implies a very different research focus. In
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a planning cordext the issue is not only in what areas research will result
in the largest production gain but also in which areas CIAT has a compar-
ative advantage, especially in relation to the three socio-economic goals
presented earlier. A dynamic large farm sector exists in Latin American
agriculture, reliant on mechanization research easily 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” farmers out of agriculture,
While there are not sufficient employment possibilities in the urban sector,
large soctal 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 controlling the major portion of
the land resource, tend to utilize it very extensively. In Brazil, for
example, farms above fifty hectares make up 85% of the area in farms
but have only 53% of the area in crops., In Colombia, large farmers own
76% of the land but have only 40% of the 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 10 crop systems., Policies to foster mechanization,
such as credit subsidies, overvalued exchange rates, land taxes, and
price supports for machanizable crops have been implemented in many
countries. These policies 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, 85 is reflected in the very high
growth rates in mechanizable crops. Since 19681 sorghum production in
Latin America has increased at a rate of 13% per annum while in Brazil
wheat production increased at 11%. Growth in soybean production was
even more rapid. In all these cases over 75% of the growth was due to
ares expansion, reflecting the extensive nature of crop production on

large farms. Thus, while such crop yields have remained stagnant, over—
all land productivity has increased due to shifts from pasture production
to crops.

The concentration of agricultural policies on intensifyying the land use of
large farmers has had two important results, First, production growth
of extensively produced commodities, especially beef, has lagged behind
demarnd. Second, in seeking to increase the efficiency 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 [_atin American countries
(see section 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 frontier, infrastructure development is usually limiting, 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 production systems. In the Latin 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, i that it induces a more efficient utilization of land resources.

As large farmers on good land shift into crops, rising land values result
also in the intensification of the remaining pasture land. Thus in the
1960~70 period improved pasture area increased at a 3.6% annual rate,
a full percentage point greater than the expansion in crop land. In addi-
tion to this growth which represents 21 million hectares of pastures,

82 million hectares 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 i8 a neces-
sary complement to large~farm intensification, if demand for food crops
and beef is to be met.

Even with rising beef prices, the area sown to pasture was not expanding
fast enough to meet demand. For much of the abundant land area of
Latin America, such as the "llanos", the "cerrado", the "pantanal” and
the Amazon jungle, the costs of production for infrastructure and soil
correction appear to be presently too high to support a more rapid expan—
sion of land use at the frontier, Selection of crop ard pasture species
for these areas with reduced fertility requirements should improve the
potential profitability of land use. Investment in new technology that
increases productivity of adapted crops, such as rice and cassava, and
of beef pasture systems in the Oxisols and Ultisols typical of the L atin
American frontier should, in fact, ald 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
establisbment for large farmers, a more socially efficient solution would
be to bring down the cost of beef production on 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 gocially
acceptable utilization of land resources in Latin America.
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1.1.5 Small Farm Intensification

An unfortunate paradox exists in Latin American agriculture. Small
farmers are, from a social point of view, the most efficient producers

in the combined utilization of land, labor and capital resources’ but be-
cause they control such a minor portion of the land rescurce, their cor-
tribution to ocutput is limited. 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, or higher, a priority as fostering the more productive
utitization of land resources, since employment is the principal determi-—
nant of incomes and welfares.

Underutilized labor in the agricultural sector results in migration to
urban areas. However, the conditions of Latin Amarican cities offer
ample evidence that rural poverty is not being solved by transfering it
from rural to urban areas, High rates of rural-to-urban migration are
characteristic of Latin American economies, In the 70's urban growth
eased slightly but still 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 occcurring 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 find jobs at all-—and in most countries average labor productivity
s lower in these jobs than in the agriculturla 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 increase from 2.4% in the 198070 pericd to over 2,9%
in the 1980-2000 pericod., Since in Latin American countries the rural
population represents more than 30% of the total, and over 50% in the
poorast countries, rural-to-urban migration flows will remain large
putting more preassure on urban job creation. 1LO studies?® of represaenta—
tive Latin American countries have stressed the fact that a full-amploy—-
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.

' R.A. Berry and W. Cline, Agrarian Structure and Productivity in
Developing Countries, John Hopkins University Press, 1879,

2 ILO, International 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 migration
for at least the next few decades. However, the rate of this migration is
highly responstve to changes in intersectoral 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 agricultural poputation,
About 35% of the economically active population is landless labor, More-
over, subfamily size farms make up approximately 50% of all farms.

The existence of a highly mobile agricultural population that is very
responsive to intersectoral income differentials, strengthens the argument
for an agricultural development strategy that increases rural incomes of
small farmers and landless laborers,

Small-farm intensification is a necessary component in ameliorating both
rural and urban poverty in Latin America. Migration affects average
nutrition of the low-income strata of the population. Shudies have indicated
that the nutritional situation of the urban poor is inferior to that of the
rural poor, even with higher incomes?  Given the importance of reducing
rural-to-urbam migration rates, another alternative is to allow for
increased population access to land through frontier colonization. In
comparison to migration 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 soil areas of Parana, Goias, and Mato Grosso in
Brazil frontier settlament, 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 sonstraints, lack of appropriate technology, poor access
o markets, relatively high capital requirements and inconsistent land
settliement policies over time.

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

T Lynam » J.K., Latin American Agriculture: a cross—sectional analysis
in Trend Highlights of CIAT's Commodities, Econ, 1.6, CIAT, April,
1981.

2 J.0. Ward and J, Sanders, Nutritional Determinants and Migration
in the Brazilian Northeast: A Case Study of Rural and Urban Ceara,
Economic Development and Cultural Change, 28 (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? Itis anempirical questionbutwhose resolution mustfocus on
labor intensive crops, employment generating production systems, and
yield raising technologies as necessary components. However, only under
certain limited conditions are strategies to simultaneously intensify both
large and small farms compatible. If large and small farmers compete
in the same commeaodity and large farmers continue to have access to

the subsidized capital of most mechanization policies, small
farmers, in most intances, would not be able to compete. Any initial
positive impact on small farm income would vanish and even become
negative with the fall in price. The inherent nature of Latin American
agriculture argues for crop specialization by large and small farms, with
small farmers concentrating on labor-intensive crops and large farmers
on Mmechanizable crops, a current characteristic of Latin American
Agriculture. Research on facilitating mechanization of labor intensive
crops could shift the comparative advantage away from small farmers

in these crops, and thus, eventhough such research may be effective in
increasing the output of such a crop, the social costs of these research
investments could well be offset by the social costs,

1.1.6 A Combined Growth Strategy

If food is to be supplied at reasonable price levels and minimal incomes
are to be assured through productive employment, then growth in Latin
American agriculture will have to come from more productive employ-
ment of both land and labor rescurces. Enough public and private re—
sources are being directed at large scale agriculture to assure its con-—
tinued dynamism into the future. An efficient growth strategy would as
well include expansion on the frontier with intensification of production
by small farmers. However, the compatibility 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 is a key element
in a combined strategy requiring a certain diversity in research invest—
ment, since the consistency of the strategy implies very strict design
requirements for each particular crop. Table 1.1 summarizes the
comparative advantages of a range of commaodities with respect to farm
size and frontier expansion. 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 Comparative Advantage of Major Commodities Undenr
Different Production Conditions!

Current Production Areas
Commaodity Small farm iarge farmm Frontier Land

2

Wheat »® MK -
Malize KKK 2K -
Rice x XK XX
Sorghum - 2K ?
Casseva 2K - K
Potatoes KK ? -
Plantain XK - -
Reans MK x e
Soybeans - XHX ?
Sugar > XN -
Beef - X RN
Swine x HKHK s
Poultry - XXX -
Milk

Dual purpose XXX x X

Specialized =X péd -

1 / Crosses represent relative comparative advantage based on evalua-
tion for vield potential, labor versus capital intensity, and expansion
potential,

2/ Predominantly acid, infertile scils.
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1.2 The Goals in a Nutritional and Dermand 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 food consumption patterns,
particularly of the poor.

1.2.1 Nutritional Deficiencies

In l.atin America the most pressing nutritional problem is inadequate
caloric 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 inadegquacies must first be overcome or protein
additions will principally--and therefore inefficiently—be utilized as
energy source. [n fact, where calories are limiting in the diet, a per-
centage change in calories will have a greater positive 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 availability of calories and protein are used.
Figures have more meaning when expressed as a percentage of the
population with diets below the minirmum requirements. Using such an
indicator, the extent of the caloric deficits in Latin America appears

to be indeed staggering (Appendix 3). It ranges from one-third of the
population 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 investrments in human capital, such as health,
education and training, cannot substitute for or undo human capital
deterioration resulting from inadequate diets in the early years of growth,
Hence, improaving 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, i.e., an employment policy, is the most direct means
of correcting nutritional inadequacies, The magnitude of the problem is
too immediate to rely only on the longer term nature of such strategies.
Necessary complements are to identify and increase production of cheap-
er nutrient sources, and to utilize appropriate policies to increase the
caloric and protein intake of the population strata with deficits., Under—
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standing the LLatin American diet, and its diversity, is thus a necessanry
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

L.atin American food consumption patterns vary substantially 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 L.atin America and the Caribbean. Wheat is important in all 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 Brazil

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 8). Beans provided over 10% of the proteins in Mexico, Central
America, Paraguay and Brazil.

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). Consurmer bud-
get data from ten Andean cities (1967-1968) show that 15 to 30% of food
expenditures of the lowest income categories were in beef and milk,
Moreover, these percentage expenditure allocations 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 predominately 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-regionally 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 urban poor,
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1.2.4 Technology and Nutrition

Agricultural technologies can have indirect effects on the diet of the low
income urban population through their effect on food prices. Declining
food prices are desirable in this context, but product prices must also
give proper production incentives to farmers. New technology can
mediate these two conflicting roles of price in the market, but rately will
benefits be equally shared between both consumers and producers. If
improving welfare of consumer has the higher policy weight, then choice
of commodity should focus on non-exported food staples, in which quantity
demanded is relatively unresponsive to changes in price or income. Quite
naturally these commodities tend to be the principal food staples of the
poor,

The case of the northeast of Brazil, containing the largest population
concentration with nutritional problems in Latin America, could illustrate
the case. Cassava flour, beans/cowpeas1, and rice are the principal
sources of energy contributing more than 50% of the calories in the yet
insufficient diet (Appendix 8). Bean/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 this region expenditure in these commaodities
increases with income (Appendix 7), is indirect evidence that larger
amounts of these specific commodities will 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 region with acute nutritional problems. Moreover, in this
particular case the balance of beans or cowpeas with cassava helps off-
set the lower protein composition of cassava as compared with the cereals,
Policies to stimulate production and consumption of these lowest cost
nutrient sources would be expected to have a much more rapid effect in
eliminating nutritional deficits 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 Latin America is
growing at 3.6% per annum, a rate consistent with the growth in total
food production (Table 1.2). This balance is only apparent since: (a) in
16 out of 21 countries food production growth lagged behind demand (Ap—
pendix 10); (b) in most countries nutritional problems have continued, if

1 Close substitutes in northeast Brazil, statistically reported together.



Table 1.2 Various indicators of growth and importance of selected commodities in the Latin American Bbod economy,

1960-1978,
Percent
Contribution Contribution of food budget
to total 1o total spent by lowest
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Apendix 7)

Firat colurmn includes cereals, grains, rcot and tubers all expressed in cereal equivalents,
Secorndd column includes only meats expressed in carcass weight,

Source: Unless otherwise indicated estirmates are from FAO Production Tapes, and FAQO Food Balarmce Sheets for 1972-74.
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rnot worsened, since growth in production of major staples lagged behind
demand; and (c) those commodities in which production 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 nutritional problems lie (Appendices 6 and 7).

Given the skewed income distribution in Latin ﬁgmericai 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 commeodities has increased
rapidly, sometimes at the expense of more basic food crops. Such is

the case of poultry and, indirectly, of feed grains. The annual growth
rate of poultry production was 8.5% from 1970-78 in Latin America as
compared with 3% in the .S, Production growth of sorghum and soy-
beans for feed, exports, and soybean 0il was even more rapidg. The
dramatic expansion of soybeans in the Brazilian south helped push bean
production into more marginal areas. In Brazil am% Mexico 44 and 32% of
food crop uttlization in 1972~74 was for animal feed., Over the period
186165 to 187476 maize accounted for more than one half of the produc—
tion growth of food staples in Brazil whergas sorghum was responsiblie for
nearty one—half of the increase in Mexico.

From 1961~65 to 1974-76 the Brazilian growth rate in the use of cereals
for feed was 6.3% and the Mexican growth rate was 16.4%. In develop-
ing countries with rapid increases in incomes the total use of cereals
for livestock feed has increased considerably faster than the use of
cereals for human consumption.

In summary, in response to a higher growth rate of demand due to higher
purchasing power of the middle and high income groups and to high export
demand, production is growing faster in the case of pouliry, feed grains
and export crops than in the case of calorie and protein staples. Produc—
tion is substantially lagging behind demand growth in the case of maize
for direct consumption, wheat, rice, cassava, beans and beef.

1 Jain, Shail, Size Distribution of Income: A compilation of data, the
World Bank, Washington, D.C., 1875,

2 CIAT, Latin America: Trend Highlights for CIAT Commodities,
Internal Document Econ. 1.5, April 1980, pp. 77-134.

8 K.L . Bachman and L..A. Paulino, Rapid Food Production Growth in’
Selected Developing Countries: A Comparative Analysis of Underlying
Trends, 1971-76, Research Report 11, International Food Policy Re-

search (IFPRD, October 1979, p. 30.
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1.2.8 Priority on Major Staples

In Table 1.3 a ranking of the principal L.atin American commodities from
both the nutritional and demand growth perspective is summarized. Both
wheat and maize are important as caloric 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 Latin
Amaearica. Moreover, a rapid demand increase is expected for these com-—
modities, especially beef. Cassava and cassava flour are extremely
low cost calorie sources and important sources of calories in Brazil and
Faraguay, countries which account for 40 percent of the population in
tropical Latin America. Countries implemerting rnutritional 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 change in marketing and/or processing
fresh cassava may have a future potential growth as a food and/or feed.
Heans are important sub~regionally for protein and are the lowest cost
protein source. Beans could be an important complement to a nutritional
program aimed at increasing cassava consumption since protein deficits
become an important concern once calorig 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 combined impact of growth in
poultry and feed grains on relieving nutritional preblems is not as high
as in the case of the more basic staples, viz,, maize, wheat, rice,
cassava, beans, beef and milk.

1.3 Commodity Choice and Research Strategy

As discussed in Section 1.1, within the Latin Armmerican agricultural sector
there is a substantial heterogeneity in farm units in terms of land/labor
ratios. This resulis in substantial heterogeneity in production technologies,
a certain crop specialization by farm size, and differential retunrs to
production resources across farm size units. Within this highly skewed
land distribution a dynamic large farm sector has either emerged (aided

by subsidized mechanization schemes), or lies latent, This dynamism

can produce conditions in which competition drives less efficient farmers
or less productive labor out of the agricultural sector. Very rapid
rural-to-urban migration has characterized Latin American economies,
requiring substantial investments in social infrastructure and in many
cases swamping urban employment generating capacity. Moreover, a
substantial portion 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

ERTED immmrme
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be more consistent with each other if competition is minimized, i.e., if
the two sectors of small and large farms do not effectively compete in the
same commodity 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 must be given for the importance of these commodi-
ties in the diets of the urban poor, since there exist trade—offs between
benefits for the rural vs. the urban poor. The Latin American diet is
marked by substantial variability between regions. Maize, whear, 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 food staples will have an
impact on the nutrition of the poor through technology introduction.

If new agricultural technology is to contribute simultaneously to growth
and equity goals, research cannot concentrate on only once crop, one

ecosystem, or one particular group. As the above discussion has high-
lighted a consistent crop selection and research strategy is required if
CIAT is to contribute to impact or growth, income, and nutrition goals,

It is recognized that due to the heterogeneity of LLatin American agricul-
ture there is no one crop that could contribute significantly to total
agricultural production and, simultaneously, significantly affect the
rural and urban poor (Table 1,3), as it is the case of rice in Asia. In
chosing to do research on a portfolio of crops CIAT atterpted 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 predominately
food staples. Secondly, the cheice of crops should be such that some
provide for an increase in the productivity of small farmers and their
income, while others should contribute to the expansion of agricultural
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, infertile soils.

Each has regional importance as a calorie and/or protein source. In
terms of contributing to the major nutrition problem (i.e., calories),
maize, wheat, or sugar would have been other possible choices. The
first two are under the mandate of CIMMYT. Sugar, on the other hand,
is already the lowest cost calorie source in the diet partially reflecting
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the large investment in research that has already gone into this crop.
Other possible crops important from the production point of view, but

of lesser significance in achieving the overall socio—economic goals, are
sorghum and soybeans. These crops, however, are not food staples
(except soybean oil) and would tend to benefit more the middle and high
income consumers and large farm producers. These crops are, however,
displacing other feed and food crops grown in good lands. Given CIAT's
size and budgetary limitations, and the early state of technology develop—
ment in the four current programs, it is too early to consider adding

any of these commodities as core funded programs at this 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 involverment with these crops is discussed in
Chapter &,

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

1.3.1 Tropical Pastures

P

Beef is a principal part of the Latin American diet and forms a major
portion of the food budget, even among the poor. Demard for beef in
Latin America is increasing at a rate that is far ocutrunning growth in
production. Moreover, beefl is an extensively produced commodity and
the production systerms do not require well—developed infrastructure
for inputs or 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 focuses

on relieving the principal constraints to extensive beef production systems
in the acid, irfertile soils of Latin America, with emphasis on the savanna
regions. The constraints lay primarily in the low nutrient production of
the pasture system, especially in the dry season. The search for adapt—
ed and more productive grass and legume species was considered to be
the key to developing a low-cost, minimal irnput technology for these
areas.

1.3.2 Cassava

Cassava is a traditional calorie source of the rural poputation in Latin
America but has limited importance in urban areas, except where
consumed as a flour, especially in Brazil., The plant is 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 high labor reguirement, adaptability to intercrop-
ping systems, and flexible harvest pericd result in production originating
from small farm systems., Given that demand is sufficiently elastic, the
crop is ideally suited to intensifying small-farm production systems.

The petential for developing 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 elasticity. Compet—
itiveness in these markets, however, appears to be dependent on lower
production costs, that is, improved production technology.

The research strategy in the Cassava Frogram has three principal thrusts:
(a) development of low—cost, minimum input technology, particularly
directed at small farmers; (b) research on developing cassava as a crop
for expansion onto the frontier; and (c) research on more efficient proces-
sing and utilization technologies. The Program combines research on
both production and utilization technologies, since a primary constraint

in cassava production systems is its rapid perishability after harvest,

as well as to insure that processing techneologies are of a sufficiently
small scale to allow resource poor 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 systerns in more
marginal production zores.

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 Table ). Bean production is stagnant in Latin America, with
area expansion utilized to compensate for yield declines in most countries,
especially Brazil. Most bean production comes from the small farm sec—
tor, where beans are typically produced in association with other crops,
principally 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 disesases
attack this crop. 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 price supports or other
financial incentives to bean producers. As a consequence of thes physical
and economic factors discouraging bean production, few farmers are
prepared to use expensive inputs such as fertilizers or chemicals for
diseagse 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 Brazil and the Cauca Valley in Colombia) by more
profitable crops. In the last decade bean yields in most Latin American
countries have been declining 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 Bean Program is to increase bean produc—
tivity through the incorporation of multiple disease resistance into com-
mercial cultivars. Tolerance to drought and moderately low fertility
levels is also sought. The search for cultivars able to fix atmospheric
nitrogen is also emphasized., The Bean Program strategy focuses on
stabilizing and increasing bean yislds without major increases in
purchased inputs. Nevertheless, once new varieties are available
moderately increased input levels will be economically feasible due to
higher potential yvields and reduced yield variance. The emphasis of the
strategy is on obtaining production increases without major increases

in input costs so that the principal producer of baeans will remain the
small farmer.

As a large part of bean production comes from climbing beans, which
are almost entirely produced in association or in relay with maize, the
Program is dedicating a considerable effort to the improvemaent of beans
in association, while maintaining maize yields. Such technology is
again mosgt appropriate for the small farmers due to its 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 consumption
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 (or even declining) relative price of rice, as
production has kept up with demand growth in most Latin American
countries. In many cases this rapid production growth has been as a
result of the introduction of improved varieties, combined with rapid
adoption by mechanized farmers in favored rice areas,

Rice is predominantly a large farmer crop but there is nevertheless large
a diversity inthe types of production systems utilized, varying between
intensive irrigated systems to extensive upland systems on the frontier.,
Average vields in the different systems vary markedly. The principal
factor determining the type of system is the rainfall pattern and possibili~
ties of improved water management. The relevant issue for most rice
producing countries is the cholce of system in which to invest research
resources. The new technology has primarily benefited the irrigated
sector and farm vields are rapidly reaching the feasible yield potential

of the current technology . Future yvield incremeants 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
areas 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 rmade in most countries and the focus will
principally be on maintenance research, and in basic research to develop
rice blast and Sogatedeaes leaf hopper resistance. 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 CIAT

Effective agricultural research is a cortinuum, encompassing that range
of activities from basic research, such as genetic engineering, to moni-
toring of farmer adoption of improved varieties and cultural pactices,
This research continuum encompasses a complex of interacting institu-
tions, running the gamut from basic to applied research, and from
research to extension activities. The International Centers occupy a
particular niche in this institutionsl complex. They in effect provide
the institutional link between basic research and the applied research
and extension urgently needed for tropical conditions.

This translation of science into practical technology requires a relative~
ly long~term commitment of resources, relatively large start-up costs,
an effective "critical mass" of research scientists, and decision—making
free from the compromise and vested interests of the political process,
The international research center combines these atiributes with the
potential economies of scale inherent in plant breeding, i.e., the assembly
of large germplasm banks, large scale screening, crossing, ard selec-
tion, and multi-disciplinary evaluation., These economies of scale,
however, do not extend to most agronomic research, extension, or fine
tuning of the plant breeding process. International Centers are thus
only effective if working in tandem with well~-organized national pro-
grams.

Rasources for agricultural research are limited. National research pro-
grams cannot systematically work on all crops for the totality of eco~
systems that exist, Priorities are often set by the more powerful forces
in the economy. International centers help to overcome what is a per-
sistent public resource constraint in developing countries. Moreover,
their international focus allows them to compensate for biases in tech-
nology development and institutional organization. The comparative
advantage of an international center such as CIAT lies in compensating
for the underinvestment in several critical technological and institu—
tional areas, which have become second priority to more dominate
concerns,

2.1 ClAT's Role in Technology Development

Given the above mentioned underinvestment, CIAT's comparative
advantage in the Latin American context lies in technology development
in three basic areas.

2.1.1 Focus on RPasic Food Commaodities

Agricultural research in Latin America has focused on the more dynamic
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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, It was these crops which received the bulk

of the research resources. With the rapid urbanization of the last three
decades and the orientation 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 1.1.8.). Thus, past efforts have given relative—
ly little attention to the crops which are the most important sources of
calories and protein for the largest number of peoples and serve as a
source of income to the largest number of farmers, The international
centers, as they are able tc concentrate on these commaodities, can make
a unique contribution towards overcoming the large knowledge gap which
still exists on the basic food crops, particularly when they are grown by
low resource farmers.

2.1.2 Technology Development for Low Resource Farmers

Compourding the paucity of research on basic food crops is the fact that,
in many cases, the relatively little research done on these crops has

been conducted under experiment stations conditions approaching more
closely conditions of large, mechanized, irrigated farms. CIAT's
emphasis on technology appropriale for use under the constraints faced

by small farmers, and its cooperation with national programs in strength—
ening and developing methodolagy for on~farm evaluation of technology,
allow the Center (o pay a special role in developing technology for farmers
with limited resources and for the less favored environments.

2.1.3 Technology Development for Expansion of the Frontier

There is also a lack of technology which will make possible 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 (approximately 50% of tropical
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 possgible logically
sound and more intensive utilization of those areas apt for livestock
production, eventually combined with crop production, in the frontier
regions.,
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2.2 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 apolitical, non—governmental nature, can
contribute in various ways to overcoming some of these institutional
constraints. These include:

2.2.1 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
profitable venture. This recognition has been reflected in the fact that
agricultural research expenditures in Latin America have increased from
US$HET million in 1965 to US$1239 million in 1874, 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. aAdditionally,
there is an evident tendency by international organization to increase the
level of their laan and technical assistance support for national agricultural
research systerns 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 investrrent in this important arnd profitable arsa

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
and all national programs in each crop or commodity. Avoiding unneces—
sary duplications in many small scale programs will certainly allow for
a more cost effective utilization of the total limited resources available.

Wwhile there are understandable pressures for national institutions to
spread their research efforts over a broad range of export, plantation
and food commodities, the international centers are concentrating only
on basic foods and through division of labors between individual centers
have the luxury of focusing their efforts on only a few commodities,
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Thus, CIAT, by maintaining a sharp focus on only a few crops, can make
more rapid progress in developing technology for these commaodities.

By demonstrating the usefulness of concentration it can also have a
catalytic effect in helping national programs establish clearer priorities,
and thus avoid the dangers of over—diversification.

2,2.2 Bullding Human Capital

The insufficiency of qualified manpower is one of the most sericus limiting
factors in development of new technology. Data in Appendix 12 supports
the belief that Latin America as a region has a low level of human resource
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
agricultural scientists must continue to lie with the universities in the
region. Provision of scholarships for higher degree training should
remain the responsibility of national programs with the support of donor
institutions. CIAT has a comparative advantage in providing postgraduate
training in specialized commeodity areas and thus increasing the human
capital available in these particular areas. By stimulating better support
and prestige for agricultural research it can also be catalytic in improving
working conditions and remuneration to help overcome the brain drain
which often aggravates the manpower supply problems.,

i
2.2.3 Stimulating Better Orientation of Research and Training

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

2.2.4 Strengthening the Links Between Research and Extension

In some Latin 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
activities with national institutions for on—-farm evaluation, its training
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extension specialists in selected commodities, and its collaboration with
national programs in developing in—country training, can help build the
bridge between these two important functions.






Chapter 3: CIAT HISTORY AND ACHIEVEMENTS

The agreement between the Colombian government and the Rockefeller
Foundation to found CIAT was dated 12 May, 1967, The first Board of
Trustees was held on 17 October, 1967. The official Colombian govern-
ment decree establishing CIAT as an institution was dated 4 Novermber,
19687. Facilities of CIAT's headquarters were dedicated on 12 Dctober,
1973, At that time its core senior staff numbered 32 (about one hald of
1981 figures). Thus, a large portion of CIAT's current program activities
are ten years old or less.

Fundamantal to the various research and training achievements summa-
rized at the end of this Chapter (3.4) and of special importance in establigh-
ing the basis foralong-range plan for the '80s, are the achievements of

an institutional nature which have been accomplished since CIAT's incep~
tion. These relate to sharpening of program focus, development of

policies and development of facilities and institutional relationships.

3.1 Evolution of CIAT mandate

d.1.1 The Original Broad Base

Thanks to a very active and interested Boars 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 Infernacional de Mejo-
rarmiento de Maiz y Trigo, CIMMYT, together with the pending establish—
ment of an International Institute for Tropical Agriculture, IITA, in Nige-
ria, prompted the Ford and Rockefeller Fourndations to consider the
problems of the hot tropics of Latin America. Dr, Lowell S. Hardin
(Ford Foundation) and Dr. Lewis M. Roberts (Rockefeller Foundation)
were commissioned by their foundations jointly to study the problems

of agricultural productivity in that area and to recommend a course of
action. The result of this study was the document A Proposal for
Creating an International Institute for Agriculture Research and Training
to Serve the Lowland Tropical Regions of the Americas', written by
Roberts and Hardin and dated October 1966. The document commented
on the variety of ecological zones of the Latin American Tropics. It
divided the area into three classes, viz,,

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

b) unfavorable— the hot humid jungles of the Amazon and Orinoco basin
and Colombian Pagific coast.

¢} unclassified—the central plateau of Brazil and the Llanos of Vene—
zuela and Colombia.

In addition the Roberts and Hardin paper identified high priority problems

for the institute's attention. This extensive list of commodity and produc—
tion system responsibilities is shown in relation to the discussion of sub—

sequent modifications in section 3.1.2.

The report als¢ stated that "the proposed Institute would follow in many
respects the successful International Rice Research Institute modell but
then says, "the Latin American Institute would not be concerned with a
single crop or enterprise. [t would concentrate on the identification ard
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 multi—-commodity base. However, it is also apparent that the authors
recognized the complexity of an ecological mandate for an institute and
opted for a set of commodities as the means of moving agricultural produc—
tivity within the ecological zone.

Following the establishment of CIAT and appointment of its first Board

of Trustees, the prograrmmatic scope and operational philosophy of the
Center were defined in greater detail by the management and the Board.
Initially, this resulted in somewhat of an expansion of the scope envisaged
by Roberts and Hardin., Thus, a broad foundation of development goals,
geographic and ecosysterm scope arkd commodity responsibilities was laid
down in the first years of CIAT's existence., This provided the base on
which the Center could, with experience and further studies, builld 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 davelopment, This
has resulted in a marked reduction in the number of commodities covered;
a clarification and sharpening of the program strategies and priorities;
and a narrowing of the geographic and ecological focus. The current
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objectives and strategies are spelled out in Chapter 4, The modifications
to the program responsibilities from those originally envisaged by Roberts
and Hardin are summarized in Table 3.1.

Such major refinements and re—definitions of programs have not come
about easily nor capriciously. As important as the actual changes made
has been the evolution of the way in which the cooperating institutions,
the Center staff and management, and the CIAT Board interact in the
making important policy decisions. These are discussed in the following
section.

3.1.83 Mechanisms for Program Review and Modification

3.1.3.1 LDC participation. The views of the scientists and policy makers
of the chief collaborators and clients for CIAT's products, i.e., the coop-
erating institutions in the countries CIAT serves, play a vital role in the
developrment of policies and operationsl procedures of CIAT. Qver the
years variocus mechanisms have been developed to facilitate this essential
input., These include:

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

b) Senior staff selection. Nearly one half of CIAT's senior staff are
citizens of tropical, developing countries, and thus, bring with
them an intimate knowledge of LDC production problems and require-—
ments.

¢) Consultation travel. CIAT staff travel extensively in the course of
their work and thus consult freguently with colleagues on research
priorities and government policies.

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

1y Seminars on advances in research— at which the CIAT programs
present their results and plans and seek suggestions for changes.

2) Special topic workshops— such as one held in November, 1977,
on rice, at which rice research leaders from throughout tropical
America were invited to advise the Center on the future nature
of its Rice Program activities, and from which came the recom-




Toble 3.1 Development of Progrom Mondate of CIAT.

Roberts and Hordin Recommendotions Subsequent Developments

{1} Top priority to be given to one or moce groin {1} It wos decided to concentraie all efforts on the common beon, Phosesius vulgoris,
legume crops such os soybeans, beans, cowpenos
and pigeon pecs.

{2) “"Corn ond rice ore of primary importance and (2) The original moize program was dissolved in favor of o collohorative program with
should be investigoted cooperativaly with CIMMYT by which CIMMYT staff stotioned ot CIAT would work with nationol
CIMMYT ond IRR], respectively, with the programs in the development and fransfer of maize technology for the Andeon zone,
ingtitute serving as o hesdquorters for collob=
orotive work™, IRR} stotioned a "Licison Scientist” with CIAT with responsibilities within the CIAT

fRice Pragrom, for coordingtion of Intemationul Rice Testing Program octivities in
Lotin Americe. IRRI and CIAT agreed that oll their rice aclivities in Latin Ameri-
ca would be conducted in close colloboration,

{3) "Livestock work would concentrate on ru~ (3) ™on ruminants were odded o this set of octivities by the stort of o Swine Program
minants with emphosis on study and prevention in 1989 . In 19735 the Boord considered that the research component of this progrom
of diseoses; nutrition; foroge production, ond had achieved its objectives and decided to reduce the stoff ond concentrate on
the economics of various systems of husbandry technology ronsfer activities, These were successfully executed and the program
under tropical conditions,” phased out entirely at the end of 1979, After severol external reviews ond several

position pepers, the Boord decided 1o resirict the geographic/ecosystem scope of
the Beef Progrom to the acid, infertiie soil regions of Latin America, with mojor
emphosis on developing improved, legume-based postures for this area. The
progrom subsequently wos re~nomed the Tropicol Pastures Program,

(4) ®The institute should fook further to the (4 This led in 1973 to the estoblishment of the Agricultural Systems Program {Loter
development of proper cropping patterns or rewnamed os the Small Farm Systems Progrom) which was constituted to anolyze
systems of rototion.™ farming systems 50 ¢s to assist in the ropid adoption of improved technology. Follow-

ing o speciol workshop in 1975 and its report on this st of activities, It was
agreed that the responsibility for the incorporation of commodity technology inte
farming systems should rest with each commodity program, Accordingly, the follows
ing recommendotions were occepted: (o) thot the Small Farms Sysiem Progrom be
phosed out; (b) that on economist ond on outreach agronemist be added to each of
the three mojor commadity progroms {i.e,, cossave, beons, ond beef); und (c} cre-
ation of on Agricultural Production System Coordination Group to overses those
inter-related studies that are not the cesponsibility of o porticular commodity, The
TAC Stripe Review of Farming Systems Research in 1978 endorsed this decision,
indicoting that farming systeme research wos indeed being corried out within the
existing commodity progroms of CIAT, os these were essenticlly developing compo-
nents for whole form systems,

{5) “Additionol crops or cutegaries of craps thot are {5} it wos decided thot of this wide ronge of possible commodities CIAT would concen-
important and which moy receive odditional trate its efforts on a single root crop, cassova,
oftention are:
root crops ~ coswava, yoms ond sweet polatoes
vegetobles
tropical fruits = plantaing ond citrus Frults”
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mendation that CIAT begin work on Upland Rice.

e) Program level consultation. Each commodity program organizes
periodic workshops with cooperators in testing networks or with
cooperators on specific research topics, and in which the cooperators
have an important voice in the design and future plans of cooperative
testing, and on CIAT program strategies.

3.1.3.2 CIAT staff and management involvement. While priority setting
and program planning is a day-to-day activity of Center staff, and is
periodically formalized in the Biennial Program and Budget proposals,
there are two sets of activities which merit special mention in relation

to the interaction of Center staff with the Board in the development of
Center policies. These are;

a) Annual program review. This is basically an internal, peer review
at which all senior staff contribute to discussions of results and
plans of all programs. The methodology for such reviews has
evolved at CIAT so that a very frank, constructive and critical
discussion takes place. The Program Committee of the Board
attends and participates in these reviews.

b) Position papers. The CIAT Board has frequently used the mechanism
of requesting the management to present a "position paper" when
faced with questions of a policy nature regarding any of CIAT's
program activities. These are normally prepared in draft by the
program concerned, then submitted to peer review at an internal
workshop. Sometimes an external review or a special workshop
with outside consultants have been used to help define positions.
Finally, the management presents the position paper to the Board,
normally through the Program Committee, an important arm of
the Eoard discussed below.

3.1.3.3 Program Committee of Board of Trustees. In 1974 the Board

of Trustees established a Program Committee as a standing cormmittee

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, partic -
ularly staffing as it affects the budget.
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3.2 Institutional Developments

3,2.1 Program Organization

Initially the Center's research activities were made up of commaodity pro—
grams staffed by personnel organized in disciplinary groups, with an
individual scientist's time often budgeted in fractions of man-years in

each of several programs. Through several management and budgetary
steps the staff has now been organized 50 as to place program scientists
entirely tn one commeodity or another, with management of sach multi-
disciplinary commodity team clearly the responsibility of the respective
Program Coordinator, Important changes integrating the Center's training
activities more fully into its respective commodity programs have also
taken place. These are described more fully in Chapter 7.

3.2.2 Administrative Qrganization

Several changes in the organizational structure have taken place to accom-
modate the various program changes described above, and the growth of
the Center. Research, training and support activities are currently orga—
nized within three directorates: Crops Research, L.and Resources Re-
search, and International Cooperation, Administrative and financial
functions are managed by the Executive Officer and Controller respect-
ively. These five principal officers are directly responsible to the
Director General. More details of the current organization structures

are illustrated in the organigram shownon Appendix 13,

3.2.3 Institutional iminkag_@_a_

An important part of CIAT's achieverments in its formative years, and an
essential base for the activities programmed for the '80s, is the develop-
ment of strong collaborative institutional relationships; since it is clearly
recognized that CIAT acting alone is impotent. Therefore, cordial and
productive relationships 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 organizations (such as 11ICA,
CATIE and SEARCA) with international organizations (e.g., FAO and
IADS): and with sister centers (e.g., rice with IRRI, and cassava with
IITA). The relationships and understandings developed through these
agreements, together with mutual respect, will form an essential
foundation for the success of CIAT activities in the years ahead.

3.2.4 nfrastructure Development

3.2.4.1 Headguarters facilities. CIAT's headquarters and its main re-
search farm are located on a 522 hectareg parcel of land owned by the
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Instituto Colombilano Agropecuario and provided without cost to CIAT. This
was initially leased for a period of ten years from July 1870 to July 1880.
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 QOctober 12, 1873 the new physical plant was dedicated. This consisted
of the Administration building; Library/Documentation/Information building;
Training and Conferences complex (consisting of conference, classroom

and seminar rooms, amphitheater, conference and reception area, offices,
conference housing, trainee housing, kitchen/cafeteria, and dining room
facilities); two research laboratory wings; field lab; motor pool; Genetic
Resources Unit building; and experiment station facilities (including fencing,
drainage and irpigation ditches). It was recognized that these facilities
were inadequate for the program levels projected even at that time. Since
then, additional facilities originally ommitted due o budgetary constraints,
as well as additional facilities required by program expansion have been
added. These are: additional field lab; additional office buildings (2);
warehouse and purchasing offices; four additional greenhouses and associated
headhouse facilities; farm equipment storage and maintenance facilities;
seed processing and teaching facilities; and Communications building,

3.2.4.2 Substations. From the outset it was recognized that CIlAT—-Pal~
mira was an excellent site for Center headquarters and some limited
field research activities but that the soils, altitude and climated did not
make the location highly representative of most of the tropical agricul-
tural area of Latin America. Initially, it was anticipated that the ICA
station of Turipana in Monteria would serve as a major ancillary site

for work in other more tropical conditions. However, subsequent
experiences and program changes have made it necessanry 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 located 40 kilometers south of Cali,
with highly infertile, acid soils where much of the preliminary screening
of germplasm for acid, infertile soil conditions and various nutritional
studies, which cannot be performed under a more fertile land at CIAT
headquarters, can ba accomplished.

CIAT Popayan. A higher altitude station (1700 meters) with high rainfall,
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 location.

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

3.2.5 Cooperative Activities on [CA Stations

CIAT is fortunate for its Colombian headguarters location in that Colombia
has a broad range of altitude and rainfall conditions which make it possible
to do work under many ecological conditions representative of Latin
America without crossing national boundaries. It is also fortunate that

the Instituto Colombiano Agropecuario, ICA, is strong and cooperative.

It has experitment stations in various locations representative of these
areas. Through two specific cooperative agreements CIAT currently
conducts a large amount of its work on various ICA stations, particularly
the Following:

a) Caribia, North Coast of Colombia—-cassava.

by La Selva, at 2200 meters near Medellin- climbing beans.,

c) Obonuco, 2710 meters — research for high altitude conditions.,
d) La Libertad, Colombian Llanos ~ rice blast research.

e) CNIA, Carimagua, a 20,000 hectare station in Colombian | lanos,
This station is of vital importance o 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, highly acid, infertile savanna regions
which, of course, cannot be done in the area where CIAT'sS head-
guarters station is located. In Carimagua, a unigue arrangement
between ICA and CIAT has been arrived at under which most exper—
iments are considered to be collaborative experiments between the
two institutions. The station is administered jointly by 1CA and
CIAT; the station director is an ICA appointee, and the station super—
intendent a CIAT employee., The administrative policies for the
station are made by a special joint committee consisting of three
merrbers of each institution.

3.2.8 Cooperative Research Activities in Erasilia

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 Brazil. Through a cooperative arrangement with
the Cerrado agricultural research center, CPAC/EMBRAPA, CIAT has
stationed three of its core senior staff of the Tropical Pastures Program
at CRAC in Brasilia. All the work of these scientists is considered an
integral part of the EMBRAPA research program but also bas application
beyond Brazil's borders.
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3.3 Technical Achlievements

It is neither possible nor appropriate in a long—range planning document
to detail the many technical achievements accomplished in the Center
since its inception, Nevertheless, it is considered desirable to give a
general overview as to where the various CIAT programs have progres-—
sed on the technology generation/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 estimate as to where they will
have arrived on this continuum by the end of the decade,

The process for agricultural production technology generation and transfer
can be symbolized by a pipeline in which the results of basic research are
fed into one end of the conduit, and increased agricultural production even—
tually emerges from the other. While technology other than new varieties
also 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 generation and delivery of various types of technology., In this
sequence the gathering together of germplasm accessions is the first
phase in which the international center is involved. Selections from the
germplasms 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 is

going on. Thus the initial impact of the centers' crop improvement
programs may well be through distribution of matecrials others have develop-
ed or selected. However, with time, the impact of the centers’ breeding
program should become evident, since the intensity of the selection arwl
testing activities engaged in by the international centers for any particular
species is usually greater than has ever been applied to that species. Thus
il is only 0 be expected that eventually the best varieties appearing in
international testing should come from the centers' breeding program.,
However, as national programs develop their own capacity and as strong
cooperative efforts with the international centers become established, na—
tional programs are tn an increasingly better position Lo develop varieties
which will be superior in their own location situations and which cormpete
strongly on a global basis in international testing networks., Thus, the
interface between the center and national crop improvement programs (s
the international testing network, which utilizes materials coming from
other sources as well as those from the center's breeding programs,

The entire process from germplasm collection to releasing finished
varieties by national programs is a long one, requiring at least six years
in beans, and nine years in cassava and pastures. In this context it is
important to place tn 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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pectively. The Cassava Program began in 1972 with one senior scientist,
and the Bean FProgram in 1873 with three senior scientists. It is, there-
fore, somewhat early to expect that the results will have already progres—
sed sufficiently 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 research of
the Colombian national institution, ICA. While the other commodities
have not yet significantly increased national production levels there have
nevertheless been substantial developments in problem assessment, germ=-
plaem accumulation, parental selection, progeny testing and methodology
development., These developments are described in greater detail for the
specific programs in Chapter 5 and 6. In this Chapter we will attempt

to summarize what has been accomplished in the germplasm accumulation
and technology transfer/adoption components in order to illustrate at what
stage each pregram has arrived in the pipeline to give perspective to the
plans and expectations which follow,

3.3.1 Germplasm Collection 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 genetic resources. Within the
CGIAR system CIAT has been given global responsibilities for the collec-
tion, evaluation, preservation and distripution of germplasm in cassava,
beans and tropical forages. At the time of this writing the number of
accessions of these commodities in CIAT's genetic resources unit are

as follows. Cassava: 2,600; Beans: 30,000; Tropical Forages: 7,250,

3.3.2 Technology Transfer and Adoption

3.3.2.1 Rice,

- Average yields in 20 Latin American countries have increased from
2.0 tong per hectare in 1967 1o 3.2 tons per hectare in 1978 due
chiefly to new varieities developed at CIAT and IRRI, in collaboration
with national programs.

- In Colombia the national average yield or irrigated rice has risen
from 3.0 t/ha in 1966 to 5.2 t/ha in 1980.

- Eight countries have named 28 new varieties using eight different
finished lines received from CIAT and six countries have named
12 varieties from selections of advanced CIAT 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 B0 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 producs
tion that cassava has been removed from the list of rationed food
items in that country.

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

-~ Eleven countries are increasing planting materials of varieties
received from CIAT for distribution to farmers,

- Ten countries are using the rapid propagation techniques developed
at CIAT,

- Seven countries have established facilities to receive CIAT's hybrids
as meristemn tissue culture to minimize hazards of international

rmovement 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 rnurseries for
testing. These nurseries initially consisted entirely of varieties
developed by others and selected for the CIAT germplasm collection,
Now, owver 90 percent of the materials in nurseries are CIAT~bred
lines ( the materials to be included in the nurseries are selected on
the basis of their being superior to all other materials in extensive
series of tests prior to entry into the international testing nurseries).

- Seven couniries have named a total of 11 varieties based on finished
varieties, or selections from advanced breeding lines received from
CIAT. Six of these varieties are already being grown by farmers in
four countries.

3.3.2.4 Tropical Pasiures

- Andropogon gayanus, a grass of African origin, highly tolerant to acid
soils, low soil fertility, drought, insects and diseases, and selected
for use in Latin America by CIAT, has now been named as a new cul-
tivar in Colombia and Erazil. CIAT has made available 8 tons of
basic seed for multiplication in those countries, and has also supplied




venezuela and Panama with seed where the grass is under advanced
testing.

- Several forage legume accessions collected and selected by CIAT
have reached advanced stages of testing in Colombia and Brazil.
Because of the growth habit of A. gayanus and the nitrogen fixation
ability and higher protein content of the legumes, a much better
impact is expected {o be achieved when A. gayanus is used together
with legumes. Several years of ggr*azing? trials have demonstrated
& 10 to 15-fold increase in live~weight animal gains per hectare, and
a 2 to 3-fold increase in per animal productivity, of selected grass/
legume associations over the best-managed native savanna.



Chapter 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 guality of specific
basic food commaodities in the tropics—-—princi-
pally countries of Latin America and the Carib—
bean~-thereby enabling producers and consumers,
especially those with limited resources, to in—
crease thelr purchasing power arnd improve their
nutrition,

The components of this objective statement are amplified as follows:

4.1.1 Technology Development Orientation

Among the various components of economic and agricultural development,
and among the various activities important for the improvement of human
welfare, CIAT will continue to concentrate on thae generation and transfaer
of technology. This does not negale the importance of institutional, social
and political changes, but it does imply a confidence that application of
modern science and technology to the problems of food 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 accomplishmeant of the desired results
involves the cooperation of various national, regional and international
agencies, of which an international agricultural research center is but
one. The place of CIAT on the technology development and transfer
continuum, and s irvolvement in various states on this continuum, is
schermatically illustrates in Fig.4.1. Given CIAT's unique place between
a range of more basic research institutions and collaborating national
programs, the Center must articulate its activities in two directions.
First, it must relate its technology generation efforts to developments
in research 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 supplemeantary to, collaborating regional and nationat
research/developmeant institutions.
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CIAT recognizes that of the various institutions participating in the tech-
nology transfer continuum none are more important than the national agen-
cies involved in agricultural research and dvelopment. It is only through
strong national programs that the new technology can be evaluated under
varied local conditions, modified as necessary and eventually be transfer-—
ed to the farmers along with the essential support services required to
make the technology useful and viable for the producer. Eveary effort

is made by CIAT to maintain cordial and productive collaboration with

its prime partners, the national institutions. In the area of CIAT's
competence and within the limits of its resources, every effort will be
made to strengthen the capacity of these institutions to carry out their
functions as full and effective partners in the research continuum,

4.1.3 Geographical Orientation

The Center was founded to serve the tropics of the Americas and, during
its first ten years, has orientes its programs towards that region. Each
of the Tour CIAT commodities is firmly established as a basic staple food
of the region. The Tropical Pastures Program has a strong ecological
focus on the underutilized, acid, infertile solls of the Americas, while
the Rice Program, in close collaboration with IRRI, is exclusively
directed towards Latin America and the Caribbean,

With 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 [ITA has a continental responsibility). Itis
recognized that with respect to both of these latter commuodities CIAT
technology with appropriate modification can have considerable impact
outside of the Western Hemisphere. In the case of cassava an active
technology transfer effort towards Asia has already begun and has
demonstrated that, in this continent where cassava is of considerable
importance and is largely unresearched, CIAT techrology can play a very
important role in increasing the crop's productivity. CIAT intends to
further develop mechanisms for the development and dissemination of
cassava technology in Asia. With respect to Africa, both IITA and CIAT
consider it important to liaise their respective cassava programs, A
mechanism for such g liaison is outlined in this plan.

In the case of beans, the most important production region outside of

the American 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 is very pressing, and it has already
been demonstrated that CIAT technology could have a very important
impact.

The Center recognizes that in the case of beans and cassava, the tech-
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nology as developed for the Western Hemisphere is such that with a relative—
ly minor additional investment it can provide the base for productivity
increases in the other continents., Thus, while CIAT's basic orientation

of research will continue to focus on the Western Hemisphere, the Center
will continue 0 expand its efforts to find mechanisms that will assure

that the new technology has a maximum impact in other areas of the

tropics, without unduly diverting attention from the immediate task.

4.1.4 Orientation to the Poor

CIAT identified limited resource producers and consumers, i.e,., the
rural and urban poor, as the principal beneficiaries of CIAT work, thus
clearly incorporating human welfare cbjectives within the production
goals. As will be described below this translates into technology design
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 comimunities, In the developing countries of the Western
Hemisphere these two communities overlap to a much lesser degree than
in developing countries in Africa and Asia. Approximately 60% of the
population in Latin America is urban and the trend towards an ever
increasing percentage of urban dwellers is expected to continue through
the eighties. Consequently total production, regardless of the resource
bage of the producer, cannct 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 targe scale, mechanized production. Nevertheless,
CIAT concentrataes its attention on production technology that is specifical-
ly adapted to the needs of small holders, both because a large proportion
of two of the food crops dealt with by CIAT (beans and cassava) are pro—
duced by small holders, and also because the development of such tech~
nology requires a sustained and concerted effort which can best be made

by a public funded, international institution.

4.2 General Strate%

In carrying out its particular role in the research and development con-
tinuurr, the Center pursues the following basic strategies,

4.2.1 The Establishment of Reseaarch Networks for the Interinstitutional
Transfer of Technology

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

4.2.2 The Development of Germplasm Based Technology

An analysis of production constraints of the commodities in CIAT's man—
date has indicated that increased availability of improved germplasm
adapted to the environmental conditions and prevailing production systems,
will have the largest impact on production among the varicous possible
alternative strategies for research. CIAT has been and will continue

to be involved in technology generation which has as its central theme

the collection, production and supply of new germpliasm. [n 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 inception of CIAT, the strengthening of cormmadity research
groups within national agricuttural 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 full 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 Principles

Certain basic principles of operation have evolved at CLAT. These will
guide the Center in the '80s in implementing the strategy described above,
These include:

4,3.1 Relevance

ClAT's research is mission oriented directed towards the solution of the
most important production problems in the Center's area of responsibility.
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This includes sophisticated research whose relative magnitude will pro~
gressively increase over the eighties as naticonal programs are able to
assume a greater share of the adaptive research responsibilities. The
success of the Center's research will always be measured by its contribu~
tion to increased food production and productivity, rather than an increase
in the knowledge base or in academic publications.

4.3.2 Complementarity

The complementary role of CIAT, both in relation to specialized activities
of collaborating, more basic research institutions as well as the adaptive
research and technolagy transfer activities of national programs has al—
ready been describen in section 4.1.2. This translates into a basic
operational principal of complementarity which will continue to dominate
CIAT's work and relationships in the decade ahead. CIAT will concentrate
resources on those activities in which it has the comparative advantage,
and collaborate with others in doing what they can do best. The manner in
which this relates to national programs is key and permeates the strategies
of the programs and the International Cooperation activities described in
later chapters.

In terms of more basic research institutions, both in developed as well
as in developing countries, there is much useful work that can be carried
out which complements and suppoits the more problem—-solving research
approach of CIAT. The Center has encouraged, and will continue to en-
courage other research institutions to engage in well-defined, basic re-
search endeavours which have a high potential for pay—-off in terms of
CIAT 's own work but which requires specialized facilities and skills

not available at CIAT, Such work can either be accomplished wholly at
the respective research institution, or in direct collaboration wherehy

a portion of the research project is carried out at the Center. Conside
ering the fact that the Center is itself a reciplent of funds designed to
finance operations per se, and also considering that research collabora-
tion from other research organizations is strictly additional to the
Center's core operations, CIAT does not in principle finance such re—
search out of core resources. Wihenever possible, CIAT collaborates
with interested scientists in helping to secure appropriate special
project funds to make the collaborative research possible.

.

T 4.3.3 Principles 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. Some basic principles of technology design emanating
from these considerations include:
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4.3.3.1 Minimal 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 will 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 higher levels of input use. The latter is a
recognition of the need to increase overall food production to service

the increasingly urbanized nature of society in developing countries,
particularly in the Americas.

CIAT's concern for minimal input technology is closely allied to a strong
concern for enargy conservation. As ever rising oil and gas prices have
driven up the cast of irrigation, rarm mechanization, fertilizers, and
chernical protective agents, it becomes imperative that new technology
minimize dependence on high energy inputs,. CIAT attacks the problem
by developing (&) germplasm resistant to such constraints as insects,
diseases, adverse soil conditions, and drought; (b) germplasm that has
greater intrinsic efficiency in the uptake and/or utilization of soil nutrients
and greater efficiency in the use of applied fertilizers; and (¢} in the case
of beans and pasture legumes, germplasm with improved capabilities in
nitrogen fixation. AL the same time, CIAT develops components of
production systems that require low levels of energy inputs.

4.3.3.2 Technology component orientation, As an international research
wrganization working through national agencies, CIAT does not aim to
produce finished technology that fits specific ecological niches and meets
the specific socio-economic conditions and guality preferences within a
given setting. Rather, CIAT emphasizes the development of basic tech—
nology components such as improved germplasm base, research rmeth~
odologies for the identification of optimal management practices; meth—
odologies for the development of single and multiple crop systems where
the commodities are important components in the system. These com-
ponents serve national prograrns as building blocks for relevant produc-
tion systems for single commeodities as well as for multi—commodity
syatermnms that are viable and socially acceptable for given local conditions.
To thig end program scientists become as familiar as possible with the
whole—farm systems into which such technology components are expected
to contribute .

Pue to environmental and socio—economic constraints the characteristics
of the production systems in each of CIAT's commodities vary through-
out the regions of interest. Whenever possible, CIAT attempts to develop
technotogy components that have applicability across the various agro—
climatic and socio-economic conditions., When this ig not possible,
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technology components are developed that are specific to a given ecosystem
and/or a given set of broadly defined socio—sconomic conditions. Whereas
research for unigque but broadly defined conditions within CIAT's zome of
interest forms an integral part of the Center's technology development
efforts, research on production factors which are of a more site specific
nature is not considered a legitimate concern of CIAT when seen against
the responsibilities and capabilities of national programs. Thus, such
research ag that pertaining to soil fertility and associated fertilizer recom—
mendation are not of principal concern except in the development of re-
search meathodologies where these are lacking,

4.3.3.38 Evaluation and feedback mechanisms., Technology designed and
tested only on experiment stations is not finished technology. There is

no assurance that any given technology package is useful until it has been
validated under the conditions and constraints at the farm level. Thus,
on—-faprm testing is an integral component of the technelogy generation
process. The results of such work are usually very location specific and
CIAT does not have the resources nor the mandate to work in the wide
range of ecological, socio-economic and agronomic conditions in the col~
laborating countries. Thus, the Center depends on and encourages national
counterpart agencies to evaluate new varieties and practices on a regional
basis, to modify these where necessary to meet tocal requirements, and
to test the resulting technology systems under the real farming conditions
representing the largest numbaer of producers and conditions possible.
However, CIAT considers it of utmost importance to actively collaborate
with selected national and/or local agencies in the regional testing and on-
farm validation of improved technology packages that include CIAT—develop-
ed components. In these collaborative projects CIAT's role normally is
restricted to providing materials, information, and assistance in the
design and analysis of the farm level research., Such regional testing

and on—farm validation serve as vital sources of feedback into the Center's
commaodity programs to influence technology design.

4.3.4 Principles of International Cooperation

As is graphically illustrated in Figure 4.1, the work of an international
agricultural research center is but one part in the complexity of activities
which range from basic research to the eventual application of improved
production technology by the farmer. The successful accomplishment

of the desired end result—improved productivity and welfare——involves
the cooperation of a multitude of local, national, regional, and inter—
national agencies. An international center can only make a contribution
to the overall goal to the extent that it cooperates as a partner with these
varioug institutions and plays a role that is complementary to the activ—
ities of other institutions.

From *he unique vantage point of view of CIAT as an international research
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institution, its most important collaborators are the national institutions
involved in agricultural research and development. [t is only through
strong national programs that new technology components can be assimilated
into improved farming systems practices.

4.3.4.1 National institutions as full partners tn the technology developmaeant
process. The relationship between the national research institutions and
CIAT clearly is one of mutual reliance and respect. On the one hand, na—
tional institutions look to CIAT for basic materials, information and back-
up research on selected commadities and for coordination of research and
development activities in the respective commmodities on a supranational
level. On the other hand, CIAT's work is meaningful only to the extent
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 fully equal partners, [t is in this spirit of full eguality of national
and international efforts that CIAT continues to expect to find the basis for
affective collaboration and mutual complernentarity .,

4.3.4.2 Working with national institutions in retation to expressed needs
In de decade of the "80s, CIAT will continue to assist national programs
in developing their national research capacities as theay relate to the
commodities in CIAT's mandate. CIAT realizes that with respect to
anyone of these commodities, each collaborating country faces its own
unigque circumstances out of which grow equally unique country program
needs. CIAT shall continue to address these unique country needs and

o serve the respeciive couniry 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 tc many countries, part of the presaent
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 ouf on the international
level,

4.3.4.3 Mutual consultation, Given the necessity for an effective inter—
facing between collaborating national institutions and CIAT, frequent and
meaningful mutual consultation becomes the basis for true complementarity.,
In the decade ahead, CIAT shall continue to put heavy emphasis on all
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 Limits to CIAT Involvernent

The technology development process of which CIAT forms a part involves
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a multitude of participants, viz., the national research, extension and
development programs, credit institutions, training organizations, public
supply and 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 produce
tion technology in varied local socio-economic and agro—ecological con-
ditions, nor the resouirces to effectively move beyond the national level,
CIAT will continue to regard the research programs in each country as
its prims counterparts, thereby limiting its direct interinstitutional
techrology transfer to these latter institutions. This implies that CIAT
has no intention to become directly involved in technology transfer
activities to the farm producer at farm level,

CIAT is most coghizant of the fact that improved agricultural productivity
is both a function of the availability of viable production technology as well
as the availability of inputs and conducive rmmarketing conditions. Both

of these preconditions impinge in no small measure on national policy
making. In consideration of the fact that both national agricultural re-
search policy as well as national policies regarding incentives for tech=-
nology development and adoption are strictly within the decision-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 policy makers o fully explore the consequences of alternative
policies. Howewver, aside from advocating the need for strong national
research organizations, CIAT will continue to abstain from advocating
any national policy options.,



Chapter 5: CROPS RESEARCH

In Chapter 1 the various commuodities in the CIAT's mandate have been
discussed in the light of the socio~economic conditions in the developing
countries of the Western Hemisphere., It is clear from that analysis that
rice, heans and cassava are important in the region for CIAT involve-
ment. Their selection on the basis of this irmportance has been confirmead.

A basic feature of this plan is the concept of increasing productivity of
the commuodities through research in their traditional areas of produc-
tion while also contributing to the development of stable and productive
systems for the agriculttural frontier, In this context cassava and up~
land rice research at CIAT is directed towards the dual objective of
improving productivity in traditional areas as well as at the frontier.
Irrigated rice and bean research at CIAT is more directed at traditional
areas and their margins, although limited irrigated production areas for
rice are being developed in some countries in frontier situations,

Cther crop commodities which were identified in Chapter 1 as having
great econcrmic importance in the region particularly for frontier areas,
are discussed in Chapter 6. In this Chapter program strategies and
projections for the three crop commodities in the CIAT mandate are
autlined.,

5.1 Program Strategies and Projections: Cassava

Cassava is the fourth most important global food energy crop in tropical
developing countries providing a significant source of calories 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
1.2} and for this reason is especially important for the poor. The per
capita consumption of fresh and dried cassava products tends to be high
among the poor, climbing as incomes rise among the poorer strata and
then declining in the highest income groups, Since the crucial nutritional
deficiency n most low income countries is calorie deficiency, cassava
is particularly important because lower cassava prices would principal-
ly benefit the lower income strata by helping to improve their nutrition,

Although cassava is relatively low in protein, it can alsc coniribute to
augrmenting protein availability when it is used as animal feed., Recent
development of intensive livestock production systems dependent on

feed concentrates has led to increased consumption of poultry products.,
I some developing countries the real prices of poultry have actually
fallen in recent years. The resultant strong demand for feed grains has,
tn some cases, led to competition between the concentrate industry and
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the human food sector for calorie and protein sources. Production of
sorghum has increased at very high rates (12.5% per annum in Latin
America) on prime land which could otherwise have been used for food
crops., Thus, the increase in demand for meat may have tended to bid
away resources that might have gone to the production of other basic
food staples. Use of cassava as an animal feed could vastly reduce this
competition because of the availability of unused marginal land, which
can not support many other crops but could produce cassava,

Desgpite the rapld growth in sorghum production, domestic production of
feed grains often has been unable to meet demand, leading both to in-
creasing imports of feed grains by many countries that can ill afford it,
and also to upward pressure on the price of animal feeds, The result=
ing increase in the cost of meat tends to put it out of reach of the very
poor. Froduction of cassava with underutilized domestic resources could
promote emplioyment, alleviate the burden of costly imports, and con-
tribute to maintaining & supply of cheap animal protein.

5.1.1 Production and Demand Situation in Latin America

Cassava has always been a traditional calorie source in tropical Latin
America. As a root crop cassava has several key characteristics that
make it well suited for traditional agricultural systems: (a) high efficien-
cy in the production of carbohydrates; (b) adaptation to soil and water
stress; (©) an indeterminate harvest period; (d) high yields per unit of
land and labor; and {e) compatibiiity with a variety of crops in associa—~
tion. Cassava fits well into small farm systems and as such, has been

a major staple in rural areas in the lowland tropics of Latin America

ard in some countries in the Caribbean.

As Latin America urbanizes, the importance of cassava for direct human
consumption will depend on its marketability and competitiveness with
oither calorie staples in urban markets. High perishability after harvest,
bulkiness, and low commercial value by weight result in high marketing
margins. This is compounded by high post—-harvest losses. Whether
low production costs are converted into competitive urban prices depends
on the efficiency of the marketing process. In most cases in urban

Latin America fresh cassava is more sxpensive than the principal grain
staples, primarily because rmarketing margins are as much as 300% of
farm-level prices. Where cassava goes through a processing stage
vefore markeating, as in Brazil, the deied product is, in general, the
cheapest urban calorie source available., 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 majoer calorie source
in the national diet as a whole. Nevertheless, cassava will continue to
rermain a staple in rural areas in the lowland tropics.
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A strategy to increase the incomes of the small-scale farmer through the
development of new cassava technology is, outside of Brazil, constrained
by demand for cassava as an urban food. As a carbohydrate source with
a low unit production cost, cassava has potential to enter alternative
markets, namely: as a wheat flour substitute (suitably enriched); as the
carbohydrate source in feed concentrates; as feedstock in ethanol produc—
tion; and as an industrila starch. Major expansion in demand in either
the fresh urban market or the industrial markets depends on the relative
price of cassava with other alternatives. In the indusirial markets the
price of cassava in almost all Latin American countries needs to be
reduced in order for cassava to be competitive, L.ower unit production
costs, and thus cheaper prices for cassava can be best achieved by the
application of new technology. Historically, there has been little re—
search on the crop and the potential to increase vields from their present
average yield level of 10 t/ha is very large. On the other hand, the
introduction of improved cassava production technolegy without the com—
plementary processing technology runs the risk of saturating traditional
markets, resulting in a negative impact on farmer incomeas. Thus, re—
search on production technology in cassava camnot be independent of
research on procassing technology.

5.1.2 Production Systems and Constraints

Because of the many mechanisms for stress tolerance in the plant, cas=-
sava can be grown under a wide range of edaphic and climatic conditions.,
This very broad ecological range, however, severely complicates germm-
plasm improvement, especially since in cassava a very marked genotype
x environment interaction exists., The ecological conditions under which
cassava is grown can be broadly subdivided into six major ecosystems
(Table 6,1y, The lowland tropical ecosystern with a pronounced dry
season {(ecosystem 1) is the most irmportant in terms of production with
an estimated 50% or more of total world production. The acid soil savan—
na (ecosystem 23, and the hot humid lowland tropics (ecosystem 3) are at
present not major production areas., These ecosystems are potentially
very important., Expansion of cassava production in these areas is al—
ready cccuring in Mexico, Brazil, Malaysia, and Indonesia. The high-
land tropical areas (ecosystermn 3), and the intermediate altitude tropical
areas (ecosystem 45 of Latin America are of least irmportance at present.,
In Africa, potential for expansion in these ecosystems is great. High
yielding clones well adapted to this ecosystem are not presently available
in Africa but exist in the Americas. The subtropics (ecosystem 8) are
important, in the Americas with approximately 30% of total production
being in this region; on a world basis, from 15 to 20% of total cassava
production is produced in this ecosystem,

While each ecosystem is defined by climatic and edaphic parameters,
there is also a series of unigque insect and disease complexes associated
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with each ecosystem thus reflecting an interaction between cassava
pathogens and environmental factors (Table §.2).

Overlaid on this ecolegical pattern is a market variation in production
systems. These 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 is labor intensive, requiring from 80-120
man-days per hectare, Cassava is often grown in association with a
legume or maize. Freqguently, it is also used as the last ¢crop in a
rotation, in which the farmer maximizes cassava's adaptation to in-
fertile soil conditions. Purchased inputs are rarely used in cassava pro-
duction systems, as usually it is not economical to control pathogens in
such a long~season crop, and soil fertility is usually managed through
fallowing systems.

Evaluation and selection of cassava clones has been carried out for cen-
turies by farmers across a wide range of agro-climatic conditions. In
general, most traditional cassava clones are relatively well adapted

to the stress factors characteristic 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 potential yield,

Systematic breeding and selectior programs for cassava are rare, From
those which are in existence very few improved varieties have reached
farmers. Nevertheless, vields under experimental conditions of 80 tons/ha
in comparison with average farm yields of around 10 tons suggest tremen—
dous potenttal for raiging farm productivity. The principal production
constraints, therefore, is felt to be the lack of higher yielding varieties
that give stable yvields under stress conditions. The availability of such
varieties becomes even more necessary as cassava moves from traditional
production systems to more continuous production systems,

The epplication of scientific breeding and selection methodologies in cas—
sava s complicated by the variation that exists in production conditions,
the stress conditions under which cassava is usually 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-
sponge to purchased inputs in most ecosystems, and its low value all
suggest that cassava will 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, small farm systems should continue
to have the comparative advantage in production. These factors imply
that germplasm improvement will have to be accomplished under stress

e




Tahie 5.2  Production constraints in different cassava growing ecosystems.

MAJOR CONSTRAINTS

Ecosystem Rainfall Temperaturg Eliseases Insecy & Mires Ferility/Soils Othery
1, Lowland 3-5 mae, dry ssason Anthracnose Mites (Mononycheltus} Usually low soil Sandy soils with

Tropics Limitad rainfalt Bathogens of Thrips fartility {imited water reten-

{Dry Season} planting material Harnwerm tion,

WhiteHies Low gtarch cordent

Coast
2. Lowlang 3-8 mo. dry season Fluctuationg Lot:13] Mites (Mononychalius) Avitd infertile {irought stress

Tropios Bt near saturation enhance disegse Anthracnose Thrips soifs

{Dry Season, during rainfai seasan seyerity Supereiongation Lacebugs Aluminiem

and Soils} Cercospora Stamborers toxicity

Brown spots

{arimagus
3. Lowland ScH water Cercospors Mealybugs Agid infertile

Tropics saturation - brown spols soils with nutritional

{Hurmid} oot rots® problems and Al

- toxicity
Flarencia i
o
B

4, Medium 3-4 mo. dry Hoot 1ot Thrips |

Altitudes season - Carcospora blight Hornware - d

Tropics brown spats

{attitude

< 1000 m}

CIAT
&, Highland Variatsle Coot 17-20°C Phoma leaf spots Mites

Tropies year round Anthracnose {Oligonychus} - -

(altitude Cercospora

> 4K ) white spots

Popaydn
4. Bub-tropics Variahie Cold winter Anthracntse Hornworm Limited harvest

{Cool winter} 3 mo, legs than - periad,

10°C Drought




- 55 =

conditions without recourse to major increments in purchased inputs.

The cassava crop is biologically one of the most efficient sources of
digestible carbohydrate, particularly when grown on marginal lands, It
is, however, a difficult crop to handle after harvest due to its high
perishability. Recent estimates of post harvest losses are of the order
of 25% or more, Increased production is very frequently limited by lack
of nearby markets or processing plants which can readily transform
fresh cassava to a more stable product. Farmers are often reluctant
to increase production as no ready outlet exists and entreprenesurs are
not willing to mount processing plants due to uncertainty of supplies.
When this vicious cycle is broken production can increase markedly, as
has recently cccurred in Thailand with the establishment of a large
number of small drying plants and an effective marketing system.

5.1.3 Objectives of the Cassava Program

The goal of the Cassava Program is to satisfy a need for food and feed
carbohydrates by converting cassava from a traditional rural staple to a
major, multi-use carbohydrate source in tropical food economieas by
exploiting the plant's carbohydrate production efficiency under sub-optimal
environmental conditions., The Cassava Program thus focuses on both
production and utilization technologies, particularly for Latin America,
The Program also recognizes the potential of cassava as a major food

and feed source in Asia and Africa and will place emphasis on adapting
technologies developed at CIAT to Asian conditions.

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

a} To develop germplasm and associated cultural practices that require
low input levels and are responsive to improved management, to
increase cassava production per hectare in areas where cassava is
presently grown.

by To develop germplasm and associated management practices, which,
under medium input conditions will lead to increased cassava produc—
tion in the acid, infertile, underutilized soils of the lowland tropics.

cy To develop systems that can be used to improve the utilization of
cassava and allow more efficient use of cassava for either direct
or indirect human consumption.

d) To strengthen national cassava research and developrnent programs
s0 that they can more effectively carry out their role.
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5.1.4 Research Strategy

MNew 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 chemical applications to control
diseases and pests, irrigation to prevent drought, costly scil amendments
to increase pH and reduce aluminum levels in the soil, heavy use of
expensive fertilizers, and other high cost/high energy use practices.

This leads directly to the development of technology based on improved
germplasm that per se 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 managemenrt practices that
include agronomic practices, biological control of insect pests, phytosani-
tary control of diseases, and efficient fechnigues for fertilizer use where
these are necessary.

Major constraints on production cccur due to lack of high yielding varieties
tolerant to drought, disease and pests. These constraints can be partially
overcome by the development of improved germplasm. This has indeed
been one of the major areas of emphasis of the Program in the past, and
will continue to be emphasized in the future, The methodology used in

the past will be somewhat modified. The CIAT program has worked under
low stress (CIAT), medium stress (Caribia) and severe stress (Carima-
gua) conditions; however, it has been difficult to obtain single varieties
well adapted to all these conditions, [t is quite probable that the same

will apply to other cassava ecosystems. Accordingly, the Program will
evaluate germplasm in each ecosystem (this has already been done in
ecosystem 1, 2, 4 and 8) and use superior materials in crosses to produce
clones specifically adapted to each area, rather than to try to develop
broadly adapted clones. The material produced will be evaluated in
advanced yield trials for yield stability and quality.

Improved germplasm is, however, only a partial selution. 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 tha mary 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 varietal resistance has been
found to the cassava hornworm. [n this latter case, biological control
methads have been developed. In cases such as phosphorus fertilization,
the cheapest methods are searched for; such techniques as use of rock
phosphorous and mycorrhiza are under study. Improved management
practices of general applicability will be tested, along with the new im-
proved lines for adaptability and stability over 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 validation trials
in Colombia in selected ecosystemns.

Research on cassava utilization and marketing is a necessary complement
to the research on production technology. To ensure the benefits of the
increased production potential there must be some insurance that a
sufficiently expansive market exists. CIAT will concentrate on utiliza~

tion research that will contribute to expansion in demand for fresh cassava
products, either as a direct or indirect human food., CIAT has neither

the comparative advantage, nor the mandate, for performing research

on improving processing efficiencies in the starch or ethanol markets.

The fresh urban market will continue to remain the preferred (highest
price) market; however, quality maintenance and high marketing margins
limit consumption. The perishability of cassava is positively correlated

to starch content. High starch content is an important factor in determining
guality and high starch lines are being bred which could be more perishable.
Research on the aspect will be emphasized., Cassava storage methods based
o curing and the use of chemical protectants will be further developed,

The animal feed market is increasing rapidly and one of the major limita-
tions oncassava entering this market is the development of highly efficient
natural drying techniques, particularly in the more humid tropical areas.
Such techniques will be developed by CIAT. A further factor influencing
and lirmmiting the entrance of cassava to the animal feed market is lack

of good economic data on the market potential of cassava particularly where
government policies often subsidize other, often imported, competing
products. The feed markets will be analysed in certain areas ard the
feasability of using cassava as an animal feed demonstrated, These

studies will be made available to both the private and public sector ard
where interest is shown the CIAT program will cooperate in helping

to set up demonstrative pilot projects.

5.1.5 International Ccoperation 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, or even
different regions of the same country, will vary over time. In this
documsant an attermpt has been made to classify countries according to
development of cassava programs and then to identify the type of assistance
required for each group. A generalized strategy for international cooper-—
ation with countries in different stages of development is given in Chapter
7. With reference to cassava the grouping of countries and the respec-
tive cooperation strategy is shown below.

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

5.1.5.1 Advanced cassava countries These countries have a clearly
demonstrated potential for increased production, and declare increased
cassava production as a definite goal in the national plan, and/or local
agencies or industries have shown a real interest in increased cassava
production. National programs or 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 defining priority areas of action. In addition,
many of the young professionals need further training and experience
in research and management.

The Cassava Program will assist the national agencies in project plan=
ning and through the provision of advanced training opportunities. The
base for improved production technology will be new agronomic practices
and germplasm. The national programs in this group are sufficiently
strong to be able to develop both aspects. However, in the case of
improved germplasm, they will 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 approximately nine to
ten years are required. By importing germplasm in the form of sexual
sead or 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 germptasm should
not, however, be haphazard, Selected crosses from CIAT, tailor—made
for specific ecosystems, would be evaluated by national programs.
CIAT and national program personnel will determine which varietal
characters are required in each country. Feedback on their field
performance will be essential so that second generation materials can
be better adapted. Much useful information is already being developed
in the national programs and a large part can be applied in other coun—
tries or areas. CIAT will act as relay agency to see that each national
agency is aware of what is happening in other countries,

Much of the basis of improved yields will depend on the technical capa-—
bility of the national programs to provide certain types of back-up support
to the farmears, These services will include the propagation of large
stocks of "clean seed" of the new clones, insect hatcheries for biolo—
gical control, and field diagnostic expertise. CIAT will assist in orga—
nizing in-country courses for training technicians 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 policy for increased
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cassava production on only poorly developed channels for marketing or
utilizing increased production. These countries are thus in a somewhat
paradoxical position of having strong national cassava programs but no
overall strategy for production and utilization of increased cassava
production. :

Emphasis will be placed on determining the potential production and the
economic advantages to the country when it reaches this potential., CIAT
will collaborate in establishing regional trials using local varieties and
imported germplasm s0 as to assess potential productivity. In coopera~
tion with the CIAT Cassava Economics Section, the economic gain the
country could expect if cassava production were to be increased, will be
assessed. This information will be made available to policy makers s0
that they can decide if they wish to implement a fuli-scale national cas—
sava project at the A-group level, in which case the operational strategy
will be changed.

5.1.5.83 Developing cassava countries with weak national programs but
with an expressed need to increase cassava production. In these countries
either government or private industry has an interest in increasing cas-
sava production and there is a known latent potential for increased
production, but imporved marketing and utilization possibilities have not
been exploraed.

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 plarnning.

5,1.5.4 Calorie~deficit countries not presently interasted in cassava.
These countries have no national cassava programs, and decision-makers
are often not aware of the new cassava technolegy and what it has to

offer in terms of solving their calorie deficit problem. The main 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-
sava production and the economic viability of increasing production.

CIAT will help establish regional trials and collect the necessary informa-
tion on present cassava production methods.

5.1.8 Program Accomplishments

In 1969 collection of germplasm was initiated throughout L.atin America,
and by mid~-1971, 2200 clones had been assembled. The germplasm bank
has formed the fundamental base for the varietal improvement program,
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By 18973 the material was increased and evaluated with special reference
to agronomic characters, Selected clones from the bank yielded as high
as 61 t/ha/yr of fresh roots and 22 t/ha/yr of root dry rmatter. The
importance of harvest index as a selection criteria was established,
Sources of resistance to some of the major diseases and insects were
identified and an agro-economic survey was undertakan to assess the
production technology used by farmers and to determine the major con-
straints on yvield and increased production.,

One of the major bottlenecks for research and for distribution of mew
varieties was found to be the slow rate of propagation of cassava. A
rapid propagation technique was developed that increased multiplication
rate fourty—-fold., Maeristem tissue culture techniques have been develop-
ad and the methoddlogieﬁ have been shared with national programs to
facilitate international germplasm transfer at substantially reduced risk
of pest and disease transfer. At the same time, work was started on one
of the major constraints to utilization: perishability. The basic physical
data on drying of cassava roots was obtained and it was demonstrated that
curing of cagsava roots prevented rapid physioclogical deterioration after
harvest,

During the years 1974 and 1875 the Program began to move its research
outside of CIAT svo as to test the newly obtained results over a range of
environmenial 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 dry season
(ecosystem 1), and of Carimagua, a high stress site representative of the
acid infertile savanna (ecosystem 2). [n addition, within Colombia, a
series of regional trials were established to test newly developed clones.
Colombia, due to its size and topography, has a remarkable ecological
variability and, as a result, testing of lines under a broad 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 were established at an IDRC sponsored conference

tn which national agencies expressed their needs.

As the international trials were started the first links were made with
national programs. National prograrms, except for the Indian program,
were universally weak or non—existent, Contact was made with high-level
officials in government agencies and a massive cooperative training pro-
gram was started to provide the nascent national programs with trained
persconnal. As of 1880, some 209 {rainees from 19 countries in the
Americas, and 68 from 7 countries in Asia, have recelved post graduate
training in various disciplines.

Through the period 19761880 thousands of hybrids were produced and
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tested, and high yielding, disease and pest resistant lines were obtained
for further testing. Improved agronomic practices were also developed
and these were evaluated with the new clones in both the regional trials
and the on-farm evaluation trials. The net result of this work is best
illustrated by the regional trials. with low input improved technology,
average yields of local clones in Colombia was 20 t/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 amall farmers can readily
increase their yields by 70% using this technology. In addition, the impact
of the new selected clones and hybrids boosted yields as 30 t/ha in the
regional trials, These clones will have problems, such as a slow multi-
plication rate and irnferior eating quality; however, they do demonstrate
the tremendous yield potential that can be realized at the farm level by
further research and developrment in the decade of the eighties., New
clones being produced by the Program are rapidly overcoming some

of the demonstrated deficiencies of earlier evaluated materials.

5.1.7. Projected FProgram Developments

Although there are only minor changes and additions to the core research
staff there will be considerable changes in emphasis within the overall
program. The major change in emphasis in the germplasm improvement
section will be towards developing specific germplasm for each ecosystem,
Less emphasis will be placed on ecosystems 4 and 5, and more on eco—
system 1, 2 and 3. Outposted research work is 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 schermatic diagram of the changing
importance of various activities in the Cassava Program over the decade
of the eighties is 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 practices in those cases
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, Thig
emphasis will 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 yvielding technology allows yields and
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Relative emphasis in the Cassava Program on various aspects of technology develop-

ment activities in the decade of the eighties

Figure 5.1
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area planted to be substantially increased, more attention will be focused
on improving the utilization of cassava.

Since the research reguirements in cassava utilization are quite diverse
and often of a short—term nature CIAT has projected research in this

arga on a more opportunistic basis than in other activities. Particular
emphasis will be placed on fresh cassava storage and the future role of
cassava as an animal feed, as well as other components including appro-
priate techhologiaes fFor the sun—drying of cassava and in the processing

of dried materials, The Program will continue to be alert to future world
developmeants 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 technigues which are low users

of energy in relation to output and which are appropriate for small farmer
conditions,

5.1.7.1 Germplasm improvement. The germplasm development section
(consisting of two senior scientists) is already evaluating the germplasm
bark ir four of the major ecosysterns. The gerrmplasm bank will be
evaluated in a fifth ecosystem, the hot, humid lowland tropics. As the
initial germplasm evaluation is completed attention will turn to the produc~
tion of elite lines containing combinations of desirable characters for sach
ecosystem. Large quantities of sexual seed from these elite lines will
also be produced for use by level A national programs. Breeding will be
dynamic in order to incorporate new technigues (section 5.1.7.2 below).

The elite lines will form the basis for crosses in varietal improvernent,
The varietal improvement section will develop clones specifically adapted
to each of the major ecosystems. [n the coming years more attention will
be given to selection for yield stability and root quality, both for the fresh
arnd processed markets., Neither the varietal improvemsnt section noe
the germplasm development section can work in ecosystem 6 as this ecow
system is not represented in Colombia. The strategy in this important
area will be discussed in a later section,

.1.7.2 Tissue culture. Major problems in a vegetatively propagated
crop such as cassava are assoclated with storage of germplasm, and
production of disease-free stocks. The tissue culture section of the
Germplasm Resources Unit is developing methodology for cheap storage
of germplasm as plantlets, and production of planting stocks from
meristems. It 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 physiclogy. Research in these areas is
conducted by a physiclogist and a plant nutritionist., The basic nutrient
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requirements of cassava and the physiological characters associated with
high yield under non—stress conditions have been defined. The plant rmutri-
tion section will identify material that grows well under extreme conditions
of low pH and high aluminum levels and define characters associated with
high yield potential under low soil fertility conditions in conjunction with
the physiology section, In addition, particular attention will be paid to

the most efficient use of limited quantities of fertilizer., In this respect
the possibilities of using cheap rock phosphates with mycorrhizal /cassava
associations will be assessed. The physiology section will concentrate

on stress factors that cause instability of yield and quality with a view to
developing varieties with high yield stability under climatic variation in
each ecosystem.,

5.1.7.4 Plant protection. The plant protection section (2 senior scientists)
identified diseases and pests that attack cassava, and gvaluates their
importance in decreasing vields. Important diseases and pests are studied
in detail so that control measures can be developed when necessary, In

the past, major emphasis has been placed on superelongation disease,
bacterial blight, thrips and spidermites wihere resistance sources have
been found. As these problems are resolved through breeding they progres-—
sively become more a part of the germplasm development sections., Many
of the diseases and pests can best be controlled by other means. Biological
control and cultural pracice measures have been developed and new em—
phasis is placed on biological control of mealy bugs and other insects.
Treatments to control pathogens of planting materials have been developed
by the pathology section. Attention will now turn to pathogens of stored
planting materials. The major diseases and pests and development of
control methods are shown in Table 8.3,

5.1.7.5 Agronomic practices and regional trials. The agronomic prac—
tices section (2 senior scientists) will concentrate on the development of
suitable cultural practices for the different ecosystems (l.e., ecosystems
1-5) and will pay particular attention to modification of these practices to
ensure compatibility with the new germplasm., The regional irials section
combines the best new clones with the improved management practices
and tests these under a broad range of conditions., Special emphasis is
placed on development of multiple cropping systems for use by small
farmers.

5.1.7.6 Economics. The work of the economics section (one senior
scientist) revolves around the analysis of the potential economic impact

of improved cassava technology in Latin America. The analysis provides
a framework for integrating demand potential and competitive prices in
various end markets with necessary production costs at the farm level.
On—farm research trials provide a systems mathodology for defining
potential productivity and technology design requirements for the research



Table 5.3 Major disease pests and control measures, {Control methods in parentheses are still being developed or are the most likely form of control

to be developed)
Dizease or Pest Logses DQistribution Controd Methods
Cassava Bacterial Blight Up 1o 100% Widespread Clean seed, agronomic practices, {resistant varieties)
African mosaic disease Up to 90% Widespread in Africa and inclia Ciean sead, rogusing, resistant varieties
Superelongation Up te 100% Limited, only in Americas Stake treatment lvarietal resistancel
Frogskin disease Up 10 100% Very Hmited, onty tn Americes (Diginfection of tools, clean planging material}l
Phoma Lip 10 100% Lirnited to ¢ond bumid sreas {Varietal rasistance}
Cercospora leaf spots Up to 30% Very widespread {Warietal resistancel
Parhogens of planting pisce U to 100% Very widespreac Stake tregtment
Anthracnose Not known but Limited areas of Amaericas and Africa {Varietal resistancel
mayhe high
Preharvest root rots Lp 1o 100% Mainly in poorty drained srees Crop rotetion, ridging
Spidarmites U to 0% Widiespread, in dry season {Bicicgical centrol, varietal resistance)
Hormworm 20% per attack Widespread in Amerloas only Biotogical control
Thrips Up o 28% Widespread Varietst resistance
Scaies Reduces germing- Widespread {Biotogical cantrol, varistal resistance)
tion, up to 20% fram
igter attacks
Mealy bugs Probably high Limited {Biological control, varietal resistance)
Shootflies Up to 34%, general-  Widespread in Americas Only necessary in early growth stages (Varietal resistance)
y viary low

Mator Source: A, Ssliott] ang A van Schoonhoven 19781, Casvava Pesw and Thelr Control, CIAT Series Q0EC-2, pp. 71,

Lezano, J.C, and R. Booth {3974}, Diseass of Cassave (Manihot esculenta Crantz) PANS 20{1)30-84.
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program, With methodologies established on the basis on research in
Colombia these production and demand studies in the next decade will be
extended to collaborating countries in L_atin America.

5.1.7.7 Utilization. The organization of the utilization section is some-
what different from the other subsections in that, although utilization is
a vast topic to be researched, there is only one senior position. This
position will be used to give continuity in a program that is expected to
be dependent on a large number of special projects, mainly of a shor-
term nature, to resolve specific problems,

5.1.8 Future Headquarters—based Research Staffing Requirements

The viral diseases of cassava in the Americas were not previously con—
sidered as major constraints on yield., However, in the last few years

two new diseases, probably caused by virus infestation, have been iden—
tified and both have proved capable of causing complete crop failure,
Intensive investigation of these diseases is under way. A program virology
position is projected for 1983 in order to advance this research.,

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

Production of geod guality planting material, and its storage, is vital if
High yialds are to be obtained. More and more data is being collected that
shows that "seed” production may reguire different crop managemaent
practices to that used for root production. A senior staff position is not
reqguired for this research at present but if new varieties with high yield
potential doproduce less "'seed’ of good quality than traditional varieties
it maybe become necessary to develop research in this field. The new
avernues of research which have been described above may not neces—
sitate an increase in staffing. The plant nutrition section may well move
into the mycorrhizal field, and the plant physiology or agronomy sections
into seed production research, without increased staff needs. In the

case of the virologist an increase of one senior staff is definitely required,

The general CIAT-wide strategy for postings in locations other than at
headquarters is addressed in Chapter 7, The following projections as
to outposted staff requirements by the Cassava Program are considered
vital over the decade of the eighties if the program is tO achieve its
objectives,
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5.1.9 Qutposted Research Staff

5.1.9.1 Subtropics. Ecosystem 6 (the cool winter areas) is an important
cassava producing ecosystem in the Americas and in other regions of the
world. Due to its location, CIAT at present cannot work in this area to
provide basic germplasm to regions such as parts of Mexico, southern
Brazil, Paraguay, Bolivia and the more northern islands of the Carib-
bean. It is proposed that, beginning in 1983, one senior research scien—
tist with research supportbe placed at a research institute, (probably in
Santa Catrina in southern Brazil), to first evaluate CIAT and local germ-—
plasm under these conditions for further breeding. This material will

then be made available to other countries whers ecosystem 8 predominates.

5.1.10 Regional Cooperation

5.1.10.1 Asia. Approximately 40% of the total world cassava production
iz in Asia. Until quite recently the only country with a major national cas-
sava program was India. Over the last five years national programs have
developed in Thailand, Malaysia, Philippines, Indonesia, and Sri Larka,
CIAT has been invelved in supporting these programs through training,
consultation and the provision of imporved germplasm. CIAT has had a
regional services position under special project funding in Asia which
facilitated this work, particularly in the introduction of germplasm and
organization of training. The funds for this position have now ended and
Asian national agencies have requested that CIAT once again station person—
nel in Asia to assist with 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 arseas
where these constraints are greatest are in coordination of training activi—
ties and in maintaining an awareness of changing national needs, and in
supplying countries with germplasm specifically adapted for Asian condi~
tions. This latter situation ig of great concern because, at present, the
range of genetic variability in Asia is extremely limited. It is proposed
that CIAT, starting in 1982, outpost one regional cooperation position in
Agia that would provide continuity and liaison for possible tearms which
would be non-core funded.

5.1.10.2 Andean Zone. The countries of the Andean Zone are traditional
cassava producers., They have recently become major importers of
grains for animal feed and several have expressed the desire to increase
cassava production to replace imported grains. Cassava programs in
this region are universally weak or non—existant. Regional services

for the Andean Zone will be accomplished through interaction by head-
quarters-based staff with the neighbouring countries in the zone. No
outposted regional position for the zone is projected in the plan.
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5.1.10.3 The Caribbean, Central America and Mexice., While the region
is at present of less importance as a cassava producing area, many
countries in the region are classified as calorie—deficient. Cassava pro-
grams are only now being developed and require considerable assistance
in planning and training during their formative years. In addition, for
many years these areas will be directly dependent on CIAT—-developed
germplasm. In most cases they will require finished varieties rather
than sexual seed or large nurmber of populations for selection.  An out-
posted regional cooperation scientist is projected for 1885, to provide
support to the national agencies in the regicn,

8.1.10.4 Africa. In the CGIAR system CIAT has global responsibility
for cassava, and [[TA has regional responsibitity for Africa. At present
about 40% of the world's cassava is produced in Africa. Much of the
germplasm management practices developed in CIAT may be applicable
in Africa (e.g., biclogical control agents for mealy bugs, a major pest
in Africa, were recently sent from CIAT for testing and multiplication
by ITTAY., Two major differences exist between African and the Americas
tn cassava production. Firstly, the major disease, African Mosaig,
does not ocour in the Americas; and secondly, slash-and=-burn culture

ts much more widespread. These two major differences make it neces-—
sary to have a major cassava research effort in Africa. The [ITA pro-
gram does not, however, have the same resources as CIAT, particular—
ly in the case of genetic variability, and tts efforts could be greatly
enhanced if there was more liaison with CIAT. In addition, it is vitally
important to evaluate American and Asian clones under conditions of
African Mosailc in case the disease arrives in these continents, Re-—
sistant clones would then be available. For these reasons it is tenta~
tively proposed to place, starting in 1886, one CIAT scientist in IITA
with major responsibilities for germplasm exchange and more rapid
interchange of research developiments between tha two institutes.,

5.2 Reans: Program Strategies and Projections

The cormmaon dry or field bean {(Phaseolus wulgaris L..) is the most impor-
tant grain legurne species for direct human consumption in the world.
Production spans regions as diverse as Latin America (3.6 miilion

tons per annum, 1877-78), Africa (1.4 million tons), the Middle East,
China, and the United States. Beans are a traditional food in Latin
America, particularly in Brazil, Central America, the Andean Zone,

and in some of the countries in the Caribbean. The analysis presented

in Chapter 1 indicates that beans are the cheapest source of protein and

a relatively unexpensive calorie source,

The common bean is generally a crop of the small farmer and is grown
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in a wide range of cropping systems which often include maize in the an—
nual cycle, The majority of bean production occurs in systems utilizing
few purchased inputs, and yields are generally low. While production in
Latin America has increased approximately 1% per annum over the last
decade, yields have generally declined and currently average on the order
of 600 kg/ha. Area expansion has enabled a slight production growth to
continue, but this growth has not kept pace with population, much less
demand growth. Due to rapidly increasing exportation from Argentina,
mainly to FEurope, Latin America has become a net exporter of beans,
although some countries such as Cuba, Brazil and Venezuela have
substantially increased their imports in recent years. Bean prices have
increased more rapidly than general inflation in many countries. In Bra—
ztl, real prices tripled from 1972 to 1976, Over the same period, per
capita consumption decreased from 26 kg to 22 kg, thus further aggravating
the nutritional problems of the poor.,

Even though market prices have generally increased, beans production is
characterized by low profitability and high risk which are related to low
and very unstable vields, associated with seasonal climatic variability,
and, hence, seasonal price fluctuations. These factors have increasingly
lad to the displacement of beans in traditional areas by higher value crops.
Thus, in Brazil, soybeans have displaced beans on the more fertile soils,
and productivity has declined due to the marginal lower fertility soils
into which production is moving. A similar effect has occcured in Mexico,
but in this case increased sorghum production may have been the com-—
petitive influence. .
Selected commercial bean varieties, grown urder experimental conditions
with appropriate plant protection and irrigation, are capable of far higher
yields than 18 evident in national production statistics., Experimental

bush bearn yields in monoculture of 3-4 t/ha in a crop season (80120 days)
ara not uncommon. Experimental yields of climbing beans grown on
artificial support (monoculture) have exceeded 5 t/ha in 100 days at

CIAT. A large vield gap exists between farm and experimental situations,
a gap which could be reduced substantially through the use of improved
varieties and production technology. Economic analyses have indicated
that were production in Latin America to rise by 5% per annum over the
next five years, the increased production would be absorbed by increased
consumption, with an average price decline of only 3%.

5.2.1 Production Systems and Constraints

In the developing countries of the Western Hemisphere, beans are grown
over a wide range of latitudes and altitudes and in recurring series of
cropping systerms which have evolved on small farms to adiust to various
ernvironmental and socio—econormic constraints. The four major cropping
systems of production can be classified as follows:

—
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a) Bush beans in monoculture, typified by low to middle altitude areas
in Mexico, the Dominican Republic, Brazil, Peru, and Chile,

) Bush and semi—climbing beans in relay systems with maize, typified
by low to middle altitude areas in Mexico, Central America, Colom-—
bia, and Brazil,

¢) Bush beans in direct association with maize (sown at same time),
typified by middle altitude areas in Colombia, Venezuela and by
many areas in Brawil,

dy 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
clear. A major constraints to increased production of beans per se is
the competitive influence of maize within the various cropping systems.,
Most studies reveal yield reductions of the order of 50% in associated
systems with maize. In farmers' terms it is obvicus that the total

return from the system is more important than the individual components.
Data on the micro-regions of production of beans in the Americas is being
cotlected by the Agroecosystems Analysis Unit which will provide an
accurate accessment of the relative production importance of the various
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—
edly one of the most susceptible to diseases and insect attack. More than
200 pathogens are identified which can influence the productivity of the
species. Diseases and insects across all zones of production constitute
the most important common constraints to increased production and
productivity. The most common and widespread of the diseases in the
Western Hemisphere are: bean common mosaic virus (BCMV), bean rust
(Uromyces phaseoli), anthracnose, (Colletotrichum lindemuthianum), and
angular leaf spot (Isariopsis grisela)., Common bacterial blight (Xantho-
monas phaseoli) and bean golden mosaic 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 Lolerance. Fach of these diseases can cause yield losses as high
as 80%-100%. The transmission of BCMV, anthracnose ardd bacterial
blight through infected seed has caused the widespread dissemination of
these diseases, not only in the Western Hemisphere but also in regions
outside the center of origin of the species. The disease problems in
Africa are similar to those that occur in Latin America except that halo
blight (Pseudomonas phaseolicola) is relatively more important,

Amorg the insect pests, leaf hoppers (Empoasca spp ) and pod weevils are
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considered of greatest significance as constraints to production. Yield
reductions in highly susceptible varieties due to Empoasca have bean
measured as high as 90%, with reductions of 20-50% commonly occuring
in many farm situations, even when insecticides are utilized. Insects
of stored grain, such as Zabrotes and Acanthoscelides, inflict heavy
logses, forcing farmers to sell their harvest rapidly, which is con—
tributing factor to post harvest price declines. The bean fly (Ophiomya
phaseoli) in the most common insect in Africa causing severe losses in
yield in many countries.

The data available on the bean micro-regions has allowed a growing—-season
climatic zonification to be carried out (Table 5.4). The seven zones are
classified according to average growing season temperature and water
balance conditions, with each zone representing a group of diverse
microregions with similar mean climatic conditions prevailing during

the actual growing season of bean production commoen in each micro-
region. The data suggests that a large proportion (76%) of bean produc-
tion in Latin America occurs at temperatures considered close to optimum
for the species (20-23°C). On the other hand, 73% of total production
occurs in micro-regions with moderate to severe mean water deficits

at some time during the cropping season. Only a small proportion of

this production ocour under irrigation. In clirmatic terms, beans are

thus exposed to quite serious water deficits, and this constitutes one of
the major constraints on production. The quite surprising tendency

for production to take place over a narrow temperature range is an indica-
tion of a relatively high sensitivity in adaptation to temperature conditions
in these species.

Physiclogical defects of currently utilized cultivars (mostly land races)
contribute to low and unstable bean yields. Most cultivars are of

poor ptant type, with the pods in contact with the soil at maturity, which
can contribute to a poor guality product due to pod attack by soil-borne
pathogens. Many cultivars are of determinate bush habit with early and
intense flowering characteristics which contribute to yield instability.
These cultivars show little ability to compensate for low sowing—densities
common on most small farms, and have no mechanism for renewed flower-
ing when stress is relieved.

Soll related constraints are assuming a greater importance as bean produc—
tion moves to more marginal soils., Soil acidity and high phosphorus
fixation characterize many of the soils now utilized. Associated aluminum
toxicity leads to reduced root development and increased sensitivity to
water deficits. Nitrogen deficiency is also a limiting factor in many bean
soils, and this is complicated by a low nitrogen fixation capacity in most
currently used cultivars.

All of the major ernvironmental and bioclogical constraints to increased
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Table 5.4. Zonification of bean preduction in Latin America

Mean growing? Range in mean’ Latin American
Type General Description season daily grawing season Froduction
temperatuce water batance 000 tonl % total
e + mmfday

A Ayverage ternperatures mean seasonal

water {olerance adeguate 22 A.Bra+042 661 17
8 Average temperatures, slight excess

in water balarce 23 +0.4 to +4.0 118 3
c Aversge temperatures, targe deficit

in wester balance lirrigated greas} 23 56 to 5.1 528 14
D Average to mixierately low tempera-

tures with possibie deficit in water

balance towards end of growing season 20 2.7t -16 1672 42
[ High temperatures with possiGle deficit

in water balanca towards end of grow-

ing seasoH 26 4.9 10 0.3 262 &
F Moderately Jow temperatures and mod-

erate water holance deficits 16 2310 -1.8 451 "
G Low ternperatures and adequate mean

seasunal water halance 13 08 to 052 45 1

T Mean of conditions in micraregions constituting each production zone type,

7 Values refer to range in mean water bolances conditions occurring within the growing season,
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bean production are researchable. While national programs of research
in beans have existed for many years, progress towards the resolution of
the problems through new technolegy has been limited. Some countries
with historically strong national research programs, such as Mexico and
Colombia, have made considerable progress in production indicating

that a potential exists for improvement through research.

5.2.2 UCbjectives of the Bean Programn

The goal of the Bean Prograrn, in collaboration with national research
efforts, is to increase the yield of beans and to improve the stability

of production by focusing research on the principle constraints. The
program has focused its research strategy in the light of the constraints
in the Western Hemisphere. In general, the constraints on production

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 research. Much of the research
carried out in Latin Amearica is applicable in Africa but regional adaptive
work is still required.

In recognizing the magnitude of the task, the Program has always sought
to delineate its range of activities and to concentrate in those areas
where it has a comparative advantage. Thus, it has avoided the humid
lowland tropics where disease pressure is excessive, and the high acid,
infertile soils of the agricultural frontier where bean production would
only be possible with massive soil amendments. The Program has also
confined its activities to Phaseolus vulgaris, avoiding the temptation to
work with other grain legumes, such as lima beans (P. lunatus), cow-
peas (V. ungiculata) or soybeans. Investigations in other closely related
Phaseolus species (i.e., . coccineus and . acutifolius), has been
confined to those characteristics of those species likely to lead to genetic
improverment in P. vulgaris. The Program has thus narrowed its
specific objectives to the following.

a) In collaboration with national research institutions, to develop im-
proved technelogy for beans (Phaseolus vulgaris), particularly
higher and more stable yielding germplasm, which will lead to
increased national production and productivity in those Western
Hemisphere countries where beans are an important source of food,

)y To assist in achieving the same objectives in other regions, particu-
larly Eastern Africa, through institutional arrangements in which
CIAT can provide an input which will allow advantage to be taken
of the work in this Hemisphere,

¢} To selectively strengthen the already existing national research

VS
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programs in beans through training and the extablishment of a bean
research network of collaborating professional scientists.

5.2.8 Research Strategy

In recognition 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 resistance/tolerance in a
range of selected commenrcial grain types, Initial emphasis was placed
on overcoming losses due to BCMV, rust, anthracnose and Empoasca.,
By overcoming trne vield reductions from these principle disease and
insect pests, the Program aims not only to increase yields 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 materials with these resistances becarme more evident in
particular regions, Continuing emphasis on breeding for host plant
resigtance to the economically important diseases and pests will be neces—
sary throughout the next decade. The emphasis on present massive
screeaening programs will diminish as national programs increase their
own research in that area. Increased attention by CIAT on the provision
of more stable resistance sources and in studies on the epidemiclogy of
the diseases will then be possible.

Parallel to the primary focus, i.,e., diseases and pests, the Program has
placed increasing attention on improvement in a range of other character—
istics in the germplasm, including nitrogen fixation capacity, drought
tolerance, and soil related constraints, particularly low phosphorus
availability. Improvement in basic plant types within the 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 physiclogical 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 beavwy initial corcentration on diseases and insects was a
recognition of this situation,

The Program has made considerable progress in defining the plart types
suitable for particular cropping systems both in bush and elimbing beans,

it is clear that no one type of plant can satisfy the rather diverse cropping
pattern that exist. In designing plan type objectives the program has been
particularly cognizant of the needs of the srmall farmer and the traditional
cropping systems. In this technology design process, information provided
by the Agroecosystems Analysis Unit has proved irvaluable in orienting

the research. Further progress along these lines is expected in the early
years of this decade to allow the Prograrm to continue to focus on principal
constraints in each group of micro-region/cropping system situation.
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5.2.4 Program History and Research Accomplishments

While initial studies on beans and other grain legumes had been under—
taken at CIAT prior to 1973, formation of a coordinated program focused
only on FPhaseolus vulgaris dates from that year. Initially, five man—-years
of senior staff activity were involved., As additional breeding and pathology
initiatives were undertaken, the team gradually increased to its presently
budgeted 12 semor staff positions. The disciplines now represented are

as follows: breeding (two in bush beans, one in climbing beans), agronomy
(3}, pathology (one each in mycology and virology), entomology (1), phys—
iology (1), soil microbioclogy (1), and economics (1).

The germplasm specialist in the CIAT Genetic Resources Unit assists
through the provision of genetic variability while nutritional and consumenr
preference characteristics of advanced materials are monitored by the
Food and Nutrition LLaboratory,

Establishment at CIAT of the world Phaseoclus germplasm collection,
currently containing over 27,000 accessions, has formed the base in

the search for sources of resistance to major diseases and pests. These
materials are utilized in a massive breeding program presently carrying
out more than 1800 different crosses (parental combinations) per year.
Facititated by computer data management in which hybridization and seed
movement are recorded, all lines undergo a series of evaluations in which
all team members participate., These evaluations culrninate with the best
lines being introduced into the international testing program (International
Blean Yield and Adaptation Nursery, IBYAN).

The first level of evaluation of the breeding populations Fo and Fg) is
carried out by the breeders for disease and insect resistance, architec—
twre, and consurmer reguirements. I[n the second stage of evaluation,
which involves the whole team, the selections are tested in successive
uniform nurseries. These include corfirmations for disease and insect
resistance, and general adaptation at two altitudes in Colombia (CIAT,
Palmira and CIAT, Popayan). At the third level of the process the
material is again further selected for the above characters, and for
nitrogen fixation, water stress tolerance, low phosphorus tolerance,
resistance to minor disease, protein content, and cooking time. Yield
performance is measured annually in 200-300 new advanced lines in
stressed and non—stressed conditions at three locations in Colombia.

The results, containing more than 20 separate character evaluations,

are published. CIAT makes these lines available as parental sources

for national programs. Approximately 100 of the superior lines per year
enter the international yield testing program (IBYAN). The IBYAN
originally contained only germplasm bank selections, but now is composed
principally of CIAT-bred lines and entries submitted by national institu-
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tions. As the capability to undertake breeding and selection activities
increases among national programs, their entries will assume a more
significant place in this program. Currently, over 150 IBYAN trials
(or sets) are shipped each year, providing improved germplasm to all
bean producing countries in Latin America, the Caribbean, and gther
regions of the world.

In 1975-76 the Bean Program established a tirme frame which it hoped to
follow in achieving bean yield increases in Latin America. These pro-
jections were contained in a Bean Program position paper. To date
results have been consistently better than predicted. Some selected
highlights are given below.

a) All lines leaving the second stage of evaluation are now resistant
o BCMV.

by Improved germplasm having multiple disease resistance is now
being distributed for international testing. L.ines resistant to all
known races of anthracnose have been identified,

c) Germplasm has been identified with tolerance to drought, extreme
temperatures, all major diseases and pests, high Al, low soil P,
and with maturity differences appropriate for different production
systems. '

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

e) Lines developed collaboratively in Guatemala for tolerance to
BGMV out-yietded leading commercial varieties under heavy
disease pressure, even when the susceptible local lines received
heavy insecticide applications, Yields in the resistant lines were
further increased with chemical protection,

f} Currently, over 20 lines criginating from CIAT collaboration with
national breeding programs are undergoing varietal evaluation in
farm level testing or seed multiplication in national programs in
Latin America and the Caribbean. Disease resistant lines have
already been 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.

gy 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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increased 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 been possible as a result of the intensive training
programs mounted at CIAT, and through the interest and collaboration of
national program scientists. As of 1980, rmore than 360 national program
scientists have received post-graduate training at CIAT, mainly in the
form of bean production short—courses, or intensive discipline~oriented
training. Awvailability of improved germplasm and high level 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 8 some-—
what more favorable, since in all countries where beans are important
there has been some attention given to research. Most national agencies
have a research staff working on beans, most of them having recetved
training at CIAT. An active network of collaborators has been establish-
ed. Further selective strengthening through training, consultative visits,
and all of the other activities in the field of international cooperation will
be continued through the eighties. The ultimate aim is to help move all
country programs into a situation 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 considerably 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 1580s will see progressive changes in prior-
ities in the FProgram's breeding activities, However, little change in
overall Program staffing levels are anticipated. Currently, all breeding
lines leaving CIAT are resistance to BCMY, and various sources of
resistance to anthracnose are available and can rapidiy be incorporated
into breeding lines, This will permit greater attention in the short term
to otiher diseases, including rust, angular leaf spot and web blight, for
which various races of tha pathogen have been identified, and for which
no single line is likely 1o be resistant over all lecations. This emphasis,
plus the need for additional work on common bacterial blight and halo
blight disease control strategies will require the addition of a second
pathologist (bactericlogist) to the team, This position is projected to
commeance 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 on integrated disease control strategies to-
ward the end of the decade,




- -

Figure 5.2  Relative emphasis in the decade of the eighties in the Bean Program on
various aspects of technology development as reflected in the proportion of
crosses to be carried out in the breeding program in relation to general
constraint areas.
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Substantial variation in plant architecture and yield components has been
obtained in the breeding and germplasm lines evaluated since 1976. Plart
characteristics associated with higher yield are being sought and, once
obtained, should permit development of lines possessing both improved
vields 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 fertilizers rising rapidly, and with credit for small
farmars 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 such as Brazil 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,

Qbviously, 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 bulld 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 pragrams principally with specific genetic variability for their
improvement programs, postgraduate training copportunities, 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 overcorne nutritional or consumer acceptance problems.
Despite these tendencies to improve cultivars by, or in collaboration with,
national programs, the Bean 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-gufficiency 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 present. 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.

iz N ey
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5.2.7 Regional Cooperation

The Bean FProgram policy of in-depth evaluation of its germplasm, aided
by similarity of the production conditions and constraints among its

target area countries, has ensured that ClAT-derived materials are
generally well adapted to other production regions, For this reason, it

is not anticipated that it will be necessary to deploy research staff away
from the CIAT base in Colombia. Region—specific problems such as
BCMYV in Central America and Brazil, the Apion podweevil in Central
America, and bean fly and halo blight in Africa will be worked on in
collaboration with national programs and, hopefully, with the support of
the recently formed Title X1 Bean Cowpea CRSP within U.S . universities.

The Bean 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 America, Africa, and the
Middle East,

5.2.7.1 Central America. This region, with its numerous small 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 region. This position has been
funded since 1977 via special funding, and twice has come close to inter-
ruption due to funding uncertainties. One ocutposted regional cooperation
position is projected for 1984 at the termination of the existing Swiss—-
funded project.

.2.7.2 Brazil. With 556% of Latin American bean production in Brazil,
and a strong national program, a closer collaboration between both re-
search programs will be developed to ensure two-way technology flow.
Collaborative development of technology that overcomes constraints to
soil Al toxicity and low P in important bean production zones in Brazil,
will be emphasized, An outposted research scientist located in Brazil
ie projected for 1884 who will work with Brazilian scientists as part of
the national bean activities, and also act in a liaison capacity with CIAT.

5.2.7.83 Southern Andean Zone., The Andean Zone is an important bean
consuming zone, with production concentrated on small farms, often in
higher elevations., Although production systems vary, climbing beans

are itmportant, with little previous research done in the region. There
exists a great opportunity for the Bean Program to develop new technology
in collaboration with these national programs in both bush and climbing
bheans. One outposted regional position is projected in the plan for 1986
for the Andean Zone, and will probably be located in Peru, but with
responsibilities for developing collaboration in all of the countries in

that sub—-region, including Ecuador, Bolivia, Chile and Argentina.
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5.2.7.4 Eastern Africa. Eastern Africa is the second largest tropical
bean preoduction region, with per capita legume consumption much higher
than in Latin America (in some countries over 50 kg per year), CIAT
materials in the IBYAN program have proved to be well adapted to African
conditions and the possibility exists for major gains from limited inputs,
despite the distance involved, and existing germplasm guarantine constraints,
CIAT projects one outposted regional cooperation scientist for this region.
Special project funding will be sought to support the initial phase of this
activity, to be followed by core~-funded support starting in 1883, The
scientist will be primarily responsgible for the network collaboration,
tratning, and regicnal coordination 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 collaboration with FAGC/UNDP.

5.2.7.5 mMiddie East. Additional regional cooperation activities will need
to be developed for the Middle East in the decade, and one position is
projected for 1986,

5.2.7.6 Bilateral Arrangements, The Bean Program will continue to
use special bilateral funding as an instrument to cooperate more closely
with individual national programs. At the present time one such scientist
is in place in Peru.

5.3 Rice: Frogram Strategies and Projections

Of the 116 million hectares of cultivated land in Latin America and the
Caribbean, rice iz grown on 6.5% of the area. Rice is one of the most
universally cultivated cereal crops of the region., The importance of the
crop as a basic food staple has been increasing over the past 158 yvears., In
some countries of the region, this tendency has been somewhat related to
an apparent decline in per capita 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 region as a whole, per
capita consumption of rice has been relatively stable over the past 15
years, although dramatic increases have taken place in some countries,
especially in Bolivia, Colombia, the Dominican Republic, Guatemala,
Haitt, 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-
1974,

The increase in consumption has been largely satisfied within the region.
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Net regional irmports 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 1863-65. Based on the current
growth rate of demand of 3.5% per year rice production in Latin America
must be doubled by the year 2000 in order to satisfy internal demand at
current relative price levels,

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
principle 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 regional program for the Western
Hemisphere. It collaborates closely with IRRI in the world-wide program
of rice research. Research on the principle 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 [RRI scientist located with the CIAT
rice team.

The estimated area of rice sown in the region in 1878 was 7.4 million
ha with a total production of about 15 million tons of paddy rice. About
T 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 irrigated sector).

These overall trends do not accurately reflect the situation in particular
countries or with particular production systems, Some countries are
experiancing accelerated growih in production and productivity, while
other are making very little progress. This disparity is fundamentally
a function of the predominant farming system in each country.

5.3.1 Farming Systems and Constraints

A number of quite distinct rice farming systerms exist in the region, each
with its own actual and potential level of productivity. Rice production

is fequently, and somewhat misteadingly, divided into two main systems,
namely irrigated and upland. In 1878, irrigated rice was estimated to
comprise 2,1 million ha, or about 28% of the total area, with an average
yield of 3.5 t/ha, Upland rice, i.e., all non—irrigated rice, covered 5.3
million ha, about 72% of the area, with an average productivity of 1.3 t/ha.
This statistical division obscures, to some extent, the actual productivity
of each farming system and its potential productivity through research on
specific yield constraints., In order to outline more clearly the rice
situation in the region the following systems have been identified,
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5.3.1.1 Subsistence upland rice. The system is common in many areas
at the agricultural frontier, particutarly where small subsistence farmers
have colonized new lands. The systern utilizes no mechanisation and very
few purchased inputs, Forest or scrub is cut, cleared and burnt, and
rice is shown in widely separated holes with pointed planting sticks.

The crop is shifted to new land after cne or two harvest. Maximum
family farm size is of the order of 1.5 ha, and varieties are largely
unimproved land races. The system is reasonably stable but estimated
productivity is low (at around 1.0 t/ha or less). The harvest is normally
consumed by the farm family. Total area and contribution to national
production statistics are largely unknown and are considered to be negligible.

The major constraints is a total dependence on hand labor. This limits
farm size, obliges wide plant spacings, demands native varieties, and
prohibits use of purchase inputs. Farm production is defined by the
consumption demands of the whole family, while factors such as soil
fertility, variety, weeds, and pests assume relatively minor importance
as constraints.

5.3.1.2 Highly favored upland rice. This system is generally confined

to areas with level topography, with over 2000 mm of mean annual rain-—
fall during a rairy season of 8~9 months., There are normally no marked
dry periods during the rainy season. The system is fully mechanized

for planting and harvesting in most areas of production, Soils are generally
alluvial, slightly to moderately acid, and well drained. Modern dwarf
varieties and agronomic practices are suitable, and vields average around
2.5 t/ha, with better farms consistently producing 4-5 t/ha. The system
is typically found in parts of Central America, Colombia and in some 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 unexploited land
resources in the region into which this system could move.,

Thea system has the major vield constraints: grassy weeds after two or
three cycles; the blast disease (Fyricularia oryzae); and lodging. A
variety recently released in Colomizia and in other countries, CICA 8,
(developed in a collaborative program between ICA and CIAT), is the
most productive presently available variety for the system in a number of
countries.

5.3.1.3 Moderately favored upland rice. Most of Central America and
a large proportion of sub-Amazonian Brazil employ this system, which
differs from the preceeding one in having a shorter wet season, with less
overall rainfall, and normally with some dry spells during the growing
season. Dwarfvarieties are used in Central America while tall materials
are used in Brazil. Yields in the two areas average around 2.0 and 1.5
t/ha, respectively. Yield variance around these averages is high due to
rainfall irregularity.
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The chief constraints consist of several interrelated factors triggered by
mild to moderate water deficits, including soil mineral deficiencies
(particularly phosphorus), diseases (particularly blast), and weeds.

5.3.1.4 Unrfavored upland rice. This system is characterized by environ—
ments with irregular and low total rainfall. The system is highly mechanized,
with low planting densities, and the varieties utilized are all tall materials.
The systern is particularly important in Brazil where a large proportion

of the 4.7 million ha in 1978 fell into this category. Yield are generally

low (or the order of 1 t/ha) and yield variance is extremely high from

vear to year and from location to lacation in the same year. The soils
utilized in Brazil are mostly highly acid, with relatively high levels of
aluminum toxicity for rice, particularly in the subsoil, even though

surface liming is practiced.

The main constraint in the system is the problem of water deficits induced
by dry spells during the wet season, which is compounded by the poor
root development in the subsoll associlated with aluminum toxicity. Blast
is also more severe in the unfavored systems, and this seems also to
interact with the degree of water deficits experiernced. Phosphorus
deficiency in most soils is a serious overall constraint, but, at least

in the Brazilian case, fertilizer levels are generally adequate given the
limitations imposed by the other constraints.

5.3.1.5 Rainfed lowland rice. This system is intermediate between
irrigated 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 generally predominate. The crop may

be transplanted or directly seeded, and purchased inputs are few. Rainfed
rice is important in coastal Ecuador, on the northern coast of Cotombia,
and on the island of Hispanicla. The total regional importance of the
system is low. Average yields are of the order of 2.0 ~ 2.2 t/ha.

Apart from the more general constraints common to ail systems the
main problem in this system is that of haphazard water control. This
situation forces farmers into using tall varieties and, due to the risks
involved, low levels of purchased inputs,

5.8.1.8 Irrigated rice. Irrigated rice covers 28% of the total area sown
in 1978 and contributed 50% of the total regional production. The system
is found in all 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/Ma. The system continues to hold a comparative advantage in maintain~
ing and further increasing national yields and stability of supply. This
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situation applies to rmany new production areas being developed, particular-
ly in northern Brazil. Increasing production costs are starting to divert
farmers to alternative systems in many countries,

The important region-wide constraints include rice blast, straw strength/
lodging, and, in socme countries, problems associated with provision of
materials with suitable grain quality. Although some countries lag in
average yields, infrastructure problems in applying existing technology
are more limiting than the technology itself. In the Southern Cone, where
tall varieties are still grown, the problem of developing dwarf materials
with sufficient cold tolerance remains to be surmounted, In addition,

this area has particularly stringent grain quality requirements for the
export market. In Chile, where the crop is entirely of the Japonica

type, the basic constraints is lack of high yielding varieties.

5.3.2 Objectives of the Rice Program in the Eighties

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 principle constraints in the region. The program will
continue this focus over the next decade. The following points delineate
these objectives.

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

by To develop, through a new initiative and in collaborative research
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 region.

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

dy To continue to help in strengthening the national rice research pro-
grams in the region through training, consultative visits, and in
further supporting the active network of rice researchers which has
been established 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 productivity and production in the irrigated
sector in the region., This strategy was adopted for the following reasons,
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a) irrigated rice offered the greatest scope for rapid gains in yield
and production;

) The technology for irrigated rice was more easily generated and
extended than in other production systems; and

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

The research on irrigated rice has focused on 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 on
dwarf materials for this system. The focus has been on varieties com—
bining dwarfing, strong stems, insensitivity to photeoperiad, long grain
with clear endosperm, resistance to the Sogatodes leaf hopper, and
resistance to blast disease. More recently, varietal objectives have
included earliness and improved adaptability to acid soils.,

Once improved dwarf lines and varieties were produced, research was
extended to define appropriate cultural practices for the high yielding
varieties, Seeding rates and methods, fertilizer practices, and timing
of weed control were emphasized. CIAT involvement in this research
was necessary since the marked change in yield potential implied a
rapid re—evaluation of associated agronomic practices. Imvprovement
of varieties and cultural practices have continued, with emphasis in
recent yvears on reduction in production costs through combinations of
land preparation by puddling, reduced seed and fertilizer rates, and
enhanced disease and pest resistance. Collaborative ressarch with the
International Fertilizer Development Center (IFDC) on improving the
use of nitrogen fertilizer efficiency has recently been iniltiated, since
nitrogen prices are one of the chief factors contributing to higher
production costs in the irrigated sector,

The unexpected adoptiton of the newer dwarf varieties in recent ygars

irn the highly and moderately favored upland systems allowed 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 lines and distributed internationally for
continued local selection and evaluation by national programs. The Pro—
gram has concentrated on the two principal biological constraints in
virtually all systems, namely Sogatodes, and rice blast. Thus, CIAT
has contributed directly to upland systems while focusing on irrigated
varigtal development,

CIAT has planned, and has now been approved, to exparnd activities in
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upland rice. A full description of the proposals for CIAT direct involve-
ment in this sector are contained in a special ;"*e?zpc:r**t:1 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 following
strategies for each farming system have been developed.

5.8.3.1 Highly favored upland rice. The varietal component of the
technology reguired for an expansion of this system in the region can be
largely satisfied through selection of lines from the existing breeding
program. Selections combining slow blasting type resistance to Pyricu-
laria and clear grain endosperm will be evaluated in representative sites
in collaboration with national programs in the Plochic Valley of Guate-
mala (ICTA) and in Urab& 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 applicability. 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 will require a special research effort due

1o the more severe nature of the constraints, A collaborative program

in Brazil and/or other countries is desired in order toc provide an op-
portunity for screening and selection under the actual production conditions,
This type of program would allow two generations a year of breeding
material to be screened (a.g., from April to Septermber in Colombia, and
from November to March in Brazil). An exchange of segregating and
advanced lines by collaborating programs would thus halve the time re-
guire to breed new materials. Research in mutation breeding at CIAT

has already indicated that dwarf lines can be produced in the M1 genera—
tion produced from tall materials, with some adaptation features for the
soil and climatic constraints in this sector, Early generation selection
will alse 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 soil problems, is not found in Colombia, and CIAT has no compara-
tive advantage for direct involvement in this systerm. The Brazilian na-
tional program will continue to direct substantial resources to this

1 ,
Upland Rice Raesearch for Latin America: A Report to the TAC Sub-
committee on Upland Rice. CIAT, December, 1879,
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difficult problems. CIAT will collaborate through the provision of ma-—
terials with slow blasting characteristics and shortened mutant versions
of acid soil and drought tolerant materials. Obviously, any gains made
for the more favored areas will have some application in the less
favored system,

5.3.3.4 Rainfel lowland rice. Water control, the limiting production
factor, must be improved locally at regional, community and farm level.
The potential contribution from civil engineering far exceeds that of
research on other components of the system. As improved water control
is achieved in this system then further use can be made of existing tech-
nology from the irrigated sector. CIAT involvement will continue through
the provision of improved germplasm.

5.3.8.5 Irrigated rice. This system will continue to receive major
attention, Stable resistance to blast can be expected to increase regional
yvields by 0.5 t/ha, and a similar gain is expected from even better dwarf
plant types with improved lodging resistance. Introduction and evaluation
of Korean Japonica dwarts to Chile could have a dramatic effect on
production in that country, With the projected placement of an outposted
scientist in a Southern Cone country, CIAT will be able to better con-
tribute to the development of cold-tolerant dwarfs for those ervironments.

5.3.3.6 New production system research. The vast savanna (Llanos)

of Colombia, Venezuela and elsewhere receive high rainfall, but the soils
are extremely acid and infertile., The CIAT Tropical FPasture Program

is developing pasture anlmal components for a stable production system
for this vast area of underutilized lands. Although no rice is produced

on these lands there is a clear need for a crop component in the pasture
system to facilitate land preparation for pasture establishment., As in
Brazil, upland rice could become a pioneer crops enabling an economical-
ly sound development of the |.lanos area. A minimum input upland rice
system huilt around acid soil and blast-tolerant cultivars using minimum
tillage technigues is a researchable possibility. To this end mutant
dwarfs of upland land races and tall materials known to be tolerant of
aluminum toxicity will be evaluated for yield potential with a target yield
of the order of 2.0 to 2.5 t/ha, Agronomic evaluation of tillage techniques
including sod seeding will be investigated at the Carimagua Station. Em-
phasis will be placed on the integration of this research with the on—going
pasture research program.

5.3.4 Accomplishments 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 rnot only in Colombia. [n addition, the strength of IRRI
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has provided an extremely important component contributing to the successes
achieved, In the cooperative program with CIAT, ICA has released seven
dwarf varieties with high vield potential. All 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
region. These varieties, considered together, are now grown on about

1.5 million ha annually in the irrigated, 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 or exceeded population growth, and nearly all countries have
reached effective self-sufficiency. Rice consumption continues to in-
crease as a result of rice having become cheaper in relation to alternative
foods. A detailed analysis!, of the impact of new rice technology in Colom-
bia has shown that the economic benefits of the large production gains have
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 ard 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 region, particularly in those systems at the more favored
end of the spectrum,

5.3.5 Research Staffing Projections for the Eighties

The rice tearmn projects a core research team of six sclentists as adequate
to address the production corstraints in irrigated rice and in the alternative
systems. These research problems are not entirely mutually exclusive,

! Scobie, G.M. and R. Posada (1977). The impact of high yielding rice
varieties in Latin America: With gspecial emphasis on Colombiar CIAT
series JE-01. 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, i.e., subsistence
upland rice, unfavored upland rice and rainfed lowland rice. The predic—
tability of significant research contributions to these latter systems is
not high., The Rice Program will be alert to research findings having
direct applicability to those systerms. The six—man research team would
comprise the foliowing,

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 blast disease, and improved grain quality to satisfy 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 scientist was appointed in 1981 to
develop a breeding program concentrating on varietal development for the
favored to moderately favored systems. Emphasis will be placed on
stable resistance to blast, and tolerance to acid soils (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 will occur at L.a L.ibertad
in Colombia and, possibly, in Brazil in collaboration with EMBRAPA,,

£.3.5.8 Rice agronomist., Agronomic research will continue in both
the irrigated and upland systerms. Shifts in production emphasis in
irrigated areas to more marginal soils indicate a need to evaluate and
research those problems of genersal applicability. [n addition, research
on the general agronomic problems in upland rice will begin as these
become evident over the decade. This would include evaluation of the
agronomic practices necessary for the new germplasm which could be
of different plant type to the land races now being utilized,

5.8.5.4 Upland rice physiologist/agronomist, Upland research is concern—
ed with many production constraints not found in irrigated rice. A major
research effort will be mounted on screening methods for the evaluation

of drought and acid soil tolerances. The physiologist/agronomist may

also assurne leadership in the development of a low-cost production

system for upland rice on infertile savarnna soils, The position for phys—
iologist /agronomist is projected for 1983,
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5.8.5.5 Rice pathologist, Pathology will continue to concentrate on the
rice blast disease, gpecifically 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. Maintenace, 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 search 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.
Also 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 poundaries. 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 arxd 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 will also be analyzed by considering domestic
and international demand conditigns. The rice economics position is
projected for 1982,

5.3.5.7 IRTP specialist {(IRR] liaison scientist}. This scientist holds
a crucial role within the rice team. His duties involve the selection,
distribution and evaluation of germplasm nurseries from IRRI1. Nurseries
for distinct purposes are sent to all developing countries in the Western
Hemisphere. Additionally, special nurseries of elite CIAT breeding
lines are distributed and evaluated with the scientist's assistance, The
position requires extensive international trabel 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 all IRTP activities in the region are funded
by IRRI, consultations as to the future expansion of the program will

be held with that organization in the near future.

5.3.8 Regional Cooperation

International activities in rice have been handled largely through the
IRTF 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 dec¢line with distance from Ccolombia. 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 will soon create

a new demand for CIAT services. Finally, some countries, i.e., those
in the Southern Cone, have not adopted HYYV technology for several reasons,
including specific production constraints not researchable at CIAT. For
these reasons, a strong case is building for consideration of some Out~—
posted staff activity. CIAT projects the placement of one outposted
regional scientist to be located in a southern Andean country with respon~-
sibilities for coordination of collaborative research with CIAT, This
position is projected for 1984,



Chapter 6: LAND RESQURCES RESEARCH

The abundance of underutilized land resources in tropical Latin America
seams inconsistent with the existence of a large sector of small farm=-
ers. In most countries, the coecistence of intensive farming, both
large and small scale, and significant underutilized areas is explained
by a combination of two factors: (a) the low or fragile fertility 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 profitable in these areas without sizeable sub-
sidies. This is because productivity is low under the poor fertility
cunditions, and soil amendments are not feasible due to high input and
transportation costs,

The tropical and subtropical areas of America have nearly a billion
hectares of significantly underutilized savannas and forests, 75% of
which are occupied by acid and infertile soils, (i.e., Oxisols ard
Ultisols). These areas hawve great agricultural potential since they
have abundant solar radiation with adequate rainfall and favorable tem-—
perature regimes for extended growing seasons,  Topography and soil
physical properties are also generally favorable, CIAT, through its
Land Resources Division, clearly recognizes this distinct and promis-—
ing feature of tropical America.

In order to contribute to the development of ecologically sound, stable,
and productive systems for these tropical and subtropical areas, CIAT
aims to contribute to the broadening of the resocurce base of Latin
American agriculture through a low-cost/low-inpul approach based on
the selection of gpecies most adapted to local edaphic conditions, The
maior efforts in this context are in tropical pastures, upland rice and
cassava, Research strategies and projections for uplamd rice amnd cas—
sava were presented in detail in the previous chapter. In this chapter
strategies and projections for the Tropical Pastures Program are out-
lined, followed by a brief discussicn of CIAT's fulure role in hosting
research efforts for other international institutions on other crops of
potential importance, such as sorghum and soybeans, two crops of
increasing economic importance in the region, A brief comment is
also made on CIAT's role in hosting research efforts of other inter—
national institutions on key factor components for the Frontier areas,
such as phosphate rock and other critical constraints related to soil
management. Finally, the role, strategies, and projections of the
Agroecosystem Analysis Unit of CIAT are outlined.
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6.1 Tropical Pastures: Program Strategies and Projections

The cattle population of tropical Latin America is estimated at approx-—
imately 190 million head, or about 20% of the world total, Per capita
beef consumption in tropical Latin America (16 kg/Ayear) is significant-
ly higher than in Africa and Asia, and about 2/3 that of Europe.

During the last two decades consgistent increases in production have
been recorded in most countries of the region. However, production
growth, with few exceptions, has lagged behind demand growth', As
a result, beef prices increased in real terms in most countries during
the period, These price increases have serious income distribution
implications, since the proportion of family income spent on beef is
extremely high among low=income urban consumers.

A study conducted by CIATZ using data From the Family Budget Survey
of twelve Latin American cities® showed that the lowest income QoL
(quartile} in these urban centers spends 6~18% of their family income
on beef, representing 10-26% of total food expenditures. A similar
situation is encountered for milk and milk products: low incorme fFam—
ilies spend 4-12% of their income (or between 7-19% of the food bud-
get) on dairy products. These latter percentages are expected to be
even higher in rural areas,

The extremely high income elasticities estimated for the low-income
guartiles in the twelve cities (between 0.8 and 1.3 for beef, and 0.8
and 1.8 for milk) are a clear indication of the strong preference among
the urban poor for these commodities. Hence, beef and milk should
be considered staple foods and wage goods in tropical Latin America,
However, as income lncreases in the region, demand for beef and milk
iz expected to continue to increase faster than production thereby
resulting in further price increases, with a consequent negative effect
on both the diet and the income of the poor,

1 CIAT, Latin America; Trend Highlights of CIAT Commodities,
Internal Document Econ. 1.5, April 1980,

2 Rubinstein and Nores, '"Beef Experditures by Income Strata in
Twelve Cities of Latin America’, CIAT, Internal document, Mimeo,
June 1878,

3

Survey conducted by ECIEL., Brookings Institution, and also by
FIPE, University of Sao Paulo, during the period 1968-1972.
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Such trends can be counterbalanced if appropriate livestock production
technology is developed for the vast, underutilized land areas existing
in the region, In fact, utilizing these areas can contribute to solution
of the food problem in two ways: (&) by releasing more fertile land
for crop production, and (b) by increasing beef (and eventually milk)
production in the region, Crop production, which demands higher soil
fertility levels and more social infrastructure than pasture production,
could expand in more-developed areas having high base-status soils
with less competition from cattle if underutilized areas were in pas—
tures. At the same time, cattle production could expand with little
or no cpportunity cost into these areas, thereby accruing sizeable net
benefits to society.

The potential of these areas for cattle production is extremely high.
The current average stocking rate in the acid savannas is 0,12 animals/
ha. This can potentially be increased more than ten fold. In addition,
beef production per animal/year could be more than doubled., These
areas could also contribute significantly to increased milk production,
The cormmon concept that dairy farms are highly specialized operations
is not quite valid in tropical Latin America. A large proportion of
milk and dairy products consumed in the region comes from the milk—~
ing of small and medium size beef herds, usually crosses of native
("criollo") and zebu breeds. This type of dual-cutput production sys-
tem is not only found in the densely populated areas with fertile soils,
but is alsoe frequently found in frontier areas with acid, infertile soils.

CIAT'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 America;

b) to incresase beef and milk production and productivity; and

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

by developing, in collaboration with national programs, appropriate,
pasture-baged animal production technology for the acid, infertile soil
regions of tropical Latin America. Rather than attacking problem of
acid, infertile soils by correcting soil deficiencies with large armounts
of fertilizer, CIAT has adopted a low-cost/low -input approach based
on the selection of grass and legurme species adapted to those edaphic
corditions.
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The expected result of the program's activities is the development of
pasture production systerms to provide adequate year-round forage
guantity and quality, complemented by cost-effective animal manage-
mant 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—
fes, since the final objective is to increase production and thereby
lower relative prices of beef and milk in the region,

86.1.1 Program History

The present tropical Pastures Program has evolved from an inttial
broad spectrum of disciplines related to animal=-production through
three progressive stages.

During the formative stage (1983-1974), 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 rutrition—-related diseases. Lack of good quality, vear-
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
Froduction Program. During the period between 1975 and 1977, the
orogram concentrated more and more on the acld infertile savannas
of Latin America. The program broadened the geographical scope of
ite activities to other countries while sharply narrowing its research
focus by concentrating upon pasture research with the goal of remov—
ing the principal production constraints in the savanna ecosystem.

Grazing experiments carried ocut in the Colombian Llanos documented
the limited potential of the native savamnas., It became evident that
the low productivity and poor quality of most native species combined
with the low fertility status of the soils and varying degrees of sea=
somal water stress were the rmost sericus limitations and that this
resulted in low animal production and high incidence of malnutrition
and disease susceptibility, Owverall 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 period with
grass—legume pastures indicated clearly that if persistent associations
could be found under low input conditions, they could provide an eco~
nomically attractive solution to the problem. During 1878 the program
consolidated along these lines, Its research structure was geared (o
obtain low-cost grass-—legume associations for the acid soil savannas,
To reflect its new focus, the program was renamed the Tropical
Pastures Program, in mid-1876.

8,1.2 Arsa of Interest

A survey of the regions of tropical Latin America with acid, infertile
soils was initiated in 1978 to classify land resources in terms of
climate, landscapte, and soils in order to provide a geographically
oriented economic pergpective 0 the Program's area of interest and
to serve as the basis for its research strategy. Total wet season
potential evapotranspiration (TWPE), a measure of energy available
for plant growth during the wet season, was shown to provide 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
maijor agroecological zones, These five rmajor ecosystems are shown
in Figure 6.1 and are as follows: ;

a) Tropical well-drained savarnas

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

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

by Tropical poorly drained savannas

b).1 Regloms. Representative areas include the Bent and
Bolivia, the Pantanal in Brazil, the Casanare region
in Colombia, the Apure region in Vvenezuela,
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b).2 Islands. Flooded savanna "islands" are found through-
out forest areas.

¢) Tropical forests

.1 Seasonal forests. Vast areas in the Amazon and
Crinoco basins in Brazil, Peru, Bolivia, Colombia,
Venezuela, Guyana, Surinam, and in the Atlantic coast
of Ceniral 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 subdivision of the Program's area of interest helps to understand
the differential response of germplasm observed across ecosystemns.
While preliminary results of regional trials gererally indicate wide
adaptability of the most promising grass and legume germplasm, in
many cases a distinct response to the different ecosystems is still
shown, These differences are partially due to the varying edaphic
conditions but mainly due to climatic variations., In the case of legu~
mes, these differences 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 with
EMBRAPA at the Cerrado Center near Bragilia, where three research
staff were outposted in 1578, During 1975-1980, regional trials were
established in selected locations the remaining three ecosysterns, to
obtain a preliminary reading on the degree of adaptation of a large num-
ber of species to these distinct environments., However, major re-
search thrusts are vet to start in these three ecosystems.

6.1.3 Advances in Research

The program has a long record of profitable research which has re-
sulted in many advances., Major 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 produwction
systems in Colombia, Venezuela and Brazil (a project par—
tially funded by GTZ3.



)

c)

d)

e}

F)

9)

h)

i)
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The identification of sewveral genera and species as being well
adapted to the conditions of one or more ecosystems:
Andropogon gayanus, Brachiaria spp., Stylosanthes spp.,
Desmadium ovalifolium, Pueraria phaseocloides, Zornia spp.,

and Centrosema spp.

The determination of nutrient requirements of the more
promising accessions for the well-drained savannas,

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

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
evaluations of numercous grass~legume associations. Various
grass—legume association in low-input controlied grazing
experiments have produced annual liveweight gains per animal
of 200 kg and above, while yielding more than 300 kg/ha.

The identification and epidemiological assessment of major
cattle diseases in the area, ard of their relative present
importance,

The ex—ante datermination of expected profitability of various
pastures systems.

Postgraduate training of 305 professionals from collaborating
ingtitutions of 22 countries in the region,

The evaluation and subsequent release by Colombia and Brazil
of a new grass cultivar derived from Andropogon gavanus
CIAT 821, and the delivery of large amounts of basic seed

to each country.

Other accomplishments of more general applicability across ecosystems

are:

1

k)

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

The development of a germplasm bank consisting of a total
of 7200 accessions with a high proportion of material inter—
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nationally collected from acid scil areas. This germplasm
pool is complemented by a parallel collection of Rhizobium
from the same areas.

13  The development of rapid screening techniques to determine
tolerance of plants and rhizobia to soil acidity.

m) The elaboration of an inventory of pasture insects and dis-
eases, by forage species ard ecosystermn, with an assess-
ment of current relative importance.,

nYy The initial dewvelopment of a collaborative Regional Trial
Network for evaluation of germplasm in terms of adaptation,

productivity and persistance throughout the area of interest.

8,.,1.4 Technical Constraints

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

The savarma ecosystems in the program's area of interest are all
characterized by native vegetation of very low nutritive value ~the major
limitation to increased animal production. The low feeding value of
forages is due to a combination of species of low primary productivity
and quality, and the extreme acidity and low fertility status of the
scoils. Throughout the area, pH varies between 3.6 and 5.0. Aluminum
saturation is high, often reaching values between 70 and 90 percent,
Available phosphorus levels are very low, usually below 3 ppm. Rather
than overcoming this constraint through heavy applications of lime and
fertilizer, the prograrmm has adopted the approach of selecting adapted
species,

Lack of infrastructure is a common constraint that varies in severity
and depends upon topography and distance to market, Cconomic con—
ditions (on-farm input and output prices, and access to credit ard
extension mechanisms) vary from country to country and with distance
to market., The machinery requirements and high present cost of
pasture establishment and maintenance, plus erosion hazards during
the establishment phase, are serious constraints to the adoption of
new pasture systems,

Since all of these constraints are somewhat common to the five eco—
systems, the tzchnical solutions to the overall nutritional constraints
must be low-cost/low=~input,and suitable for a wide range of manage-
ment levels., The variability observed in existing production systems
within and across ecosystems 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 to adopt those pasture solu-

tions that best suit their particular situation in terms of relative input/
output prices and access to resources, including type of land.

Other critical constraints vary from region to region. Water stress

is critical in the Cerrado type savannas but is of slightly lesser
importance in the Llanos type, while the problem in the poorly drained
savannas is excess water, Therefore, lack of good quality forage is
the major constraint in the well-drained savannas during the dry season,
while in the poorly drained savannas, forage availability is the major
constraint during the wet season.

The success or failure, in terms of persistence and productivity, of
species adapted to the physical environment oftenn depends on their
reaction to diseases and insects, Most promising forage legume
gerera (e.g. Stylosanthes, Zornia, Centrosema and Aeschynomene)
are natives of the Latin American tropics and of wide nmatural 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 differential geographical distribution of several
important diseases and insects, and of differential disease and pest
tolerance within species, is available from the disease and insect
surveys and preliminary results from regional trials. These results
suggest the need for multilocational screening of a broad range of
germplasm within promising species and genera for which critical dis—
ease or insect problems have been identified and also suggest the need
for introduction of exotic materials. A rigorous selection program by
ecosystem is thus essential to overcome this major constraint,

6.1.5 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 milk) production in the acid infertile soils of tropical America.
The strategy to achiewve this objective is based on:

a) selection of pasture germplasm adapted to environmental
constraints (climate and solls) as well as pest and diseases;

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

c) study of the role of the improved pastures in the produc-
tlon systems and development of the complementary animal
management and animal health systems components.
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The tropical pastures research team is comprised of 20 senior sci-
entists, the majority 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 (collection, selection and breeding) and
evaluation includes agronomists and breeders basically irnvolved
in collection and agrornomic evaluation, and support specialists in
the areas of soil microbiology, pathology, and entomology(total-
ling 9 senior scientists).

Pasture evaluation and development includes agronomists and

plant and animal nutritionists with activities in regional trials,
soil fertility, pasture establishment and maintenance, seed produc—
tion, pasture evaluation under grazing, and pasture management

(6 senior scientists).

Pasture evaluation in production systems includes 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 production technology
for the most promising materials as shown in Figure 6,2, The basic
strategy is that of exploiting natural variability and adaptation of species
to the various ecosystems. The basic research strategy consists of a
logical sequence of germplasm screening and evaluation steps geared
toward achieving the stated objectives. These steps, applied up to

now only in the well-drained savamna ecosystems, are as follows:

a) The coliection and assernbly of forage germplasm and
Rhizobium banks based on geographically broad but eco—
system=gpecific criteria. Emphasis i{s placed upon legumes
because of their inherent nitrogen fixing capacity and quality,
especially during the dry season,

b}y A dynamic and extensive ewvaluation system whereby acces—
sions, often of agronomically unknown species, pass through
a progressive series of character and perforrmance assess-—
ments, Characteristics sought include: tlerance to extreme
sofl acidity, high aluminum saturation ard 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 production; ease of establishment and
spreading; freedom from toxins and cestrogens; and high
forage quality.



RESEARCH STEPS IN THE TROPICAL PASTURES PROGRAM
BY ECOSYSTEMS

FIGURE 6.2
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¢) The determination of minimum nutrient requirements for
each species and the development of low cost methods of
establishment and maintenance, as well as grazing manage~
ment strategies required for best pasture persistence and
arimal productivity,

d) ‘The estimation, for each type of pasture (usually grass-—
legume associations), of a profile of anirmal productivity
potential per unit area and per animal unit, with associated
economic input/output values.

e) ‘The selection and formation of cultivars, candidates for
release by national programs, and the production of basic
sead with developrment of production techrnologies to assure
seed availability., This includes the definition of seed produc-—
tion systerms and determination of environmental requirements
for satisfactory commercial seed yields.

In summary, initial emphasis is upon collection, evaluation of growth
patterns, and assessment of reaction to acid infertile sotl conditions,
followed by determination of reaction to diseases and insects within
each ecosysterm, and finally, evaluation after exposure to competition
and grazing. Concurrent with the forward progress of this evaluation
process there is a continuing retiuction in the number of accessions
utilized, While thousands of accessions enter the process, only a few
will finally qualify as cultivars.

As {llustrated in Figure 6.3, germplasm accessions are classified in
five categories which reflect the degree of promise of accessions
moving through the systematic screening and evaluation sequence,
FPeriodically experimental results are used to promote those accessions
which meet desired requirements to a higher category where they will
forem the basis for planning far the rnext phase of the evaluation, The
relative ranking of accessions within specles is done separately for
each ecosystem. Requirements for progression to a higher category
vary with the speclies, depending upon the principal limitations of the
species. The limiting constraint of each species is used as the promo=-
tion criteria, e.g.: in Stylosanthes spp., resistance to anthracnose and
steamborer; in Zornia spp,., resistance to Sphaceloma and seed produc—~
tion capacity; in Desmodium ovalifolium, tannin content and palatability;
in Centrosema spp., acld soll tolerance and tolerance to bacterial
blight and Rhizoctonia.

The germplasm bank (Category | accessions) iz maintained at Palmira
as seed and/or single potted plants, and at Quilichao as spaced plants
in the field, Activities in these locations emphasize identification,
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maintenance, multiplication and initial characterization of materials,

All accessions (Category @) are evaluated for adaptation to edaphic
conditions in introduction gardens at both Carimagua and Brasilia.
Selected accessions are also evaluated in preliminary Regional Trials
(Type A) in the various ecosystems, Category [I accessions undergo
agronomic evaluation at both Carimagua and Brasilia, arxd some of them
are retested ai additional selected locations (Regional Trial, Type B).

The basic strategy is to exploit the vast natural variation existing with-
in and among species rather than to generate additional variability
through plant breeding. Thus, plant breeding is used as a problem-
solving approach only after extensive germplasm evaluation has iden—
tifled promising species and ecotypes, and there is a reasonable prob-
ability of incorporating 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 to different categories in the
evaluation, but breeding populations are handled independently of the
germplasm bank,

Selected accessions advanced to Category [T status, are associated
with grasses, and placed under heawvy intermittent grazing to assess
persistence, competitive ability, and dry matter productivity. These
evaluations are conducted al both Carimagua and Brasilia and are
planned at some Regional Trials C locations., In addition specific
grass—legume mixtures are grazed under different intensity and
maturity to determine relative palatability of associated species, In
Category IV the objective is to evaluate the pasture in terms of
potential animal productivity and determine the appropriate grazing
management of the pasture. Measuremenis are made of sward
botanical composition trends over time, presentation yields, animal
grazing preference, and species in vitro nutritive value, in order to
explain the recorded animal productivity (kg/ba/yr and kg/animal/yr).
Finally, in Category V the objective is to complete a profile of
species and varietal evaluation, to obtain simple technological pack-
ages prior to release of the cultivar by national programs, and to
define the best pasture utilization under different production systems.

6.1.6 Projected Developments in the 'B0s

Projection for the decade are based on two factors:

a) Progress made by the program toward the stated objectives
will result in relatively more emphasis on the adwvanced
stages of pasture evaluation and outreach, and
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b} Better knowledge of the area of interest and of germplasm
performance will result in systermatic organization of the
Program's germplasm evaluation strategy within each major
ecosystem.

These two developments will lead to considerable changes in emphasis
within the overall pastures program but will result in only minor changes
and addition to the core research staff. Major changes are projected
in the relative allocation of staff time to principal activities and eco—
systems. While during the first half of the decade emphasis will be
maintained in research activities, a gradual increase of outreach activ-
ities is planmed during the second half of the decade, reguiring almost
one third of the staff time toward the end of the pericd. Research
emphasis will continue in the well-drained savanna ecosysterms, but new
research activities will begin early in the decade in the poorly drained
savannas and in the humid tropics (Figure 6,4A),

6.1.6.1 Ewoluation of emphasis within the research program: Alloca~
tion of staff time to germplasm development and evaluation will be
maintained during the First half of the decade, but it is expected to
decline during the second half as promising germplasm is upgraded

in status (Figure 6.4B). Also, consistent with the advancement of
germplasm status, more staff time will be devoted to pasture develop-
ment and evaluation in both controlled experiments and actual produc—
tion systems, :

Germplasm development and evaluation.-  Exploiting natural variab—
ility will continue to be the basic strategy of the program. Therefore
germplasm collection will play a coritical role throughout the period,
In order o increase cost effectiveness of the overall program,
emphasis in collection will increase during the first half of the decade
but is expected o decline toward the end of the decade as key species
are identified and the orogram’s collection needs become more eco-
system -and target-snecific (Figure €.4C). As the promising key
species are ldentified for each major ecosystermn collection will focus
upon these particular genera arx! species, and upon specific goals,
(e.g. tolerance to anthracnose in Stylosanthes spp., tolerance to
Sphaceloma in Zornia spp.j.

Even though most of the collection activities will be in areas of
tropical Latin America with acid infertile soils, some specific 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 soils in general, and to the humid
tropics in particular. In the case of the grasses, emphasis will be
placed on cobtaining through gerrmplasm exchange as much variability

as possible in genera such as Brachiaria, Panicum, and Andropogon,
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which have shown general adaptation to the edaphic conditions of the
area of interest,

The agronomists will continue screening for promising species in each
of the well-drained savanna ecosystems. When well~adapted species
are identified, emphasis will be shifted to the identification of lines
with superior overall performance. The pathologist and entomologist
will assist in the identification of accessions more tolerant/resistant
to the diseases and pests that economically affect such species.

Genetic advances in some key species will be made not only by introduc~
tion and seleciion, but also by plant breeding, where appropriate. Even
though emphasts will be on exploiting natural variability before under—
taking plant breeding, relative emphasis on breeding material is ex—
paected to increase particularly during the second half of the decade, As
a natural evolution of the selection process within some key species,
plant breeding will be used when desirable characteristics are missing
and there is a reasonable probability of incorporating these character-—
istics by making specific crosses.

As promising lines are identified and cultivars approach release ,

there will be a series of related implications: (1) the need to provide
dacumented summaries of experimental performance ardd potential
productivity of these new cultivars, since the species may be totally
unknown; (i1} the need to collaborate with national institutions in provid-
ing practical recommendations on pasture establishment methods,
stocking and management practices; (1il) there will additionally be

the need for seed production and processing technology to assist in

the rapid and successful commercialization of seed production, imple-
mentad in liaison with national agencies that control cultivar release.

Pasture evaluation and development.— The present emphasis upon
agronomic evaluation of a large number of accessions (Categories I,

II and III at both Carimagua and Brasgilia) will identify an increasing
number of accessions for evaluation under grazing conditions (Figure
6.4D). It is expected that the need for expansion of these activities
will be partially met by reassigning responsikilities within the present
team, ard partially by initlating more grazing experiments in coopera-
tion with national institutdons,

Once an adapted, productive pasture is defined for a region, either

as a mixed or a pure stand, the need arises for defining low cost

and efficient establishment methods that provide adequate stands for
persistence and productivity, Seedbed preparation, minimum fertilizer
reguirements, forms of application for alternative nutrient sources,
seedirng densities 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 will be monitored under
grazing in order to determine (minimum) fertilizer maintenance require-
ments for persistence and stability of the association.,

Fasture evaluation in production systems.— The present monitoring of
existing production systems in selected subareas of Colombia, Brazil,
and venezuela will be expanded to include a more representative area
in Vernezuela, a poorly drained savanna area in Colombia and a dual
purpose production area in Panama. The resulting diagnosis of on-—
fFarm production constraints, and the set of farm production and
economic parameters will provide a data base that combined with the
experimental data generated by the program, should suffice for simula-
tion of alternative pasture uses in the various production systems
identified. Modelling will be used with the specific objective of
anticipating the expected outcome of alternative uses of various pastures
in different production systems relevant fo the region.

On=farm validation of improved pasture technology -planting new
cultivars into pasture on a small portion of a farm and using this
for those animals with highest response capacity—- has already been
initiated in on four farms in the Colombian Llarnos. As cultivars are
released , this activity is expected to increase throughout the decade
in a few sgelected locations and in close ¢ollaboration with national
programs. It should provide a mearis for validation of pasture per-
sistence and productivity under farm conditions, and also for wvalida-
tHon and improvement of modelling activities.

8,1.6.2 Evolution of outreach and feedback activities: Outreach and
research activities are intimately mixed since national research insti-
tutions are both the program's collaborators 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
collaboration exists, but it will expand rapidly as germplasm acces—
sions advance in status through the research process. The main
constraint to expanded collaboration is the absence, in most countries,
of strong pasture research programs working in areas with acid in—
fertile soils., Existing programs tend to concentrate on more fertile
soils; areas where beef and milk production have expanded in the past
and where most of the cattle population is still located.

The proportion of acid infertile scils and the degree of policy com-—
mitrment towards developing such areas varies considerably among
tropical Latin American countries. Possibilities of collaboration,
assistance required, and relevance of feedback will thus differ among
countries. Using these criteria, countries can be operationally cate-
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gorized into the following five groups (see also section 7.5):

a) Countries with large areas of acid infertile soils 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 intermediate areas of acid infertile soils and
well-defined development programs.

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

e) Countries with only small areas of acid infertile soils.

Up to the present, the Program has dewveloped a strong research co-
operation with countries in the First group, the collaboration with rest
of the countries has been limited to exploratory regional trials and
training. Since the collaboration with national programs starts from
the beginning of the research process, expanding as it advances, inter—
national cooperation will naturally expand with the advancing of the
germplasm evaluation process. Thus, cooperation in research will
significantly expand with respect to groups of countries "b" and "c"
mainly through advanced regional trials. More specifically, the plan
for the decade is summarized below,

Training.- Training is directed toward augmenting the human re-~
source base working in tropical pastures in acid infertile soil areas.
In the past, training efforts emphasized equally all disciplines re-
levant to animal production. Since 1978, the emphasis has gradually
shifted toward tropical pastures in acid infertile soils. The objective
of the short and intensive training courses given annually is to achieve
during the decade a "critical mass" of research workers for key loca-
tions in cooperating countries,

The short, intensive courses will be followed by postgraduate research
internships to provide professionals from key locations, with the skills
and experience in research methods and techniques for effective evalua-
tion of germplasm adaptation and pasture persistence and productivity.
These training efforts will be complemented by other research network
strengthening activities such as thesis research opportunities 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
acid infertile soils,
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Regional trials.~ GCermplasm exchange and testing through the network
of regiomal trials constitute another important outreach/feedback activ—
ity and will be substantially expanded throughout the decade. Germ-—
plasm will continue to be distributed on request for research purposes,
and exploratory regional trials (Type A) will be carried out in all
countries in the network regardless of the extent of their acid soils.
This type of trial will be conducted in all five major ecosystems using
the tentative broad list 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 countries with moderate to large
areas of these ecosysterms., As research in the two other ecosystems
(poorly drained savannas and humid tropics) starts early in the decade,
and as promising material for each ecosysterm is identified, the full
series of regional trials will start at selected sites of the countries
with moderate to large areas of gimilar characteristics,

6.1.6.3 Relative ecosystem emphasis.— Until now, the program Ffocus
has been upon the well-drained savarmnas with principal emphasis on
the Llanos type savannas as at the Carimagua Research Station, Re=-
search in the Cerrado type savarma started in 1978 with the outposting
of senior scientists to work in germplasm utilization. This program
commenced in 1880, with regional trials (type A) in the humid tropics
and the poorly drained savannas, but so far these are exploratory
compared with the research underway in the well-drained savarnas.
New research activities will astart sarly in the decade in the humid
tropic and poorly drained savannas; thus, by the middle of the period
the program will be active in all ecosystems. The primary emphasis,
however, will remain on the programs in the well—drained savannas,
These will require over bhwo ~thirds ofstaff time at mid-decade and will
still utilize more than one—half by 1980 (Figure 6.4A).

The poorly drained savanhas,- This tvpe of ecosystem is found
throughout the lowlands of tropical Latin America in the form of small
to relatively large "islands™ within the other ecosystems. Small
areas of poorly drained pastures are found in varying degrees on
almost every farm, while typical examples of large areas are the Beni
region of Bolivia, the Pantanal in Brazil, the Casanare in Colombia,
and the Apure tn Venezuela, Lack of abundant, good quality forage
that will persist under flooding during the wet season 1s the common
constraint in this important and extensive ecosystem, which has
generally higher stocking rates than the well-drained savannas.

New thrusts in gerrmplasm evaluation and soil fertility /plant nutrition
for this area will begin in 1982, Germplasm will be concentrated on
screening for adaptability and persistence on the major soils 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 will be conducted by agronomists from head-
quarters, Carimagua, and Brasilia, in close c¢ollaboration with national
programs working in the area. At present it is envisioned that these
activities will cccupy the total equivalent of 3 SSMY by 1985 and a
maximum of 4 by 1990,

6.1.6.4 The humid 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 envirormmental conditions than those fourd in savanna
aregas. This site will provide an excellent location for screening for
disease and pest tolerance/resistance, which will result in better under-
standing of the resistance mechanisms.

The humid tropics are experiencing increasing in-migration due to the
combined effects 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 soil fertility levels after clear-
ing, the productivity of the pastures tends to diminish rapidly due to
loss of stand and weed invasion., Their useful life span is often no
more than four to seven years. However, well-managed, adapted
legume-based pastures maintained at minimum fertility levels are ef-
ficient at recycling nutrients and provide excellent erosion protection.

There is an urgent need for a broader range of adapted forage species
and appropriate pasture development/management technology for these
regiorns. It iz estimated that more than half of the 6-8 million hectares
of cleared Amazonian forest is in a state of degradation. The recovery
of the areas already cleared iz one of the main objectives of this new
thrust of the Tropical Pastures Program,

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

- Qutposted Research Agronomist, to cormmence duties in mid-1981,
Objectivas will include major germplasm screening plus coordina-
tion of a series of regional trials within the two humid tropic
ccosystems,
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- Cutposted Research Pasture Development Agronomist, to com-—
mence duties by January, 1983, Objectives will include strat—,
egies for rencvation of degraded pastures, plus alternative
strategies for pasture establishment and maintenance and related
soil fertility/plant nutrition studies,

These two staff members will receive operational support from present
staff, especially in the areas of germplasm evaluation, pathology, en—
tormology, microbiology, 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, ard valuable time can be saved, by providing low-cost/low-
input solutions to the urgent problem of degrading pastures in the
humid tropice of Latin America.

6,1.6,.5 Staffing patterns in the esighties.~ While a natural result of
the progress made in research and knowledge of germplasm perfor—
mance is that considerable change in research empbasis will occur
during the decade, only minor changes and additions to the core staff
are envisaged,

Total staff members.~ In 1880 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 onily three since the other two posi-
tions are to be provided by phasing out existing positions. A peak of
23 will be reached in 1988, 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 cattlie
production systems, but the number will remain constant.

As previously explained, From 1882 there will 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 pericd 1982-1884, decreasing
to 20 thereafter.
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Regional Cooperation staff.~ From zero in 1980, this staff category
will encompass a maximum of three positions by 19868 and rermain
constant until 1990, The first two appointments are proposed for 1983
(1985 at the latest) followed by a third appointment in 1886, These
proposed positions are as fFollows:

a) Central America and Caribbean: This staff member will
respond to the needs of a reglion which includes no less than
nine countries with nationally significant areas of acid, in-
fartile soils utilized essentially in beef production. Activ~
itles will relate to regional trial coordination, on-farm
validation trials ard inter-regional technology transfer. The
scientist will be located in Panama or Costa Rica and is
required by not later than 1985.

by Cerrado: This scientist will agsist in the coordination of
regional trials throughout the very extensive areas of the
Cerrado ecosystem and the adjacent, poorly drained savamnas
(e.g. Pantanal), The position will be filled in 1985, assum-—
ing significant advances in the Program's pasture technology
development., This will coincide with a reduction of one core
research position., The total number of staff positions in
Brazil will then fall to two in 1886: one in research activ—
ities, predominantly in pasture evaluation, and the other in
outreach and regional trials,

<)  Subtropical South America: This position relates to exten~
sions of the Brazilian shield into both Paraguay and Bolivia.
The sclentist could be located in either country and is pro-
grammed to start in 1886, While the primary function will
be to coordinate regional trials, a secondary function will be
to provide ligison to national research teams working in the
*chaco regions' of Bolivia, Paraguay and northern Argentina
where there is interest in testing CIAT's germplasenm in
distincily different ecosystemns.

8.2 Other Systems Components for the Frontier

8.2.1 Crops

In Chapter 8 the role of cassava and uplard rice as crop components
for production systems in acid infertile soils was discussed. Two
crops of great economic {mportance in Latin America (soybeans and
sorghum) are not present research targets at CIAT., As discussed

in Chapter 1, the two crops have shown unpracedentad growth in areas
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sown and total production in the past ten years. The growth in produc—
tion has been stimulated by a growing demand for animal feed, partic—
ularly for poultry, This demand has largely been generated by in—
creased consumption of poultry among the middle and upper income
strata,

Growth in the area planted with cassava and upland rice has taken
place on the best agricultural lands available in the tropical countries
of the region, Various inventories of soil resources in these countries
clearly indicate the scarcity of prime available land in most of these
countries, in contrast with the vast areas of less~fertile, usually acid
soils which are presently underutilized, In both crops the basic germ-—
plasm pool, from which the currently utilized varieties and hybrids
were derived, was developed on the more—fertile and less—acid soils

of temperate latitudes.

As a regional center in tropical America, CIAT plans to continue its
policy of collaboration with other institutes that play a role in the
region and Ffit into the basic philosophy of the center. At present,
CIAT hosts subprograms from three other international institutions
with staff based at headqguarters: from CIMMYT (Andean Zone Maize),
IFDC (Phosphorus Project) and IRRI! (IRTP Liaison Scientist). Nego—
tiations to host programs of international institutions working with
sorghum and soybeans are in progress, and it is hoped that both crops
will be served by a small group of one or two scientists dedicated to
the task of assembling anc screening germplasm, and of varietal devel-
opment for the acid soils of the tropics. Similar negotiations are
underway (AlD-Title X1l Soil Management CRSP) for the location of
one senior scientist at Carimagua to assess the potential of other crop
species for production under acid soll conditions. In this way CIAT
may be able to make a contribution without expanding its commodity
mandate or committing its financial resources,

8.2.2 Factor Research

The most critical constraints to plant growth on acid infertile soils are
high aluminum levels and low available soil nutrients (mainly phosphorus
followed by potassium, calcium, magnesium and sulphur), Except in

a few instances, it may not be economical to correct these soil defi-
ciencies, due to high transportation costs and low productivity. High
subsidies are currently required in order to induce production in most
regions, The pasture and crop research described above aims at
developing adapted plants with low fertility requirements., However,
economically efficient nutient sources are a necessary complement to
the low nutrient requirement strategy.

While these soils are lacking in nutrients, considerable phosphorus and
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lime deposits exist in sewveral tropical Latin American countries, Even
though distances between these low fertility regions and the mineral
deposits are not large in many cases, high transportation costs neces-
sitate that fertilizer volumes be kept lfow, and thus, agronomic efficiency
of the nutrient sources must be relatively high.

Research on rock phosphate was initiated in 1978 through the IFDC-
CIAT special project funded by TDRC and UNDP. wWhile this project,
hosted at CIAT, does not concentrate exclusively on frontier soils, its
main focus is on efficient utilization of rock phosphates in acid soit,

a medium that provides for significantly improved agronomic efficiency
of these P sources, Research on this important factor cormponent is
expected to continue, including other more efficient maodifications of the
indigenous rock phosphate resources, with IFDC backstopping (n the
development of the fertilizer production technology.

BAY A cosystem Analysis Unit
p— ua——
To be cost effective CIAT's commodity programs require syctematized
information about their respective target areas in two main phagses of
their research activities: research strategy design and technology
evaluation and transfer.

Specific raesearch goals and priorities must initially be defined and
constantly re—evaluated in the light of knowledge of existing conditions
in each program's target area, A good understanding of the land and
climatic resources within which agricultural production takes place;
their variability and how representative they are, is necessary for
success in generating adaptable, seed-based technology. This is
particularly valid for CIAT commodity programs because of the vari-
ability in ecosystems in terms of soils and climate in Latin America
and the strong germplasm-ecosystermn interactions in all CIAT com-~-
modities.,

in the case of pastures, persistence is very much affected by disease
and pest tolerance/resistance.  Not only have most of the adapted
forage legumes which the FProgram regards as highly promising (i.e.
Stylosanthes, Zornia, Centrosema) originated in the tropics of Latin
America but their natural enemies have also originated there., There—
fore these species present strong gene-environment interactions in
terms of disease ard pest tolerance, Results from regional trials
strongly support this observation. The same considerations apply to
bath cassava and bheans, since both of these comrodities have their
center of origin in Latin America, Moreover, these two commodities
are grown inh a very wide diversity of cropping systems. Information
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from international trials suggests that a large interaction between geno-
type, cropping system, and climatic and edaphic factors exists., In

both crops a complex of bicological constraints which tend to occur under
similar ecological conditions and vary in their severity depending on the
cropping systern also exists., In rice, particularly in upland rice, a
far better definition of target areas and their critical constraints is
required before major steps are taken to "fine tune” research prior-
ities.

Target area analysis and evaluation also appear as critical components
in the technology testing and validation stage. The availability of
purposely collected and organized data on each program's target area
will not only help in achieving objectives, but will do so in the most
cost-effective manner, Sites for regional trials, international nur-~
series, and for on-farm, wvalidation, benchmark studies should be
selected in terms of the representative quality of the various subeco-
systems. Better ability to extrapolate information to similar eco-
systems will make network testing more useful. Better ability to as-
sociate germplasm to a given type or range of scosystem will also sig~
nificantly reduce the burdens of cooperating national institudons and
increase confidence in networking with CIAT. The need to gather this
type of information was identified by the TAC stripe review on farm—
ing systems research as the major gap in FSR at CIAT,

Thus, the overall objective is a better understanding of the agro-
climatic zornes arnd cropping systems and their present and potential
interactions with the germplasm, in order to provide, within each com-
modity program: (a) an analytical framework for problem identification
and setting program priorities; (b) a better understanding of agroeco-
system=specific problems and resource potentials; (¢) a sharper focus
of the commodity program's priorities; (d) an objective, guantitative
basis for technology evaluation, feedback and transfer; and, overall,
(@) a more cost-effective and efficient way of carrying on with the
tasks of both CIAT and the collaborating national institutions. The
experience gained in the special study in land evaluation conducted by
the Tropical Pastures Program, and in the study of climatology cor—
ducted by the Bean Program, are clear evidence of the usefulness of
this endeavor.

The agroecological study unit is to collaborate with each commaodity
program in the collection, analysis and synthesis of relevant climatic,
edaphic, and crop systerm data on their respective target areas. The
%imit will be integrated by two senior staff; an agroclimatologist (start—
Ing 1982) and a land system specialist (starting 1983). Rather than
adding specialists in these disciplines to each of the four programs, a
smal'l central unit will provide this expertise, Agroeconomic, eco-
t:‘lor*mc: and other disciplinary inputs will be provided by the specialist
tn the resgpective commodity programs.,






Chapter 7: INTERNATICNAL COCPERATION STRATEGIES
AND 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 partner of CIAT are the counter—
part research programs in each collaborating country ., It is these institu-
tions 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 cooperative nature of the relationship 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 at it relates to the com-
modities 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-
tive research are discussed in this document in the context of the individual
research programs. This Chapter concentrates chiefly on those interna~
tional cooperation aspects which fall within the direct management respon-
sibility of Internaticnal Cooperation.

7.1 Strengthening of National Commodity Frograms and
Development of a Research Network through Training

Research capability is largely a function of well trained scientific manpower.
Its lack, shortage or loss constitutes serious limitation to 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 to build up
thair capability to cooperatively as well as independently, conduct research
on the commaodities in CIAT's mandate.

Practically all of the training opportunities offered by CIAT are commodity
based and are on the postgraduate level. Below are outlined the principal

considerations governing CIAT training activities in the decade ahead.

7.1.1 Types of National Organizations relevant for CIAT Training

The task of program bullding 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 commodities in CIAT's mandate, Third priority is 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, increasing 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 and national research institutions in the
uhniversity teaching curricuium becomes more articulated. This ermphasis
will be expressed by training university staff engaged in the teaching of
production courses which include CIAT commodities, and by helping
develop didactic material for such courses, ! is believed that this will
have a significant multiplication effect on the utilization of CIAT's tech~
nology and will contribute to the increased productivity and production of
the corresponding commodities.

7.1.2 Selection of Training Candidates

Since the primary purpose of training is to strengthen national organiza-
tions in carrying out research on commodities in CIAT's mandate, parti-
cipants must be actively working in a national research and/or develop-
ment organization that certifies the continued employment of ClAT-trained
professionals and outlines the type of activity the candidate will be engaged
in after the training pericd, 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
commuodity effort is in, and the particuiar needs and priorities expressed
by the national program, In all cases, though, the selection of training
candidates is oriented to form research teams for each commeodity in
CIAT's mandate, or, alternatively, to train professionals that are to
bridge the gap between research and extension on the national level.

7.1.3 Countries of Origin

As the prime concern of CIAT is the tropical Latin 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 majority of CIAT training participants will continue
to be selected from the tropical Latin American countries.
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7.1.4 Funding of Training Scholarships

Currently, approximately one—third of the scholarships for CIAT training
participants are core-funded. The other two-thirds are either special
project funded or are financed by the respective national institution. This
ratio of core vs. external funding is expected to continue throughout the
'80s. This will allow CIAT to have avatlable limited funds to finance
scholarships for CIAT-based training for representatives of national
institutions that do not have the necessary resources to support their
training candidates white at CIAT. At the same time, it stimulates an
active, financial participation in CIAT-based training both on the part of
collaborating national institutions that have access to resources for train-
ing at an international center, as well financial participation on the part
of donor agencies that are interested in providing resources for man—
power—-davelopment purposes.

7.1.5 Thesis versus In-Service Research Training

A large proportion of current training opportunities provided by CIAT are
in the area of non—degree training. Realizing that such training has limita-
tions in that it often does not result in commensurate professional and
leadership opportunities offered to the ex~training participant upon return—
ing home, the Center will strive to arrange for increased opportunities

for thesis research in conjunction with cooperating universities. However,
it must be considered that candidates for graduate thesis work are scarce
in numbers and that some L.atin American countries require relatively
short but intensive practical training to allow young graduates to pertorm
efficiently in areas of practical agronomic research, validation 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.

7.1.8 CIAT Assistance to In—-Country Training

Certain 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 138 countries in the planning and conduct of some 31 in—country
courses on research and production of commaodities 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 validation and transfer capabilities in the
area of CIAT's commodities,
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7.1.7 Relative Magnitude of CIAT Training Activities

At the present time, CIAT annually is receiving some 280 professionals
for training at the Center. Their length of stay ranges from one to 12
months (selected thesis students stay for longer periods), with an average
length of stay of four months. It is expected that the annual contingent
of CIAT training participants in the first half of the '80s will remain at
approximately this level. In the latter half of the decade of the '80s, it
is anticipated that while the number of professionals to be trained at
CIAT will decrease somewhat, there will be a parallel gradual evolution
o higher revel, research—~oriented, longer—term training. At the same
time, more production—-oriented training will be emphasized through
collaborating with national organizations on in~country courses.,

it is projected that during the decade of the '80s, around 15 percent of

the Center's budget and an average man=-years of training participants
per senior staff member will be invested in the training of personnel from
collaborating national research institutions.

Training activities at the Center is highly decentralized and takes place
within the commaodity programs urder the supervision of senior staff
personnel who devote between 10 and 15 percent of their time to training.
Training is coordinated center—wide by the Training Office staffed by a
senior staff coordinator and a contingent of professional support staff
personnel that liaise between the Training Office and the respective com-
modity programs. This form of centralized coordination and decentralized
execution assures an effective integration of training with research, at the
sama time that it provides for aCIAT ~wide application of unified training
standards.

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

CIAT has long recognized the value of international and regional conferences/
workshops as a means of (a) focusing attention on a given research issue,

the establishment of priorities involved and definition of interinstitutional
collaboration in dealing with these; (b) consulting with national counterparts
on selected CIAT program strategies and mutual coordination of research
work; and (c) consulting, on a regutar basis, on the nature and operation

of commodity-based research networks.,

All three types of conferences will be continued throughout the '80s. While
the first two types of events will be scheduled as the need arises, it is
anticipated 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
investments in term of financial inputs and scientists' 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 will never exceed .75 percent of the total core budget

in any one year. In addition, cosponsorship with other international
organizations will be sought whenever the subject of a conference is of
such nature that if falls into their interests or mandates.

7.3 1 W&,Iachnicai 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 parcent 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 expectad 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 professional program staff and leaders of national pro-~

grams to pericdically visit CIAT and its programs as a means to provide
its collaborators with first-hand information on CIAT development.

7.4 Communication and Information Support

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

Arnual Report. The technical annual report of CIAT is published in the
form separate reports each for the major research programs of the Center.
Also, a yearly "CIAT Report" is published.

Newsletters, Commeodity-specific newsletters are published periodically.
They contain information on (a) developments with the respective CIAT
commuodity program; (b) new technology (both CIAT-and non-CIAT generated);
and (¢) commodity retated work in cooperating national programs.
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Technical Publications. This series includes the publication of conference
proceedings, monographs, production manuals, field problem guides,
and others.,

Audiotutorial Units. These are audiovisual training materials that provide
technical information on the commeodities within the mandate of CIAT for
didactic purposes, These materials are for the use at CIAT as well as
within countries (i.e., universities, national research institutions).

Public Information Materials. Selected materials are produced to inform
a more generalized public of the purpose and the nature of CIAT.

It is anticipated that throughout the decade of the '80s, the volume of CIAT's
communication products will continue to increase and that the utility of

the CIAT message products to their intended audiences will progressively
be enhanced.

CIAT will continue to explore innovative alternatives in the use of message
channels in attempting to improve the effectiveness of CIAT messages
addressed to its various audiences. Nevertheless, as the most important
audience is the collaborating research scientists on the national level, CIAT
will always assure that its forms of communication are compatible with
available communication irnfrastructure on the national level.

In the technical information field (i.e., documentation and library services),
over the years CIAT has acquired international recognition for its timely
delivery 0o research scientists in national programs of agricultural informa-~
tion services, These services include abstracts, tables of content, photo-
copying of research documents, specialized literature searches, annual
cumulative bibliographies, plus the publication of moenographs containing
synthesis of technical information in selected fields.

CIAT recognizes that timaly technical information services 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
conditions, 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
commeodities, will gradually 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-CIAT 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. (It must be pointed
our that a considerable porticn of the on-going work in the area of com—
munication/information ts devoted to the direct support of CIAT programs
in general and thus only indirectly impinges on international cooperation
activities). During the planning period under consideration here, neither
the number of senior staff positions nor the relative proportion of resource
allocation to communication/information activities is expected to change
significantly.

7.5 International Cooperation Activities in Relation to the
Needs of given National Programs

The mix of international cooperation services to be provided to any one
national counterpart organization will generally depend on the level of
development of its research program in the respective CIAT commeodities.
For discussion purposes, different levels of program developments can
be defined as follows:

Croup It Advanced national commodity programs that have clearly
defined their research and development strategy and are
equipped to carry out these strategies;

Group [I: Developing national commaodity programs in a dynamic
state of growth and development of their activities;

Group IIE: Developing national commeodity programs at an incipiant
stage of development, staffed by persornnel with low
academic degrees and levels of training;

Group IVv; Organizations that do not have a formal program on the
CIAT commodity involved but whose country has good
potential for production of that commaoditys;

Group Vv: National commodity programs that because of economical
and/or other circumstances are in a state of decline and
need revitalization.

Clearly, CIAT's efforts to strengthen national commaodity efforts must be
adjusted to the different needs of these national programs as their stage
of development moves along the continumrm described above. Table 7.1
provides a generalized overview of the types and relative emphases of
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* = Low;
. = Vary Low;
-] = Nane.
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different international cooperation services that are rendered to collaborating
national programs at the various stages of development,

7.6 Cutposted Personnel

Cutposted personnel refers to any CIAT staff stationed outside of Colombia,
Outposted personnel represents a very important component of international
cooperation services and their number is expected to grow considerably

in the decade of the '80s. The Center distinguishes between three types

of outposted personnel: outposted staff for research; regional cooperation
staff; and bilateral contract staff.

7.68,1 Qutposted Staff for Research

In principle, research staff will be posted outside of CIAT only when three
conditions are met: (a) the research problems to be solved are of significant
importance of a given region (i.e., normally CIAT will not post permanent
core funded research staff to conduct research relevant to only one country);
(b} the research problems to be solved occcur in conditions which are not
adequately represented in ary site within CIAT's host country and there-
fore require the outposting of research staff to a representative site out—
side of Colombia; and (c) there is a strong regicnal or national research
organization in the area which 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, Since the research
conducted by this type of scientist is an extension of CIAT's commodity
research programs, it is understood that these scientists would preferably
be funded through the core budget. CIAT's plan for the '80s calls for
outposted research staff in cassava (one position to start in 1983) and
tropical pastures (a maximum of five positions).

7.6.2 Regional Cocperation

Regional cooperation staff are outposted to strategic locations 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 maximurm expansion in regional cooperation staff:

now that an ever increasing amount of technology becomes available, stronger
cooperation with selected regions becomes imperative. Until such time

that CIAT has added the full contingent of regional cooperation staff out—

tined below, the Center cannot be considered as fully developed.

A distinction is made between regional cooperation staff in the Western
Hemisphere, and regional cooperation staff outside the Western Hemisphere,
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7.6.2.1 Within Western Hemisphere. These staff are assigned to a
specific country or regional program. Their major role is to assist in
the inter—institutional transfer of techrology in a given commodity and

o provide feedback into the research process, thus making them essential
links in the technology generation/technology transfer continuum, In
close collaboration with national programs in their respective regions they
conduct or encourage research on problems of special importance to that
area. They expedite and help organize international nurseries and other
collaborative trials in the region, and they assist in the selection of
participants for training at CIAT and in the development of in—country
training courses, Due to their relative proximity to CIAT headquarters,
outposted cooperation staff within the Western Hernisphere will always
maintain CIAT as their "second" headquarters and thus will visit CIAT

at periodic intervals.

As a rule, regional cooperation staff oudposted 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 (8 in beans; 1 in
cassava; 1 in rice; and 3 in tropical pastures).

7.6.2.2 Outside the Western Hemisphere, These staff are posted to
major regions outside Latin Arnerica and the Caribbean in which a given
CIAT commodity 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 strong international,
regicnal or local research programs which themselves assign high
pricrity to the commodity research/development effort under consideration,
and which can provide sufficient infrastructure for training, guarantine,
varietal selection and seed multiplication. The principal role of scientists
posted outside the Western Hemisphere is to provide an organizational
framework that allows for the regional adaptation and validation of new
production technology, and to stimulate active collaboration in this
process on the part of national programs in the region. In general terms,
CIAT scientists posted outside of the Western Hemisphere cover a larger
geographic area than their counterparts within the Western Hemisphere,
They will organize a greater portion of training on a regional basis and
select candidates for furhter research training at CIAT only for selected
disciplines for which adequate training is not available in the region.

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 Hemisphera, 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.

7.6.2.3 Bilateral Contract Staff, These staff are appointed as local
components of national or sub-regional research teams at the request of
individual countries or small groupings of a few countries. They serve

on a temporary basis (usually three to five years), and their purpose is

to strengthen the institution they are assigned to in their field of activity
while national staff complete their training to fill such positions. Bilateral
contract staff will normally be working chiefly with one of the commodities
for which the Center has responsibilities, and will maintain very close
ties with the respective program in CIAT.

Since these types of appointments will depend on special preject fund
availability and are of a temporary nature, it is neither possible, nor
desirable, to project precisely for which countries funds will become
avatlable and which meet the criteria established by CIAT for considering
CIAT bilateral contract staff (Criteria are listed in the CIAT publication
CIAT's Strategy for Qutreach Services, Series 12E-1, 1979). Itis
anticipated, however, that no individual commaodity program will, at any
one time, be involved with more than three countries or engage more
than five such bilateral contract staff.







Chapter 8: NEW CORE INITIATIVES

In this plan CIAT projects two initiatives which are to be incorporated
into core funding during the decade. Both are highly complementary
to the on-going activities of the Center and are regionally oriented to—
wards the Western Hemisphere, These initiatives are with respect to
the Agroecosystems Analysis Unit and the Seed Unit.

8.1 Agroecosystems Analysis Unit

The project which has been in operation since 1878 using core furnds for
visiting scientists has been described in Chapter §. The rationale for
the Unit has been outlined and its role as a CIAT—-wide activity clearly
defined,

8.2 Seed Techwology and Training

In 1979, a special project funded by the Swiss Development Cooperation,
was initiated at CIAT, with the objective of assisting in the strengthening
of mational seasd-related activities in the region and in providing CIAT
with a rmeans for decreasing the time span that takes 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.

Initially, it was plannad that this activity, i.e., the Seed Unit, would be
phased down at the end of five years of special project funding to a level
which could be maintained with existing core resources. However, the
Highly positive response from the national programs evident in the first
two years of the project has led to a reconsideration of these earlier
plans. A continuing need for additional seed-related activities at CIAT
over the decada has been demonstrated. The Seed Unit has thus been
projected for incorporation into the core budget during the decade.,

8.2.1 Obhjectives of the Seed Unit

The principal factors limiting progress in national seed programs and

the industry are lack of trained personnel, ofterr unclear and inconsistent
policies by governments, limited supplies of breeder and basic seed for
tramsfer to the seed industry, problems in producing, processing and
storing of good quality seed, and weak marketing systems. Under these
circumstances the role of seed related activities at an international center
neeaeds to be defined clearly since the manifold problems outlined above
cannot only be solved at that level. The Unit has thus defined its objec~
tives as follows;
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(a) To strerngthen seed programs and local enterprises through the
training of, and technical collaboration with, seed technologists
in the region.

() To help national programs to stimulate use of the most promising
materials of the basic commodities.

() To encourage research on seed related problems lirmiting seed
production and distribution, and in improving technical communica—

tion among seed technologists in the region,

8.2.2 Seed Strategy for the Eighties

During the first phase of the program considerable attention has been
given to the training of seed technologists at the introductory level since
there are only a limited number of personnel specifically trained in seed
technology. In the main, personnel in these programs have received a
normal agricultural training in which seed related activities were not
emphasized. A number of basic courses were mounted in which, to the
end of 1980, 123 seed technologists have received a broad based {raining
in all aspects of seed production, processing, marketing and guality con—
trol. In the second phase of the training program increased emphasis

will be placed on more advanced gpecialized courses and workshops
addressed to particular needs, such as the production of breeder and basic
seed, organization and operation of seed program activities at the national
level, seed guality control, seed drying and processing, arnd seed market—-
ing. 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 activitiy will be channeled through profes~-
sionals who have had previous contact and training with CIAT. The Unit
will support efforts by sub-regional groups and national programs in
offering short courses designed to multiply the total training effert at

the local level.

In the area of seed production and processing the Unit proposes o continue
to support the CIAT commodity programs by multiplying, and making
available, breeder and basic seed of the most promising materials to
national programs and other interested organizations in the region. In
thig operation CIAT dees not propose to distribute commercial seed
directly to farmers since the basic objective of the Unit is to encourage
these actlvities at national level,
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As part of the activities in breeder and basic seed production CIAT has
already established links with other international centers, particularly
CIMMYT and ICRISAT. The objective of these linkages is to assist
these centers in their collaboration with national programs, through
production and dissemination of promising materials in the region.

with respect to research on seed related problems CIAT is helping to
identify priority areas for research in seed technology with relevance

to the region and to the commuodities in the mandate. In the introduction
of new pasture species many problems of production, harvesting, storing,
and quality evaluation need to be addressed, since these species are
entirely new to the seed industry, and basic seed technology for these
species has not been developed,. In the other commeodities, i.e., beans,
cassava and rice, there are particular areas of research which are
necessary to facilitate improved seed production and distribution, wWith-
in the resources of the Unit, and in collaboration with the CIAT cormmodity
programs and national institutions, a stronger research effort is project—
ed for the eighties to provide answers {0 soma of these problems.,

The provision of information services on seed related activities, including
documentation and audictutorial teaching materials, is an integral part

of the proposed plan in order to encourage professionalism and good
communication among the seed community in the region,

8.2.3 Projected Seed Activities in the Eighties

At present, the Seed Unit staffing consists of two sentor scientists and
supporting personnel, provided entirely by the special project funding.
Funding for the present phase of the project will terminate in 1984,
CIAT proposes to continue seed related activities as a separate Unit
over the decade of the eighties. On the termination of present funding,
it is hoped that some continuing assistance from the present donor can
be provided,

Two senior core funded senior scientist positions are projected for

the Unit to commence in 1985 and 1988, In addition, the existing senior
seed sclentist in the Tropical Pasture Program will be associated with
the Unit. One of the projected positions will be reguired 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 all aspects of seed technology in the pasture
species under investigation, for which methodologies are still lacking.

Continued agsistance from special project funding will be required for
the provision of funds for training, workshops, conferences, and technical
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collaboration activities, to maintain the level of activity in the present
project. Within the limits set by the budget guidelines for the Center,
and earlier and larger core involvement by CIAT cannot be contemplated.



Chapter S: BUDCET IMPLICATIONS

The budgetary implications of the long-term plan as presented in the
previous pages are principally a function of the projected man—years

of senior scientists. Table 9.1 presents a break-down of actual senior
staff positions in the period 1978-81, and projections of core-financed
positions for the decade of the eighties. Figure 9.1 presents a graphic
summary of actual and projected senior staff positions in the areas of re-—
search, research support and administration, and regional cooperation.

(NOTE: Budget projections are under preparation).



Table 9.1. Core-financed senior staff positions for the period 1978-1981, and projections for the period 1982-1980

‘78 s ‘80 81 ‘82 83 ‘84 ‘88 ‘B8 ‘87 88 ‘89 el
Research:
Headquarters-based
Beans 1 11 12 12 134 13 13 1417 14 14 4 14 14
Cassava g 10 10 10 11l 11 121% 12 12 132 12 12
Rice 3 3 3 4 €% &8 g é & 6 & 6 8
Tropical Pastures 17 17 17 17 17 168 8 16 1724 17 17 17 17
Swine 2 2 - - - - - - - —_ - - -
Research:
Outposted
Heans - - - - e - - o - e - - -
Cassava - o - - - 115 1 1 1 1 1 1 1
Rice - - - - - - - - - — - - -
Troplcal Pastures 2 2 ki 3 4y 5Ly 5 g 328 3 2 3 3
Regional Cooperation
Beans - - - - - 1z 314,15 3 52622 5 5 5 5
Cassava - - - — 14 1 1 220y 228 3 3 3 K}
Rice - . . - - - 118 1 1 ¥ 1 1 1
Teopicnl Pastures - - - - - - - P2y 329 3 3 3 3
Administration & Support
Administration 8 ] 7 7 7 7 7 7 7 7 7 7 7
Agro-ecosystem
Analysis o - - — 1% 213 2 2 2 2 p b Z
Communication/
information 4 4 4 4 - 4 4 4 & 4 4 4 4
Date Bervines 1 1 1 1 1 1 1 1 1 3 1 EH 1
Gengtic Resources 3 3 2 2 2 2 2 2 2 2 2 2 2
taboratory Services  — - 1 1 -8/ - - - - 13% 1 1 1
Sead Unit - - - — - - - 128 239 2 2 2 2
Station QOperations 1 1 T H 1 1 1 1 1 i 3 ¥ 1
Training Office 2 2 1 1 1 1 1 t 1 1 k: 1 1
TOTAL 61 81 62 83 87 72 75 80 85 86 g8 86 86
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24
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27

28
29

N

1982

Addition of vne begn pathology position

Addition of one rice ecanomics position

Addition of one forage agronomy pasitian for humid tropics
Addition of one regional cooperation position for Asia
Addition of position for agroclirnatniogy

Deletion of position for biochemistry

1983

Addition of position for virology

Additien of position for upland rice physiology/agronomy

Temparary delation of one hesdguarters-bayed research position

Addition of one breeding position for sub-tropics

Addition of one pasture renovaticn/establishmens position for humid tropics
Addition of ons ragional cooperation position for Eastern Africp

Addition of one position for tand systems analysis

1584

Addition of regional cooperation position for Centrat Americs and Caribbean
Addition of regional cooperstion position for Brazil

Addition of regional copperation position for South Anclean zone

1985

Addition of position for program coordinstor

Addition of pasition for program coordinator

Delstion of ong research position in the Cerrado

Addition of regional cooperation position for Central America and Caribbean
Addition of regional cooperation position for Cerrado

Addition of regional cooparation position for Cantral America and Caritbean
Acidition of position far seed production speciaiist

1986

Reinstaternent of headouarters-based resgarch position temporarily deleted in 18983
Detation of one research position in the Cerrado

Addititin of one regignal cooperation position for Middle East

Addition of one regional cooperation position for South Andean 2one

Addition of ragional cooperation position for Africa

Addition of regions! cooperation pusition for sub-tropics of Latip America
Addition of ane position for sead technaloylst

1987
Addition of position for the coordination of laboratory services

Rl A 5) S
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Figure 9.1
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APPENDIX 1

Growth rates of the demand and suppiy of food in Latin American countries, 1966-1977

Courstry

Maexico

Laribbean

Costa Rica
El Salvacior
Guatsmaias
Honduras
Nicaragus
Panama

Central America
Venezuela
Bollvia
Chile
Colombia
Ecuador
fena

Andean Countries

Brazil

Argentina
Paraguay
Uruguay
River Plate Countries

Latin America

Food Dermand
Per Capita Income Total Feod Food Production
Populations Incomes  Elasticity®?  Growihe Productiond by Srnalf
Farmaergt®
3.5 28 0.51 4.8 4.0 1.8
2.1 1.8 .21 25 1.4 25
3.0 2.9 0.51 45 45 38
33 1.8 0.82 4.4 39 43
25 2.8 053 A0 5.0 a2z
23 1.8 052 34 23 1.9
2.7 35 .76 4.4 3.9 a8
341 3.3 a.52 4.1 3.4 2.1
2.8 2.8 .48 4,1 3.9 a1
28 2 0.40 38 4.6 2.2
2.4 2.7 047 4.1 24 2.0
19 0.6 044 22 . 2.8 2.2
26 2.7 0.51 4.0 34 4.2
28 38 .47 4.7 1.7 2%
2.9 25 052 4.5 1.1 1.7
28 Z2.1 045 35 2.6 28
2.7 42 .50 4.8 4.7 2.6
1.3 2.5 6.27 20 23 0.8
28 2.1 0.47 38 3.7 22
06 a4 6.37 8.7 0.4 2.3
13 19 0.30 1.3 2.2 1.6
26 30 0.34 3.6 38 2.5

wl  1980-1975.

b/ Estimated from the proportional weights of gversge consumption of vegetabla and animal products end the FAD
income elasticlries of damand,

o/ Cslulated a3 d = + Ey ¥ whera d i the rate of dernand growsh for food, p is the rats of population growsh, Ey iz
tha Income elasticity of demand for food, and y is the rate of income growth,

df  1966-1977.

&  The smali farmar crops were defined by the USDA a3 malzs (sxcapt in Argenting and Urugueyl, rice {excent In Co-

tambial, potatoes, sweet potatoes, casssva and pulses,

Sources:

1966-70 dota based on Economic Pesearch Service, “Agriculture In the Amaerigas: Htatistical deta™, pp. 1-8. {10),
197177 daze bmsed on Economics, Stavistics and Donperatives Service, tndicss af Agricuitural Production for the

Western Hembsphera, 1968-1977, {11),

The incorma elasticitles of demand were estimated from Food snd Agricuiturs Cirgenization of the United Nations

{FAC) (16},



APPENDIX 2

Nutrient availability and requirements: Daily par capita calories and grams of protein in mean national consumption, 1972

GCalories Peotaeing
Country Avaitability Raquirementy Supply as a Aysilabifity Requirerments  Supply as a
Percentage of Porgentage of
Requirements Requirements
KMexico 2687 2330 115 65,8 384 172
Central America 2103 2280 92 §5.0 35.6 154
{aribbean 2483 22680 108 55.8 358 157
Vengzuela 2388 2430 a8 626 36.7 171
Tropical South 2193 2420 91 52.4 38.0 138
Arnerice®
Brazi 2637 2390 106 53.2 387 183
Southern Cone? 3113 2636 118 a3.8 338 242

Source: Food snd Agricuiturs Organization of the Unlted Nations, Provisional Food Balance Sheets, 1972-74 Average, Roma,
19237,

8 Bolivis, Colombia, Ecuador, Paraguay and Peri,

b Argertlna, Chite, Uruguay,



APPENDIX 3

Estimated a percentages of the population consuming inadequate amounts of caiories

in various Latin American countries 11973)

Below Minimun Beiow 9% of Recommended
Country Caioric Levsls {aloric Levels

1% {%}
Honduras 60 50
Ecuador 70 ;3]
€l Salvador 72 61
Colombia 61 48
Daminican Republic &8 44
Guatemaia €9 48
Brazif 45 A
Mexica 34 22
Jamaica 30 21
Perd 53 a1
Costa Rico 34 20
Panama 81 38
Chile 33 10
Urugpaay 33 20
Venezuela 56 a7

Data sre gvailabis from tha Food Balance Sheets of FAD on mean caloric consumption and FAG/WHO
have made estivnstes of celovie requirsments. The distribution of the papularion by ealoric consumption
utitizas Income distributinn data and the funstions! relationship betwean calorie consumption and in-

cama.

Bources: 5. Reuttinger and H. Alderman, The Prevalence of Catorle Defleient Dists in Developing Courr
tries, World Bank Statf Working Paper Mo, 374, Washington, ©.C., March 1980, pp 27 and 28; for further
datails see $.Reutlinger and M, Selowsky, Mainutrition and Poverty: Magnitude and Policy Options, World
Bank Goeasional Paper No, 23, lohs Hopking, 1976,



APPENDIX 4
Sources of calories by individual foods:

Parcent of total calories, 1972-74

Country Sugsr Maize ‘Wheuat Rice Cassava Potatoes Oils Basns Beef fdeat
Meaxico 14.7 37.3 1.4 1.8 4.0 04 82 5.1 2.2 54
Cantral America 16.8 36.0 2.0 58 0.8 0.3 8.8 45 2.2 54
Caribbean 16.9 8.7 18.1 133 28 04 83 24 3.1 8.7
Venezuela 183 18.2 1541 54 1.5 0.8 8.0 13 58 3.3
Tropical South

America 18.3 125 11.0 9.8 4.5 5.3 84 11 3.6 58

Balivia 12.7 1638 19.2 45 43 10,3 6.9 0.7 37 68

Colombia 248 12.9 87 125 3.7 38 74 w8 4.3 5.4

Eeusador 18.3 118 8.8 9.2 2.8 55 104 2.2 25 44

Peru 143 9.3 18.1 88 2.8 9.3 2.9 1.5 1.9 4,7

Paraguay 8.3 181 10.2 38 144 25 8.7 5.1 88 12.6
Brazit 171 a2 10,7 16.5 8.4 0.8 1.9 8 4.3 6.7
Bouthern Cone 131 1.3 308 20 0.3 38 122 06 1.1 18.0

Argernting 128 1.1 7.2 1.7 04 44 12.2 0.3 134 17.9

Chile 133 1.7 42.9 24 - 3.7 9.2 1.8 39 8.2

Uraguay 12.3 2.2 72 a5 - 30 87 0.2 14.3 204

Spurca: Food and Agriculture Qrgsnization of the United Natlons, Provisional Food Batante Sheaets, 1972-74, Rome, 1877,

Note: Since not sll food curmmodities sre incluced, the cojurmng will not sum across to 100%



APPENDIX B

Sources of proteins by individual foods:

Percent of total protein supplies, 1872.74

Country Maize Wheat Fice Beans Boef
Maxico 30 12.7 1.5 114 7.8
Central America 6.7 75 4.7 2.1 9.1
Caribbesn 7.3 18.8 109 29 59
Venerysla 13.4 19.0 38 3.2 188
Fropical South

Amarits 10.3 13.2 34 2.8 B

Bolivia 168 21.7 a7 1.7 e

Colombia 14.4 7.0 11.3 24 4.7

Ecuador 138 166 8.1 4.4 B3

Peru 8.3 225 8.6 B 68

Paraguay 17.0 0.0 25 120 19.8
Heazit 8.2 114 12.2 0.1 13.8
Southern Cone 11 m.5 1.3 1.4 »na

Arganting o8 223 1.2 a8 344

Chils 16 436 ; 1.8 4.1 83

Uruguay 16 23.1 2.3 4.5 89

Source: Food snyd Agricuiture Crganization of the United Nations, Provisional Food Ralsnce Sheats, 1972-74, Rome,
1877,

Mote: Sinte not ol food commadities sra Included, the colunms will not sum a crom to 100% .
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Food budget affocation by commodity group in ten Andean cities, 1867-69

Bread and Potatoes
City incomes Beef Milk  Chicken  Pork Releted Wheat flice Corn and Ory
Categoring® Producty Simitary Vegetables
{%)
Bogota 1] 1.3 10.2 [+] a1 8.5 0.B 5.7 2.6 109 1.5
1 14.6 a.3 8.1 a.01 101 .5 a1 1.8 1.2 2.9
2 15.2 2.9 0.2 0.4 8.9 2.5 5.6 2.0 8.8 1.7
3 i14.6 11.1 1.3 4.3 8.7 6.6 5.1 1.0 3.4 1.5
L] 12,7 10.8 an 1.3 7.8 8.3 23 1.0 34 1.5
Barrarsusilla O 17.8 8.3 0.2 0.6 8.7 0.1 11.1 1.9 5.0 1.8
1 17.3 10.1 0.4 1.0 8.3 6.1 10.3 1.6 4,2 2.0
2 18,0 10.2 0.8 .8 6.9 8.1 2,2 1.8 3.6 .7
3 18.1 10.8 2.7 a.8 8.9 .1 7.5 1.4 3.0 1.9
4 18,7 11.0 35 .9 6.9 0.3 6.3 1.2 2.5 1.9
Calf f¢] 4.2 5.8 0.1 0.8 53 9.2 2.6 2.2 6.8 5.6
1 21.5 Bt 0.6 4.5 £.1 0.2 2.8 2.0 8.1 4,6
Z b R ] a8 1.1 1.4 8.5 4.4 6.8 1.5 3.8 39
] 21.0 12.3 1.8 2.4 6.4 0.2 55 1.1 b 3 3.0
4 16.9 13.0 e X+ 2.5 8.2 2.3 4.9 1,1 22 2.2
Maedeliin 0 211 8.5 o 4.3 3.9 1.8 7.0 6.3 6.0 8.8
1 21.6 3111 a.p2 0,7 5.2 Q.2 5.7 4.7 8.0 5.8
2 21.2 10.6 6.3 2.5 5.4 Q.3 5.1 4.4 A7 53
3 18.8 12.3 [1%:1 Rz 6.0 0.4 4,2 3.3 3.7 4.4
4 165.0 13.4 2.5 6.3 6.9 0.8 2.8 2.6 26 2.7
Santlagoe 4] 140.2 6.4 2,0 0.2 168.8 1.2 2.4 a2 4.1 1.8
1 9.8 7.8 Z2.4 0.6 15.7 1.4 1 2.3 4.2 1.8
2 2.9 8.1 3.3 a.5 13,7 1.1 1.9 0.3 3.4 1.4
3 9.3 8.7 4.5 .7 121 1.0 1.7 0.2 2.9 .3
4 55 7.3 3.9 1.0 2.7 Q.6 1.1 $4.03 1.2 a7
Csito a a7 8.1 .5 2.4 9.8 0.8 5.7 2.7 7.8 G.6
3 12.9 106 0.07 0.4 12.2 0.7 1.2 1.8 7.4 4.8
2 13.6 0.4 0.8 .3 11,2 0.8 6.7 1.6 6,2 06
3 15.7 13.3 2.0 .7 1.8 0.5 8.5 0.8 4.3 o7
& 14.1 14.1 20 1.3 8.0 .6 3.7 0.7 3.0 0.7
Gugyaquil a 14.0 8.0 0.5 0.2 8.0 G4 13.9 1.9 3.3 1.6
4 17,8 10.0 1.4 0.2 7.5 0.3 14,2 G.1 3. 1.2
2 18.1 11.8 =0 0.3 7.1 .3 2.4 8,2 2.2 L R )
3 18.1 12.5. . 2% 0.6 8.6 0.2 0.1 0.2 2.4 1.8
4 15.7 12.7 4.9 1.1 6.0 0.3 8.3 0.2 1.9 1.6
Caracas i 11.3 14.7 2.5 1.8 5.8 o1 4.0 2.5 2.3 25
1 11.3 13.8 3.4 z1 6.4 a1 2.3 &1 26 3.1
2 1.8 13.1 4.1 2.4 6.7 .1 2.3 2.6 25 2.3
3 1.8 123 4.4 2.4 6.8 0.1 2.2 1.6 FA 1.8
4 12.8 13.2 4.3 2.6 5.8 .1 1.7 1.0 1.8 1.0
Marstaibo o 8.0 17.8 3.4 3.3 7.8 2.1 4.% 4.8 1.8 1.7
1 168.6 18,2 3.6 Z.1 1.0 0.3 3.7 3.5 1.7 20
2 1t.3 17.4 5.0 1.5 1.0 {1 3.4 3.0 1.7 1.7
3 11.6 18.2 5.6 1.5 6.3 8,04 3.0 2.1 1.5 1.2
4 1.9 18.4 7.9 25 6.6 o1 2.4 1.8 1.8 1.7
Lima 4] 22.8 10.8 2.8 0.3 8.4 0.2 5.8 1.2 3.7 0.5
k] 154 13.2 2.5 o7 g0 0.3 6.9 1.0 4.6 0.8
2 17.3 12.3 4.7 8.4 9,2 0.1 6.9 0.8 4.2 1.0
3 17.¢ 11.4 4.8 2.3 80 a.2 5.8 0.7 3.4 0.8
a 17.% 11.9 4.1 04 8.6 0.2 4,2 0.7 2.5 9.5
s Famity income Celegory Code: 0: 6 1625 {U.8. Dollarsk  1: 1026-1652; 27 16532759, 3: 2760-4866: 4: More than 48686,

Sourcer Survey data from the ECIEL-Brookings survey of consumption patterns in Latin American citles.



APPENDIX 7

Arnual expenses {Cruzeiros) by food type for different income strata in the Northeast of Brazil, 1975

Less than 4.500- £.800 £.000- 11300 13,600 15,800~ 22,600 More than
FOOD CATRGURIES 4,500 6.789 8.8%9 11.29% 13,598 16,799 22,899 31,699 31.599
{Cruzeivosl
Lureniy and Derivatives T4 586 856 1.089 1.31% 1. 484 1.868 1803 2.143
Rize 131 273 396 455 530 824 564 569 604
Corn B2 135 171 160 228 185 149 122 140
Whaat Products T 168 278 430 530 -] 802 1.0%8 1.208
Gthers -] 1% 15 24 32 26 &3 a3 190
Tubwrs 280 ArG A8 57 523 544 438 460 A42
Potaio ¥ 3 5 11 16 24 38 67 133
Frash Castava 11 23 26 24 28 30 23 22 K3
Cussava Flour 230 ki3] 400 320 A0 414 306 282 182
Gther Tubers ¥9 36 58 62 12 77 70 88 1ne
Sugars a7 81 228 250 3409 Azd 336 83 450
Legumes 314 483 587 565 682 34 525 458 435
Fiuld Beans/Cowpaas ez 4 443 511 516 879 Bag a9z A33 408
Qther Legumies 32 50 46 43 54 49 a3 -3 27
Vagatables A 106 162 183 231 271 329 A7 703
Fruity 14 412 152 180 239 6% 391 538 741
Meat and Fish 514 392 1.360 1.712 2.058 2.364 2.708 3.472 4,759
Beg! 178 358 552 T4 919 1.051 1.420 1.830 2.730
Park 28 175 218 258 265 338 285 335 302
Ohicken 50 114 181 234 306 a3 385 540 742
Cannaed Mants 2 B 8 18 19 4% 34 82 114
Fish 128 221 241 266 296 #i8 s 312 AT3
Chars €3 117 148 198 252 288 267 333 396
E49s 26 51 g2 - 128 142 164 217 287
Milk and Choese 78 183 284 366 4497 522 582 824 1.238
Oiis and Fats 49 118 175 234 304 366 392 BS3 BOS
Bevarsges 150 239 293 338 369 416 476 a0% BG4
Food Outside the Housa 21 161 224 347 7 ARG 870 TR 1827
TOTAL FOOD EXPENSES 1.5968 A.6482 4,857 &807 6.588 7,726 B.4737 10,482 13.932
Foad Expanses . 100 64 84 61 67 84 82 a4 a8 17

Total Expenses

Souren: FIGGE, Estudo Necional da Despess Farmdiier, Despesss das Famllisy, Reglan ¥V, Ric de Janeiro, 1978, p 82,



APPENDIX 8

Diet composition and nutrient cost to the consumer for calories in the Brazilian Northeast, 1975

Calories Par Percontage of Annual Cost to the Consumer of
Food Categories Adult Unit Calories Maimtaining Consumption of One
Per Dlay 1%} Hurclred Catories from Each Foode
{Cruzeiros}
Cereals and Dierivetives B18 26.8 43
Aice 242 12.5 42
Gorn 108 5.8 35
Whaat Products 161 8.3 65
Othars 7 .4 114
Fubers 486 25,7 3
Potato 2 [i 4] 250
Fresh Cassava 13 Q.7 48
Cassava Floor 454 R35 20
Othiwrs 27 1.4 52
Sugars 218 10.9 30
. Bgrte 3114 16,1 48
Field Beans and Cowpeas? 280 14.5 44
Othar Lagumes 3 1.6 a8
Vegatobles 10 0.5 520
Frufts 35 1.8 187
Maat and Figh 175 8.3 248
Baaf 74 a.8 273
FPark 48 &4 126
Chicken 13 o7 4632
Canrad Meat 2 4.1 280
Fish 28 1.2 296
Crihars 21 1.1 224
Eqgs 10 0.8 260
Milk and Choase B7 s 142
itz and Fats Ba 4.4 4
Bevarayes 10 0.6 a00
TOTAL 1.930 100 k11

Csteafated from the ENDEF dats on ennual exponditures per Tamily by dividing these expentidures by an estl-
mated 3.5 agult equivalents in the mean family of five and then dividing these axpenditures by tha sumber of
calovies per adult day, When muiltipiiad by 10 these cost sca the cruzeiro costs of obtelning 100 celories/day of
asche itern during the entira vesr for one sdult. Expenses on measls cutside the house were not iternized; herce, they
could not be categorized. Mowewsr, thay were anly 5.7% of total food sxpenditures angd would! probably be blased
towsrds the higher quality food and beverages hance, thair smission would biss dewnwaerd expenditure dat on high
quatity foods anc Deverages but not substantistly effect the comparisons of the Jow cost calorle staples, The caleuty-
tion iy mads in tha following mannec:

Ex pensess Family-¥aar 1 Expanses/Ysar
x x 190 =
Adult Egquivaisnt/Family Catories 100 Catortas/Day
Aguit Equivatent/Day

Cowpeas and field beans are given the seme Portugussa word, Cowpeas predominate in Northeastern produdtion but
fielc beans are preferred by srban consumers, Consumption is probably about aqually divided betwesn the twe In
the Nartheast,

Saurce; Calculated frars Fundacas instituto Brasllelro de Geografia a Estatistica [FIBGE), Bstudo Naclonal da Despess

Famlllar, Despesas das Farnlllas, Regiaa V, Rin de Jansiro, 1978, p.82 and FIBGE, Eswido Nacional da Despes
Familiaz, Consutrio Alimentsr Antropometria, Regiac V, Blo de Janelro, 1978, p.21,



APPENDIX 9

Diet composition, protein sources, amd protein unit cost to the consumer in the Brazilian Northeast, 1975

Proteirs Per Fercentage of Annual Cost 1 the Consumer of
Adult Unit Proteing WMaintaining Consumption of One
Food Categories Por Day [%) Prisduction per Day from Each Foad
{Girams) {Cruzetros}
Cereals and Derivatives 13.20 217 19
Rie .12 84 20
Comn 281 4.5 14
Wheat Products 510 B4 20
Others G117 0.3 45
Tizbers 259 4.3 45
Potatous 0.08 308 100
Fresh Cassava a.07 0.1 86
Cassava Flour 211 38 43
Qithers (.38 08 39
Sugar 0408 0.1 784
Legumes 21.23 348 &
Cowpeas and Beans 18.09 313 6
Other Legumes 214 35 8
Vegetabliss 0.40 0.7 130
Fruits 0.51 0.8 107
Meat and Fish 18.04 2886 24
Beef 746 122 27
Pork 1.69 28 34
Chicken 2.23 37 26
Canned Meats 0.13 032 38
Fish 445 7.3 15
Others 208 34 23
Engy .78 1.3 az
Milk prnd Chesse 343 5.6 28
Qils and Fats 0.20 0.3 310
Beverages 0.51 08 177
TOTAL 60.98 00 24

Source:  FIBGE, Estudo Nacional da Dagpeass Famillar, Consumo Allmentar Antropometria, Regiao V, Rio de Junelro, p.21
and FIBGE, Extude Nacional da Despesa Familiar, Despesas das Familles, Reglas v, Rio da Janairo, 1978, p. B2,



APPENDIX 10

GROWTH RATES OF DEMAND AND PRODUCTION OF FOOD IN THE LATIN
AMERICAN COUNTRIES

1966 - 1977
DEMAND
6~ GROWTH
HATE
5 MEXICO, BRAZIL
# ECUADOR
PERU NICARAGUA » COSTA RICA
EL SALVADORQ
CENTRAL Amsmctx
o R g QusTTALs
» VENEZUELA
PAHAGUAY
ANDEAN COUNTRIES LATIN AMERICA

HONDURAS e
3 —

GARIBBEAN

SCOUNTRIES,

& CHILE
2 ® ARGENTINA
k]
FOQOD
PRODUCTION
L | I I 1 GROWTH RATE
1 2 3 4 5 8



APPENDIX 11

Agricultural research expenditures and sxpenditures on research as 3 percentage of the value
of agricuitural product, by region. 1965 tc 1974

Percerntage of total
Total annual expenditures research expenditures
{millions of 1971 to value of

constant US$! agricuitural product
Region 1865 1871 1873 1968 19714 1974
Western Europe 407 671 733 14 20 2.2
Eagtern Curope & USSH 627 818 861 1.5 1.7 1.8
North America & Oceania 806 1203 1289 1.8 2.6 2.7
Africa 114 139 41 1.3 14 1.4
Agiat 356 610 846 1.2 1.8 19
Latin America 73 146 170 0.6 1.1 1.2

Total 2383 J588 384

1 Excluding China

Source: Boyce, J. amd B, Evenson {1975)



APPENDIX 12

Research and axtonsion manpower resources relative to the value
of agricultural product, 1957 to 1971

“Quality Adiusted’

dullars agricuitural product

scigntistiman-years per 10 million

Region 1951 1959 1065 1971

wwwe -0 int constant 1971 US Dollars -« -~- -~
Western Europe 0856 0.94 0.88 0.9%
Eastern Furope & USSR 0.22 4.3 8,70 0.86
Nosrth America & Dceania 4.91 1.80 1.37 110
Latin Amuerica 0.26 0,28 0.23 G334
Africa 4,46 QA5 8.55 063
Agial 0.58 .68 0.84 .92

Extension workers per 10
miltion doilars agriculteral product

Wasterr Europe . 7.36 7,14 o
Eastern Europe & USSA - - - .
Morth America & Oceania - 3.7% 333 384
Latin America - 324 4.29 8.08
Africa - 28.A6 853.16 B3.89
Astal - 41,30 47118 62.31

1 Exciuding China

Spyrce: Boycoe and Evenson [1878), Table 1.8



