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Preface

This indicative plan projects the activities of the Centro Internacional
de Agricultura Tropical {CIAT) throughout the 1980s. The plan focuses
specifically on the three biennial budgetary pericds between 1982 and
1987, with more general projections for the rest of the decade.

The plan was developed during the two-year period from mid-1979 to
mid-1981. It was prepared by an interactive process involving CIAT's
management and staff, its Board of Trustees and leading representatives
of collaborating national agricultural research institutions in the Western
Hemisphere. The first version was prepared with the active involvement
of CIAT management, research staff and members of the Board of
Trustees. The second version, responding to comments on the first by the
Program Committee of the Board, CIAT staff and selected individuals,
was presented to twenty-four leading representatives of collaborating na-
tional research institutions in twelve countries who convened in a special
three-day workshop for this purpose at CIAT. The comments from the na-
tional representdtives, plus comments on the second approximation re-
ceived by the Executive Committee of the Board, were incorporated into
the third version submitted to the Board of Trustees at its May 1981
meeting. At this meeting, the Board authorized publication of this final
document.
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Summary of the Plan for CIAT
in the 1980s

As a basis for future planning, this document examines CIAT's role in
relation to global needs of the developing countries, the total agricultural
rescarch and development framework, and the family of international
agricultural research centers.

ROLE OF CIAT IN RELATION TO FOOD AND INCOME

Within the gamut of institutions and functicns addressing the needs of
the developing world, CIAT is considered a development-oriented agri-
cultural research and training institution. Its major product is food pro-
duction technology which can contribute to three basic goals:

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

{b} Improving the nutritional status of those segments of the urban and
rural population still below minimal nutritional requirements; and,

{¢) Improving the income levels of the rural, and indirectly, the urban
low-income population.

Within the context of improving food production in the tropical
developing countries of the world, CIAT gives special emphasis to Latin
America. This emphasis has important implications for the selection of
commodities on which the Center is to concentrate its efforts. The
Center's commodity mix—or "mandate”-has evolved during an inter-
active process among CIAT's management, the Board of Trustees, the
Technical Advisory Committee (TAC) of the Consultative Group for
International Agricultural Research (CGIAR} and the sister centers.

The three factors most important in this commodity selection have
been: first, the importance of the commodity in people's diets and in pro-
duction systems of farmers, especially low-resource farmers in the
developing countries; second, the division of labor between international
centers; and finally, application of the principle that it is advantageous



that global responsibility for research on a particular commaodity be as-
signed to a center located in the region of genetic diversity for that
species.

The plan begins with an analysis of the sociceconomic situation in
Latin America to assess whether the commodity mix that has evolved dur-
ing the first decade of CIAT's activities is still valid. In this context it is evi-
dent that 2 food production strategy for the South American continent
must consider three areas of need: large farm intensification, expansion of
the agricultural frontier, and small farm intensification. For socio-
economic considerations, and also considering that the large farm sector
is already relatively well-served with agricultural production technology,
the conclusion is that CIAT should concentrate on the latter two com-
ponents of the overall food production strategy. An analysis of the com-
parative advantage of the major food commedities under different pro-
duction conditions in Latin America clearly indicates that maize, cassava,
potatoes, plantain, beans and dual-purpose (milk and beef} cattle have the
greatest advantage for the small farm sector. Upland rice, beef production
and cassava offer the most potential for expansion into frontier areas.
Food consumption patterns vary so much across Latin America that no
staple food can be singled out as the major source of calories or protein in
the region.

When nutritional requirements, rural incomes and demand projections
are considered, the comrnodities that stand out as most important are
sugar, rice, maize, wheat, sorghum, potatoes, cassava, field beans, soy-
beans, beef, and milk. Taking into consideration the work of other institu-
tions with these commodities, it becomes clear that CIAT's current mix of
crops - beans, cassava, rice and tropical pastures —represents a reason-
able selection to contribute toward meeting both production and nutri-
tional goals of Latin America.

The rationale for making an international research and development
effort varies with each commodity. Beans are an important small farm
crop and a major low-cost protein source. Cassava is also an important
small farmer crop with great potential for expansion on the frontier. Tt is
an important low-cost caloric source in a limited number of Latin
American countries. It offers great opportunity for increasing incomes of
small farmers if technology to utilize its potential as an animal feed can be
generated. Cassava's inportance as a food is greatly accentuated when
considering consumption patterns for it in Asia and Africa. Rice 15 a major
staple in many countries of Latin America and is increasingly important
in the diets of low-income consumers. In some countries it is a primary
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crop on small farms. Upland rice is another promising crop for frontier
expansion. Tropical pastures—with the focus of the CIAT program on the
acid, infertile soils—have a particularly impertant role in the frontier ex-
pansion strategy. To the extent that improved pastures contribute to beef
and milk production, CIAT's efforts in tropical pastures will have a major
impact on the availability of protein in all countries where this technology
is appropriate.

These sociceconomic analyses indicate that there is no reason to sug-
gest that any of the current CIAT research programs should be dis-
continued or that new ones should be added at this time. This, of course,
does not preclude program deletions or additions during the decade
which cannot be foreseen at present but which may be recommended
after future internal or external reviews.

ROLE OF CIAT IN RELATION TO OTHER INSTITUTIONS

CIAT's activities are viewed as being complementary to other institu-
tions involved in agricultural research and development. The plan em-
phasizes the key role of national research sysiems and defines the
medalities for strong complementary, cooperative relations with national
research programs. The complementary relationship between CIAT and
basic, or strategic, research activities of the more specialized research in-
stitutions and universities in developed and developing countries is also
acknowledged, and continued cooperation with such institutions is en-
visaged.

CIAT is expected to make a significant and unique contribution to
overcoming some of the technelogical constraints on the strength of its
focus on basic food commodities, and its emphasis on technology
development for low-resource farmers and on the expansion of the agri-
cultural frontier. CIAT also can help overcome some of the institutional
constraints in Latin America by helping build the reservoir of scientists
and trained technicians, by stimulating better orientation of research and
training, and by strengthening links between research and extension at
national levels.

HISTORICAL PERSPECTIVE

The plan for the 1980s is placed in historical perspective by reviewing
the accomplishments made during the Center's first ten vears. Institu-
tional achievements principally relate to the sharpening of focus and or-
ganizational refinement. Over the past decade there has been a marked
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reduction in the number of feod commuodities covered, a clarification and
sharpening of the program strategies and priorities, and a narrowing of
the geographical and ecological foci.

Organizationally, procedures for program review and modification
have been firmly established, providing for strong invaelvement of col-
laborating countries in the development of the Center's policies and
operational procedures.

CIAT staff and management involvement in setting priorities and pro-
gram planning have been enhanced through the development of annual
program reviews and occasional position papers. At the same time, the
Board of Trustees has established a mechanism for effective involvement
in program and policy decisions through its Program Committee.

Program accomplishments during the first decade include the develop-
ment and refinement of methodology and setling priorities of research ac-
tivities. In addition, each of the commodity programs has made signifi-
cant advances in getting improved varieties and associated agronomic
practices to national programs, and through them, to the farmers. In the
case of rice, national production levels already have improved signif-
icantly in virtually all countries of the region.

CENTER-WIDE OBJECTIVES AND PRINCIPLES

Based on the foregoing analyses of the socioeconomic, institutional and
historical conditions and achievements, CIAT's projected strategies for
the 1980s are defined, for the Center as a whole and for each commodity
program. The overall objectives of CIAT are reconfirmed as follows:

To generate and deliver, in collaboration with national institutions, im-
proved technology that will contribute to increased production, productivity
and quality of specific basic food commodities in the tropics— principally
countries of Latin America and the Carvibbean — thereby enabling producers
and consumers, especially those with limited resources, to increase their pur-
chasing power and Improve their nutrition.

This statement of objectives emphasizes the technology development
orientation of the Center. While it is recognized that many institutional,
social and political developments are important for improved human wel-
fare, the statement clarifies CIAT's contribution as one of applying
modern science and technology to the problems of food production. The
objectives statement also recognizes the collaborative nature of CIAT's ac-
tivities with various national, regional and international agencies, and it
indicates a strong orientation towards the American tropics. However, in
the case of beans and cassava, CIAT has been given global responstbility

4



among the international agricultural research centers. The Center thus
has important worldwide roles to play, particularly with beans in eastern
Africa and with cassava in Asia. While stressing that CIAT will not shirk
these international responsibilities, the plan also acknowledges the
special advantages to be gained from establishing and maintaining work-
ing relationships in the Western Hemisphere, and the dangers of spread-
ing scarce resources too thinly. The objectives statement also emphasizes
CIAT's basic orientation to low-resource farmers as well as to low-income
urban consumers. This orientation is reflected in the research strategy of
the Center.

In order to accomplish the overall objectives, the plan delineates the
Center's operational principles relating to relevance, complementarity,
technology design, and international cooperation.

Cassava
The objectives of the Cassava Program are:

ja} To develop germplasm and associated cultural practices that re-
quire low input levels and that are responsive to improved manage-
ment, as a means to increase cassava production per hectare in
areas where cassava presently is grown.

{b) To develop germplasm and associated management practices
which under intermediate levels of inputs will lead to profitable
cassava production on the underutilized, acid and infertile soils of
the lowland tropics.

(c} To develop systems to improve the utilization of cassava and allow
for more efficient use of cassava for direct and indirect human con-
sumption,

|[d} To strengthen national cassava research and development pro-
grams so that they may more effectively carry out their roles.

During the coming decade, the Cassava Program anticipates that its
germplasm improvement activities aimed at the production of finished
varieties for testing and release by national agencies will diminish in favor
of increased emphasis on the production of germplasm for use in national
breeding programs. Research on production practices will increasingly
emphasize cropping systems and long-term fertility, while research re-
lated to management practices for cassava in existing production systems
will decline. A gradual expansion in utilization research is anticipated; ini-
tial emphasis will be on storage and quality of fresh cassava, and the pro-
portion of utilization efforts devoted to integrated production and utiliza-
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tion systems will increase later. Germplasm will be developed for six pro-
duction environments. While five of these can be covered adequately by
research and testing within Colombia, the sixth environmental system —
represented by subtropical conditions of Mexico, southern Brazil, Para-
guay, Bolivia, the northern islands of the Caribbean and southern China -
will be dealt with by placing a breeder in a location representative of this
ecosystem. Regional cooperation activities of the Cassava Program will be
strengthened by cutposting a regional cooperation scientist in each of
three regions: Asia; the Caribbean, Central America and Mexico; and
Africa.

Beans
The Bean Program objectives for the 1980s are:

{a)] To develop improved technology 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 food
s0UTCE.

{b} To assist other regions—particularly eastern Africa—in achieving
the same objectives through institutional arrangements in which
CIAT can provide technological input based on its work in Latin
America and the Caribbean.

{c} To strengthen national research programs in beans through training
and by establishing a bean research network for scientists working
on crop improvement.

The staffing pattern for the Bean Program is forecast to remain reasen-
ably stable through the decade. However, research directions of the
multidisciplinary team are expected to change considerably as emphasis
in bean improvement is shifted in accordance with evolving priorities.
The strong emphasis on disease resistance —currently representing about
80% of the improvement crosses —is expected to be reduced to approxi-
mately one-half this level by the end of the decade. The proportion of
crosses related to insect resistance will remain relatively constant, while
there will be considerable expansion in crosses designed to improve plant
structure, yield potential, adaptation characteristics, and quality factors.

Inter-institutional transfer of the improved bean technology will be
strengthened through the addition of an outposted regional cooperation
scientist in each of the following areas: Central America, Brazil, the
Southern Andean Zone, eastern Africa and the Middle East.
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Rice
The objectives of the Rice Program in the 1980s are defined as follows:

{a) To continue to develop germplasm-based technology designed to
overcome constraints to increasing production of irrigated rice.

(b} Through a new initiative, to develop, in collaborative research with
national institutions, new germplasm-based technology to improve
productivily and stability of supply in the more favored upland rice
environments of the region.

ic} Te continue active collaboration with the International Rice
Research Institute [IRRI} in rice research, with particular emphasis
on the International Rice Testing Program (IRTP).

{d} To continue to help strengthen national rice research programs in the
region through training and consultative visits, and to further support
the active network of rice researchers established during the 1970s.

'The major changes anticipated for the Program will be a modest expan-
sion in staff and a considerable shift in research emphasis to develop tech-
nology for favored, upland rice production. About one-half of the plant
improvement work in upland rice will be directed to adaptation charac-
ters related to drought, low phosphorus tolerance and high aluminum
tolerance, while about 30% of the breeding activities will be on disease re-
sistance. Other research activities for upland rice will involve work on ar-
chitecture for yield potential, quality factors and insect resistance. It is an-
ticipated that over the decade the present predominance of work on
disease resistance can be decreased with more concentration directed to
adaptation to soil stress, lodging resistance and early maturity. Current
levels of work on quality factors and insect resistance should remain
about the same over the decade. The increasing emphasis on upland rice
will require, in addition to the upland rice breeder joining the Program in
1981, a rice economist in 1982 and a rice physiologist in 1983. Much of
the work of the rice agronomist will also shift from work in irrigated to
upland conditions.

Tropical Pastures

The overall objective of the Tropical Pastures Program is to develop
low-cost, low-input pastures technology to increase beef {and milk) pro-
duction on the acid, infertile soils of tropical America. The strategy to
achieve this objective is:

{a} To select pasture germplasm adapted to the environmental conditions
{climate and soils} of the region and resistant to pests and diseases.
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(bl To develop persistent and productive pastures and management
practices for their profitable utilization.

{¢] To study the role of improved pastures in production systems and
to develop complementary animal management and animal health
components.

Specific activities of the Tropical Pastures Program will evolve as prog-
ress is made toward these objeciives. Gradually, more emphasis will be
on advanced stages of pasture evaluation and on outreach. Also, better
knowledge of the area of interest and of germplasm performances will en-
able systematic organization of the Program's germplasm strategy within
each major ecasystem.

Emphasis will continue throughout the 1980s on the well-drained
savannas. However, this will be slightly reduced over time to enable
some work in the poorly drained savannas and the humid tropics. Princi-
pal importance will continue to be assigned to germplasm evaluation.
Some increases in evaluation of pasture production systems is antici-
pated. A considerable increase in the number of trials with associations in
the pasture components is planned.

It is anticipated that five additional staff positions-—three in regional
cooperation and two in research - will be required during the decade.
Two positions will be adjusted for by phasing out current positions, leav-
ing three actual staff additions. Regional cooperation staff are expected to
be outposted in three areas: Central America and the Caribbean; the Cer-
rado region of Brazil; and subtropical South America.

INTERNATIONAL COOPERATION

Strong and expanded activities in international cooperation are
planned for the decade. The goal is to provide for collaboration in
research and inter-institutional technology transfer. Training will con-
tinue to be the major component of international cooperation, but much
emphasis also will be placed on germplasm exchange, technical consulta-
tion, information services, and consultation on national program planning
within CIAT commodity areas. The relative emphasis of different aspects
of each of these components will vary considerably from country to coun-
try and commodity to commaodity, depending on the stage of develop-
ment and level of interest of the national research systems for each com-
modity. The plan presents a scheme defining relative emphases of these
various types of activities in relation to different circumstances at the

country level.



Training activities will continue to center on CIAT's commodity pro-
grams, to help build the capability of the national research systems to
cooperatively, as well as independently, conduct research on these com-
modities, An increasing proportion of the training activities will be at
higher professional levels, including increasing opportunities for thesis
research in collaboration with cooperating universities and greater em-
phasis on postdoctoral fellowships. While CIAT does not plan to work ac-
tively in training extension agents, it will assist national programs to do so
by providing training materials and assistance in planning and conducting
in-country training programs.

NEW INITIATIVES

Two modest sets of new activities are projected for incorporation into
the overall Center services to CIAT's commodity research programs,
These will be in seed production technology and in agroecosystem
analysis.

The exact nature of the activities and staffing pattern of the Seed Unit
remain to be defined after further consideration by the Board of Trustees.
General objectives of these activities will be to help overcome problems
related to the lack of trained personnel in national seed programs; unclear
and inconsistent policies by governments; limited supplies of breeder and
basic seed for transfer to the seed industry; problems in producing, proc-
essing and storing of good quality seed; inadequate marketing systems;
and the lack of effective mechanisms for the transfer of improved seed to
small farmers. Strong national seed programs and local seed industries
will greatly complement the crop improvement programs of CIAT and
other centers by helping make improved seed available to farmers.

It is also planned that an agroecosystem analysis capacity will be added
to the existing functions of the Data Services Unit. This will serve all of
CIAT's programs by helping to characterize the climatic, edaphic and
sociceconomic conditions of the existing and potential regions for produc-
tion of beans, cassava, rice, and tropical pastures in CIATSs area of in-
fluence. Such characterization will help each commodity program to bet-
ter focus its research priorities. A data bank on climatic, ecological and
edaphic factors will also assist in selecting sites for regional testing, as
well as extrapolating results of these trials. Analysis of specific metecro-
logical conditions at the time and location of regional trials will provide
better understanding of season-to-season and location-to-location dif-
ferences, and will assist breeders in producing materials with better yield
stability.
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BUDGET PROJECTIONS

The implications of all of the foregoing planning considerations on the
staffing pattern of the Center indicate a net growth of senior scientific and
administrative staff positions from sixty-three in 1981 to eighty-five in
1987, and remaining at that level through the end of the decade. The
largest component of this increase is for outposting of regional coopera-
tion staff. While only a modest increase in research staff is planned, it is
anticipated that some additional scientific positions may be required as a
result of new problems or opportunities which cannot be foreseen. How-
ever, it is expected that any such additional staff positions can be pro-
vided for by reducing or deleting some current activities.

Overall budget requirements for the plan are projected to increase
from U.5.317.75 million in 1981 to $24.0 million {1981 dollars} in 1988
and thereafter. An extremely favorable return on this investment has
been indicated by an ex-ante cost/benefit analysis based on conservative
assumptions regarding the rate of adoption of new CIAT-generated tech-
nology, and equally modest estimates of the values of resulting increased
production and the proportion of that increase which can be attributed to
CIAT's efforts.
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The Planning Context






The Socioeconomic Environment
in Tropical America

Qver 400 million people in developing countries are estimated to be
malnourished, causing a substantial reduction in human capacities.!
While some of the contributing causes of hunger in many countries are in-
sufficient food production or resources to import food, the more basic
cause is poverty and the lack of sufficient income to purchase food for an
adequate diet. A solution of the world food problem, while dependent on
producing more and cheaper food staples, in the end relies on raising the
income levels of the poorer segments of the population. Accordingly,
"hunger is as much a political, economic and social challenge as it is a
scientific, technical or logistic problem.”

Improved agricultural technology adapted to the socioeconomic and
agrociimatic conditions of the developing world is a necessary, but by no
means sufficient, component of a world food strategy. In recognition of
the key role of agricultural technology in increasing food production in
the tropics, the Consultative Group for International Agricultural
Research {CGIAR) system was formed in 1971, In addition to CIAT the
system now includes nine other international centers and three related
activities, While improved production technology is the final product of
these centers, the CGIAR system recognizes this technology can be a
means of achieving more basic socioeconomic goals, namely:

{al Improving the production, guality and stability of supply of basic
food commodities in developing countries;

i, Food and Agricuitural Qrganization of the United Nations, The Fourth FAQ World Food Survey,
{Home, The United Natons: 1977

2. Preaudential Commission on Warld Hunger, Overcoming World Hunger: The Challenge Ahead,
{Washington. D.C., March 198,
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{b] Improving the nutritional status of those segments of the urban and
rural population still below minimal nutritiona! requirements; and,

Ic} Improving the income levels of the rural population with limited
resources and, indirectly, of the low-income urban population.

The direct impact of the introduction of new technology is on increased
food supplies. The flow of these supplies through systems of food produc-
tion, distribution and consumption and their impact on nutrition and in-
come distribution are complex and never fully corrective. Improved tech-
nology alone will never solve the problems of income distribution and
nutrition but some agricultural technologies will undoubtedly have a
greater impact than others on these two related problems. Choosing and
developing the most appropriate technological alternatives thus require an
understanding of the sociceconomic structure and how technology might
be designed that is compatible with that structure and the three basic goals.

Although CIAT has a global role within the CGIAR system, it has a par-
ticular comparative advantage in the Latin American region. CIAT began
with no fixed crop mandate or unigue ecological orientation. Major
changes in the Center's research activities have generally followed a
horizontal approach (i.e., addition or deletion of staple foced crop pro-
grams). A vertical approach that embraces any expansions into more basic
research will be considered, when needed, in research areas where CIAT
has a particular expertise, Circumstances affecting the Latin American
agricultural sector will, therefore, continue to influence most research
planning at CIAT.

SOCIOECONOMIC GOALS AND THE AGRICULTURAL SECTOR

The Production Gap

Food production in Latin America has grown at a sustained rate of
3.6% annually since 1950, a rate consistent with growth in aggregate de-
mand {Appendix 1}. The regional aggregate is highly deceptive, however.
Food production has kept pace with demand growth in only five of
twenty-one Latin American countries in the last decade. Only in Argen-
tina have consumer food prices increased more slowly than overali con-
sumer price levels.® All Latin American countries, except Argentina and
Uruguay, are net importers of food staples. If current production growth
rates are projected to 1990, food deficits in all tropical countries, except

3. Food and Agriculture Organization, The State of Food and Agriculiure i 1978 (Rome: The United
Natigns, 1978!.
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Brazil and Paraguay, are expected to increase by 50%." Increases in the
agricultural production growth rate will be necessary in most countries to
keep food prices constant in real terms and to maintain current levels of
self-sufficiency in food.

Land, Labor and Growth

Agricultural production can be increased either by mobilizing more
land and labor resources or by using current resources more efficiently. A
major means of improving the efficiency of resource use is through
technological change. In order to most contribute to growth, technical
change should increase the productivity of the resource in most limited
supply. In the case of Latin America, land is highly abundant. Studies
comparing potentially arable land to land currently under the plow esti-
mate that Latin American agriculture utilizes only 18-35% of its potential
land resource {Appendix 2). Moreover, the average farm size of 112 hec-
tares is very high by developing country standards. In the aggregate there
appears to be a surplus of land relative to labor. Such a situation implies
that the most efficient growth strategy would be to increase labor produc-
tivity while expanding arable land. Increased farm mechanization would
be one logical result of this strategy,

Nevertheless, past growth has not followed such a path. Except for Ar-
gentina, Uruguay and Venezuela, Latin American countries have been in-
creasing productivity of both land and labor. During the 1960-78 period,
tractor use increased 5.6% annually and fertilizer use grew at an 11.2%
rate. This intensification of land use appears to be inconsistent with the
concept of a land-surplus economy.

This apparent inconsistency arises from the very heterogeneous nature
of Latin American agriculture. While an agricultural frontier does exist in
most tropical South American and Central American countries, expansion
at the frontier competes with intensification of farms presently in produc-
tion. The high costs of bringing new frontier land into production using
existing technology make it less profitable than intensifying land already
in production. Competition between extensive and intensive develop-
ment is complicated further by the very skewed distribution of land, a
particular characteristic of Latin American agriculture. The majority of
farmers have access to very limited land resources and must concentrate
on yield-increasing technigues in order to increase production. Large-

4 Imernational Food Policy Research Institute, Food Needs of Developing Cowntries. Projections of == ™
Production and Consumption to 1993, Rescarch Report No. 3 A Washington, D.C.- International Food -
Policy Rescarch lnstifute, Dlecember 19771 e

15 i ‘“""'



scale farmers, on the other hand, control most of the land resources and
face relatively high labor costs. As farm size increases, costs for obtaining
and managing large numbers of seasonal laborers rise. Thus, large
farmers invest in labor-substituting mechanization or specialize in exten-
sive production activities, such as pasture heef systems.

An agricultural growth strategy for Latin America that efficiently
utilizes both land and labor resources is not only complicated by the dis-
tribution of these resources but also by very marked differences in land
quality. Three very different growth strategies emerge:

[a] Intensification of production by large farmers who control the
more fertile areas, primarily through mechanization and higher
input use;

(b} Expansion of agricultural production on the less fertile frontier
land: and,

{c} Intensification of production by small farmers through higher,
more stable yields.

Some areas, especially much of Mexico, Central America and the
Caribbean, do not have large, underutilized frontier areas {Appendix 3}.
For these countries {4} and {c} are the major options.

Each growth strategy implies a different research focus. In a planning
context, the issue is not only to decide which areas of research promise
the Jargest production gain but also to determine the areas in which CIAT
has a comparative advantage, especially in relation to the three socio-
economic goals defined earlier. Latin American agriculture has a dynamic
large-farm sector that relies on mechanization research easily transferable
from more developed countries. Rapid growth in a large-farm agriculture
coupled with a very skewed land distribution can produce an accelerating
treadmill effect, with "less efficient” farmers moving out of agriculture.
With insufficient employment opportunities in the urban seclor, large
social stresses develop. The rest of this section addresses the issue of
whether there is potential complementarity between the three strategies,
which will help define research requirements.

Large Farm Intensification

Larger farmers in Latin America, while controlling the major portion of
the land resource, tend to utilize their land very extensively. In Brazil, for
example, farms of more than fifty hectares make up 85% of the land 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.
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Latin American policymakers have realized that such land use is ineffi-
cient and have tried to induce larger farmers to shift from extensive beef
production systems to crop systems. Policies to foster mechanization —
credit subsidies, overvalued exchange rates, land taxes, and price sup-
ports for mechanizable crops—have been implemented in many coun-
tries. These policies have been complemented by investments from multi-
natiocnal agricultural supply firms, which find large, untapped markets
with low distribution costs and minimal requirements for redesigning
chemical, seed and mechanization technologies.

A very dynamic sector has been created and is reflected in the very
high growth rates in mechanizable crops. Since 1960, for example,
sorghum production in Latin America has increased 12% annually, and
Brazilian wheat production has increased 10% per year. Soybean produc-
tion growth has been even more rapid. In all cases, over 75% of the
growth was due to area expansion, This reflects the extensive nature of
crop production on large farms. While these crop yields have remained
essentiaily stagnant, overall land productivity has increased due to shifts
from pasture production to crops.

Concentration of agricultural policies on intensifying the land use of
large farmers has had two important results. First, production growth of
extensively produced commodities, especially beef, has lagged behind de-
mand. Second, in seeking to increase the efficiency of land use on large
farms, policies have not dealt with, and in some cases have exacerbated,
mefficiencies in labor use. High rates of underemployment exist in Latin
American agriculture, Inefficient labor use cannot be ignored because of
its obvious links to income and nutrition goals.

Expansion of the Agricultural Frontier

At the agricultural frontier infrastructure development is usually
iimited and input and marketing costs are high. Labor is scarce but land is
relatively cheap. Thus, expansion at the frontier generally is based on ex-
tensive production systems, and at the Latin American frontier beef sys-
tems predominate. By reducing the price of beef, this expansion can in-
duce the intensification of large farms on more fertile land and thus
achieve a more efficient utilization of land resources.

As large farmers on the more fertile land shift into crops, rising land
values force the intensification of the remaining pasture land. During the
1960-70 period, improved pasture area increased 3.6% annually, a full
percentage point more than crop land expanded. In addition to this
growth of 21 million hectares of pasture, 92 million hectares were added
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at the frontier, representing a growth of 2.2% per year in nalive pastures.
These two processes led to a 3.4% annual growth in beef production, well
short of the 5.4% growth in demand for beef. Thus, expansion on the
frontier is a necessary complement to large-farm intensification, if de-
mands for tood crops and beet are to be met.

Even with rising beef prices, the area sown to pasture has not been ex-
panding fast enough to meet demand. For much of the abundant land
area of Latin America —the "llanos,” the "cerrado,” the "pantanal” and the
Amazon jungle —the present production costs with current technology for
infrastructure and soil correction appear to be too high to support more
rapid expansion of land use at the frontier. Selection of crop and pasture
species with markedly reduced fertility requirements should improve the
potential profitability of land use in these areas. Increased productivity of
adapted crops, such as upland rice and cassava, is needed as a means of
paying for pasture establishment. Investment in new technology that in-
creases productivity of beef pasture systems in the infertile Oxisol and
Ultisol soils typical of the Latin American frontier should complement in-
tensification of large farms on more fertile land. The effect of rapid beet
expansion on price would induce these large farmers to shift to more prof-
itable, and more intensive, alternatives. Thus, pasture technology
specifically designed for frontier areas should induce a more socially ac-
ceptable utilization of land resources in Latin America.

Small Farm Intensification

A paradox exists in Latin American agriculture. From a social point of
view, small farmers in labor-surplus econemies are in general the most ef-
ficient producers in the combined utilization of land, labor and capital
resources.” Because they control such a small portion of the land
resource, their potential contribution to total food production is some-
what limited. However, increasing the productive employment of labor
should be given a priority at least as high as fostering more productive
utilization of land, since employment is the principal determinant of in-
come and welfare.

Underemployment in the agricultural sector is a principal cause of
rapid rates of migration to urban areas. Conditions of Latin American
cities offer ample evidence that rural poverty is not being solved by
transferring it to urban areas. Moreover, average nutrition of the low-

5. R A. Berry and W, Cline, Agrarian Structure and Productvity tn Developing Countries (Balumore
Johns Hopkins University Press. 1979).
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income strata of the population is affected by migration. Studies have in-
dicated that the nuiritional situation of the urban poor, even with higher
incomes, is inferior to that of the rural poor.®

Latin American urban growth eased slightly during the 1970s but still
averaged 3.7% annually; the growth rate was over 4.5% in Brazil and
Mexico, This process has put extreme pressure on job creation in the
urban sector. Industrial growth has been capital intensive and most of the
employment is occurring in the tertiary sector, generally in low-
productivity service jobs. The service sector is also the entry point for
most rural-to-urban migrants—if they can find jobs at all. In most coun-
tries average labor productivity is lower in these jobs than in the agri-
cultural sector.

The emplovment problem is further complicated by the very young
age profile of the population. The labor force growth rate is expected toin-
crease from 2.4% in the 1960-70 period to over 2.9% in 1980-2000. More-
over, in Latin America the rural component is more than 30% of the total
population and is over 50% in the poorest countries. Therefore, migration
flows will remain large and put even more pressure on urban job creation.
International Labor Office studies of representative Latin American coun-
tries have stressed that a full-employment strategy over the next decade
depends on increased employment in the agricultural sector and main-
tenance of the agricultural sector’s role as a residual employer.”

Full employment thus requires some check on rural-to-urban migra-
tion for at least the next few decades. However, migration rates are highly
responsive to changes in intersectorial income differentials. In Latin
America a 10% increase in the relative income between the tertiary sector
and the agricultural sector increases the migration rate by 11%." Slowing
expected migration depends cn improving agricultural incomes, especial-
ly among the low-resource and, therefore, more mobile portions of the
agricultural population. About 35% of the economically active population
are landless laborers., Moreover, approximately 50% of all farms are of
subfamily size. The existence of a2 highly mobile agricultural population
that is very responsive to intersectorial income differentials strengthens

6. 1 O Ward and 1 Sanders, "Nuiritional Oeterminants and Migration in the Brazilian Northeast:
A Case Study of Rural and Urban Ceara” Economic Development and Cultural Change, 25 {19801
143164,

7. international Labor Office. Toward Full Emplosment. & Programmie for Colomba, {Geneva: The
United Natians, 1970

& L K. Lynam, "Growth in Latin Arerican Agriculiure: A Cross-Country Analysis’ in Trend
Highlights of CIATS Commodities, Internal Document Econ. 1.6 (Cali, Colombia CIAT, April 19811,
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the argument for an agricultural development strategy that increases rural
incomes of small farmers and landless laborers.

One partial solution to reduce rural-{o-urban migration rates has been
to encourage small- to medium-farm colonization on the frontier. Com-
pared with migration to urban areas, colonization schemes tend to be
costly and do not create significant population flows. In the Santa Cruz
area of Bolivia and the jungle area of Peru, spontaneous labor flows have
been significant but have not solved the rural employment situation in
the highlands. In the better scil areas of Parana, (Golas, and Mato Grosso
in Brazil, frontier settlement and associated infrastructure development
have been rapid and effective. In general, however, the potential for ex-
pansion of viable family size, crop-producing farms at the frontier is
limited by soil constraints, lack of appropriate technology, poor access to
markets, relatively high capital requirements and inconsistent land settle-
ment policies over time.

Improvement of small-farm productivity remains the most viable
avenue for affecting rural {and urban) employment. In Brazil, for example,
40% of rural employment occurs on farms smaller than ten hectares and
almost 75% on farms of less than fifty hectares. To what extent can both
labor productivity and employment be expanded on farms of this size? An
answer will require further empirical investigation but an effective
strategy must minimally include labor-intensive crops, employment-
generating production systems and yield-raising technologies.

However, sirategies to simultanecusly intensify both large and small
farms are compatible only under certain himited conditions. If farmers in
the two groups grow the same commeodity and large farmers continue to
have access to the subsidized capital typical of most mechanization
policies, small farmers usually will not be able to compete. Any initial
positive impact on small farm income would vanish and even becoms
negative as prices fall. The inherent nature of Latin American agriculture
argues for crop specialization, with small farmers concentrating on labor-
intensive crops and large farmers on mechanizable crops. Such crop
specialization already characterizes Latin American agriculture, Research
to facilitate mechanization of labor-intensive crops could cause small
farmers to lose their comparative advantage. Although such research may
be effective in increasing the output of such a crop, any social benefits
could well be offset by social costs.

A Combined Growth Strategy

If food is to be supplied at reasonable prices and minimum incomes are
to be assured through productive employment, growth in Latin American
20



agriculture will have to come from preductive employment of both land
and labor. Enough public and private resources are being directed to
large-scale agriculture o assure i1ts future dynamism. An efficient growth
strategy would also include expansion on the frontier with intensification
of production by small farmers. However, the compatibility of the three
strategies rests on each group producing those crops in which it has a
comparative advantage and, especially, on the lack of competition be-
tween large and small farmers in the same product market. Research in-
vestment should therefore concentrate on strengthening this comparative
advantage by matching crop choice and technology design to the par-
ticular resource constraints of each farm group. Table 1 summarizes the
comparative advantages of several commodities with respect to farm size
and frontier expansion.

SOCICECONOMIC GOALS, NUTRITIONAL REQUIREMENTS
AND FOOD DEMAND

In developing market economics price is a fundamental determinant of
food production levels, rural incomes and nutrition. However, improving
price incentives for farmers often conflicts with provision of cheap food
staples for urban areas. Agricultural technology provides a potential
wedge in the market mechanism that allows price reductions to con-
sumers through cost reductions at the farm level. Maximizing the impact
of new technology on nutrition will depend on understanding food con-
sumption patterns, particularly of the poor.

Nutritional Deficiencies

Inadequate caloric intake by large sectors of the population is the most
pressing nutritional problem in Latin America [Appendix 4). Especially
serious protein deficits are also found in vulnerable groups such as
children in poorer families and pregnant women.

Caloric deficits must be overcome first or additional protein will be
utilized principally —and, therefore, inefficiently —as an energy source. In
fact, where calories are limiting in the diet, a percentage change in
calories will have a greater positive effect on nitrogen balance than a pro-
portionate change in (more expensive| protein.

The true magnitude of the problem is hidden when one uses national
averages of per capita availability of calories and protein. The figures
have more meaning when expressed as percentages of the population
with diets below minimum requirements. Using such an indicator. the ex-
tent of caloric deficits in Latin America appears staggering indeed {Appen-
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TABLE 1.
Relative comparative advantage of major commodities under different
production conditions.

Pregent production areas

Commodity Small farm Large farm Fromtier lande
Wheat + ERa "
Maize + o+ E G o+ "
Sorghum - LR b
Rice ilrrigated) 5 + e .
iUplandl ++ * PR
Cassava o+ - -
Potatoes s 2 _
Plantains &b -
Beans PRI - R
Sovbeans - PR a
Sugar + o -
RBoef - S i & 4
Swine s + bk -
PouMry - I .
Milk {Dualpurpose breeds) 4 * -
{Specialized breeds) + o4 —

NOTE: Relative comparative advantage is based on yield potential, labor versus capital intensity.
and expansion potentisl. This classification was developed from subjective evaluations by
CIAT scientific staff.

a. Predominaently acid, infertile sails.
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dix 5}. The range in deficits is from one-third of the population in Chile
and Uruguay to over two-thirds in El Salvador, Ecuador and Guatemala.
Inadequate calorie/protein availability not only implies reduced energy
levels but also can result in permanent damage in vulnerable groups such
as growing children. Future investments in human welfare, such as
health, education and training, cannot substitute for or unde physical
deterioration resulting from inadequate diets in the early years of growth.
Hence, improving nutrition of major segments of the population must be
a principal concern of most Latin American governments if they are to
have a healthy, capable work force in the future.

Increasing incomes is the most direct means of correcting nutritional
inadequacies. The problem’s magnitude and urgency make it too impor-
tant to rely solely on longer-term strategies, ie., employment policies.
Shorter-term alternatives are to identify and increase production of
cheaper nutrient sources and to utilize appropriate policies to increase
calorie and protein intakes of the population strata with deficiencies.
Understanding the diversity of the Latin American diet is a necessary
starting point in selecting commodities for agricultural research which in
turn will have 2 maximum impact on nutrition.

Subregional Importance of Major Staples

Latin American food consumption patterns vary substantially between
regions [Appendix 6). Sugar is consistently a major source of calories in
the Latin American diet; it provides only calories but is important because
of its low cost. Maize is counsiderably important in Mexico, Central
America and some Andean countries, but is of lesser importance in the
rest of Latin America and the Caribbean, Wheat is important in all regions
but dominates as the principal caloric source only in the temperate
Southern Cone countries. Rice provides over 12% of the calories in the
Caribbean, Colombia and Brazil. Cassava provides 9% of the calories in
Brazil and Paraguay. Beef, an important source of calories in the Southern
Cone and Paraguay, is an important protein source in most of Latin
America {Appendix 7). Beans provide over 10% of the proteins in Mexico,
Central America, Paraguay and Brazil. In summary, no one staple can be
singled out as the major source of calories and protein throughout Latin
America.

Diversity in the Diet

In the rural sector major sources of calories vary according to local sup-
plies, which in turn vary widely throughout the region due to the extreme
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variability in soils and climate. In the urban sector, large variance is
found in the food expenditures in the lowest-income strata across cities
and subregions {Appendices 8 and 9. Consumer budget data from ten An-
dean cities showed that 15-30% of food expenditures by families in the
lowest-income categories were for beef and milk. Moreover, these
percentage allocations were maintained throughout the income cate-
gories. Beef was not only a preferred food in the Andean cities but the
urban poor spent a major portion of their food budget for this pre-
deminantly protein source. Sugar and rice were also consistently impor-
tant items bought in most Andean cities, but could not be said to
dominate in total expenditures on caloric staples. Other subregionally im-
portant commodities in food budgets of the urban poor were wheat prod-
ucts, maize, beans, cassava and potatoes, but with none being dominant.

Technology and Nutrition

By affecting food prices, agriculiural technologles can have indirect ef-
fects on the diet of the low-income urban population. 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 rarely will benefits
be shared equally by both consumers and producers. If improved con-
sumer welfare has the higher policy priority, then commodity choices
should focus on non-exported, non-preferred foods in which market
prices are relatively responsive to changes in quantities. These com-
modities tend to be the principal food staples of the poor.

Northeastern Brazil, containing one of the largest population concen-
trations with nutritional problems in Latin America, could illustrate the
case. Cassava flour, beans/cowpeas and rice, the principal sources of
energy, contributed more than 50% of the calories in the still insufficient
diet (Appendix 10]. {Beans and cowpeas, close substitutes in northeastern
Brazil, are reported together statistically.] Beans/cowpeas were as impor-
tant as meats and fish together as a source of protein {Appendix 11}. Cas-
sava flour, the legumes and rice were among the cheapest sources of
calories and protein. The fact that expenditures for these commaodities in-
crease with income in this region {Appendix 9} is indirect evidence that
more of these specific commodities will be demanded by low-income con-
sumers if prices decrease. Technology for crops such as these has an im-
portant role in reducing caloric and protein deficits in a region with acute
nutritional problems. Moreover, in this particular case balancing beans or
cowpeas with cassava helps offset the lower protein content of cassava.
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Policies to stimulate production and consumption of these lowest-caost nu-
trient sources would be expected to have a much more rapid effect in elim-
inating nutritional deficiencies than would a gradual shift to higher con-
sumption levels of other high-guality foods that cost more per nutrient.

Demand Growth

As a direct consequence of high rates of population and income
growth, aggregate demand for food in Latin America is growing 3.6% per
year, a rate consistent with the growth in total food production {Table 2.
This balance is only apparent however, because:

(a] food production growth lagged behind demand in sixteen of
twenty-one countries [Appendix 12);

bl in most countries nutritional problems have continued, if not
worsened, since growth in preduction of major staples lagged be-
hind demand; and,

{c] those commodities in which production increased most rapidly (ex-
port crops, feed grains and poultry} had more impact on the diets of
middle- and high-income strata than on the diets of the poor |Ap-
pendices 8 and 9).

Given the skewed income distribution in Latin America,” income
growth has caused expanded demand for those food commodities most
preferred by the middle- and high-income strata. As a response to high de-
mand growth, preduction of those commodities has increased rapidly,
sometimes at the expense of more basic food crops. This is the case with
poultry and, indirectly, feed grains. Poultry production grew 9.8% an-
nually from 1970-79 in Latin America, compared with 3% in the United
States. Production growth of sorghum and soybeans for feed, exports, and
vegetable oil was even more rapid. ” The dramatic expansion of soybeans in
southern Brazil helped push dry bean production into more marginal areas.

In Brazil and Mexico, animal feed accounted for 44 and 32%, respec-
tively, of food crop utilization in 1972-74. Over the period 1961-65 to
1974-76, maize accounted for more than one-half the production growth
of food staples in Brazil, whereas sorghum was responsible for nearly one-
half the increase in Mexico." From 1961-65 to 1974-76 the Brazilian

5. 1. Shail, Seze Distribution of Income: A Compriation of Data (Washington, D.C . the World Bank,
1975}

10. CIAT, Lafin Amencon Agricuture: Trends m CIAT Comemedities. Internal Document Econ, 1 6
{Cali, Colombia: CIAT, Mav 19811,

11. K. L Bachman and L. A Pauline, Ramd Food Production Growl m Selected Developang Cown-
tries: A Comparative Analysss of Underlying Trends, 1971-78, Research Report 11 (Washington, D.C
Internatienal Food Pohiey Research Institute, October 19791 36,
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TABLE 2.

Agricultural economic growth indicators and relative importance

American food economy, 1960-78.

of selected commodities in the Latin

Percentage growth

Percentaye

contribsion

ey total

Percentage

uf [nod budget
spent by lowest
income strata in:

Andean

Total Culories Frotein Northeastern

Commodity Demand Prodduction Arca Yiehls producion: cifesh Brazil
Wheat 3.4 1.2 1.4 &5 8 i8 15 417 4
Maize - 28 [N 17 - 40 it 15 S 3
Sorghum - 25 G 3% 9 - - - -
Rice 35 33 z2.8 0.5 - %3 G 7 214 7
fotatoes 3.3 23 ¥ &4 - 3 2 A b, -
Cassava 24 g 24 05 - 17 1 - Y 12
Total pulses 3.0 1.4 3.7 -0.3 - 3] 3 13 1- 7 16
Heans an (U 1.1 -0 8 5 3 11 1 H na.
Beef 5.4 34 - - 5K - 5 i4 824 i
Pork 4.5 41 - - 22 - i 4 -2 G
Chicken S0 g 5 - 20 -~ 1 3 3 3
Mitk 5.5 34 - - £ id 518 4

ie 1% 2.0 £ 10 e - - - -

Agricuitural sector

SOURACE: Upless otherwise indicated, estunates are frony Food and Agricaliure Qrganization [FAQ! Preduchion Tables, and FAQ Food Balance
Sheets {or 1872-T4

a Tropical countries anky, 1978 data. First column meludes only mcats expressed by carcass woights seoond cohumn includes coreuds, grains,

roots and wibers, ali expressed in cercal equivalents,
b Runges for twelve Andean cities for 19BR-720 (Sowree, Appendiz & |
¢ For 1475 thource Appondiz 93
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growth rate in the use of cereals for feed was 6.3% and Mexico’s was
16.4%. In developing 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, production of pouliry, feed grains and export crops is
growing faster than production of caloric and protein staples, essentially
in response to the concentration of purchasing power in and the prefer-
ences of middle- and high-income groups. Production incentives for
staples are thus inferior to those high demand crops. Growth in produc-
tion is therefore lagging substantially behind demand growth for maize
for direct consumption, wheat, cassava, beans and beef.

Priority on Major Staples

Table 3 summarizes the importance of principal Latin American com-
modities in terms of nutrition and demand growth in Latin America. Both
wheat and maize are important as caloric sources and demand for wheat
as food and for maize as feed is increasing. Rice, beef and milk are aiready
important in providing calories and proteins in most of Latin America.
Moreover, a rapid increase in demand is expected for these commodities,
especially beef.

The extremely cheap caloric foods, cassava {in rural areas) and cassava
flour, are important in Brazil and Paraguay, which account for 40% of the
population in tropical Latin America. Countries implementing nutrition
prograrms for their lowest-income strata could take advantage of the cheap
calories from cassava and its production potential on less fertile soils.
With technological change in marketing and/or processing, fresh cassava
may have potential growth prospects as food and/or feed.

Beans are important subregionally for protein and are the most inex-
pensive protein source. Beans could be an important complement to a
nutrition program aimed at increasing cassava consumption since protein
deficits become an important concern once caloric deficits have been
overcome. Rising bean prices in many countries indicate that growth in
demand has exceeded supply growth in recent years.

COMMODITY CHOICES AND RESEARCH STRATEGY

The impact of new agricultural technology on the goals of growth and
equity is almost always mediated by the market mechanism. The setting
of prices and quantities in these markets determines farmer incomes, the
level of production increases, and improvement in consumer nutrition.
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TABLE 3.

Summary evaluation of principal commodities based on nutritional importance and expected growth in

demand, in Latin America.

Imporiant Tiportant lmportant rportant
regionai subreygtonal rogional subregional Cheap Cheap Rapid demand Rapid demand
cajoric calorige profein prodein caloric profuin expansion EXpPansion
SOUICE SOUICE source sQuree source SOUTCe for food for [eed
Wheat X x X
Malze X X x
Sorghum X
Rice X X X
Sugar X X
Potatoes *
Cassave {dried} X Pa
Hfresh) xh P
Beans X X Ed
Soybeans X
Reof b3 X X
Milk X % X

SOURCE: Adapted from Appendices 111,

a Potentially important,
b Few coundries only.



However, an understanding of goal attainment, within a particular socio-
economic environment, is important in defining research strategy only if
this understanding can be translated into a specific set of crops on which
to do research and a specification of design criteria to develop technology
tor each crop.

Because of the heterogeneity of Latin American agriculture, no one
crop—like the case of rice in Asia—could coniribute significantly to total
agricultural production and, at the same time, significantly benefit the
rural and urban poor. In choosing to do research on several craps, CIAT
attempted to select commodities in which the total contribution of CIAT
and other research institutions to sociceconomic goals would be high. A
first requirement was that these should be predominantly food staples.
Secondly, the choice of crops should be such that some would provide for
an increase in the productivity and incomes of small farmers, while
others would contribute to the expansion of agricultural production on
both good lands and the frontier. CIAT's operating divisions for crop
research and land systems research reflect these thrusts. The Center's
choice of beans, cassava, rice, and tropical pastures for acid, infertile soils
is considered consistent with the above strategy.

Each crop has regional importance as a source of calories and/or pro-
tein. In terms of contributing to the major nutritional problem {caloric
deficits], maize, wheat or sugar would have been other possible choices.
The first two are under the mandate of the Centro Internacional de Me-
joransiento de Maiz y Trigo [CIMMYT). Sugar is already the cheapest
caloric source in the diet; this fact partially reflects the large research in-
vestment that has already gone into this crop. Sorghum and soybeans are
other possible crops important from the production point of view, but are
of lesser significance in achieving the overall sociceconomic goals. These
two crops, however, are not staples {except soybean oil} and increased
production would tend principally to benefit the middle- and high-income
consumers and large farm producers. Nevertheless, both are displacing
other crops grown in good soils.

Given CIAT's size and budgetary limitations and the early state of
technology development in its four current programs, it is too early to
consider adding any of these commedities as Core-funded programs. The
Center has and will continue to moenitor production trends and economic
conditions in the regioms agricultural sector in order to delect early
signals for the need for possible alternative activities. Special projects in
collaboration with other institutions to develop varieties of sorghum and
soybeans adapted to acid soils could be hosted, because they are com-
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plementary alternatives to upland rice, cassava and tropical pastures for
frontier areas.

A brief description follows as to why CIAT's selection of crops provides
a reasonable balance in meeting both production and nutritional goals in
Latin America and how the research strategies in each case are consistent
with the overall socioeconomic goals.

Tropical Pastures

Beef ig a principal part of the Latin American diet and, even among the
poor, forms a major portion of the food budget. Demand for beef in Latin
America is increasing at a rate far ahead of growth in production. More-
over, beef is produced under extensive systems which do not require
well-developed infrastructures for obtaining inputs or marketing outputs.
In terms of fostering expansion at the frontier, beef praduction is a logical
choice.

The research strategy of the Tropical Pastures Program has focused on
overcoming the principal constraints on extensive beef production sys-
tems in the acid, infertile soils of Latin America. Constraints of the sa-
vanna regions have received most attention up to now. The principal con-
straint is the low nutrient production of the pasture system, especially in
the dry seascn. The search for adapted and more productive grass and
legume species was considered to be the key to developing a low-cost,
minimal input technology for these areas.

Cassava

Cassava is a traditional caloric source of the rural population in Latin
America but has lunited importance in urban areas, except where con-
sumed as a flour. The plant is extremely efficient in producing carbo-
hydrates and is particularly well-adapted to more marginal agricultural
conditions. Its low requirements for purchased inputs, relatively high
labor requirement, adaptability to intercropping systems, and flexible
harvest period result in production originating from small-farm systems.
Given that demand is sufficiently elastic, the crop is ideally suited to in-
tensifying small-farm production systems. The potential 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, Competitiveness in these markets, how-
ever, appears to depend on lower preduction costs, and therefore the
need for improved production technology.

The research strategy in the Cassava Program has three principal
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thrusts: {a) development of low-cost, minimum input technology, par-
ticularly directed at small farmers; {b! research on developing cassavaasa
crop for expansion into the frontier; and, {¢} research on more efficient
processing and utilization technologies. The Program combines research
on both production and utilization technologies, since a primary con-
straint in cassava production systems is the crop’s rapid perishability after
harvest. As well, utilization research insures that processing technologies
are of a sufficiently small scale to allow resource-poor farmers access to
end markets. Cassava is thus one of the few crops through which im-
proved technology can result in increased productivity of small-farm sys-
tems in more marginal production zones.

Beans

Beans are an important protein source, particularly in Brazil, Mexico
and Central America where they constitute between 10 and 20% of the
dietary proteins (Appendix 7). Bean production is stagnant in Latin
America, and area expansion for the crop tends merely to compensate for
yield declines in most countries, especially Brazil. Most bean production
comes from the small-farm sector, where beans are typically produced in
association with other crops —principally maize - and on the poorer lands.
The maize-bean association is labor intensive and gives high returns per
unit of land area.

Bean productivity is low because of a broad spectrum of insects and
diseases that attack the crop. Due to the devastating nature of many bean
diseases, farmers frequently prefer to plant beans under conditions of
marginal rainfall. Morcover, governments seldom provide adequate price
supports or other financial incentives to bean producers. As a conse-
quence of these physical and economic factors discouraging bean produc-
tion, few farmers are prepared to use expensive inputs such as fertilizers
or fungicides; hence, yields are low. Yields and profitability have been so
low that beans have been displaced from former production areas—such
as parts of southern Brazil and the Cauca Valley of Colombia~by more
profitable crops. Over the last decade bean yields in most Latin American
countries have been declining due to these crop shifts and the inability to
maintain yields at the extremely low levels of input use.

The research strategy of the Bean Program is to increase bean produc-
tion by incorporating multiple disease resistance into commercial cul-
tivars. Tolerances to drought and moderately low soil fertility are also
sought. The search for cultivars able to fix atmospheric nitrogen is em-
phasized as well. The Program's strategy focuses on stabilizing and in-
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creasing bean yields without major increases in purchased inputs, Never-
theless, once new varieties are available, moderately increased input
levels will be economically feasible due to higher potential yields and
reduced yield variance. By emphasizing achievement of production in-
creases without major increases in input costs, this strategy should help
insure that the small-scale farmer will remain the principal producer of
beans.

A significant portion of bean production comes from climbing beans,
which are almost entirely produced in association or in relay with matze.
The Bean Program is dedicating a considerable effort to the improvement
of beans in association, while maintaining maize yields. Such technology
is again most appropriate for the small farmers due to its very high labor
requirements.

Rice

Rice is a major caloric staple in the Caribbean, Brazil and many coun-
tries of the Andean Zone. Rice consumption has been increasing in most
of tropical Latin America because a rapidly urbanizing population has
shifted from other staples to rice as a principal caloric source, This proc-
ess has been accelerated by the stable {or even declining) price of rice,
since production has kept up with demand growth in most Latin Ameri-
can countries, In many cases this rapid production growth has resulted
from the introduction of improved varieties, combined with their rapid
adoption by mechanized farmers in favored rice areas.

Rice is predominantly a large-farm crop but a great diversity in types of
production systems does exist. Systems range from intensive irrigated
ones to extensive upland systems on the frontier. Average yields in the
different systems vary markedly. The principal factor determining the
type of system is the rainfall pattern and possibilities of improved water
management. The relevant issue for most rice-producing countries is the
choice of system in which to invest research resources. The new tech-
nology has primarily benefited the irrigated sector and farm yields are
rapidly reaching the feasible vield potential of current technology. Future
yield increments in this sector will not be as dramatic. In order to main-
tain growth in rice production, Latin American countries must choose be-
tween expanding irrigated land or raising yields of upland production.
The potential for meeting increased rice demand from irrigated areas and
from upland areas varies among countries.

CIAT's Rice Program recognizes the need to focus on research for both
irrigated and upland conditions. For irrigated rice, the largest yield gains
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have already been made in most countries. The focus will principally be
on maintenance research and on basic research to develop resistance to
rice blast and to the Sogatodes leafhopper. Upland research will concen-
trate on selecting for adaptation to stresses common under upland condi-
tions. This research will focus on those upland areas with a more stable
rainfall regime, where the chances of achieving a significant yield in-
crease are the highest. The upland research strategy focuses on utilizing
land at the crop frontier which will be farmed under relatively extensive,
mechanized conditions.
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2

The Roles of National Programs
and CIAT

Effective agricultural research is a continuum encompassing activities
from conducting basic research to monitoring farmers’ adoption of im-
proved varieties and cultural practices. This research continuum includes
many interacting institutions conducting basic and applied research and
extension activities. National agricultural research institutions and the in-
ternational centers play important roles in this institutional complex.

NATIONAL PROGRAMS AND TECHNOLOGY DEVELOPMENT

Of the various institutions in the research continuum, none is more im-
portant than the national agencies involved in agricultural research and
development. Only through strong national programs can the new tech-
nology be evaluated under varied local conditions, modified as necessary
and transferred to farmers along with the essential support services re-
quired to make the technology useful. CIAT strives to maintain cordial
and productive collaboration with its primary partners, the national in-
stitutions. Moreover, the Center works to strengthen the capacity of these
institutions to carry out their functions as full and effective partners in
the research continuum.

Because this long-range plan focuses on CIAT, the very vital role of na-
tional programs cannot be covered adequately. However, this plan is
based on the supposition that an international center's activities must be
complementary to, and closely coordinated with, those of national pro-
grams. Chapter 4 discusses the strategy and principles behind such com-
plementarity and cooperation.

The urgency to develop improved food production technology in the
tropics led to the establishment of the international centers to serve and
complement the actions of local institutions. Thus, these relatively new
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research centers represent an added dimension in the agricultural
development pancrama. It is essential that national programs be
strengthened and that international centers be involved in only those ac-
tivities in which they have a clear comparalive advantage and can most
effectively provide a useful service to national programs. CIAT's unigue
role in helping overcome technological and institutional constraints must
be examined in this context.

CIAT AND TECHNQLOGY DEVELOPMENT

Focus on Basic Food Commodities

Agricultural research in Latin America has focused on the more dy-
namic growth sectors of the agricultural economy. mainly the medium-
and large-farm sectors. Before the development of a large domestic urban
market, tropical export crops—such as sugar cane, cotton, coffee, cocoa
and rubber—received the bulk of research resources. With rapid urban-
ization during 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, also associated prin-
cipally with large-scale mechanized production patterns. Past efforts have
paid relatively little attention to those crops that are the most important
sources of calories and protein for the largest number of people and are a
source of income to the largest number of farmers. By concentrating on
these basic commedities, CIAT and other international centers can make
a unigue contribution towards overcoming the large agricultural tech-
nology gap that still exists, particularly when staple crops are grown by
low-resource farmers.

Technology Development for Low-resource Farmers

Compounding the problem of scarcity of research is the fact that the
relatively little research done on these crops often has been conducted
under experiment station cenditions similar to those of large, mecha-
nized, irrigated farms. CIAT can play a special role in developing tech-
nology for farmers with limited resources and for less-favored environ-
ments. This can be accomplished by designing technology for the con-
straints faced by small farmers and through cooperation with national
programs to strengthen and develop methods for on-farm evaluation of

technology.
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Technology Development for Expansion of the Frontier

Technology is also lacking that could guide the rational expansion inte
frontier areas of tropical America. These vast areas (approximately 50% of
tropical America) remain underutilized because of low natural fertility of
the soils and various local problems. As an international center, CIAT
must look at future as well as immediate needs. Therefore, the Center has
a comparative advantage in developing appropriate technology for logical
and more intensive utilization of those frontier areas suitable for livestock
production, which later will be combined with crop production.

CIAT AND INSTITUTIONAL iIMPROVEMENT

In defining CIATs role, it is clear that there are certain activities in
which an international center has distinet comparative advantages over
collaborating national research institutions, regardless of their siage of
development. A permanent, complementary role for a center such as
CIAT is to help overcome the limiations of natioral research systems.
However, overcoming technical constraints to improved agricultural pro-
ductivity is often inhibited by institutional barriers. An internaticnal
center has the flexibility resuiting from its apolitical, non-governmental
nature to contribute to overcoming some of these institutional con-
straints.

Investment Level and Defining Priorities
in Agricultural Rescarch

There is much documented evidence that agricultural research plays
an important role in agricultural development and that it is a highly profit-
able venture. Agricultural research expenditures in Latin America in-
creased from U.5.861 million in 1965 to $129 million in 1974, Neverthe-
less, Latin America ranked last among the world’s regions in terms of re-
search expenditures as a percentage of the value of agricultural products
produced {Appendix 13). International funding for CIAT can contribute to
increased total investment in agricultural research for the region, since
most contributions to the Center come from sources not funding other
Latin American agricultural research institutions.

Positive results from coliaborative efforts between CIAT and national
programs can also stimulaie national planning and treasury officials to
recognize the value of agricultural research and increase the funding for
national research institutions. In addition, international assistance
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organizations, recognizing the importance of having strong national in-
stitutions to most profitably cooperate with the international centers, are
increasing their loan and technical support to national agricultural re-
search systems. CIATs role thus becomes additive as well as stimulative
and catalytic as it indirectly assists in increasing investment in agricul-
tural research to meore reasonable levels. Moreover, there are large
economies of scale in vesearch al a certain level of the research con-
tinuum. This level depends on the degree of development and seif-
sufficiency of national programs in each commodity. Avoiding unneces-
sary duplications in many small programs certainly will allow for a more
cost-effective utilization of the total limited resources available.

While 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 concentrate on basic foods
and, because of the division of labor among individual centers, have the
luxury of devoting their efforts to only a few commodities. Thus by work-
ing on only a few crops, CIAT can make more rapid progress in develop-
ing technology for these commeodities. By demonstrating the usefulness of
concentration of research efforts, it also can help national programs estab-
lish clearer priorities and thus avoid the dangers of overdiversification.

Building Human Capital

Insufficient qualified manpower is one of the most sericus limiting fac-
tors in development of new technology. Data in Appendix 14 support the
belief that Latin America has a low level of human resources available for
research and extension, in relation to the value of agricultural products
produced. Major responsibility for multiplying trained agricultural
scientists continues to lie with universities in the region. Providing
scholarships for advanced degree training should remain the responsi-
bility of national programs, with the support of donor institutions. CIAT
has a comparative advantage in providing postgraduate training in
specialized commodity areas and helping increase the available human
resources in these particular areas. By stimulating better support and
prestige for agricultural research, CIAT can alse be a catalyst in improv-
ing working conditions and remuneration to help check the migration of
workers from the public agricultural research sector.

Stimulating Better Orientation of Research and Training

Some research institutions, particularly universities, emphasize
academic, publication-oriented disciplinary research. This affects the
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orientation and quality of professionals trained in these institutions. As a
center of excellence emphasizing problem-solving, production-oriented,
interdisciplinary research, CIAT can demonstrate that practical research
is also highly stimulating and intellectually rewarding. By collaborating
closely with Latin American universities, especially in the area of thesis
research for advanced degrees, CIAT helps encourage orientation
towards applied research in these institutions and in the professionals
they produce.

Strengthening the Links between
Research and Extension

Agricultural research and extension are well integrated in some Latin
American countries. In many countries, however, these activities
developed separately and continue to operate independently. While CIAT
is not actively engaged in agricultural extension, its emphasis on col-
laborative activities with national institutions for on-farm evaluation, its
training of extension specialists in selected commodities, and its col-
laboration with national programs in developing in-country training, can
help bridge the gap between these two important functions. Farnvlevel
research to evaluate technology will continue to receive. attention within
CIAT commodity programs. Wherever possible CIAT will encourage this
activity and assist in training national personnel for farm-level research.
This will previde an excellent means of integrating the activities of
research and extension.
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3
CIAT in Perspective

The agreement belween the Colombian government and The
Rockefeller Foundation to found CIAT was dated May 12, 1967. The first
meeting of the Board of Trustees was held on October 17, 1967. The of-
ficial Colombian government decree established CIAT as an institution on
November 4, 1967. CIAT's headquarlers facilities were dedicated on Oc-
tober 12, 1973, when its Core senior staff numbered thirty-nine {about
one-half of today’s figures}. A large portion of CIAT's current program ac-
tivities began less than ten years ago.

The institutional accomplishments made since CIAT's inception have
been fundamental to the Center’s research and training achievements and
were especially important in establishing the basis for this long-range
plan for the 1980s. These institutional accomplishments relate to sharpen-
ing the program focus and developing policies, facilities and institutional
relationships.

EVOLUTION OF CIAT’'S MANDATE

The Original Broad Base

The success in the mid-1960s of the Internaticnal Rice Research In-
stitute {IRRI} in the Philippines and of the Centro Internacional de Me-
joramiento de Maiz y Trigo [CIMMYT) in Mexico, together with the pend-
ing establishment of the International Institute for Tropical Agriculture
{IITA} in Nigeria, prompted the Ford and Rockefeller Foundations to con-
sider the problems of the tropics of Latin America. Dr. Lowell 8. Hardin,
of the Ford Foundation, and Dr. Lewis M. Roberts, of The Rockefeller
Foundation, were commissioned by their foundations to study jointly the
problems of agricultural productivity in that region and to recommend a
course of action, Their study resulied in an October 1966 document, "A
Proposal for Creating an International Institute for Agriculture Research
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and Training to Serve the Lowland Tropical Regions of the Americas.” The
document, hereinafter referred to as "the original propesal,” commented
on the variety of ecological zones of the Latin American tropics and
divided the region into three classes:

{a) Favorable ~these areas have unexploited potential and include the
northern coastal plains of Colombia, the Caribbean and Pacific lit-
torals of Mexico and Central America, the Pacific coast of Ecuador
and eastern Andean slopes at allitudes between 500 and 1000
meters, from Venezuela to Bolivia;

(b} Unfavorable-the hot humid jungles of the Amazon and Orinoco
basing and the Colombian Pacific coast; and,

(¢} Unclassified —the central plateau of Brazil and the Llanos of Vene-
zuela and Colombia.

The original proposal also identified high priority problems for the
future institute’s attention. The following section discusses this extensive
list of commodity and production system responsibilities in relation to
subsequent modifications. That report also stated that "the proposed in-
stitute would follow in many respects the successful International Rice
Research Institute model,” but then added, "the Latin American [nstitute
would not be concerned with a single crop or enterprise. [t would concen-
trate on the identification and solution of tropical crop and livestock pro-
duction and distribution problems and on the training of people in a
problem-solving research and educaticnal environment.”

Thus, the cancept of the institute seemed to embrace both ecclogical
and multi-commeodity bases. However, it is alse apparent that the authors
recognized the complexity of an ecological mandate and opted for a set of
commodities as the means of advancing agricultural productivity within
the ecological zone.

Following the establishment of CIAT and appointment of its first Board
of Trustees, the Center's program scope and operational philosophy were
defined in greater detail by the management and the Board. Initially. this
resulted in some expansion of the scope of activities set forth in the
original proposal. Thus, CIAT's early development evolved from a broad
foundation of development goals and commodity responsibilities set
within geographical and ecological boundaries. This provided the base on
which the Center could, with experience and further studies. build a

solid, focused program.
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Refinement of the Mandate

CIAT's development has been characterized by a progressive refine-
ment of its objectives and scope of activities. As a result, CIAT has
markedly reduced the number of commodities researched, clarified and
sharpened program strategies and priorities and narrowed the geographi-
cal and ecological foci of its programs. Modifications of program responsi-
bilities suggested in the original proposal are summarized in Table 4. Cur-
rent objectives and strategies are outlined in Chapter 4.

Major redefinition of programs has not come about easily nor
capriciously. Although the actual changes have been important, equally
important has been the evolution of the interactive process among
cooperating institutions, Center staff and management, and the Board of
Trustees in making policy decisions.

Mechanisms for Program Review and Modification

Program Committee of Board of Trustees.

The Board of Trustees established a standing comimittee in 1974 to ad-
vise the Board on Center programs. Specifically, the Program Committee
was charged with advising the Beard on broad problems of research strat-
egies and research requirements, particularly staffing as 1t affects the
budget.

Participation by Lesser-Developed Countries,

The views of the scientists and policymakers in cooperating institu-
tions of the countries CIAT serves are vital in the development of the
Center's policies and operational procedures. Over the vears various
mechanisms have been developed to facilitate this essential input.
Primary procedures include:

{a) Board membership. A majority of members of the CIAT Board of
Trustees is from tropical, developing countries, especially Latin
America.

{b} Senior staff selection. Nearly one-half of CIAT's senior staff are citi-
zens of tropical, developing countries and have intimate knowledge
of production preblems and requirements of lesser developed
countries.

ic] Consultation travel. CIAT staff travel extensively in the course of
their work and consult frequently with colleagues on research
priorities and government policies.

{d} Policy-level consultation. Leaders of cooperating institutions are in-
vited to CIAT seminars in which they discuss ways that CIAT can
improve the effectiveness of its technology generation and inter-
national cooperation activities. Two basic types of seminars are:
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TABLE 4.
Maior developments in the program mandate of CIAT.

Becommendations of the original proposal

. Top priorty to be given 1o One or more grain
T } £ B

legume crops such as soybeans, beans, cowpeas
angd pigeon poas,

Corn and nee are of primary smportance and
should be investigated cooperatively with CIMMYT
and TRRL, respectively, with the institute serving as
a hegdipairters for collaborstive work,”

3 "hvestock work wosthd concentrale on ruwpnants

with emphasss on study and prevesdion of discases,
nutnibion; forage production, and the economics of
various systoms of hushandry under tropcal condi
thons

"The nstitute should look turther o the develop:
ment of proper cropping patierns or systerns of rota-
FITSY OO

"Adtiitomal craps o categories of crops that are im-
portant and may receive adibtional atenhon are
posrleropn Geva vins and sacet poliatocy’ vess
tabdes tropronl bnts plantas and cirus trads

Subseguent developments

o Decimon made o direct allb efforts to the common hean, Phaseolus vufgarn

2 Oraginal Mawe Program dusolved in favor of collaberative work wath CIMMY'T wiierchy

CIAT would host a CIMMYT team to assist national programs w developing and transfer.
ring maee technology i the Andeun zone.

TRRI stationed a Basson serentst al CIAT to work in the Rive Program and coondimate Tnter-
national Bice Teating Progran: activities in Latin Amernca. IRRD and CIAT agreed that all
their rive activities in the remon wosld be conducied in close collaboration,

3. Nonraminants were added by the startup ol 2 Swine Prograon i 19849 I 1975 the CIAT

Board considered that tie research component 6 thas progran had avievesd s objechves,
the staff wis reduced to concentrate on technoloyy transfer work This was successful and
the program phaesed oat gt the end of 18978

Alter mput troms several external reviews and position papers, the Board decided o restrict
the geographid/ecosystoerm scope of the Beel Progeam o the acid, infertile sl regions of
Latin America, with malor emphasis on developing mproved. legume-based pastures for
ths arca. The prograny was repamed the Tropscal Bastuves Program

3 in 1875 the Agricaltural Systens Prograns dater Small Farm Systems Programd was estab-

hshed to analvze farnung syslems in order o facihtate the rapid adoption of unproved tech-
nology Adter o special workshop s 1975, 1 was agreed that responsitilities for meorporating
conmmodity weohology imte farming systoms shoudd sest with cach commondsty program, Ac
coechingly, these recommendations were secepted: (ab that the Small Farms System Program
b phased out, (b that an economisl and outreach agronomist be added to each of three pro-
ava, beans and beefl; and, (o] s Agncultural Producton System Coordination

drams (as
Group he created tooversee those inter-related studies outsade e responsbility of any cone
mudity prograns, The TAC Stnpe Review of Farmiog Systems Research endorsed this decision
in 1978, arad stated that {anming systems research was indeed active wathm the CIAT com-
nacndity programns whoch were essentially doveloping components for whale farne systens

G Frony this range of possble commoditios the decimon was macde that CIAT would coneen-

trate all efforts on a single root crop, cassava



(1) Seminars on advances in research—in which the CIAT pro-
grams present their results and plans and seek suggestions
for changes; and

(2} Special topic workshops —such as a 1977 meeting on rice.
Rice research leaders from throughout fropical America
were mnvited to advise the Center on its future Rice Program
activities; the recommendation that CIAT begin work on
upland rice came from that workshop.

te} Program-level consultation. In order to give cooperators an impor-

tant voice in designing and planning cooperative testing and CIAT
program strategies, each commaodity program organizes periodic
workshops with cooperators in testing networks or with coop-
eraters on specific research topics.

CIAT Staff and Management Involvement

Priority setling and program planning are daily activities of Center
staff. These ideas are formalized in the biennial program and budget pro-
posals. Two activities relating to the interaction of Center staff and the
Board of Trustees merit special mention.

{al Annual program review. This is basically an internal, peer review

at which all senior staff discuss results and plans of all programs,
CIAT encourages very frank, constructive and critical discussion at
the reviews in which the Program Committee of the Board also par-
ticipates.

Position papers. The Board of Trustees has frequently requested
the Center's management to present a position paper when faced
with policy decisions involving CIAT's program activities. These
are normally drafted by the program concerned and then submitted
to peer review at an internal workshop, Sometimes an external re-
view or a special workshop with cutside consultants is used to help
define positions. Finally, management presents the position paper
to the Board, normally through the Program Committee.

INSTITUTIONAL DEVELOPMENTS

Program Organization

Initially the Center's research activities consisted of commodity pro-
grams staffed by personnel organized in disciplinary groups, with an in-
dividual scientist’s time often budgeted in several programs. After several
management and budgetary steps, the staff is now organized so that pro-
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gram scientists operate entirely in one commodity; management of each
multidisciplinary commodity team is clearly the responsibility of the re-
spective Program Coordinator. The Center's training activities have been
integrated more fully into the various commodity programs. These
changes are described in more detail in Chapter 6.

Administrative Organization

Several adjustments in the organizational structure have been made to
accommodate various program changes and the growth of the Center. Re-
search, training and support activities currently are organized within
three directorates: Crops Research, Land Resources Research and Inter-
national Cooperation. Adminisirative and financial functions are man-
aged by the Executive Officer and Controller, respectively. These five
principal officers are direcily responsible to the Director General. More
details of the current orgamzational structure are illustrated in Appendix
135,

Institutional Linkages

The development of strong collaborative institutional relationships was
an important achievement in CIAT's formative years. Because it would be
ineffective for CIAT to act alone, cordial and productive relationships —
both formal {through various signed agreements] and informal—have
been developed with national programs throughout Latin America, with
regional and international organizations and with sister centers, The rela-
tionships and understandings developed through these agreements, to-
gether with mutual respect, form an essential foundation for the success
of CIAT activities in the years ahead.

Infrastructure Development

Headguarters Facilities

CIAT's headquarters and its main research farm are located near Pal-
mira {about 20 kilometers from Cali] on a 522-hectare parcel owned by
the Instituto Colombiano Agropecuario (ICA}, the national agricultural re-
search and extension agency in Colombia. The land was leased initially to
CIAT at no cost for ten years from July 1970 to July 1980. ICA and CIAT's
management signed a new agreement in May 1980, 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 Oc-
tober 12, 1973, the new physical plant was dedicated. This consisted of
the administration building, library/documentation/information building,
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training and conferences complex {including conference rooms, class-
rooms and seminar rooms. amphitheater, conference and reception area,
offices, housing modules for trainees and conference participants, and
kitchen, cafeteria and dining room facilities}, two research laboratories, a
field laboratory, motor pool, genetic resources building, and experiment
station improvements {including fencing, drainage and irrigation ditches).

Even at that time it was recognized that these facilities were inadeqguate
for the projected program levels. Since then, facilities originally omitted
because of budgetary constraints and additional facilities required by pro-
gram expansion have been buili. These include an additional field
laboratory, two office buildings, warehouse and purchasing offices, four
greenhouses and associated headhouse facilities, farm equipment storage
and maintenance facilities, seed processing and teaching facilities and a
communications building.

Substations

From the beginning the Palmira farm was recognized as being an ex-
cellent site for CIAT headquarters and some limited field research ac-
tivities. On the other hand, the area’s soils, altitude and climate are not
typical of most of Latin America’s tropical agricultural area. It was also
clearly understood that no one location could possibly represent the great
diversity of environmental conditions in the region. It was anticipated
initially that ICA's Turipana station in Monteria {northern Colombia)
would serve as a major auxiliary site for work requiring more tropical
conditions. However, subsequent experiences and program changes
made it necessary to develop modest substation facilities in two specific
ecosystems and to perform a major portion of other research activities on
several ICA stations representing various ecosystems. The two sub-
stations developed to meet various specific needs are:

{a} CIAT-Quilicaho. This 189-hectare farm located 40 kilometers south
of Cali has highly infertile, acid soils where much of the pre-
hminary screening of germplasm {especially cassava and forage
species] for these soil conditions is carried out, Various plant nutri-
tional studies, which cannot be performed on the more fertile land
at CIAT headquarters, are conducted here.

tb] CIAT-Popayan. This station, about 100 kilometers south of Cali, is
at a higher altitude {1700 meters), receiving high rainfall. The site
provides 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.
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These two substations, fully operated by CIAT, are on land specifically
purchased for research purposes and leased to CIAT at nominal rates by
the Fundacion para la Educacion Superior {FES), a Colombian non-profit
development foundation.

Cooperative Activities on ICA Stations

Colombia was a fortunate choice for CIAT's location because the coun-
try has a broad range of altitude and rainfall conditions. These make it
possible to conduct research under the various ecological conditions
found in Latin America without crossing national boundaries. It is also
fortunate for CIAT that the host agricultural institute, ICA, is very coop-
erative, Through two specific cooperative agreements CIAT conducts
much of its work under the varying ecological conditions of several ICA
stations, particularly the following:

ia] ICA-Caribia, on Colombia's North Coast —cassava research for the
tropical lowlands.

{b] ICA-La Selva, at 2200 meters, near Medellin—climbing beans for
intermediate altitudes.

(¢} TCA-Obonuco, at 2710 meters, near Pasto —bean research for high
altitude conditions.

(d} ICA-Libertad. in the Colombian Llancs near Villavicencio - rice re-
search particularly for favored upland conditions.

el CNIA, Carimagua, a 20,000-hectare station in the Colombian
Llanos. This station is of vital importance to the Tropical Pastures
Program and also is important to the Cassava Program, since both
place strong emphasis on developing technology for highly acid, in-
fertile savanna regions of the frontier. This work, of course, cannot
be done at CIAT-Palmira. In Carimagua, CIAT and ICA have a
unigue arrangement in which most experiments are considered to
be collaborative. The station is administered jointly by ICA and
CIAT, the station director is an ICA appointee, and the station
superintendent is a CIAT emplovee. Administrative policies for the
station are made by a special joint committee consisting of three
members from each institution.

Cooperative Research Activities in Brazil

The largest component of the Tropical Pastures Program’s area of in-
terest, i.e., the acid, infertile frontier regions, is the weil-drained savanna
ecosystem represented by the Campo Cerrado of Brazil. Through a
cooperative arrangement with the Cerrado Agricultural Research
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Center [CPAC) of the Empresa Brasileira de Pesquisa Agropecuaria
{(EMBRAPA], CIAT has stationed three of its Core senior staff of the
Tropical Pastures Program at CPAC, in Brasilia. The work of these scien-
tists is considered an integral part of the EMBRAPA research program but
also has application beyond Brazil's borders.

TECHNICAL ACHIEVEMENTS

A long-range planning document is not the appropriate place to
describe the many technical achievements accomplished in the Center
over the years. Nevertheless, it is desirable to give a general overview of
the progress of CIAT's programs, to betier understand what these pro-
grams will be doing in the future and to estimate their accomplishments
at the end of the decade.

While technology other than new crop varieties forms an important
part of the output of the international agricultural research centers, the
development of new varieties is the best understood. It also illustrates the
sequence of activities related to generating and delivering technology.

The first phase of the sequence in which the international center is in-
volved deals with accumulating germplasm accessions, Selections from
the germplasm collection, a great amount of which comes from national
crop improvement programs, often are distributed through international
testing networks while the time-consuming process of hybridization is
going on. The initial impact of an international center’s crop improvement
programs may well be through distribution of materials others have
developed or selected. With time, however, the impact of the Center's
breeding program should become evident. Since the intensity of the selec-
tion and testing activities is usually the highest that has ever been applied
to that species, it is only to be expected that eventually the best varieties
appearing in international testing should come from breeding programs of
the international centers. However, as national programs develop their
research capacities and establish strong cooperation with the interna-
tional centers, these programs are in an increasingly better position to
develop varieties that are supericr under local conditions and that com-
pete strongly in international testing networks.

The entire process from germplasm collection to releasing finished
varieties by national programs is a long one, requiring at least six years for
beans, and nine years for cassava and forage species. Rice and Tropical
Pastures {formerly Beef} Programs began when CIAT was founded, with
one and seven senior scientists, respectively. The Cassava Program began
in 1972 with one senior scientist, and the Bean Program, in 1973 with
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three senior scientists. It is, therefore, somewhat early to expect the
results to be affecting national production statistics. Dramatic production
increases have been achieved in rice, where CIAT was able to build on
the earlier program of IRRI and ICA’s rice research. While the other com-
maodities have not yet significantly increased national production levels,
there have been substantial developments in problem assessment, germ-
plasm accumulation, parental selection, progeny testing and methodology
development. These developments are described in greater detail in
Chapter 5. The remainder of this Chapter very briefly summarizes the ac-
complishments in the germplasm accumulation and technology transfer/
adoption components, in order to illustrate the stage of each program and
to give perspective to future plans and expectations.

Germplasm Collection and Preservation

The assembly of a large germplasm base is not only an essential first
step 1n any plant improvement program but also an important responsi-
bility in the preservation of valuable genetic resources. Within the
CGIAR system CIAT has been given global responsibilities for the coliec-
tion, evaluation, preservation and distribution of germplasm in cassava,
beans and tropical forages. As of early 1981, the number of accessions in
CIAT's genetic resources unit were: cassava, 2600; beans, 30,000; and
tropical forages, 7250,

Technology Transfer and Adoption

Rice

* Average yields in twenty Latin American countries increased from 2.0
t/ha in 1967 to 3.2 t/ha in 1978, due mainly to new varieties developed
at CIAT and IRRI, in collaboration with national programs,

¢[n Colembia the national average yield of irrigated rice has risen from
3.0 t/ha in 1968 to 5.2 t/ha in 1980.

sEight countries have named twenty-nine new varieties using eight dif-
ferent finished lines received from CIAT, and six countries have
named twelve varieties from selections derived from advanced CIAT
breeding lines.

Cassava

eImproved agronomic practices developed at CIAT have been shown
to doubile yields in farmers' fields in more than fifty regional trials
conducted in six years in Colombia. These practices have now been
adopted on state farms and by farmer associations throughout Cuba.
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This dramatic increase in production caused cassava to be removed
from the list of rationed foods in that country.

sTwelve countries are using CIAT materials in their own breeding pro-
grams.

sEleven countries are increasing vegetative planting materials of
varieties received from CIAT for distribution to farmers.

*Ten countries are using a technigue developed at CIAT to rapidly
multiply limited amounts of vegetative material for distribution to
growers.

*Seven countries have established facilities to receive CIAT's hybrids
as meristem tigssue cultures to minimize disease hazards during the
international movement of vegetative material.

Beans

sSince the international testing program began in 14976, some thirty
countries have received a total of 150 individual bean nurseries for
testing. These nurseries initially consisted entirely of varieties
developed by others and selected for the CIAT germplasm collection.
Now, over 90% of the materials in nurseries are CIAT-bred lines (the
nmaterials included in the nurseries are selected after being rated
superior to all other materials in extensive tests).

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

*The most popular local varieties from various couniries have been
crossed with parents that provide genes for resistance to major
diseases and insects in the respective countries, as weli as other
desirable characters, After many generations of selections, advanced
lines that combine disease and insect resistance and improved vield
with seed color and size preferences of most bean-growing regions in
Latin America are now available for use in national bean improve-
ment programs,

Tropical Pastures

*Andropogon gayanus, a grass of African origin selected for use in
Latin America by CIAT, has now been named as a new cultivar in
Colombia and Brazil. It is highly tolerant to acid soils, low scil fertili-
ty, drought, insects and diseases. CIAT provided eight tons of basic
seed for multiplication in those countries and also supplied seed to
Venezuela and Panama for advanced testing,
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eSeveral 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. gavanus and the nitrogen fixation ability and
higher protein content of legumes, a much greater impact is expected
when A. gayanus is used with legumes. Several years of grazing trials
of selected grass/legume associations over the best-managed native
savanna have demonstrated a ten- to fifteenfold increase in liveweight
animal gains per hectare and a two- to threefold increase in per
animal productivity.
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4

Objectives and Strategies
for the 1980s

STATEMENT OF OBJECTIVES

To generate and deliver, in collaboration with national and regional
institutions, improved technology which will contribute to increased
production, productivity and quality of specific basic food commod-
ities in the tropics—principally countries of Latin America and the
Caribbean —thereby enabling producers and consumers, especially
those with limited resources, to increase thelr purchasing power and
iriprove their nutrition,

This statement was developed to provide a condensed overview of
CIAT's philosophy and operating objectives. While the Center expects to
be flexible in responding to future needs for agricultural production
technology, the statement’s points should be applicable over future years,
Features of the objectives statement are explained more fully in this
chapter.

Technology Development Orientation

CIAT plans to continue concentrating on the generation and transfer of
agricuitural technology. This does not negate the importance of institu-
tional, social and political changes, but does imply a confidence that
modern science and technology can contribute significantly to solving
food proeduction problems.

Collaborative Nature of CIAT s Activities

The objectives statement emphasizes the Center's strong conviction
that accomplishing the desired results involves the collaboration of na-
tional, regional and international agencies, of which an international agri-
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cultural research center is but one. Figure 1 displays the agricultural
technology development process as four successive but interrelated
stages - basic research, applied research, adaptive research and produc-
tion. It also indicates the approximate exient to which CIAT and its prin-
cipal counterparts, the national institutions, are involved within the proc-
ess. GGiven CIAT's unigue place between the more basic research institu-
tions and collaborating national programs. the Center's activities must
take two directions. First, CIAT must relate its technology generation ef-
forts to developments in basic research conducted by other institutions.
Second, all of CIAT's interlocking activities, whether in research or in in-
ternational cooperation, must be designed to support and supplement col-
laborating regional and national research/development institutions,

Geographical Orientation

The Center directed most of its efforts lowards the American tropics
during its first ten years. All four CIAT commodities are basic staple foods
in this region. The Tropical Pastures Program has a strong ecological
focus on the underutilized, acid, infertile soils of the Americas, while the
Rice Program, in close collaboration with IRRI, is directed exclusively to
Latin America and the Caribbean.

However, during its evolution CIAT has been given world responsi-
bility for cassava and beans within the CGIAR system. {IITA has respon-
sibility for cassava in Africa.) With appropriate modifications, CIAT tech-
nology for these two crops can have considerable impact outside the
Western Hemisphere. Active cassava technology transfer has already
begun in Asia. Results are demonsirating that CIAT technology can be
very effective in increasing the crop's productivity on that continent.
Cassava is important in Asia but has not been studied very much there.
CIAT intends to further develop mechanisms to disseminate cassava
technology in Asia. Both IITA and CIAT consider it important that their
respective cassava programs work together in Africa. A mechanism for
such liaison is outlined in this plan.

Eastern Africa is the most important bean production region outside of
the Americas. Except for maize, beans are the most important food in
many countries of that region. New bean technology is critically needed.
It has been demonstrated that CIAT technology could have a very impor-
tant impact on bean production in eastern Africa,

While not retreating from its glebal responsibility for beans and
cassava, CIAT does recognize the problems of increasing international
travel costs and of diluting scarce manpower resources if they operate
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over the world. For reasons of proximity there are also obvious advan-
tages to developing institutional relationships chiefly in the Western
Hemisphere. The centralized activities of germplasm collection, breeding
and documentation will be designed to respond to the global mandates in
beans and cassava. However, decentralized activities for evaluation and
transfer of technology will be developed to have maximum impact while
minimizing diversien of resources from the American tropics, To accom-
plish this, CIAT will seek imaginative, new ways of cooperating with
other international or regional organizations. For example, negotiations
are underway now with the Food and Agriculture Organization (FAQ?} for
collaborative bean projects in eastern Africa and with selected regional
and national organizations in Asia for cassava projects in Southeast Asia.
Further details regarding regional activities outside the Western Hemi-
sphere are described in Chapter 6.

Orientation to the Poor

Based on the prevailing sociceconomic and nutritional conditions in
Latin America {described in Chapter 1}, CIAT has identified limited-
resource producers and consumers, that is, the rural and urban poor, as
the principal beneficiaries of its work. This decision clearly associates
human welfare objectives with production goeals and influences the
design of technology.

In developing countries of the Western Hemisphere, the two com-
munities of low-income producers and consumers overlap much less than
they doe in developing countries of Africa and Asia, Approximately 60% of
the population in Latin America is urban and the percentage is expected
to continue to increase through the 1980s. Consequently. total food pro-
duction, regardless of the producer's resources, cannot be ignored since
this affects the price of food for urban consumers.

Some countries, particularly those with large cooperatives and state
farms, require technology for large-scale, mechanized production. Never-
theless, CIAT must concentrate its attention on production technclogy
specifically adapted to the needs of small holders, because a large propor-
tion of two of CIAT's food crops {beans and cassava) are produced by that
group. Development of such technology requires a sustained, concerted
effort best made by a publicly funded, international institution.
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GENERAL STRATEGIES

Establishing Research Networks for
Inter-institutional Transfer of Technology

The linking of individual researchers and research groups through the
establishment of research networks is 2 major mechanism for creating
and maintaining research and development momentum for any given
commaodity. Research networks not only facilitate the exchange of infor-
mation and materials between national and international levels, but also
serve to transfer technology between national programs. CIAT will con-
tinue to actively maintain and strengthen commodity-based research net-
works through information and documentation services, germplasm ex-
change activities, seminars and workshops, and consultation.

Development of Germplasm-based Technology

Analyses of production constraints of CIAT's commodities have in-
dicated that of the possible research strategies, the largest impact on pro-
duction would be generated by increasing the availability of improved
germplasm adapted to environmental conditions and prevailing produc-
tion systems. CIAT will continue to be involved in technology generation
based on the cellection, production and supply of new germplasm. Also,
development of non-site-specific agronomic components will continue to
be coordinated with germplasm development activities.

Strengthening National Programs through Training

A central strategy of the Center since its beginning has been the
strengthening of commeodity research groups within national agricultural
research institutions. By providing training opportunities, CIAT can make
an important contribution to strengthening its national counterparts. At
the same time, training provides an efficient vehicle for the transfer of im-
proved research and production technologies.

OPERATIONAL PRINCIPLES

Certain basic principles of eperation that have evolved at CIAT will
guide the Center in implementing its general sirategy in the 1980s,

Relevance

CIAT's mission-oriented research is directed towards solving the most
important production problems of the Center’s four commodities. This in-
cludes sophisticated research whose relative magnitude will increase pro-
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gressively throughout the 1980s as national 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 contribution to in-
creased food production and productivity, rather than increases in the
knowledge base or academic publications.

Complementarity

The basic premise of CIAT's strategy is that it represents only one small
segment of the agricultural research and development matrix. All Center
activities, therefore, are viewed as complementary to those of other orga-
nizations. Linkage to other closely related activities is essential. Such ac-
tivities include the following three groups.

National Research and Extension Programs

The key role of national institutions has already been discussed. The
division of labor between CIAT and such institutions depends on the state
of development and resources of individual national programs {see Table
9 in Chapter 6l. In general, however, CIAT concentrates on those ac-
tivities in which there is a clear economy of scale and in which the results
have international transferability. Such activities include the assembly of
large germplasm banks, large-scale screening, cressing and selection,
methodology  development, and documentation services. Location-
specific activities, such as agronomic research, breeding and selection for
specific localized constraints, and extension can be performed better by
national and regional programs.

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

Advanced Sctentific Institutions

Basic research institutions, in both developed and developing coun-
tries, can do much useful work that complements and supports CIAT's
more problem-solving research approach. The Center will continue to en-
courage other institutions to engage in well-defined, basic research having
much potential applicability to CIAT's work but requiring specialized
facilities and skills not available at CIAT. Such research can be done en-
tirely at the research institution or a portion of the project can be carried
out at CIAT. Because the Center receives funds designated for financing
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only direct CIAT operations and because such collaboration is strictly an
addition to the Center's Core operations, CIAT does not finance such re-
search with Core resources. Whenever possible, CIAT helps interested
scientists secure appropriate special project funds to make collaborative
research possible.

Related International Activities

Another important part of CIAT's strategy is to host activities of sister
centers of the CGIAR system and related institutions, when these ac-
tivities clearly complement the Center's work and fall within its overall
objectives. While maintaining good relations with other institutions by
making its facilities available for such activities, CIAT can contribute to
the broader purpose of increased food production without diverting
financial resources from its programs. Institutions working at CIAT in
this way are expected te pay the full costs of their operations, although
there is always some cost involved in hosting such activities. Consequent-
ly, such collaboration is developed only when it clearly complements
CIAT's programs.

This strategy has been implemented up to now through hosting the
CIMMYT team for maize work in the Andean region, the IRRI liaison
scientist responsible for the International Rice Testing Program (IRTP) in
Latin America and an Internationa! Fertilizer Development Center {1FDC)
team creating technology for the efficient utilization of rock phosphates in
Latin America. Possible future associations of this type may include
hosting scientists from the International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT) and International Sorghum and Millet Pro-
gram {INTSORMIL] who will develop sorghum germplasm for acid, infer-
tile soil conditions, International Soybean Program {INTSOY) scientists
developing soybean technology for Latin American conditions {especially
the acid, infertile soils], and an [ITA cowpea scientist responsible for
Latin American activities,

Principles of Technology Design

CIAT's orientation towards low-resource farmers greatly influences the
nature of technology generated by the Center. This orientation dictates
some basic principles that help govern technology design.

Minimal Input Orientation

The benefits of new technology often do not reach the resource-poor
farmer if high levels of expensive inputs are required to utilize that tech-
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nelogy successtully. So that improved technology will meet the needs of
small holders, CIAT designs technology components minimizing the need
for purchased inputs and irrigation. At the same time, however, the tech-
nology should maintain high production levels at higher levels of input
use. These principles address both the need to assist small farmers and to
mgrease overall food production.

CIAT's concern for minimal input technology is closely allied to a
strong concern for energy conservation. As rising petroleum and natural
gas prices increase the costs of irrigation, farm mechanization, fertilizers
and chemicals, it is imperative that new technology minimize depend-
ence on high-energy inputs, CIAT attacks the problem by developing: a)
germplasm resistant to such constraints as insects, diseases, adverse soil
conditions, and drought; {b) germplasm that is moere efficient in the up-
take and/or utilization of soil nutrients and in utilizing applied fertilizers;
and, [c) bean and pasture legume germplasm with improved nitrogen fixa-
tion capabilities.

Technology Component Orientation

As an international research organization working through national
agencies, CIAT does not aim to produce finished technology for specific
ecological and socioeconomic conditions and quality preferences. Rather,
CIAT emphasizes the development of basic technology components such
as an improved germplasm base, research methodologies for identifying
optimal management practices and methodologies for developing single-
and multiple-crop systems. National programs can use these components
as needed to build relevant production systems that are viable and social-
ly acceptable for local conditions. To this end program scientists become
as familiar as possibie with the whole-farm systems to which such
technology components will contribute,

Due to environmental and sociceconomic constraints, production sys-
tems for each of CIAT's commodities vary throughout the region. CIAT
attempts to develop technology components that are applicable to various
climatic and socioeconomic conditions, When this is not pessible, tech.
nology components are developed that are specific to a given ecosystem
and/or a given set of broadly defined sociveconomic conditions. Whereas
such research is an integral part of the Center's technology development
efforts, research on production factors that are more site-specific is not a
legitimate concern of CIAT but the responsibility of national programs.
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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 farm-level conditions
and constraints. On-farm testing is, therefore, an integrai component of
the technology generation process. Because results of such work are
usually very location-specific, CIAT depends on and encourages national
agencies 1o evaluate new varieties and practices regionally, to modify
them to meet local requirements, and to test the resulting technology
systems under farming conditions representing the greatest number of
producers and conditions. However, CIAT considers it vitally important
to actively collaborate with selected nationa!l and/or local agencies in the
regional testing and on-farm validation of improved technology packages
invelving CIAT commodities. In these collaborative projects CIAT's role
normally is restricted to providing materials, information, and assistance
for the design and evaluation of the farm-level research results. Such
regional testing and on-farm validation serve as vital sources of feedback
influencing CIAT's technology design.

Limits to CIAT Involvement

Because CIAT has neither the comparative advantage to evaluate and
adapt new production technology in varied local socioeconomic and
ecological conditions nor the resources to move effectively beyond the na-
ticnal level, it will continue to limit its direct technology transfer to na-
ticnal research programs. This implies that CIAT will not become directly
involved in technology transfer at the farm level.

CIAT recognizes that improved agricultural productivity depends on
the availability of viable production technology as well as the availability
of inputs and favorable marketing conditions. National agricultural re-
search policies and policies regarding incentives for technology develop-
ment and adoption are strictly within the decision-making domain of
individual countries. CIAT will continue to limit its role in these areas to
providing appropriate forums so that national policymakers can fully ex-
plore the consequences of alternative policies. However, aside from advo-
cating the need for strong national research organizations, CIAT will con-
tinue to abstain from advocating national policy options.
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5

Commodity Program Strategies
and Projections

CIAT's various commodities were analyzed in Chapter 1 in relation to
the socioeconomic conditions in developing countries of the Western
Hemisphere. It is clear from that analysis that rice, beans, cassava and
pastures {i.e,, beef} are important in the region. This importance is the
basis for CIAT's involvement in these commodities.

A bdsic concept of CIAT's long-range plan is to increase productivity of
its commodities through research in traditional areas of production while
also helping develop stable, productive systems for the agricultural fron-
tier. CIAT research in cassava and upland rice is directed towards this
dual objective. Bean and irrigated rice research at CIAT is oriented more
towards traditional areas and their margins, although limited irrigated
rice areas are being developed in frontier situations by some countries.
The development of improved tropical pastures with associated livestock
management components for acid, infertile soil conditions is directed
towards the agricultural frontier.

CASSAVA PROGRAM

Cassava, the fourth most important food energy crop in tropical
develaping countries, is a significant source of calories in the daily diets of
over 500 million people in twenty-six tropical countries. In many coun-
tries dried cassava is by far the cheapest source of calories, making it
especially important for the poor. Per capita consumption of fresh and
dried cassava products tends to be high among the poor, climbing as in-
comes rise among the lower-income strata and then declining in the case
of dry cassava products in the high-income groups. Since the crucial
nutritional deficiencies in most low-income countries are calories,
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cassava is particularly important. Lower cassava prices will benefit prin-
cipally the lower-income strata by helping to improve their nutrition.

Although cassava is relatively low in protein, it can help augment pro-
tein availability when used as an energy source in animal feed. Intensive
livestock production systems in developing countries have created a
strong demand for feed grains, In some cases, the concentrate industry
and the human food sector compete for sources of calories and protein.
Increases in demand for meat may tend to divert resources that could go
to producing other basic foods. Animal feeds based on cassava could
greatly reduce this competition because unused marginal land ~which
cannot support many other crops—can produce cassava.

Despite the rapid growth of sorghum production, domestic supply of
feed grains often has been unable to meet demand. Many poorer coun-
tries have been forced to increase imports of feed grains or suffer upward
pressures on the price of animal feeds. The resulting increase in the cost
of meat tends to put it out of reach of the very poor. Production of cassava
with underutilized domestic resources could promote employment, alle-
viate the burden of costly imports and contribute to maintaining a supply
of cheap animal protein.

The development of alternative markets, such as animal feed, should
help to stabilize the cassava market by creating a floor price. This shouid
encourage farmers to adept new production technology, without fear of
saturating the market and causing disastrous price drops. Increased pro-
ductivity should allow the farmers to maintain or increase their incomes
while increasing the supply of cassava at low cost for human consumption.

The need to stabilize markets through alternative uses is of particular
importance in Latin America. The demand situation in that region is de-
scribed in detai! below. In both Indonesia and southern India, cassava is
second only to rice as a caloric source. In Thailand cassava is a major ex-
port crop, and in other areas of Southeast Asia it has the potential to be-
come a major source of cheap calories. The production and demand situa-
tion in Asia i1s not as well quantified as that in Latin America. With the ap-
pointment of regional cooperation statf for Asia, a more complete analysis
of the situation will be made. CIAT's activities in Asia and its cooperation
with 1ITA in Africa will also ensure that the Program’s main thrust is re-
lated to cassava as a staple food.

Production and Demand Situation in Latin America

Cassava has always been a traditional caloric source in tropical Latin
America. Cassava has several key characteristics making it well suited for
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traditional agricultural systems: {a) high efficiency 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} com-
patibility with a variety of crops in association. Because cassava fits well
into smal! farm systems, it has been a major staple in rural areas of the
lowland tropics of Latin America and in some Caribbean countries.

As Latin America urbanizes, the importance of cassava for direct
human consumption will depend on its marketability and com-
petitiveness with other caloric staples. Cassava's high perishability after
harvest, its bulkiness and its low commercial value by weight result in
high marketing margins and post-harvest losses. Whether low production
costs can be converted into competitive urban prices depends on the effi-
ciency of the marketing process. In most urban areas fresh cassava is
more expensive than the principal grain staples, primarily because
marketing margins are as much as 300% of farm-level prices. Where
cassava goes through a processing stage before marketing, as in Brazil, the
dried product is generally the cheapest caloric source available in urban
areas. Thus in Latin America, cassava is a roajor caloric source in national
diets only in Brazil, where most of the cassava is eaten in processed form,
and in Paraguay, where most of the population is still rural. Cassava will
continue to be a staple in rural areas throughout the lowland tropics.

A strategy te increase the incomes of small-scale farmers through the
development of new cassava technology is constrained by limited de-
mand for cassava as an urban food, except in Brazil. As a carbohydrate
source with a low unit production cost, cassava has the potential to enter
alternative markets, as a wheat flour substitute (suitably enriched), as a
carbohydrate source in feed concentrates, as the raw material in ethanol
production, and as an industrial starch. Major expansion in demand in
either the fresh urban market or the industrial markets depends on the
relative price of cassava. If cassava is to be competitive in industrial
markets in most Latin American countries, its price must be reduced.
Lower unit production costs, and thus cheaper prices for cassava, can be
best achieved by applying new technology. Historically, there has been
littie research on the crop; a great potential exists to increase vields from
their present average of 12 t/ha in Latin America. On the other hand, in-
troducing improved cassava production technology without complemen-
tary processing technology could saturate traditional markets, resulting in
decreased farmer incomes. Research on cassava production techuology
clearly must be linked to research on processing technology.
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Production Systems and Constraints

Cassava, with its many mechanisms for stress tolerance, can be grown
under a range of edaphic and climatic conditions. However, this very
broad ecological range severely complicates germplasm improvement,
especially because a very marked genotype x environment interaction ex-
ists. The ecological conditions under which cassava is grown can bhe di-
vided into six major ecosystems {Table 3). The lowland tropical ecosystemn
with a pronounced dry season (ecosystem 1] is the most important in
terms of production; sbout one-half of total world production occurs
ander these conditions. The acid soil savannas jecosystem 2] and the hot
humid lowland tropics {ecosystem 3} are not major production areas but
have much potential. Expansion of cassava production in these areas is
already occurring in Brazil, Mexico, Indonesia and Malaysia. The high-
land tropical areas {ecosystem 5} and the intermediate altitude tropical
areas |ecosystem 4} of Latin America are presently least important. In
Africa, potential for expansion in these ecosystems is great. High-yielding
clones well-adapted to this ecosystem are not yet available in Africa but
exist in the Americas. Approximately 30% of total cassava production in
the Americas accurs in the subtropics {ecosystem 6); worldwide, 15-20%
of the cassava s produced in this ecosystem.

Each ecosystem is defined by climatic and edaphic parameters and
unique nsect and disease complexes are associated with each one. These
interactions between cassava pathogens and environmental factors are
summarized in Table 6.

There are numerous cassava production systems. They range from the
slash-and-burn system of the Amazon jungle, to planting cassava as an in-
traductory crop when colonizing new lands, to the small-farm, multi-crop
systems typical of most cassava production. The crop is labor intensive,
requiring 80-120 man-days per hectare. Cassava is often grown in associa-
tion with a legume or maize. It is frequently used as the last crop in a rota-
tion, as the farmer maximizes its adaptation to infertile soil conditions,
Purchased inputs are rarely used because generally it is very expensive to
control pathogens in such a leng-season crop, and soil fertility is usually
managed through fallowing systems.

Evaluation and selection of cassava clones have been done for cen-
turies by farmers across a wide range of agroclimatic conditions. Most
traditional clones are relatively well-adapted to the stress factors found in
the area in which they are grown. However, the narrow germplasm base
in such a localized situation limits the varietal development process.

There are few systematic breeding and selection programs for cassava.
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TABLE 5.

Cassava production ecosystems and their main characteristics.
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TABLE 6.
Some major production constraints in different cassava growing ecosystems.
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Very few improved varieties have reached farmers from existing pro-
grams. Yields of 80 t/ha under experimental conditions, in comparison
with average farm yields of around 10 t/ha, suggest tremendous potentiai
for raising farm productivity, through the development of higher-yielding
varieties that give stable yields under stress conditions. The availability of
such varieties is even more necessary as cassava moves from traditional
to more intensive production systems.

Scientific breeding and selection methodologies for cassava are compli-
cated by variations in production conditions, stress conditions under
which the crop is usually grown, and limitations on purchased inputs due
to the limited resources of traditional cassava {armers. Cassava's adapta-
tion to relatively marginal agricultural areas, its long crop cycle and its
low value suggest that it will not compete with higher value crops on
prime lands. Its comparative advantage, therefore, is in areas where other
crops cannot be grown unless very costly inputs are utilized. Moreover,
given the labor intensity required, small farm systems should continue to
have the comparative advantage in production. These factors imply that
germplasm that yields well must be developed under stress conditions
without recourse {0 major increments in purchased inputs.

Cassava is one of the most efficient sources of digestible carbohydrate,
particularly when grown on marginal lands. Its high perishability,
however, makes handling difficult after harvest when losses are esti-
mated at 25% or more. Increased production is very frequently limited by
lack of nearby markets or processing plants that can readily transform
fresh cassava into a more stable product. Farmers are often reluctant to
increase production because no ready outlet exists, and entrepreneurs are
not willing to invest in processing plants because of uncertain supplies.
When this cycle is broken, production can increase markedly, as oc-
curred in Thailand recently with the establishment of many small drying
plants and an effective marketing system.

Program Objectives

The Cassava Program seeks to salisty a need for food and feed carbo-
hydrates by converting cassava from a traditional rural staple to a major,
multi-use carbohydrate source. To accomplish this, the plant's carbo-
hydrate production efficiency under sub-optimal environmental condi-
tions will be exploited. Recognizing the potential of cassava as a major
food and feed source not only in Latin America but also in Asia and
Africa, the Program will work to adapt its technologies to Asian condi-
tions and work closely with I[ITA in Africa.
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The overall goal is to be reached through these specific objectives:

ia] To develop germplasm and associated cultural practices that re-
quire low input levels and that respond to improved management,
in order to increase per hectare cassava production in areas where
it currently is grown.

(b} To develop germplasm and associated management practices that,
under intermediate levels of inputs, will lead to profitable cassava
production on the underutilized acid, infertile soils of the lowland
tropics.

{c} To develop systems that can improve the utilization of cassava for
direct or indirect human consumption.

[d] To strengthen national cassava research and development pro-
grams so that they can perform more effectively.

Research Strategy

New production technology for cassava must exploit the crop's produce-
tivity under marginal conditions with low inputs. This precludes using
high levels of expensive, energy-consuming inputs like pesticides, soil
amendments and irngation. Rather, new technology must be based on
improved germplasm that by itself overcomes many of the constraints on
production. Not all problems can, or should, be resolved by improved
germplasm. Some constraints should be minimized through management
practices that include improved agronomic practices, biological control of
insect pests, phytosanitary control of diseases and efficient techniques for
fertilizer use. In fact, the quickest way to inerease production in many
areas may be with lacal materials combined with improved agronomic
practices. Production then may be increased further by introducing new
varieties as they become available.

The methodology used in the past will be modified somewhat. The
CIAT Cassava Program has worked under conditions of low stress (at
CIAT-Palmira}, medium stress [ICA-Caribia] and severe stress (Cari-
magua). it has been difficult to obtain single new varieties well-adapted to
all these conditions. It is 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 ecosystems 1, 2, 4 and 5]
and use superior materials in crosses to produce clones specifically
adapted to each area, rather than try to develop broadly adapted clones.
The material produced will be evaluated in advanced yield trials for yield
stability and quality.

Improved germplasm is not, however, a panacea, The rate of progress
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in a breeding program is roughly inversely proportional to the number of
breeding objectives. Hence, if progress is to be made within a reasonable
time, breeding must be used only to resolve major problems. Control of
the many pathogens that attack planting material should not be resolved
through varietal resistance, but rather by using inexpensive chemical pro-
tectants. In addition, other problems cannot be solved by breeding. For
example, varietal resistance to the cassava hornworm has not been found,
but effective biological control methods have been developed. Improved
management practices of general applicability will be developed and then
tested with the new improved lines for adaptability and stability over
time within each ecosystem. From these regional trials, technology pack-
ages will be recommended for use in a limited number of on-farm valida-
tion trials in selected ecosystems.

To benefit from increased production, a sufficiently large market must
exist. CIAT will concentrate on utilization research contributing to ex-
panded demand for cassava products, as either direct or indirect human
food. Several other institutes or private agencies are involved in process-
ing research for starch or ethanol production, and CIAT will not duplicate
their efforts. The fresh urban market will continue to remain the pre-
ferred [highest price) market; however, quality maintenance and high
marketing margins lmit consumption. The perishability of cassava is
positively correlated to starch content. High starch content is important
in determining quality, so high starch lines are being bred; however, they
could be more perishable.

Cassava's high perishability and lack of alternative outlets lead to rapid
saturation of markets and sharp farm price decreases as production in-
creases. This often results in very low prices in one area of a country
while prices are high and demand is not satisfied elsewhere. Farmers are
thus often unwilling to increase productivity or area planted. Improved
technology that allows arbitrage or the entry of cassava into more stable
markets will produce a more stable floor price and thus break the vicious
circle. The objective of the utilization section is to develop such tech-
nology.

Fresh Cassava

Initial work has shown it is highly probable that simple techniques for
fresh storage can be developed. Efforts will concentrate on developing
this technology for commercial use; this would allow expansion of the
urban market, where prices currently are high but quality is low.
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Cassava Flour

Cassava is used widely in a variety of flours made by traditional proc-
esses. The potential increased demand for this type of product is limited
to the lowest-income sectors who will be the greatest beneficiaries of im-
proved technology. On the other hand, demand for cassava flour as a par-
tial substitute for wheat flour in bakery products is immense across all in-
come groups. Flours of high quality can only be produced presently by
using drying processes that consume large amounts of energy. The Pro-
gram will develop solar and other natural drying systems that will ensure
a higher quality product at lower cost.

Cassava as Anmimal Feed

Potential demand for cassava in animal feed concentrates is great. The
main limitations on entering this market are: [a} the high price of fresh
roots in certain regions; [b} lack of drying systems suitable for high
humidity areas; {c) lack of information on the economics of drying
cassava; and, {d} lack of information on animal performance at high levels
of cassava intake. While the Program’'s production research continues to
concentrate on reducing unit production costs, the utilization section will
emphasize research to remove the remaining constraints.

Integrated Use of Whole Plant

Outside of Africa, except for isolated examples, the roots are the only
part of the cassava plant currently utilized. As progress is made on the
above aspects, research will be conducted on the use of the entire plant
and particularly the leaves, as a protein source.

International Cooperation Strategy

The state of development of the cassava industry and the level of sup-
port by national programs and government agencies vary tremendously
among developing countries. Consequently, assistance required by coun-
tries, or even different regions of the same country, will vary over time.
CIAT has classified countries according to cassava program development
to help identify the type of assistance required for each group. The overall
objective is to help countries progress to the advanced category if they
have both the potential and the need for increased cassava production.

Advarnced Cassava Counfries

These countries have a clearly demonstrated potential for increased
production, they have declared increased cassava production as a definite
goal in the national plan and/or local agencies or industries have shown
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real interest in increased cassava production. National programs or local
agencies are strong and able to support the cassava industry. The national
programs in these countries are relatively new and many need help in
planning, particularly in defining priorities. In addition, many of the
young professionals need further training and experience in research and
management,

The Cassava Program will assist these national agencies in project plan-
ning and will provide advanced training opportunities. The base for im-
proved production technology will be new agronomic practices and germ-
plasm. The national programs in this group are strong enough to develop
both aspects. However, in the case of improved germplasm, they will bene-
fit greatly from CIAT materials for several years. CIAT estimates that nine
to ten years are required from the inception of a new breeding program to
the release of a new variety, By importing germplasm as sexual seed or se-
lected clones, national programs can capitalize on CIATSs efforts and
shorten the period to eight years with sexual seed, or to four years with
clones.

The interchange of germplasm should not be haphazard. Selected
crosses from CIAT, made for specific ecosystems, should 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 of the useful information already being
developed by national programs can be applied in other countries, CIAT
will act as a relay agency to see that national agencies are aware of what is
happening in other countries.

Achieving improved yields will depend greatly on the technical capa-
bility of the national programs to provide certain types of support to
farmers. This support includes large stocks of disease-free seed ¢f the new
clones, insect hatcheries to support biological control and field diagnostic
expertise, CIAT will assist in organizing in-country courses for training
technicians in these activities.

Developing Cassava Countries with Strong National Programs

These countries have the potential for increased production but have
no supporting national policy and only peorly developed channels for
marketing or utilizing increased production. They are thus in the some-
what paradoxical position of having strong national programs but no over-
all strategy for increasing production and utilization of cassava.

CIAT will collaborate in establishing regional trials using local varieties
and imported germplasm in order to assess the country’s potential cassava
productivity. The cassava economics section will help assess the
economic gain the country could expect if cassava production were in-
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creased. This information will be made available to policymakers so they
can decide if they wish to implement a full-scale national cassava project
at the advanced-group level, in which case the operational strategy will be
changed.

Developing Cassava Countries with Weak Programs

In these countries either government or private industry is interested
in increasing cassava production and there is a known potential for in-
creased production, but improved marketing and utilization possibilities
have not been explored.

The main emphasis will be on training personnel to test CIAT-
produced technology and germplasm and to assist in economic planning,
CIAT will help establish 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 in training and proj-
ect planning will be given.

Calorie-deficient Countries Uninterested in Cassava

These countries have no national cassava programs, and decision
makers often are not aware of the new cassava technology and how it can
help solve their caloric deficit. The main emphasis here will be to
evaluate production potential through small-scale regional trials and to
determine the status of cassava production and the economic viability of
increasing production. CIAT will help establish regional trials and collect
the necessary information on present cassava production methods.

Program Accomplishments

Collection of germplasm was initiated throughout Latin America in
1969, and by mid-1971, 2200 clones had been assembled. This germplasm
bank has been the base for the varietal improvement program.

By 1973 the material was increased and evaluated for agronomic char-
acters. Selected clones from the bank yielded as high as 60 t/ha of fresh
roots and 22 t/ha root dry matter annually. The importance of the harvest
index as a selection criterion was established. Sources of resistance to
some of the major diseases and insects were identified and an agro-
economic survey was done in Cplombia to assess the production
technology used by farmers and to determine the major constraints on
vields and increased production.

One of the major problems in researching and distributing new
varieties was found to be cassava’s slow propagation rate. A rapid prop-
agation technique was developed that increased the multiplication rate
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fortyfold. Meristem tissue cuiture techniques have since been developed
and shared with national programs to facilitate international germplasm
transfer with much less risk of pest and disease transfer. At the same
time, work was started on perishability, one of the major utilization con-
straints. Basic physical data on drying of cassava roots were obtained, and
curing of cassava roots was demonstrated to prevent rapid physiclogical
deterioration after harvest.

During 1974 and 1975 the Program began to move its research outside
of CIAT to test newly obtained results over a range of environmental con-
ditions and to evaluate disease and pest resistance in the field. Two major
sites were established on ICA stations - at Caribia, representative of low-
land tropical areas with a pronounced dry season [ecosystem 1}, and at
Carimagua, a high-stress site representative of the acid infertile savanna
fecosystem 2], In addition, a series of regional trials was established in
Colombia to test newly developed clones. This network provided basic
data for the later establishment of international trials. Norms for these
trials were established at a conference, sponsored by the International
Development Research Centre (IDRC], in which national agencies ex-
pressed their needs.

As the international trials began, the first links were made with na-
tional programs. National programs, except for that of India, were univer-
sally weak or non-existent. Contacts were made with high-level govern-
ment officials and a massive cooperative training program was started to
provide the nascent national programs with trained personnel. As of
1980, 209 trainees from nineteen countries in the Americas and sixty-
eight from seven Asian countries had received postgraduate training in
various disciplines.

Between 1976 and 1980, thousands of hybrids were produced and
tested; high-vielding, disease- and pest-resistant lines were selected for
{urther testing. Improved agronomic practices were also developed; these
were evaluated with the new clones in both regional trials and in on-farm
evaluations. The net result of this work is best illustrated by the regional
trials. With improved, low-input technology, average yields of local
clones increased in Colombia to 20 t/ha [national average 8.0 t/ha), These
data illustrate the potential for CIAT technology to double vields at
selected locations without even changing varieties, On-farm validation
trials have shown that small farmers can readily increase vields by 70%
with this technology. In addition, selected clones and hybrids boosted
yields as high as 30 t/ha in the regional trials. Although these clones have
problems —such as slow multiplication rates and inferior eating quality
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~they do demonstrate the tremendous vield potential to be realized at the
farm level by further research and development in this decade. New
clones being produced by the Program are rapidly overcoming some of
the deficiencies of earlier evaluated materials,

Projected Program Developments

Although only minor changes and additions to the Core research staff
are projected, emphasis within the overall program will change consider-
ably. One major change will be to develop specific germplasm f{or each
ecosystem. Less emphasis will be placed on ecosystems 4 and 5 and more
given to ecosystems 1, 2 and 3. Outposted research work is projected for
ecosystem 6. As national programs develop, providing sexual seed for
selection in national agencies will receive more emphasis than the pro-
duction of finished varieties. Figure 2 indicates how various activities will
change in the Cassava Program throughout the 1980s.

Emphasis in crop protection will be on host-plant resistance as the
basis for integrated pest management. More effort will be given to other
methods, such as biological control and phytosanitary practices when
they seem to be more appropriate control measures,

Until now much work has been done on realizing maximum vyield
potentials under moderate input levels by developing technology that is
broadly adapted to a wide variety of conditions. This emphasis will be
modified in order to develop technology providing high and stable yields
in each ecosystem.

Since the research requirements in cassava utilization are quite diverse
and often short-term, projected research in this area will be more oppor-
tunistic than in other areas. Fresh cassava storage and the future of
cassava as an animal feed will be emphasized, as well as appropriate tech-
nologies for solar drying and for processing dried materials. The Program
will continue to be alert to developments in industrial uses for cassava in
order to develop farm-level processing to meet these new demands. This
research will concentrate on techniques that have low energy re-
quirements and that are appropriate for small-farm conditions.

Germplasm Improvement

The germplasm development section already is evaluating the germ-
plasm bank in four ecosystems. The germplasm bank will be evaluated
also in the hot, humid lowland tropics. As these evaluations are com-
pleted, attention will turn to producing elite lines containing combina-
tions of desirable characters for each ecosystem. More attention will be
given to selection for yield stability and root quality, for both the fresh
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and processed markets. Large quantities of sexual seed from these lines
will also be produced for use by advanced national programs. Breeding
will be dynamic in order to incorporate new techniques.

The elite lines will form the basis for crosses in varietal improvement.
The varietal improvement section will develop clenes specifically
adapted to each of the major ecosystems, In the coming years more atten-
tion will be given to selection for yield stability and root quaiity, both for
the fresh and processed markets. Neither the varietal improvement sec-
tion nor the germplasm development section can work directly in eco-
system 6 beécause this ecosystem is nof represented in Celombia. The
strategy to be pursued in support of ecosystem 6 is discussed later.
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Tissue Culture

Major problems in a vegetatively propagated crop such as cassava are
associated with germplasm storage and production of disease-free stocks,
The tissue culture section of the Germplasm Resources Unit is developing
methods for cheap storage of germplasm as plantlets in test tubes, and for
production of planting stocks from meristems. Within three to five years
these procedures will become routine. Then attention will be given to
using tissue culture techniques for haploid production, protoplast fusion
and eventually, genetic engineering in support of varietal improvement.

Plant Nutrition and Physiology

The plant nutrition section, in conjunction with physiology, will iden-
tify material performing well under extreme conditions of low soil pH
and high aluminum levels and define characters associated with high
vield potential under poor soil fertility conditions. In addition, particular
attention will be given to the most efficient use of limited quantities of fer-
tilizer. The possibilities of using cheap rock phosphates with mycorrhiza/
cassava associations will be assessed. The physiology section will concen-
trate on stress factors causing vield and quality instability in order to
develop varieties with high yield stability under climatic variation in each
ecosystem,

Plant Protection

Economically important diseases and pests are studied in detail so that
control measures can be developed when necessary. Much work has been
done on finding resistance sources for superelongation disease, bacterial
blight, thrips and spider mites. Many diseases and pests can be controlled
by means other than breeding. Biological control and cultural practice
measures have been developed; new emphasis is being placed on bio-
logical control of mealybugs and other insects. Treatments to control
pathogens of planting materials have been develeped by the pathology
section, which now will work on pathogens of stored planting materials.
Major diseases and pests and their control methods are shown in Table 7.

Agronomic Practices and Regional Trials

The agronomic practices section will concentrate on developing
suitable cultural practices for ecosystems 1 through 5 and on modifying
these practices to ensure their compatibility with the new germplasm.
Later these practices will be tested in cropping systems with special atten-
tion to long-term etfects on soil fertility. The regional trials section com-
bines the best new clones with improved management practices and tests
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TABLE 7.

Significance of the major diseases and insect pests of cassava, and present and projected control measures.

Disease or insect Losses Distribution Contro) methods
Dhspases
{assava bacterial blight Up to 100% Widespread Disease-free seed: agronomic practices:

African mosaic disease

Superelongation
Frogskin disease

Fhoma

Cercospora leaf spots
Pathogens of plasting plece
Anthracnose

Prahprvest root rols

ingects
Spider mites
ffornworm
Thrips
Seales

Mealybugs
Bhoorflies

Up to 80%:

Up to 100%
Up to 100%

Up to 100%

Up to 30%

Up o 190%
Unknown, but may
be high

Lp tn 100%

i to HO%

20% gach attack
Up to 28%
Reduces germina-
Hon Up to 20%
from later attacks
Probably high

Lip 1 34%; generally
very Jow

Widespread in Afriva

amnd Indiz

Eimited, only in Americas
Very Hmited, only in
Anrericas

Lim#ed o cool, humd areas
Yery widespread

Very widespread

Limited areas of Africa and
Americas

Mainly in poorly drained
arcas

Widespread, in dry season
Widespread in Americas only
Widespread

Widespread

Limited
Widespread in Americas

{resistant varicties)

Prsease-free seed; rogueing, resistant
vareties

Stake trestment; (varietal resistance}
(Disinfection of tools; disease-free
plarting materal)

{Varietal resistance)

{Varietal resistancel

Stake treatment

[Varietal resistanced

Crop rotation; sidging

[Biological control: vanetal resistanced
Biclogical control
Varietal resistance
(Biolegical control; variatal resistance]

{Biological control; varietal resistange)
Only necessary in early growth stagos;
{Varietal resistancel

SOLRCES Bellotti, A and ven Schoonhoven, A, (1978). Cassava Pests and Therr Contral CIAT Serigs 09EC -2, pp 71; and Lozano, |. €. and Baoth,
R, (1974) "Discases of Cassava {Mantho! esculenta Crantz] " PANS 20i1]30-R4.

NOTE: Control methods s parentheses are still being developed or are the most likely form of contrel to be found wn the hoture.



them under a broad range of conditions. Special emphasis is placed on
developing multiple cropping systems for small farmers.

Economics

The economics section analyzes the potential economic impact of im-
proved cassava technology in Latin America. This 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 are being used to help evaluate potential produc-
tivity and technology design requirements. Production and demand
studies developed at first for Colombia will be extended to other countries
in the region.

Utilization

Research in the utilization section will concentrate on: (a) fresh cassava
preservation methods, including pruning before harvest and using poly-
ethylene bags and non-toxic chemical protectants; {b] solar drying and
storage techniques to improve quality of cassava flour; and, (¢} tech-
nology to prevent reduced animal performance when using cassava as
feed, particularly for swine and poultry.

Although utilization is a complex research problem, only one senior
staff member is present to give continuity to a program that will depend
on several special projects. Research personnel with specialized skills will
be engaged on a short-term basis to solve specific problems. The first such
appointment will be in the area of cassava drying.

Future Headquarters-based Research Staffing Requirements

A virologist is projected for a new cassava senior staff position for 1983.
Viral diseases of cassava are relatively unresearched. It is highly likely
that viral pathogens are transmitted continuously through cassava plant-
ing material. Recent CIAT studies have indicated that yield losses from
viruses could be significant in some production zones. One of the two
new diseases tentatively identified as being of viral origin is capable of
causing complete crop failure. In addition, Latin American material gen-
erally is not resistant to African cassava mosaic disease, which has not yet
appeared in the Americas. Research on viruses at CIAT will be necessary
for the detection, identification and isolation of pathogens in vegetative
material. This research is particularly important for phytosanitary control
in moving material across international boundaries and in producing
disease-free seed within countries. The development of resistance to viral
diseases through breeding also will be emphasized if other control
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methods are not satisfactory. At the present time continuing studies are
conducted by postdoctoral fellows.

Recent work at CIAT and other institutions has demonstrated the im-
portance of mycorrhizal associations in improving the phosphorus nutri-
tion of cassava. A special project funded by the German Agency for Tech-
nical Cooperation [GTZ) was begun recently to determine the potential
for economic exploitation of this association, 1f results suggest that the ef-
fect can be greatly enhanced through research, a microbiology position
may be requested.

Production and storage of quality planting material are vital if high
yields are to be obtained. More data are showing that plant production for
seed may require different crop management practices than root produc-
tion. A senior staff position is not required now but if new varieties with
high yield potential do produce fewer good quality vegetative sced, it may
become necessary to develop research in this area. New avenues of re-
search described above may not require staff increases. The plant nutri-
tion section may well move into the mycorrhizal field, and the plant
physiology or agronomy section may conduct seed production research,
without increased staff,

Outposted Research Staff

The following projected outposted staff are essential for achieving the
objectives of the Cassava Program in the 1980s.

Research Position for the Subtropics

Ecosystem 6 [cool winter areas) is an important cassava producing eco-
system in the higher latitudes of the Americas and other regions. Due to
its location, CIAT is not able to provide basic germplasm for this eco-
system which encompasses parts of Bolivia, southern Brazil, Paraguay,
Mexico, the northern Caribbean islands and southern China. Beginning in
1983, one senior scientist with research support is proposed for posting at
a tesearch institute {probably Santa Catarina in southern Brazil), to
gvaluate CIAT and local germplasm for further breeding. This material
will then be made available to other countries where an ecosystem 6 type
of environment predominates.

Regional Cooperation
Asia

Asia produces about 40% of the world's cassava. Until quite recently
India was the only country of that region with a major national cassava
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program. Indonesia, Malaysia, the Philippines, Thailand and $1i Lanka
have developed national programs in the last five years. CIAT has sup-
ported these programs though training, consulting and providing im-
proved germplasm. Special project funds have ended for the regional ser-
vices scientist who facilitated this work, particularly the introduction of
germplasm and organization of training.

Asian national agencies have requested that CIAT again station person-
nel in the region, It is becoming progressively more difficult and expen-
sive to provide the Asian national agencies with technical assistance from
headquarters in Colombia. Areas to be emphasized are coordinating train-
ing activities, maintaining awareness of changing national needs, and sup-
plying germplasm specifically adapted for Asian conditions. The latter
strategy is of great concern because the range of genetic variability in Asia
is extremely limited. CIAT accordingly proposed to outpost one regional
cooperation position in Asia, starting in 1982, to provide continuity and
liaison for possible teams which would be non-Core funded.

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 all weak or
non-existent. No outposted regional position is projected for the Zone
because services will be accomplished through interaction by head-
quarters-based staff with the neighboring countries in the Zone.

The Caribbean, Central America and Mexico

While the region is not an important cassava-producing area, many of
the countries are classified as calorie deficient. Cassava programs are now
being developed and require considerable assistance in planning and
training during their formative years. For many years these areas will de-
pend directly on CIAT-developed germplasm. In most cases they will re-
quire finished varieties rather than sexual seed or a large number of
populations for selection. An outposted regional cooperation scientist is
projected for 1985, to provide support to national agencies in the region.
In the interim, a special effort will be made to obtain special project fund-
ing for this position.

Africa
About 40% of the world's cassava is produced in Africa. Many germ-
plasm management practices developed at CIAT may be applicable to
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Africa. There are two major differences in cassava production in Africa
and the Americas: African mosaic disease does not occur in the Americas,
and slash-and-burn culture is much more common in Africa.

The regional efforts of IITA in Africa could be greatly enhanced
through more liaison with CIAT. This is especially true with respect to
genetic resources. It is vitally important to evaluate American and Asian
clones under conditions of African mosaic. If the disease should ever
spread to these continents, resistant clones would be available. It is ten-
tatively proposed to station one CIAT scientist at IITA, starting in 1986, to
be more responsible for germplasm movement from the Americas to
Africa and for more rapid interchange of research developments between
the two institutes.

BEAN PROGRAM

The common dry or field bean {Phaseolus vulgaris L.} is the most impor-
tant grain legume species for direct human consumption in the world.
Production spans regions as diverse as Latin America, Africa, 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
some Caribbean countries.

The common bean, generally a crop of the small farmer, is grown in a
wide range of cropping systems. Most production is in systems utilizing
few purchased inputs where yields are generally low. While production
in Latin America has increased approximately 1% per year over the last
decade, yields have generally declined and currently average about 600
kg/ha. Area expansion has allowed a slight production growth, but this
growth has not kept pace with population, much less demand growth.
Latin America has become a net exporter of beans—due to Argentina's
rapidly increasing exportation—mainly to Europe. Brazil, Cuba, and
Venezuela have substantially increased their imports in recent years.

While bean prices have increased more rapidly than general inflation
in many countries, the analysis in Chapter 1 indicates they are the cheap-
est source of protein and a relatively inexpensive caloric source. In Brazil,
real prices of beans tripled between 1972 and 1976. Over the same period,
per capita consumption decreased from 26 to 22 kilograms, thus further
aggravating the nutritional problems of the poor.

Despite increased market prices, bean production is characterized by
low profitability and high risk. Low and very unstable yields —associated
with seasonal climatic variability —and consequent seasonal price fluctua-
tions have led increasingly to the displacement of beans in traditional
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areas by higher value crops. In Brazil, soybeans have displaced beans on
more fertile soils. Bean productivity continues to decline after moving to
marginal soils with lower fertility. A similar situation has oceurred in
Mexico, but there increased sorghum production may have been the com-
petitive influence,

Selected commercial bean varieties, grown under experimental condi-
tions with appropriate plant protection and irrigation, are capable of far
higher yields than those seen in national production statistics. Experimen-
tal bush bean monocculture yields of 3-4 t/ha in a crop season [90-120 days)
are not uncommon. At CIAT experimental yields of climbing beans
grown on artificial supports {monoculture} have exceeded 5 t/ha in 100
days, A large vield gap exists between farm and experimental situations
and this could be reduced substantially by using improved varieties and
production technology. Economic analyses have indicated that if produc-
tion in Latin America was to increase 5% annually over the next five
years, the additional production would be absorbed by increased con-
sumption, with an average price decline of only 3%.

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 a recurring
series of cropping systems that have evolved as small farmers adjusted to
various environmental and socioeconomic constraints. The four major
cropping systems can be classified as:

{a} Bush beans in monoculture; common in low- to medium-altitude
areas in Brazil, Chile, the Dominion Republic, Mexico and Peru.

{b) Bush and semi-climbing beans in relay systems with maize; found
in low- to medium-altitudes of Brazil, Colombia, Central America
and Mexico.

(¢} Bush beans in direct association with maize {sown at same time]; in
medium-altitude areas in Colombia and Venezuela, and in many
areas of Brazil.

(d} Climbing beans in direct association with maize; as found in higher
areas of Colombia, Ecuador, Guatemala and Peru.

Maize predominates as a companion crop in these systems and its com-
petition is a major constraint to increased bean production. Most studies
show bean vield reductions of about 50% in associated systems with
maize. It is cbvious that for farmers the total return from the system is
more important than the individual components. Data on bean produe-
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tion microregions in the Americas, now being collected by the agro-
ecosystemns analysis group, will provide an accurate assessment of the
relative production importance of the various systems. Preliminary data
suggest that rank order in terms of total production is roughly the order
presented above.

Of the major world crops, beans are undoubtedly one of the most
susceptible to diseases and insect attack. More than 200 identified
pathogens can influence the productivity of the species. Diseases and in-
sects in all production areas are the most important common constraints
to increased production and productivity. The most common and wide-
spread diseases in the Western Hemisphere are bean common maosaic
virus {BCMVY, bean rust {Uromyces phaseoli}, anthracnose {Collectotrichum
lindemuthianum}, and angular leaf spot (Isariopsis griseola). Common
bacterial blight {Xanthomonas phaseoll) and bean golden mosalc virus
(BGMV) are also severe in certain locations, in particular years. Most
comumonly utilized cultivars are not resistant to the major diseases, show-
ing, at best, a low leve] of tolerance. Each of these diseases can cause yield
iosses as high as 80-100%. The transmission of BCMV, anthracnose and
bacterial blight through infected seed has spread these diseases not only
in the Western Hemisphere, but also outside the centers of origin of the
species. Disease problems in Africa are similar to those in Latin America,
except that halo blight {(Pseudomonas phaseolicola) is relatively more im-
portant,

Among the insect pests, leafhoppers [Empoasca spp.] and pod weevils
(Apion godmani} are the most significant. Leafhoppers have reduced yields
of highly susceptible varieties as much as 90%. Reductions of 20-50% are
cornmon on many farms, even when insecticides are used, Insects such as
Zabrotes and Acanthoscelides inflict heavy losses in stored grain; farmers
are forced to sell their harvest quickly, which contributes to post-harvest
price declines. The bean fly (Ophiomya phaseoli], the most common insect
constraint in Africa, causes severe vield losses in many countries of that
continent.

Data on bean microregions have been used to classify growing season
chimates (Table 8}. The seven zones are classified according to average
growing season temperature and water balance conditions: each zone
represents a group of diverse microregions with similar mean climatic
cenditions during the actual bean growing season. The data suggest that
most beans [76%] in Latin America are produced at temperatures close to
optimum for the species [20-23°C). On the other hand, 73% of total pro-
duction oceurs in microregions having moderate to severe mean water
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TABLE 8.

Classification of bean production zones in Latin America.

Mean growing

Range in mean

Latin Amercan

SCaSON daily growing season ’
Zone temperaiure? watey balances production
type Ceneral description 1°Ch {2 mmn/day) [OR0 toms) 1% of total]

A Average temperatures and adequate

nwean seasenal water balance 22 -1 5te +0.4 BH1 17
B Average temperatures and slight

excess in water balance 43 +0.4 t0 +4 O 118 3
< Average temperatures and large

deficits in water balance

jirrigated areasi 23 -5.6to ~5.1 528 14
It Average to moderately low temperatures

with possible deficil in water balance

towards the end of the growing season 20 -7 10 16 1672 42
E High lemperatures with possible

deficit in water balance rowards

end of growing season 26 4.1 03 262 o
F Moderately fow temperatures ang

moderate water balance deficits 16 2340 1.9 451 11
G Low temperatures and adequate mean

seasonal water balance 13 ~38 10 ~05 45 1

3 Mean of condittons in microregions constiteting each production zone.



deficits at some time during the cropping season; very little of this pro-
duction is irrigated. Serious water deficits are, therefore, a major con-
straint on produciion. The quite surprising tendency for production to
take place within a narrow temperature range indicates the relatively
high sensitivity of the species to temperature.

Physiological defects of currently utilized cultivars [mostly land races)
contribute to low and unstable bean vields. Most cultivars are a poor
plant type and have pods in contact with the scil at maturity. This pro-
duces a poor quality product when pods are attacked by soil-borne patho-
gens. Many cultivars are of determinate bush habit with early and intense
flowering characteristics that contribute to yield instability. These cul-
tivars show little ability to compensate for low sowing densities common
on most small farms and have no mechanism for renewed flowering
when stress is relieved.

As bean production moves to more marginal land, soil-related con-
straints become more important. Soil acidity and high phosphorus fixa-
tion characterize many of these soils. Associated aluminum toxicity re-
duces root development and increases sensitivity to water deficits. Nitro-
gen deficiency is also a limiting factor in many bean soils; this is com-
plicated by a low capacity for nitrogen fixation in most currently used
cultivars.

All of the major environmental and biclogical constraints to increased
bean production can be researched. While national bean research pro-
grams have existed for many years, only limited progress has been made
towards resolving the problems through new technology. Some countries
with historically strong national research programs, such as Mexico and
Colombia, have made considerable production progress, confirming the
potential for improvement through research.

Program Objectives

The goal of the Bean Program is to increase — in collaboration with na-
tional research efforts—bean yields and to stabilize production by con-
ducting research on the principal constrainis. The Program has focused
its research on the constraints found in the Western Hemisphere. In
general, production constraints in Africa paralle! those in Latin America.
The problems at all levels are probably more serious in Africa and a con-
certed effort will be required to provide solutions through research. Much
of the research carried out in Latin America is applicable to Africa but
regional adaptive work is required.

Recognizing the magnitude of the task, the Program has always sought
to delineate its range of activities and to concentrate on those areas where
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it has a comparative advantage. Thus, it has avoided the humid lowland
tropics where disease pressure is excessive, and the highly acid, infertile
soils of the agricultural frontier where bean production would be possible
only with massive soil amendments. The Program has confined its ac-
tivities to P. vulgaris, avoiding the temptation to work with other grain
legumnes, such as lima beans (P. lunatus), cowpeas {Vigna ungiculatal, or
soybeans (Glycine max]. Research in other closely related Phaseolus
species, such as P. coceineus and P. acutifolius, has been confined to some
study of characteristics likely to lead to genetic improvement in P.
vulgaris. The Program has narrowed its specific objectives to the follow-
ing:

{a] To develop-in collaboration with national research institutions—
improved technology for beans {P. vulgaris), particularly germ-
plasm providing higher and more stable vields, which will lead to
increased national production and productivity in those Western
Hemisphere countries where the crop is an important food source.

b} To assist in achieving the same objectives in other regions, par-
ticularly eastern Africa, through institutional arrangements in
which CIAT can provide an input and allow advantages to be taken
of work done in Latin America.

{c! To selectively strengthen existing national bean research programs
through training and the establishment of a bean research network
of collaborating professional scientists.

Research Strategy

The primary focus of the Program in terms of germplasm improvement
has been on breeding for disease and insect resistance or tolerance in a
range of selected comumercial grain types. Initial emphasis has been
placed on overcoming yield losses caused by BCMV, rust, anthracnose
and Fmpoasca. By overcoming yield reductions from these principal
diseases and insect pests, the Program not only seeks to increase yields
but also to reduce yield variance over time. It became necessary more
recently to put more emphasis on BGMV and common bacterial blight as
the need for the materials with these resistances became more evident in
particular regions. Continued breeding for host-plant resistance to the
economically impertant diseases and pests will be necessary throughout
the 1980s. The present emphasis on massive screening programs will
diminish as national programs increase research in that area, Then it will
be possible for CIAT to give increased attention to providing more stable
resistance sources and studving the epidemiology of various diseases.

In addition to the primary focus on diseases and pests, the Program has
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increased its attention on improvements in a range of other germplasm
characteristics. These include nitrogen fixation capacity and drought tol-
erance and some soikrelated constraints, particularly low phosphorus
availability. Improvement in basic plant types within the various growth
habits has been approached gradually, and steady progress has been
achieved. It is not likely that manipulation of physiological constraints
will provide large yield increases in this species. The Progrant's heavy in-
itial concentration on diseases and insects was planned in recognition of
this situation.

The Program has made considerable progress in defining both bush
and climbing bean plant types suitabie for particular cropping systems. It
is clear that no one type of plant can satisfy the rather diverse cropping
patterns. In designing plant type objectives the Program has kept in mind
the needs of the small farmer and the traditional cropping systems. Infor-
mation provided by the agroecosystems analysis proved invaluable in
orienting the research. Further progress is expected early in this decade
and will allow the Program to continue to focus on principal constraints
in each microregion and cropping system situation.

Program Accomplishments

Although CIAT did initial studies on beans and other grain legumes,
formation of a coordinated program focused only on F. vulgaris dates from
1973. Initially, {ive man-years of senior staff activity were involved. As
additional breeding and pathology work was undertaken, the team grad-
ually increased to its present complement of twelve senior staff positions.
The disciplines and staff now represented are: breeding [two in bush
beans; one in climbing beans|, agronomy {three), pathology {one each in
mycology and virology), and entomology, physiology, sail microbiology
and economics [one each}. Assistance is received from the Genetic Re-
sources LInit, which provides the sources of genetic variability, and from
the Food and Nutrition Laboratory, which monitors nutritional and con-
sumer preference characteristics of advanced materials.

Establishment at CIAT of the world Phaseolus germplasm collection,
currently containing some 30,000 accessions, formed the base in the
search for sources of resistance to major diseases and pests. These
materials are utilized in a massive breeding program that currently carries
out more than 1500 different crosses (parental combinations) per year.

Breeders conduct the first evaluation of breeding populations (F, and
F for disease and insect resistance. architecture and consumer re-
quirements. In the second stage, involving all bean scientists, selections
are tested in successive uniform nurseries for confirmations of disease
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and insect resistance and general adaptation at two altitudes (at CIAT-
Palmira and CIAT-Popayan). At the third level of evaluation, the material
is further selected for the above characters, and for nitrogen fixation,
water stress tolerance, low phosphorus tolerance, resistance to minor
diseases, protein content and cooking time. Yield performance is
measured annually for 200-300 new advanced lines under stressed and
non-stressed conditions at three locations in Colombia. The published
results contain more than twenty character evaluations. CIAT makes
these lines available as parental sources to national programs.

Approximately one hundred of the superior lines enter the Inter-
national Bean Yield and Adaptation Nursery {IBYAN) each vear. The
IBYAN originally contained only germplasm bank selections but now is
composed principally of CIAT-bred lines and entries submitted by na-
tional institutions. As national programs increase their capability to
undertake breeding and selection activities, their entries will become a
more significani part of this program. Currently, more than one hundred
fifty IBYAN trials [or sets] are shipped each year, providing improved
germplasm to all bean producing countries in Latin America, the Carib-
bean and other regions of the world.

In 1975 the Bean Program established a time frame which it hoped to
tollow in achieving bean yield increases in Latin America. 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 to
BCMV.

(b} Improved germplasm having multiple disease resistance is now
being distributed for international testing. Lines resistant to all
known races of anthracnose have been identified.

(¢t Germplasm has been identified with tolerance to drought, extreme
temperatures, all major diseases and pests, high aluminum, and
low phosphorus in the soil, and with maturity differences ap-
propriate for different production systems,

[d! Yield levels of small, non-black-seeded experimental lines have
been significantly improved. They now equal or surpass yields of
the initally {1976-77) superior, black-seeded germplasm.

(e} Lines developed collaboratively in Guatemala for tolerance to
BGMV out-yielded leading commercial varieties under heavy
disease pressure, even when the susceptible local lines received
heavy insecticide applications. Chemical protection further in-
creased yields in the resistant lines.
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(fi Over twenty lines originating from CIAT collaboration with na-
tional breeding programs are now 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 hectares have been planted o multiply such improved germ-
plasm; in Bolivia, 1000 hectares are devoted to this purpose.

{g) While emphasis has been placed on varietal improvement, the op-
portunity to improve agronomic practices has not been ignored. In
farm-level testing in Colombia, improved agronomy has shown yield
increases of 50-100% ip a large number of experiments, An inex-
pensive, non-toxic, farm-level storage technology employing vege-
table oils has also been adapted to beans. Diffusion of this tech-
nology has begun in Colombia.

Such progress has been possible only as a result of CIATs intensive
training programs and from the interest and collaboration by national pro-
gram scientists. Through 1980, 360 national program scientists had
received postgraduate training at CIAT, mainly in bean production short
courses or intensive discipline-oriented training.

International Cooperation Strategy

National bean research programs reached varying stages of develop-
ment during the 1970s. All countries where beans are important have
given some attention to research. Most national agencies have a bean
research staff and most members have received training at CIAT, An ac-
tive network of collaborators has been established. Further selective
strengthening of national programs through training, consultative visits,
and other international cooperation activities will be continued in the
1980s. The ultimate aim is to help all country programs become full and
equal partners in the network. CIAT then can gradually adopt a research
backstopping role. The point at which this progress occurs will vary con-
siderably among countries, and some attrition is to be expected.

Projected Research and Core Staffing

The 1980s will see progressive changes in priorities in the Program's
breeding activities (Fig. 3). However, little change in overall staffing levels
is anticipated. Currently, all breeding lines leaving CIAT are resistant to
BCMYV,; various sources of resistance to anthracnose are available and can
rapidly be incorporated into breeding lines. Therefore, greater attention
can be given in the short term to other diseases, including rust, angular
leaf spot and web blight. In each case various races of the pathogens have
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heen identified but no single line is likely to be resistant in all locations.
This emphasis, plus the need for additional work on control strategies for
common bacterial blight and halo blight disease, will require the addition
of a second pathologist {bacteriologist) to the team in 1982, As the disease
breeding goals are realized toward the end of the decade, the Program
should be able to decrease its emphasis on disease breeding and put more
emphasis on integrated disease control strategies.

Substantial variation in plant architecture and yicld components has
been obtained in the breeding and germplasm lines evaluated since 1976.
Plant characteristics associated with higher yield are being sought and,
once obtained, should permit development of lines possessing both im-
proved yields and multiple disease resistance. Figure 3 reflects the increas-
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ing emphasis to be given to bean plant architecture and vield, Snap bean
characters will be incorporated into particular elite lines during the
decade.

With most fertilizer prices rising rapidly and the lack of credit for small
farmers limiting their use of purchased inputs, future elite lines will need
to be tolerant to several soil constraints. For regions such as Brazil and Ven-
ezuela, the Program will need to develop varieties tolerant to moderate soil
acidity and low soil phosphorus and with increased capacity for nitrogen
fixation. Incorporating these traits into agronomically acceptable cultivars
will require not only innovative breeding methodologies but also closer col-
laboration between breeders, agronomists and soil microbiclogists.

Obviously, the increasing capability of national bean programs will in-
fluence the scope and direction of CIAT's research. Training and network
activities have helped to build several strong national bean programs that
are capable of developing their own varieties. CIAT should increasingly
assume a backstopping role for these programs, providing them with
specific genetic variability for their improvement programs, postgraduate
training opportunities and documentation support. This would permit
more detailed assistance to smallet programs whose breeders, agrono-
mists and pathologists could become more involved in evaluating collab-
orative local breeding nurseries to exploit specific adaptation. Problems of
nutrition or consumer acceptance could also receive attention. However,
the Bean Program expects to continue producing some finished varieties
throughout the 1980s, because some national programs probably will not
be self-sufficient in research.

As the Program evolves, the bean germiplasm bank will be used con-
stantly as a source for new variability. New collections will be made dur-
ing the 1980s to add genetic variability from regions that currently are
poorly represented or from areas where specific desired variability is
nost likely to be found. Collaboration with the International Board for
Plant Genetic Resources (IBPGR!} in these collection activities will ensure
that sufficient resources will be devoted to this important task. The CIAT
Seed Unit is expected to help in the formation of a strong seed industry in
Latin America to promote and make available newly developed germ:-
plasm. The Seed Unit will pay particular attention to the problem of seed
production for the smali-farm sector.

Regional Cooperation

The Bean Program's policy of continuing in-depth evaluations of its
germplasm, along with similarities in production conditions and con-
straints in the various bean-growing regions, has ensured that CIAT-
derived materials are generally well-adapted to other production regions.
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For this reason, it will not be necessary to deploy research staff away
from CIAT headquarters. Specific regional problems, such as BCMV in
Central America and Brazil, the Apion pod weevil in Central America, and
the bean fly and halo blight in Africa, will be studied in collaberation with
national programs and, it is hoped, with the support of the recently
formed Title XII Bean/Cowpea Collaborative Research Support Program
within United States universities.

Central America

This region, with numerous small national bean programs and high per
capita bean consumption, will probably continue to rely on the CIAT pro-
gram during this decade. Transfer of germplasm and technology from
CIAT, and between national programs, can best be served by stationing
one scientist in the region. One outposted regional cooperation position is
projected for 1984 when the existing Swiss government-funded project is
scheduled to end.

Brazil

Brazil, with 55% of the Latin American bean production, has a strong
national program. Closer collaboration between the research programs of
Brazil and CIAT will be developed to ensure two-way technology flow.
Collaborative development of technology that overcomes soil aluminum
toxicity and low phosphorus in important bean production zones in Brazil
will be emphasized. Projected for 1984 is an outposted research scientist
in Brazil who will work with Brazilian scientists as part of national bean
activities and also act as a Haison with CIAT.

Southern Andean Zone

The Andean Zone is an important bean-consuming area. Production is
concentrated on small farms, often in higher elevations. Although produc-
tion systems vary, climbing beans are important, Little research has been
done in the region. There is a great opportunity for the Bean Program to
develop ~in collaboration with these nafional programs—new technology
in both bush and climbing beans. One outposted regional position is pro-
jected for 1986 for the Andean Zone. The staff member probably will be
located in Peru, but will be responsible for developing collaboration in all
of the subregion, including Argentina, Bolivia, Chile, and Ecuador.

Eastern Africa
Eastern Africa, the second largest tropical bean production region, has
a much higher per capita legume consumption jover 50 kilograms per
year in some countries] than Latin America. CIAT materials in the IBYAN
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program are well adapted to African conditions. It is likely that major
gains can be made with CIAT assistance, despite the distance involved
and germplasm quarantine restrictions. One outposted cooperation scien-
tist is projected for this region. Special project funding will be sought to
support this position, followed by Core-funded support starting in 1983,
The scientist will be primarily responsible for the network collaboration,
training, and regional coordination of germplasm activity. The scientist
would lead a team located in the region under special project funding.

Middle Fast

Additional regional cooperation activities need to be developed for the
Middle East; one position is projected for 1986.

Bilateral Arrangementis

The Bean Program will continue to use special bilateral funding to
cooperate more closely with individual national programs. At the present
time one such scientist is working in Peru under Swiss funding.

RICE PROGRAM

Rice is one of the most widely cultivated cereal crops in Latin America
and the Caribbean. The area planted to rice is increasing 2.4% annually
and production is rising 3.3%. These rates have kept pace with population
and income growth, which generates a 3.5% rise in demand each year.
For the region as a whale, per capita consumption of rice has been rela-
tively stable over the past fifteen vears, although dramatic increases have
taken place in Bolivia, Colombia, the Dominion Republic, Guatemala,
Haiti, Paraguay and Uruguay. Per capita consumption |paddy rice basis)
in the region was 44 kilograms annually during 1976-78.

Net regional imports remain about 150,000 tons per year, Trade within
the region has increased to 320,000 tons per year, 36% more than 1963-65
levels.

If demand increases continue at the current 3.5% per year, rice produc-
tion in Latin America will have to double by the year 2000 in order to
satisfy internal demand at current relative price levels. In order to achieve
& doubling of production over the next twenty years, rice research must
be strengthened and directed to principal constraints.

The CIAT Rice Program, basically a regional program for the Western
Hemisphere, collaborates closely with IRRI's efforts in global rice
research. Research on major regicnal constraints is encouraged through
an active network of rice researchers collaborating in the International
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Rice Testing Program {IRTPL The IRTP is coordinated by an IRRI scien-
tist located at CIAT.

Farming Systems and Constraints

About two-thirds of the regional rice production growth in 1978 came
from an increase in area planted {mainly in the upland sector) and one-
third from yield increases (mainly in the irrigated sector). However, these
overall trends do not accurately reflect the situation in all countries or in
all production systems. Some countries are experiencing accelerated
growth in production and productivity, while others are making very lit-
ile progress. The basic causes for this disparity are found in the pre.
dominant farming system in each country.

Several quite distinct rice farming systems exist in the region. Qften
rice production is divided —somewhat misleadingly — into two main sys-
tems, irrigated and upland. In 1978, irrigated rice comprised an estimated
2.1 million hectares, or about 28% of the total area; average yield was 3.5
t/ha. Upland rice ji.e., all non-irrigated rice] covered 5.3 million hectares,
about 72% of the area; average productivity was 1.3 t/ha. To some extent
this division obscures the actual productivity of each farming system and
the potential productivity that can be achieved with research on specific
constraints.

CIAT work with agroecosystem analysis has begun to identify and
classify Latin American rice production areas. Five cropping systems
have been identified. An evaluation of each system's contribution to total
production will be made when more data are available. The most impor-
tant distinction this classification makes is the three upland rice produc-
tion systems. Vast areas of upland rice cover a spectrum of climatic and
soil conditions. Progress in achieving substantial improvement in upland
rice production through research depends entirely on understanding
prevalling environmental conditions where each systeny is used.

Highly Favored Upland Rice

This system is generally confined to flat areas receiving over 2600 milli-
meters of rainfall in eight or nine months of the year. Normally, there are
no marked dry periods during the rainy season. The alluvial scils are
generally slightly to moderately acid and well drained. This system uses
modern dwarf varieties, improved agronomic practices and mechanized
farming methods. Yields average 2.5 t/ha, but better farms consistently
produce 4-5 t/ha. The system is found in parts of Brazil, Central America
and Colombia and could be used on the large amount of unexploited land

in the region.
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Major constraints are grassy weeds after two or three harvests, rice
blast [Pyricularia oryzae), and lodging. CICA &, developed in a collab-
orative program between JCA and CIAT, is the most productive variety
available at present for this system in a number of countries.

Moderately Favored Upland Rice

Most of Central America and much of sub-Amazonian Brazil employ
this system. It differs from the preceding one in having a shorter wet
season with less overall rainfall, and with some dry periods during the
growing season. Dwarf varieties used in Central America yield about 2
t/ha. Brazil grows tall varieties yielding an average 1.5 t'ha. Irregular rain-
fall causes high yield variances.

Constraints include mild to moderate droughts, mineral deficiencies
{especially phosphorus), diseases {particularly blast}, and weeds.

Unfavored Upland Rice

This system—found in areas having irregular, low total rainfall—is
highly mechanized, has low planting densities and utilizes tall varieties
producing an average yield of approximately 1 t/ha. Yield variance is ex-
tremely high. Much of Brazil's rice is produced with this system in highly
acid soils having relatively high levels of aluminum toxicity.

The main system constraint is dry periods occurring during the wet
season. This stress is compounded by poor root development associated
with aluminum toxicity in the subsoil. The degree of drought seems to af-
fect the severity of blast discase in this system. Phosphorus deficiency 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.

Rainfed Lowland Rice

This systern is & transition one between irrigated and upland and
utilizes rainwater trapped and held by field levees. Nevertheless, water
deficits and/or deep flooding are common. Dwarf varieties can be grown
with adeguate water control procedures, but tall varieties predominate,
Average yields are 2.0-2.2 t/ha. The crop may be transplanted or directly
seeded; few purchased inputs are used. Rainfed rice is important in
coastal Ecuader, Colombia's northern coast and the Dominican Republic.

The main problem in this system is inadequate water contral, which
forces farmers to use tall varieties and, because of the risks involved, low
levels of purchased inputs.
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Irrigated Rice

Half of the total regional production comes from irrigated rice. This
system is found in all countries and predominates in southern Brazil, Co-
lombia, Cuba, Guyana, Nicaragua, Peru, Suriname, Venezuela, and
Southern Cone countries. Average national yields range from 3 to over 5
t/ha. The system continues to have a comparative advantage in maintain-
ing and further increasing national vields and stability of supply. Increas-
ing production costs are starting to force farmers to adopt other systems
in many countries.

Important constraints include rice blast, weak stems and lodging and,
in some countries, suitable grain quality in the varieties available. Infra-
structure problems in some countries limit the application of existing
technology. The Southern Cone countries still grow tall varieties because
dwarf materials with sufficient cold tolerance have not been developed.
In addition, this area has very stringent grain quality requirements for the
export market. In Chile, where the entire crop is of the Japonica type, the
basic constraint is the lack of high-yielding varieties.

Program Objectives

Specific objectives for Rice Program work —in collaboration with na-
tional institutions in the Western Hemisphere —during the 1980s include:

{a) Continuing to develop germplasm-based technology designed to
overcome the principal constraints to increased production of ir-
rigated rice;

(b} Developing new germiplasm-based technology to improve produc-
tivity and stability of supply, particularly in the region's more
favored upland rice environments;

{c} Continuing active collaboration with IRRI in rice research, espe-
cially the IRTP activities; and,

{d] Continuing to help strengthen national rice research programs
through training, consultative visits, and support to the active net-
work of rice researchers which was established in the last ten
years.

Research Strategy

Since its beginning in 1969, the Rice Program’s basic strategy has been
to improve yields and production of irrigated rice in the region. This
strategy was adopted because: {a] irrigated rice offered the greatest oppor-
tunity for rapid gains, (b] irrigated rice technology was more easily
generated and transferred than that for cther production systems; and, {c)
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limited Core resources did not permit simultaneous work on all produc-
tion systems.

Varietal improvement has been the key element in CIAT's irrigated rice
research strategy. Tall varieties were used throughout the area before
1968, when IR 8 was introduced. An immediate increase in productivity
of 2 t/ha confirmed the decision to work exclusively on dwarf materials
for this system. The research has sought varieties combining dwarfing,
strong stems, insensitivity to photoperiod, long grain with clear en-
dosperm, resistance to the leafhopper [Sogatodes} and blast resistance.
Earliness and improved adaptability to acid soils are more recent varietal
objectives.

Once improved dwarf lines and varieties were produced, research was
extended to developing appropriate cultural practices for the high-
yielding varieties. Seeding rates and methods, fertilizer practices and tim-
ing of weed control were emphasized. Improvement of varieties and cul-
tural practices has continued. Recent emphasis has been on reducing pro-
duction costs by using combinations of puddling, reduced seed and fer-
tilizer rates and varieties with enhanced disease and pest resistance. Col-
laborative research with the IFDC on improving nitrogen fertilizer effi-
ciency has recently been initiated, since nitrogen prices are a chief com-
ponent in higher production costs in the irrigated sector.

The unexpected adoption of the newer dwarf varieties in recent years
in the highly and moderately favored upland systems allowed the Pro-
gram to modify its original strategy. Entries for nurseries and regional
yield trials, especially for the two favored upland systems, are selected
fram the advanced irrigated breeding lines and distributed to national
programs for continued local selection and evaluation. The Program has
concentrated on Sogafodes and rice blast, the two principal biclogical con-
straints in virtually all systems. Thus, CIAT has contributed directly to
upland systems while focusing on irrigated varieties,

In 1981, CIAT began to expand its activities in upland rice." Allocation
of program resources and general research emphasis for the irrigated and
upland sectors will differ during the decade because upland research is at
a relatively early stage of development in the region. Also, the relative im-
portance of the spectrum of constraints differs between the two sectors.

Figures 4 and 5 show the Program’s projected breeding emphasis for
each sector. In the irrigated sector the number of crosses will remain rela-

1, A full descniption of the propesal for CIAT involvement in the upland rice sector (s contained
in Upland Rice Research for Latin Amerca: A Report 10 the TAC Subcomenttes on Upland Rice. CIAT,
Devember 1879,
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tively constant; increased emphasis will be put on breeding for early
maturity and adaptation to soil stresses. Relative emphasis on blast will
decline since some progress has already been made and blast is not as
serious as in the upland sector. Many more crosses will be made for the
upland sector. Major work will include breeding for stable blast
resistance and research on such general adaptation problems as drought,
low soil phosphorus and aluminum toxicity.

The following specific strategies for the 1980s have been developed for
the various production systems. Different approaches are evident, par-
ticularly with the systems in the upland sector.
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Highly Favored Upland Rice

As already mentioned, selected lines from the irrigated breeding pro-
gram can serve as the varietal component for expanding this system in the
region. Selections combining slow-blasting resistance to Pyricuiaria and
clear grain endosperm wiil be evaluated, in collaboration with the respec-
tive national programs, in the Plochic Valley of Guatemala and in Uraba
and La Libertad, Colombia. Evaluation of direct seeding combined with
herbicide use will be undertaken with ICA and the Colombian Rice
Federation (FEDEARROZ)} in order to develop agronomic practices with
wider applicability, CIAT will emphasize this sector because of its pro-
duction potential and low production costs.
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Moderately Favored Upland Rice

Because of the severily of constraints, a special research effort will be
necessary to find the varietal component for the areas under this system.
A collaborative program with Brazil and/or other countries is needed in
order to provide for screening and selection under production conditions.
Such a program would allow two generations of breeding material to be
screened in one year (Le., from April to September in Colombia, and from
November to March in Brazil]. An exchange of segregating and advanced
lines by collaborating programs would halve the time required to breed
new materials, CIAT research in mutational breeding has indicated that
dwarf lines can be produced from tall materials in the M, generation, with
some adaptation features for the soil and climatic constraints of this sec-
tor. Early generation selection also will continue in Costa Rica, Guate-
mala and Panama, in collaboration with national institutions.

Unfavored Upland Rice

Severe drought stress, combined with acid soil problems, is a condition
not {ound in Colombia and CIAT has no comparative advantage for direct
involvement in this system. The Brazilian national program will continue
to give substantial resources to these difficult problems. CIAT will collab-
orate by providing materials with slow-blasting characteristics and
shortened, mutant materials with tolerance to acid soil and drought. Ob-
viously, any gains made for the more favored areas will have some ap-
plication in the less favored system.

Rainfed Lowland Rice

Water control, the limiting production factor, must be improved at re-
gional, community and farm levels. The potential contribution from civil
engineering far exceeds that of research on other components. As water
control is improved, this system can make more use of existing tech-
nology from the irrigated sector. CIAT will continue to provide improved
germpiasm.

Irrigated Rice

This system will continue to receive major attention. Stable resistance
to blast is expected to increase regional yields by 0.5 t'ha; a similar gain is
expected from better dwarf plant types with improved lodging resistance.
Introduction and evaluation of Korean Japonica dwarfs in Chile couid
have a dramatic effect on that country's production.
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New Production System Research

The vast savanna regions of Colombia, Venezuela and elsewhere re-
ceive high rainfall, but the soils are extremely acid and infertile. Although
no rice is produced on these lands there is a clear need for a crop compo-
nent in the pasture system being developed by the Tropical Pastures Pro-
gram. Cropping would facilitate land preparation for pasture establish-
ment. Upland rice could become a pioneer crop enabling the economical-
ly sound development of the Llanos, as has been the case in the Brazilian
Cerrados.

A minimum-input, minimum-tillage upland rice system using cultivars
having tolerance to acid soil and blast is a researchable possibility. Mutant
dwarfs of upland land races and tall materials known to have tolerance to
aluminum toxicity will be evaluated for yield potential, with a target yield
of 2.0 to 2.5 t/ha. Agronomic evaluation of tillage techniques including
sod seeding will be investigated at Carimagua. This research will be in-
tegrated with the Tropical Pastures Program.

Program Accomplishments

The excellent early collaboration between the CIAT Rice Program and
ICA provided a very rapid impact, both in and outside of Colombia. In ad-
dition, the strength of the IRRI program is an extremely important com-
ponent of the successes achieved. From its cooperative program with
CIAT, ICA has released seven dwarf varieties with high yieid potential.
All of these varieties are now grown internationally. CIAT breeding lines
have resulted in more than thirty other dwarf varieties released by na-
tional programs in the region. These varieties are now grown on about 1.5
million hectares annually in irrigated, highly favored and moderately
favored upland systems. These new varieties, together with improved
cultural practices, have made it possible to obtain 1 to 2 t/ha of additional
rice. 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 has continued to increase as rice has become
cheaper in relation to alternative foods. A detailed analysis of the impact
of new rice technology in Colombia showed that low-income consumers
have received most of the economic benefits resulting from the large pro-
duction gains.”

CIAT has provided professional iraining in production agronomy,

13, G ML Scobte and R. Posada, The Impact of High Yeelding Bice Varetios m Latin Amerca: With
Specwal Emphasis on Colombia CIAT series JED1 4Cal, Colombia CIAT Aprid 1977
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breeding and pathelogy to 211 rice researchers from twenty-three coun-
tries. Consequently, there is an effective regional network of cooperators
for exchanging information and evaluating technology. The Program's
regional activities include IRTP nurseries, monitoring tours, production
courses within countries, and biennial conferences at CIAT for research
workers.

Research over the next decade should lead to 2 marked increase in rice
productivity in the region, particularly in those systems at the more
favored end of the spectrum.

Research Staffing Projections

The Rice Program projects that a Core team of six scientists will be suf-
ficient to study the production constraints in irrigated rice and alternative
systems. These problems are not entirely mutually exclusive; concen-
trated attention on the more favored systems will produce results useful
in the most difficuit farming systems [subsistence upland rice, unfavored
upland rice and rainfed lowland rice}. It is difficult to predict whether
significant research contributions will be made to these latter systems.
The Rice Program will be alert to research findings directly applicable to
those systems. The six-man research team would be responsible for these
activities:

{al An irrigated rice breeder, based at CIAT, will conduct more
research on lodging resistance in dwarf varieties, development of
early maturing varieties for drier areas, stable resistance to blast,
and improved grain quality. Research will continue on main-
tenance testing for Sogatodes resistance to ensure that the pest does
not again become economically important, Since CIAT-Palmira 1s
not the ideal location for evaluations for these constraints, selection
will be intensified at lCA experiment stations and other areas in
Colombia,

ib) The upland rice breeder will work on stable resistance to blast and
tolerance to acid soils [aluminum toxicity and phosphorus defi-
ciency). Grain quality and Sogatodes resistance work will be similar
to that of the irrigated program. It will include research on
moderately tall to tall materials, as well as dwarfs. Selection and
garly generation yield evaluations will occur at ICA-La Libertad in
Colombia and, possibly, in Brazil in collaboration with EMBRAPA.

ic) The agronomist will participate in both the irrigated and upland
systems. Shifts in production emphasis in irrigated areas to more
marginal soils make it necessary to study those general problems.
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Research on general agronomic problems in upland rice will in-
clude evaluating the agronomic practices for the new germplasm,
which could be of different plant type than the land races now
being utilized.
A physiologist/agronomist for upland research wiil be concerned
with many production constraints not found in irrigated rice. A
major research effort will be started on screening methodologies for
evaluating drought and acid soi! tolerances. This scientist may lead
the development of a low-cost production systemn for upland rice on
infertile savanna soils. This position is projected for 1983,
Research by a pathologist will continue on rice blast, and specifical-
ly on methods to detect and evaluate slow blasting in distinct
growth stages and methods to include required levels of disease
pressure in populations and lines. Maintenance research and moni-
toring will continue on the minor diseases to avoid situations that
could elevate them to the level of economic constraints.
The economist will help other scientists in defining the best alloca-
tion of research resources among ditferent rice cropping systems.
Classificiation of the cropping systems and delineation of their en-
vironmental boundaries will be carried out in conjunction with the
agroecosystem analysis group which is proposed in this plan. The
economist will evaluate rice production potential at the country
level and conduct surveys of the main rice production areas, area
planted, and yield and production per cropping system. He will
also evaluate how production increases will affect prices and poten-
tial benefits to be received by the various income strata in urban
and rural areas. International trade possibilities associated with ex-
panded rice production in selected countries will also be analyzed.
The rice econoniics position is projected for 1982,
Although not a CIAT-budgeted staff member, the IRRI liaison
scientist fulfills a crucial role in the rice team. His duties involve
the selection, distribution and evaluation of germplasm nurseries
from IRRI. Nurseries created for distinct purposes are sent to all
developing countries in the Western Hemisphere, Also, special
nurseries of elite CIAT breeding lines are distributed and evaluated
through his services. The position requires extensive international
travel to promote national use of promising nursery materials. With
the growing volume of nurseries and locations, and CIATSs ex-
panded research in upland systems, it is doubtful that only one re-
search scientist can continue to handle the responsibilities of this
position. Since all IRTP activities in the region are funded by TRRI,
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consultations will be heid with that organization on future expan-
sion of the program.

Regional Cooperation

International rice activities have included activities of the IRRI liaison
scientist, international traveling and consulting by all staff, training of na-
tional program researchers at CIAT and supporting in-country training
courses for production and extension specialists. This strategy has been
relatively satistactory and will be strengthened by the additional Core
staff projected for the Program in the 1980s. No Core-funded regional
cooperation staff is projected for the Rice Program. Should the demand
for more direct CIAT contact with national programs increase greatly, it
may be necessary to seek bilateral and/or regicnal special projects for this
purpose.

TROPICAL PASTURES PROGRAM

The abundance of underutilized land resources in tropical Latin
America seems inconsistent with the existence of a large sector of small
farmers. In most countries the coexistence of intensive farming-—both
large- and small-scale —and the abundance of underutilized land is ex-
plained by a combination of two factors: (a) the low or fragile fertility
status of the soils in the agricultural frontier, and (b) the poor infra-
structure development in these areas. Crop production with available
technology is unprofitable in these areas without sizeable subsidies. Pro-
ductivity is low under the poor fertility conditions, and soil amendments
are not economical due to high input and transportation costs.

Tropical and subtropical areas of America have some 800 million hec-
tares of significantly underutilized savannas and forests, two-thirds of
which have acid, infertile soils |Oxisols and Ultisols). These areas have
great agricultural potential since they have abundant sunshine, adeguate
rainfall and favorable temperature regimes for extended growing seasons.
Topography and soil physical properties are also generally favorable.

In order to contribute to the development of ecologically scund, stabie,
and productive systems for these areas, the Center aims to help broaden
the resource base of Latin American agriculture through a low-cost, low-
input approach based on the selection of species most adapted to local
edaphic and climatic conditions. Tropical pastures are CIAT's major effort
for these areas and associated efforts in upland rice and cassava were
described previously.
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Potential for Pasture Improvement

Tropical Latin America has an estimated 190 million head of cattle,
about 20% of the world total, Per capita beef consumption in the region of
16 kilograms per year is significantly higher than in Africa and Asia, and
about two-thirds that of Europe.

During the last two decades consistent increases in beef production
have been recorded in most countries of the region but with few excep-
tions, supplies have lagged behind demand growth." As a result, beef
prices increased in real terms in most countries during the period. These
price increases have serious implications, since the proportion of family
income spent on beef is extremely high among low-income urban con-
SUMers.

A study by CIAT' using data from the Family Budget Survey of twelve
Latin American cities™ showed that the lowest income group [quartile] in
these urban centers spends 6-18% of their family income on beef. Beef
purchases represent 10-25% of their total food expenditures. Similarly,
low-income families spend 4-12% of their income jor between 7-19% of
the food budget) on dairy products. These latter percentages are probably
even higher in rural areas.

The extremely high income elasticities estimated for the low-income
quartiles in the twelve cities {between 0.8 and 1.3 for beef, and 0.8 and 1.6
for milk) clearly indicate the strong preference for these commodities
among the urban poor. Hence, beef and milk should be considered staple
foods and wage goods in tropical Latin America. However, as incomes in-
crease in the region, demand for beef and milk is expected to continue to
rise faster than production. The resulting price increases will have a
negative effect on both the diets and the incomes of the poor.

Such trends can be counteracted if appropriate hvestock production
technology is developed for the region's vast, underutilized land areas.
These areas have an extremely high potential for cattle production with
little or no opportunity costs. The current average stocking rate in the acid
savannas of 0.12 animal/ha can potentially be increased more than ten-
fold. In addition, annual beef production per animal could be more than
doubled. These areas could also contribute significantly to increased milk
production. Most milk and dairy products consumed in the region come

BLOCIAT Lann Awmwrcw: Trend Higddghts of CIAT Commodites Internal Document BEeon 18
al Colombia CIAT, Apnl ju8l

153 E. Rubmnslewn and G Nores  Beef Expenditures by Iicome Strata in Dweloe Orhies of Labm
Amerna Intornal Decumnent (Uall Colombia: CIAT, June 1874

16, Survey conducted by ECIEL Brookings fnstitute and aleo by FIPE, Universiy of Sao Pauls,
durng the period of 1968-72
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from small and medium beef herds, usually crosses of native [“criollo™
and Zebu breeds. This type of dual-output production system is found not
only in the densely populated areas with fertile soils, but is also in frontier
areas with acid, infertile soiis.

The Tropical Pastures Program seeks to develop—in collaboration with
national programs-appropriate, pasture-based animal production tech-
nology for the acid, infertile soil regions of tropical Latin America. Overall
objectives are:

{a} to increase beef and milk production and productivity;

{b) to promote economically and ecologically sound expansion of the
agricultural frontier in tropical America; and,

[c] to release more fertile land for expanded crop production.

Rather than correcting soil deficiencies with large amounts of fertilizer,
CIAT has adopted a low-cost, low-input approach of selecting grass and
legume species adapted to acid, infertile soils. As a result of the Progran's
activities, pasture production systems will be developed that provide ade-
quate forage throughout the vear, complemented by cost-effective animal
management and animal health practices. National research and exten-
sion institutions are both collaborators and clients; cattle producers are
regarded as the users of the technology; and, both producers and con-
sumers are regarded as the principal beneficiaries, since the final objec-
tive s to increase production and thereby lower relative prices of beef
and milk in the region.

Program History

The Tropical Pastures Program evolved through three stages from its
initial broad spectrum of disciplines related to animal production.

During the formative stage {1969-741, the Beef Production Systems Pro-
gram dealt with the identification of problems and potential solutions in
the areas of animal health, animal management and cattle production
systems. A relatively small proportion of program resources was devoted
to pastures and forages. Most field research was conducted in Colombia.
Information collected during this initial period showed that low cattle
productivity in tropical Latin America was due meainly to extreme
malnutrition and nutrition-related diseases. Lack of good quality, year-
round forage was identified as the most commeon critical constraint to in-
creased production,

Between 1975 and 1977, the {new) Beef Production Program concen-
trated more on the acid, infertile savannas of Latin America. The program
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broadened the geographical scope of its activities to include other coun-
tries and sharply narrowed its research focus to pastures with the goal of
removing the principal production constrainis in the savanna ecosystem.

Grazing experiments in the Colombian Llanos documented the limited
potential of the native savannas. It became evident that the most serious
limitations were the low productivity and peor quality of most native
species combined with the low fertility status of the soils and varying de-
grees of seasonal water stress. These limitations resulted in low animal
production, malnutrition and high susceptibility to disease. QOverall pro-
ductivity, both per unit area and per animal unit, was extremely low.

Striking improvements in herd performance on native savanna were
obtained by using appropriate mineral supplementation. The use of well-
adapted exotic grasses such as Brachiaria decumbens provided dramatic in-
creases in carrying capacity and production per unit area. However, pro-
duction per animal continued to be disappointing, especially the breeding
herd's reproductive performance. Protein supplementation was suc-
cessful but too costly.

Preliminary experimental results obtained during this period with
grass-legume pastures indicated clearly that persistent associations under
low-input conditions could provide an economically attractive solution to
the problem. During 1978 the Program consolidated its research along
these lines, and its research was geared to obtaining inexpensive grass-
legume associations for the acid soil savannas. To reflect this new focus,
the Program was renamed the Tropical Pastures Program in mid- 1979,

Area of Interest

A survey of fropical Latin American regions with acid, infertile soils
was initiated in 1978. This classification of land resources in terms of
climate, landscape, and soils provides a geographically oriented ecological
perspective to the Program’s area of interest and serves 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 quantitative method to account for native vegetation
distribution. The area has been divided into five major agroecaological
zones {Fig. 6}

Tropical well-drained savannas

“Llanos” type. This ecosystem is represented by the well-drained
savannas of Colombia, Guyana, Suriname and Venezuela and the savan-
nas of Roraima and Amapa in Brazil.
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WELL-DRAINED ISOHYPERTHESMIC
SAVANNAS (mostly Llanos}.
TWPE2401-1660 mm. 6-8 months wet
season, WSmTE - 23.5°C,

WELL-DRAINED iSOTHERMIC
SAVANKAS {mostly Cerrados).

TWPE 901-1068 mm. 6-8 months wet
sedson. WSMT « 23.5°C.

POORLY DRAINED SAVANNAS,
(Found in lowlands of tropical
South America. in varying chimatic
circumsiances

SEMI-EVERGREEN SEASONAL FOREST.
TWPE 1061-1300 mm, 8-9 menths wet
season, WSMT - 23.5°C.

TROPICAL RAIN FOREST.
TWPE -~ 1308 mm, -~ 9 months wat
season, WSMT = 23.5°C,

POORLY DHAINED FOREST REGIONS.

DECIZUOUS FORESTS. CAATINGAT etc.

Liiliii AREA CURRENTLY BEING ANALYZED

AREA CURBENTLY BEING STUDIED

*TWPE: Total Wet Season Polential Evapstranspira-
tion.

YWSMT: Wet Seasun Mean Temperature,

Mot included in the activity area of the Tropical
Pasture Program,

Frgare & Gereral extonmans of the ccomystoms i which the Tropival Pastures Prodram Is or sl beoworkeng dording U 1980y



“Cerrados” type, The primary area is the Brazilian Cerrado, which ex-
tends into Paraguay and Bolivia.

Tromeal poorly drained savannas

Regions. Representative areas include the Beni in Bolivia, the Pan-
tanal in Brazil, the Casanare region in Colombia and the Apure region in
Venezuela.

Islands. Flooded savanna “islands” are found throughout the well-
drained savannas and forest areas.

Tropical forest

Seasonal forests. These are found in vast areas in the Amazon and
Orinoco basins in Bolivia, Brazil, Colombia, Guyana, Peru, Suriname and
Venezuela, and along the Atlantic coast of Central America.

Rainforests. Areas include the upper Amazon basin of northwestern
Brazil, Colombia, Ecuador, northeastern Peru and Venezuela.

The classification makes it easier to understand the diffevential re-
sponse of germplasm observed across ecosystems. While preliminary re-
sults of regional trials generally indicate wide adaptability of the most
promising grass and legume germplasm, a distinct response to the dif-
ferent ecosystems is shown in many cases. Edaphic conditions have some
effect on germplasm response, but these differences are due mainly to
climatic variations. Differences in legume performance are due largely to
strong environmental interactions with diseases and pests. Thus, germ-
plasm should be tested in all ecosystems. To date, major emphasis has
been in the two well-drained savanna ecosystems through collaborative
research with ICA at Carimagua in the Colombian Llanos, and with
EMBRAPA at the Cerrado Center near Brasilia, where three research staff
were outposted in 1978. During 197980, regional trials were established
in the other ecosystems, to obtain preliminary data on the degree of adap-
tation of many species to these distinct envircnments. However, major
research thrusts are yet to siart in these three ecosystems.

Research Accomplishments

The Program has achieved many research advances. Major ac-
complishments for tropical well-drained savannas, especially the Llanos
type, include:

{a) The identification through farm surveys of major farm constraints
to cattle production in savanna ecosystems and in-depth character-
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ization of cattle production systems in Brazil, Colombia and Vene-
zuela |a project partially funded by GTZ!.

The identification of several genera and species that are well
adapted to the conditions of one or more ecosystems: Andropogon
gayanus, Brachiaria spp., Stylosanthes spp., Desmodium ovalifolium,
Pueraria phaseoloides, Zornia spp., and Centfrosema 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 preductivity of a large number of
pasture grazing alternatives in the Llanos ecosystem, including
native pastures, planted grass pastures and numerous grass-legume
associations. Various grass-legume associations in low-input, con-
trolled grazing experiments have produced annual liveweight gains
of 200 kilograms or more per animal, while yielding more than 300
kg/ha.

The identification and epidemiological assessment of major cattle
diseases in the area and their relative importance.

The ex-ante determination of expected profitability of various
pasture systems.

| Postgraduate training of 305 professionals from collaborating in-

stitutions in twenty-two countries in the region,

The evaluation and subsequent release by Colombia and Brazil of a
new grass cultivar derived from A, gavanus CIAT 621, and the de-
livery of large amounts of basic seed to each country.

Other accomplishments of more general applicability across eco-
systems are:

fa)

(o}

The computerized inventory of land resources in the area of in-
terest, with edaphic, topographic, and climatic characterization of
the region organized in a systematic and easily retrievable manner.
The development of a germplasm bank of 7200 accessions, with a
high proportion of material specifically collected from acid soil
areas of many regions in the world. This germplasm pool is comple-
mented by a collection of Rhizobia from the same areas.

} The development of rapid screening techniques to determine

tolerance of plants and Rhizobia to soil acidity.
The inventory of pasture insects and diseases, by forage species
and ecosystem, with an assessment of current relative importance.
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{e} The initial development of a collaborative Regional Trial Network
to evaluate germplasm for adaptation, productivity and persistence
throughout the area of interest.

Technical Constraints

Despite these significant advances, many general and specific con-
straints must be overcome.

The savanna ecosystems are characterized by native vegetation of very
low nutritive value ~ the major limitation to increased animal production.
The low feeding value of forages results from species with low primary
productivity and quality in combination with the extreme acidity and low
fertility of the soils, Seil pH varies between 3.6 and 5.0 in the area.
Aluminum saturation is high, often reaching 70-90%. Available phos-
phorus levels are very low, usually below 3 parts per million. Rather than
using heavy applications of lime and fertilizer to overcome this con-
straint, the Program has adopted the approach of selecting adapted
species.

Lack of infrastructure is common and varies in severity, depending
upon topography and distance to market. Economic conditions [on-farm
input and output prices, and access to credit and extension mechanisms]
vary belween countries and with distance to market. Machinery re-
quirements, high costs of pasture establishment and maintenance, and
erosion hazards during pasture establishment are other serious con-
straints to the adoption of new pasture systems.

Since all of these constraints are commaon to the five major ecosystems,
the technical solutions to the overall nutritional constraints must be in-
expensive, of a low-input nature and suitable for a wide range of manage-
ment levels. Variability observed in existing production systems within
and across ecosysterns and the need to develop alternatives for coloniza-
tion programs suggest that various pasture systems are needed. This will
allow farmers to adopt those pasture solutions that best suit their par-
ticular situation.

Other critical constraints vary between regions. Water stress is critical
in the Cerrado type savannas but is less important in the Lianos type; ex-
cess water is the problem in the poorly drained savannas. Therefore, lack
of good quality forage is the major constraint in the well-drained savannas
during the dry season; in the poorly drained savannas, forage availability
is the major constraint during the wet season.

In terms of persistence and productivity, the success or failure of a
species adapted to the physical environment often depends on its reaction
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to diseases and insects. Most promising forage legume genera {Stylosan-
thes, Zornia, Centrosema and Aeschynomene] are native to the Latin
American tropics and are widely distributed. Hence, disease and insect
pests affecting these forage legumes are also widely distributed. Disease
and insect surveys and regional trials provide clear evidence that several
important diseases and insects are found in different geographical areas
and that tolerance to them differs within species. This suggests the need
for using many locations to screen a broad range of germplasm of promis-
ing species and genera for which critical disease or insect problems have
been identified. Also, exotic materials should be intreduced. Rigorous
selection by ecosystem is essential to overcome this major constraint.

Program Objectives, Organization and Research Strategy

The strategy to achieve the Tropical Pastures Program's goal of
developing low-cost, low-input pasture technology for tropical America's
acid, infertile soils 1s based on:

{al selecting pasture germplasm adapted to environmental constraints
[climate and soils} as well as to pests and diseases;

{bl developing persistent and productive pastures and basic practices
for pasture utilization and management; and,

{¢} studying the role of improved pastures in the production systems
and development of complementary animal management and
animal health systems components.

The tropical pastures research team is comprised of twenty senior
scientists; fifteen are based at headquarters, two are based at Carimagua,
and three are outposted at CPAC near Brasilia. The scientists work in
three functional groupings:

sGermplasm  development (collection, selection and breeding] and
evaluation includes the agronomists and breeders working in collec-
tion and agronomic evaluation in major screening sites and regional
trials, and support specialisis in the areas of soil microbiology,
pathology, and entomology [nine senior scientists).

¢ Pasture evaluation and development includes pasture agronomists and
plant and animal nutritionists who work in regional trials, soil fertil-
ity, pasture establishment and maintenance, seed production, pasture
evaluation under grazing, and pasture management [six senior scien-
tists}.

s Pasture evaluation in production systems includes animal scientists, a
veterinarien and an economist who evaluate pastures in alternative
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cattle production systems and related animal management and
animal health practices {four senior scientists}.

The activities of these three groups are based on a dynamic flow of
germplasm and the development of appropriate production technology
for the most promising materials {Fig. 7}. The basic strategy is to exploit
natural variability and adaptation of species to the various ecosystems.
The research strategy consists of a sequence of germplasm screening and
evaluation steps geared toward achieving the stated objectives. These

steps,

{a]

applied up to now only in the well-drained savanna ecosystems, are:

The collection and assembly of pasture germplasm and Rhizobium
banks based on gecgraphically broad but ecosystem-specific
criteria. Legumes receive emphasis because of their inherent nitro-
gen fixing capacity and nutritional guality, especially during the
dry seascn.

An extensive characterization and performance evaluation of acces-
sions, which often inciude agronomically unknown species. Char-
acteristics sought include: tolerance to exireme soil acidity, high
aluminum saturation and low base status; adaptation to low phos-
phorus soils; nitrogen fixation potential (in legumes); resistance to
diseases and insects; tolerance to burning and drought; vigor, pro-
ductivity and good distribution of yield; seed production; ease of
establishment and spreading: freedom from toxins and estrogens;
and high forage quality and palatability.

The determination of minimum nutrient requirements for each
species and the development of low-cost methods of establishment
and maintenance, as well as grazing management strategies re-
quired for best pasture persistence and animal productivity.

The estimation, for each type of pasture {usually grass-iegume
associations), of animal productivity potential per unit area and per
animal unit, with associated economic input/output values.

The selection and formation of cultivars, candidates for release by
naticnal programs, and the production of basic seed by developing
production technologies to assure seed availability. This includes
defining seed production systems and determining environmental
requirements for satisfactory commercial seed yields.

In summary, initial emphasis is upon collection of accessions, evalua-
tion of growth patterns, and assessment of reaction to acid, infertile soil
conditions. Then reaction to diseases and insects within each ecosystem is
determined. Finally, accessions are evaluated after exposure to competi-
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tion and grazing. As this evaluation process progresses, there is a continu-
ing reduction in the number of accessions utilized.

Germplasm accessions are progressively classified in five categories
reflecting the degree of promise of accessions in the systematic screening
and evaluation process. After testing, those accessions that meet desired
requirements are promoted to a higher category where they form the
basis for planning the next phase of the evaluation. The relative ranking
of accessions within species is done separately for each ecosystem. Re-
quirements for progression to a higher category vary with the species,
depending upon the principal limitations of the species. The limiting con-
straint of each species is used as the promotion criterion.

The germplasm bank {Category 1 accessions) is maintained at CIAT-
Palmira as seed andfor single potted plants, and at CIAT-Quilichao as
spaced plants in the field. Activities at these locations include identifica-
tion, maintenance, multiplication and initial characterization of materials.
All accessions [Category 1} are evaluated for adaptation to edaphic condi-
tions in introduction gardens at both Carimagua and Brasilia. Accessions
advanced to Category I undergo agronomic evaluation at both
Carimagua and Brasilia. Selected accessions are also evaluated in
preliminary Regional Trials {Type A in the various ecosystems. Some of
them are retested at additional selected locations in Type B Regional
Trials, under subecosystem conditions.

Selected accessions advanced to Category III are associated with
grasses, and placed under heavy intermittent grazing to assess their
resistance to trampling, competitive ability, dry matter productivity,
quality and relative grazing preference. These evaluations are conducted
at Carimagua, Brasilia and CIAT-Quilichac, as well as in Type C Regional
Trial locations. In addition, specific grass-legume mixtures are grazed
under different intensities and maturities to determine relative palat-
ability of associated species.

In Category IV the pasture is evaluated for potential animal productiv-
ity, and its appropriate grazing management is determined. Measure-
ments are made of sward botanical composition trends over time, presen-
tation yields, animal grazing preferences, and nutritive value of the
species, in order to explain the recorded animal productivity. Also,
Regional Trials {Type D} are assembled to measure the performance of
selected improved pastures against the traditional pasture in given animai
production systems in specific areas.

Finally, in Category V, the objective is to complete a profile of species
and varietal evaluation, to obtain simple technology prior to release of the
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cultivar by national programs, and to define the best pasture utikization
under different production systems.

Program Projections

Projections for the 1980s are based on two factors. First, progress on
the stated objectives will shift relatively more emphasis towards the ad-
vanced stages of pasture evaluation and outreach. Second, better
knowledge of the area of interest and of germplasm performance will
result in systematic organization of the Program's germplasm evaluation
strategy within each major ecosystem.

While these developments will force considerable changes in emphasis
within the Program, they will result in only minor changes and additions
to the Core research staff. Major changes are projected in the allocation of
staff time to principal activities and ecosystems. Research activities will
continue to be emphasized during the first half of the decade. Outreach
activities will be increased gradually and require almost one-third of the
staff time toward the end of the period. Research on the well-drained
savanna ecosystems will continue, but new research activities will begin
early in the decade for the poorly drained savannas and the humid tropics
[Fig. 8AL

FEvolution of Research Emphasis

Staff time allocated to germplasm development and evaluation will be
maintained during the first half of the decade, but is expected to decline
during the second half as promising germplasm is upgraded in status (Fig.
8B|. Alsc, more staff time will be devoted to pasture development and
evaluation in both controlled experiments and actual production systems.

Germplasm Development and Evaluation. The Program will con-
tinue to exploit natural varability; therefore, germplasm collection will
play a critical role throughout the period. In order to increase the cost ef-
fectiveness of the overall program, collection will increase during the first
half of the decade but should decline later as key species are identified
and the Program’s collection needs become more specific {Fig. 9A}. Future
collections will focus on promising key species identified for each major
ecosystem and on specific goals such as tolerance to anthracnose in
Stylosanthes spp. and tolerance to Sphaceloma in Zornia spp.

Although most collections will be in tropical Latin American areas with
acid, infertile soils, some specific collections will be done in areas with
similar soils in Southeast Asia. These collections will focus on such genera
as Desmodium and Pueraria that are adapted to acid soils in general, and to
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the humid tropics in particular. For grasses, emphasis will be placed on
germplasm exchange to obtain as much variability as possible in such
genera as Brachiaria, Panicurn, and Andropogon, which have all shown
general adaptation to these edaphic conditions,

Agronomists will continue screening for promising species in both
well-drained savanna ecosystems. When well-adapted species are iden-
tified, emphasis will be shifted to identifying lines with superior overall
performance, The pathologist and entomologist will assist in identifying
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accessions that have tolerance or resistance to disecases and pests that are
econamic constraints.

Genetic advances in some key species will be made not only by in-
troduction and selection, but also by plant breeding, when appropriate.
Relative emphasis on breeding material is expected to increase 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 it is probable
that missing desirable characteristics can be incorporated. Among species
subject to genetic improvement by plant breeding (i.e., Stylosanthes spp..
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Centrosemau spp., and Leucaena leucocephalad, individual lines may be
nominated to different categories in the evaluation, while the final
breeding products are incorporated into the germplasm bank.

As promising lines are identified and cultivars are about to be released,
the following needs become evident: (a) the need to provide documented
summaries of experimental performance and potential productivity of
these new cultivars, since the species may be totally unknown; {b} the
need to collaborate with national institutions in providing practical
recommendations on pasture establishment methods, stocking and man-
agement practices; and, (¢] the need for seed production and processing
technology to assist in rapid successful commercialization of seed produc-
tion, implemented in cooperation with national agencies that control
cultivar release.

Pasture Evaluation and Development. Agronomic evaluation of a
large number of accessions [Categories I, [T and I1T at both Carimagua and
Brasilial will identify an increasing number of accessions for evaluation
under grazing conditions (Fig. 9B}, It is expected that the need to expand
these activities will be met partially by reassigning responsibilities within
the present team, and partially by establishing more grazing experiments
in cooperation with pational institutions.

Once an adapted, productive pasture is defined for a region, eitheras a
mixed or a pure stand, inexpensive, efficient establishment methods will
be needed that provide adequate stands for persistence and productivity.
Seedbed preparation, minimum fertilizer requirements, methods of
applying alternative nutrient sources, seeding densities and methods, and
pasture management systems are among the practical issues facing the
Program when a cultivar is released. Soil fertility status will be monitored
under grazing in order to determine minimum fertilizer maintenance re-
quirements for persistence and stability of the association.

Pasture Evaluation in Production Systems. The present monitor-
ing of animal production systems in selected areas of Brazil, Colombia,
and Venezuela will be expanded to include other representative areas in
Venezuela, a poorly drained savanna area in Colombia, a dual-purpose
production area in Panama, and representative areas in the Amazon
region. The resulting diagnosis of on-farm production constraints, along
with the farm production and economic parameters. will provide a data
base that-combined with the Program's experimental data-should
simulate alternative pasture uses in the various production systems.
Modeling will be used in anticipation of the expected cutcome of alter-
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native uses of various pastures in the region's different production
systems.

On-farm validation of improved pasture technology - planting new
cultivars into pasture on a small portion of a farm and using these
pastures for animals with the highest response capacity - has already
been initiated on four farms in the Colombian Llanos. As cultivars are re-
leased, this activity is expected to increase throughout the decade in a few
selected locations and in close collaboration with national programs. It
should provide a means of validating pasture persistence and productivity
under farm conditions and also of validating and improving modeling ac-
tivities,

Evolution of Oubreach and Feedback Achivilies

Research and outreach activities are linked because national research
institutions are both collaborators and clients of the Program. Collabora-
tion exists in the early stages of germplasm collection and evaluation, but
it increases rapidly as germplasm accessions advance through the re-
scarch process. The main limitation on expanded collaboration is the ab-
sence, in most countries, of strong national pasture research programs
working in areas with acid, infertile soils. Existing programs concentrate
on more fertile soils, where beef and milk production have expanded in
the past and where most of the cattle are still located.

The proportion of acid, infertile soils and the degree of policy commit-
ment towards developing such areas vary considerably among tropical
Latin American countries. Therefore, collaboration possibilities, assist-
ance required and feedback will differ among countries. Using these
criteria, countries can be categorized into the following five groups (see
also the International Cooperation Activities section of Chapler 6}

{al Countries with large areas of acid, infertile soils and strong
development programs for those arcas;

(bl Countries with large areas of acid, infertile soils but with less de-
fined development programs;

jc} Countries with moderate areas of acid, infertile soils and well-
defined development programs;

(d} Countries with moderate areas of acid, infertile soils and with less
defined development programs; and

{e} Countries with only small areas of acid, infertile soils.

To date, the Program has developed strong research cooperation with
countries in the first group; collaboration with the other countries has
been limited to exploratory regional trials and training. Because collabora-
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tion starts at the beginning of the research process and increases as it ad-
vances, international cooperation will expand naturally as the germplasm
evaluation process advances. Thus, cooperation in research, mainly
through advanced regional trials, will increase significantly with coun-
tries in "b" and “¢” groups.

The Program's training activities are directed towards increasing the
human resource base working in tropical pastures, especially in acid, in-
fertile soil areas. In the past, training efforts included all animal produc-
tion disciplines. Since 1978, the emphasis has gradually shifted towards
tropical pastures in acid, infertile soils. However, the Program will con-
tinue providing postgraduate training opportunities in pasture evaluation
research methodology, as required by various countries. The objective of
all training efforts is to achieve during the decade a critical mass of re-
search workers in key locations in cooperating countries.

Germplasm exchange and testing through the regional trials network
are another important outreach/feedback activity. This will be expanded
substantially throughout the decade. Germplasm requested for research
purposes will continue to be distributed. Exploratory regional trials (Type
A} will be conducted in all network countries regardless of the extent of
their acid soils. This type of trial will be conducted in all five major eco-
systems.

The full series of regional trials (Type B, C, and D} for the two types of
well-drained savannas will be extended to cover all countries having
moderate to large areas of these ecosystems. As research in the poorly
drained savannas and humid tropics starts early in the decade, and as
promising material for each ecosystem is identified, the full series of
regional trials will begin at selected sites in countries with mederate to
large areas of these ecosystems.

Relative Ecosystem Emphasis

Well-drained Savannas. Until now, the Program has concentrated
on the Llanos type of weil-drained savannas. Research in the Cerrados
type savanna started in 1978 with the outposting of senior scientists to
work in germplasm utilization. Regional trials {Type A in the humid
tropics and the poorly drained savannas began in 1980, but so far these
are exploratory; new research activities will begin soon in these eco-
systems. By the middle of the decade the Program will be active in all eco-
systems. The primary emphasis, however, will remain on the well-
drained savannas, which will receive more than two-thirds of the staff
time at mid-decade and more than one-half by 1990 Fig. 8A}.
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Poorly drained savannas. This ecosystem is found throughout the
towlands of tropical Latin America as small 1o relatively large "islands”
within other ecosystems, Small areas of poorly drained pastures are found
on almost every farm. New thrusts in germplasm evaluation and soil fer-
tility/plant nutrition for this ecosystem will begin in 1982. Germplasm
evaluation will concentrate on screening for adaptability and persistence
on the major soils subjected to flooding. Simultaneous, in-depth studies
on farms will provide information on the role of improved pastures in dif-
ferent land forms. Core staff additions will not be required because the
research will be conducted by agronomists at CIAT-Palmira, Carimagua
and Brasilia, in ¢lose collaboration with national programs. These ac-
tivities will require the equivalent of three senior staff man-years by 1985
and a maximum of four man-years by 1990.

The Humid Tropics. An expanded germplasm evaluation effort for
the humid tropics will give the Program a much-needed germplasm
screening site characterized by acid, infertile soils and more extreme en-
vironmental conditions than in savanna areas. This site will provide an
excellent location for screening for tolerance/resistance to diseases and
pests, resulting in better understanding of resistance mechanisms.

Increasing numbers of settlers are moving into the humid tropics, as a
result of demographic, socioeconomic and geopolitical pressures. Most
existing patterns of land use cause rapid degradation of soil resources.
The most prevalent exploitation system replaces the original vegetation
with pastures and crops. However, the productivity of the pastures
diminishes rapidly because settlers do not use adapted forage species and
do not understand the dynamics of seil fertility after clearing. The useful
life of these pastures is often only four to seven years. However, well-
managed, adapted legume-based pastures maintained at minimum fertil-
ity levels are efficient at recycling nutrients and provide excellent erosion
protection.

A broader range of adapted forage species and appropriate pasture
development/management technology are urgently needed for these
regions. It is estimated that more than one-half of the 6-8 million hectares
of cleared Amazonian forest is in a state of degradation, Recovery of areas
already cleared is oné of the main objectives of this new thrust of the
Tropical Pastures Program.

Two outposted research scientists will be assigned to work with a re-
search teanm of a collaborating institution, probably located in a seasonal
forest ecosystem. The two positions are:
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*A research agronomist whose duties will commence in mid-1982 and
will include major germplasm screening plus coordination of a series
of regional trials within the two humid tropic ecosystems.

¢ A research pasture development agronomist, who will develop, start-
ing in early 1983, strategies for renovation of degraded pastures and
alternative strategies for pasture establishment and maintenance.
This agronomist will also conduct related soil fertility/plant nutrition
studies.

These two staff members will receive operational support from present
staff, especially in the areas of germplasm collection and evaluation,
pathology, entomology, seil microbiology, plant nutrition and seed pro-
duction. In many ways, activities within the humid tropics will comple-
ment savanna-based programs, by broadening the ecological base for test-
ing germplasm and technology.

Staffing Patterns in the 1980s

Although five additional staff positions are proposed for the decade
—three in regional cooperation and two in research ~the program staff
will be increased by only three because two existing positions are to be
terminated. A iotal of twenty-three staff, to be reached in 1986, wili re-
main consiant throughout the 1980s.

Research staff. As described above, two senior staft will be located in
the humid tropics. Two research staff positions currently located in Brazil
will end in 1985 and 1986, respectively, as more intensive regional
cooperation activities are initiated. The number of staff at Carimagua will
remain constant although their activities will shift from soils and
agronomy research to pasture evaluation and utilization.

Although headquarters-based research staff will become increasingly
involved in work on the poorly drained savannas and the humid tropics,
the total number of staff will not change. Total research staff will increase
from twenty to twenty-one during 1982-84, and decreasc to twenty there-
after.

Regional Cooperation Staff. From zero in 1980, this staff category
will grow to a maximum of three positions by 1986 and remain constant
until 1990. The first two appointments are proposed for 1983 {1985 at the
latest), followed by a third appointment in 1986. These proposed posi-
tions will be located in the following regions:

{a] Central America and the Caribbean: This staff member will re-
spond to the needs of a region having at least nine countries with
nationally significant areas of acid, infertile soils utilized essentially
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for beef production. Activities will include regional trial coordina-
tion, on-farm validation trials and technology transfer, The posi-
tion, located in Panama or Costa Rica, is required by 1985,
Cerrado: This scientist will assist in coordinating regional trials
threughout the very extensive Cerrado ecosystemn and adjacent,
poorly drained savannas. The position should be filled in 1985,
coinciding with a reduction of one Core research position. Only
two staff members will be located in Brazil by 1986: one in research
activities, predominantly in pasture evaluation, and the other in
outreach and regional trials.

Subtropical South America: This stafl member will work in both
Paraguay and Bolivia and could be located in either country. While
the primary function will be to coordinate regional trials, a second-
ary function will be to provide liaisen to national research teams
working in the Chaco regions of Bolivia, Paraguay and northern
Argentina where there is interest in testing CIAT's germplasm in
distinctly different ecosystems. The position will start in 1986.
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6

International Cooperation
Strategies and Projections

The principal goal of CIAT's internaticnal cooperation activities 1s to
provide for collaboration in research and inter-institutional technology
transfer. Because the research programs in collaborating countries are
continually encouraged to define their needs and aspirations as related to
the Center, they determine much of the direction and emphasis of CIAT's
research programs. CIAT is most interested in strengthening the research
capacity of its national counterparts so that they can assume more respon-
sibility in the research process,

Cooperative activities such as the exchange of germplasm, operation of
international/regional testing networks and collaborative research are in-
cluded in discussions of the individual research programs in the previous
chapter. This chapter explores chiefly those aspects of international
cooperation that are part of the direct management responsibility of the
Center.

SELECTIVE INSTITUTION BUILDING THROUGH TRAINING

In the 1980s training will continue to be the principal means by which
CIAT collaborates with national programs to build their capabilities to
cooperatively and independently conduct agricultural research. Virtually
all of the training opportunities offered by CIAT are commodity -based
and are on the postgraduate level.

Types of Organizations Relevant for Training Assistance

CIAT gives first priority for training to commodity research programs
in government research institutions, followed by universities with active
research projects on CIAT's commodities. To help link research with ex-
tension and private industry, third priority is given to selected leadership
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staff in extension and development organizations. It is expected that in-
creasing emphasis will be given to universities during the 1980s, as they
become more active in research and as international centers and national
research institutions play a larger role in the university teaching cur-
riculum. The Center will train university staff who teach production
courses that relate to CIAT's commodities and will help develop teaching
materials for such courses. Such efforts will have a significant multiplica-
tion effect on the atilization of CIAT's technology and will contribute to
increased productivity and production in the respective commodities,

Selecting Training Candidates

The primary purpose of training is to strengthen the ability of national
organizations to carry out research on CIAT's commodities. Accordingly,
training participants must be actively working in a national research
and/or development organization. The organization must also certify the
continued employment of CIAT-trained professionals and outhine the
type of work the candidate will perform after training. National institu-
tiorss have the prerogative for preliminary selection of training can-
didates. Final selection is made after mutual consultation and agreement.
CIAT training is always determined by the national commaodity program's
stage of development and its particular needs and priorities. In all cases,
the training candidates are selected in order to form research teams for
each CIAT commodity, or to train professionals who will bridge the gap
between research and extension on the national level.

Countries of Origin

Reflecting CIAT's primary concern with tropical Latin America, ap-
proximately 80% of the past training participants [1700 professionals be-
tween 1969 and 1980) have been selected from this area. In the next five
years, participants from Asia and Africa are expected to increase to ap-
proximately 10% of the tolal trained each year, as regional cooperation ex-
pands to those areas. Nevertheless, the great majority of CIAT training
participants will continue to come from tropical Latin American couniries

in the 1980s,

Funding of Training Scholarships

Approximately one-third of the scholarships for CIAT {raining par-
ticipants are Core-funded. The rest come from special project funds or are
financed by national institutions. This ratio is expected to continue
throughout the 1980s and will allow CIAT to provide scholarships for rep-
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resentatives of national institutions that cannot support their training can-
didates at CIAT. This arrangement stimulates active financial participa-
tion in CIAT-based training by collaborating national institutions that can
support trainees and by donor agencies interested in providing resources
for manpower development.

Thesis Versus In-service Research Training

Many of CIAT's current training oppottunities are non-degree pro-
grams. Because such training often does not result in commensurate pro-
fessional and leadership opportunities for the trained worker, the Center
must strive to provide increased opportunities for thesis research in con-
junction with cooperating universities. However, there are few can-
didates for graduate thesis work. Also, some Latin American countries re-
quire relatively short but intensive practical training to allow young
graduates to perform efficiently in practical agronomic research, valida-
tion of technology and technology transter. With restricted budgetary and
manpower resources, these countries cannot assign their personnel for
long training periods. Therefore, non-degree, in-service training is ex-
pected to be in great demand for some time.

Assistance to In-country Training

Certain types of training, especially for research personnel with major
extension responsibilities, can best be conducted in the countries. To date
CIAT has collaborated with some fifteen countries in planning and con-
ducting more than thirty in-country courses on research and production
of CIAT's commaodities. Throughout the 1980s CIAT expects to continue
to provide reguested training in methodology and new technology to
assist national programs in conducting courses that will strengthen their
technology validation and transfer capabilities.

Relative Magnitudes of Training Activities

Each year some 280 professionals participate in training at CIAT for
one of twelve months {selected thesis students stay for longer periods).
The average length of stay is four months. The number of training par-
ticipants in the first half of the 1980s is expected to remain at approx-
imately this level. In the latter half of the decade the number of profes-
sionals trained is expected to decrease somewhat, but their research-
oriented training will be on a higher level for longer periods. At the same
time, more production-oriented training will be given through in-country
courses. It is projected that during the 1980s, about 15% of the Center's
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budget and an average of two man-years of {raining per senior staff
member will be invested in training personnel from cellaborating na-
tional research institutions.

CIAT's highly decentralized training is done within the commodity pro-
grams under the supervision of senior statf personnel who devote 10-15%
of their time to training. Training is coordinated by the Training Office
comprised of a senior staff coordinator and professional support person-
nel who serve as liaisons between that office and the commodity pro-
grams. This centralized coordination and decentralized execution assure
effective integration of training with research and Center-wide applica-
tion of uniform training standards.

CONFERENCES

CIAT has long recognized the value of international and regional con-
ferences and workshops as a means of: {a} focusing attention on a given
research issue, establishing priorities and defining inter-institutional col-
laboration; {b} consulting with national counterparts on selected CIAT
program strategies and mutual coordination of research; and, (¢} con-
sulting regularly on the nature and operation of commodity-based re-
search networks.

All three types of conferences will be continued throughout the 1980s,
The first two types of events will be scheduled as needs arise. One net-
work workshop in each of CIAT's commedities is expected to be held
every other year.

Because organizing and conducting conferences require considerable
financial and time investments, conferences will be held only when they
contribute to achieving the Center's objectives. In general, Core-financed
conferences will never exceed 0.75% of the total Core budget in any one
year. In addition, co-sponsorship with other international organizations
will be sought whenever the conference subject lies within their interests
or mandates.

CONSULTATION

CIAT senior scientists and administrative staff provide technical con-
sultation with national programs as needed. Staff spend an average of
15-20% of their time visiting research projects of cooperating members in
the various research networks. Upon request staff may also provide ad-
vice on organizing and developing national research programs in CIAT's
four commaodities. Demand for such visits is expected to remain high in
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the 1980s. Time allocated for consultations will rernain the same because
increased consulting would conflict with research activities.

CIAT encourages professional program staff and leaders of national
programs to visit the Center periodically to gain information on CIAT pro-
gram developments.

COMMUNICATION AND INFORMATION SUPPORT

An international agricultural research center produces a massive
amount of technical information on agricultural research, new produc-
tion technology and research methodology. This information must be or-
ganized and made available to the regional and international research and
development communities. CIAT develops and produces technical mes-
sage packages that include the following publications series:

eAnnual Reports, CIAT's technical annual report is published as
separate reports for each of the four research programs, Also, a yearly
CIAT Report is published.

sNewsletters. Periodic commeodity-specific newsletiers contain infor-
mation on: (a) developments in the CIAT commodity program; {b}
new technology {generated by CIAT and others); and, (¢} commodity-
related work being done by cooperating national programs.

sTechnical Publications. This series includes conference proceedings,
monographs, production manuals, field problem guides, and others.

sAudiotutorial Units. Audiovisual instructional materials provide
technical information on CIAT's commodities and are used at CIAT
and at universities and national research institutions in various coun-
fries.

*Public Information Materials. Selected materials are produced to in-
form the general public of the purpose and work of CIAT,

Throughout the decade the volume of CIAT's communication products
is expected to increase. CIAT will continue to explore innovative alter-
natives for using message channels to improve the effectiveness of
messages addressed to various audiences. Because the most important au-
dience is the collaborating national research scientists, CIAT will assure
that its messages are always usable by these people.

In the technical information field {documentation and library services!,
CIAT has acquired international recognition for its timely delivery of
agricultural information services to national research scientists. These
services include abstracts, tables of contents, photocopying of research
documents, specialized literature searches, annual cumulative bibliog-
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raphies, and the publication of monographs containing syntheses of
technical information in selected fields.

CIAT recognizes that providing timely technical information services
both to CIAT and national research scientists is vital to the development
of improved agricultural production technologies. In the 1980s the Center
will systematically strengthen its documentation services of research
work in cassava, tropical pastures. beans grown under tropical condi-
tions, and rice. These documentation efforts will be integrated with com-
prehensive agricultural information systems (such as AGRINTER]. The
more general information services that are not linked directly to research
and development on CIAT's commodities will gradually be phased out
during the mid-1980s. The responsibility for providing information ser-
vices In commeodities outside the Center's mandate must be assumed by
other regional and national organizations.

CIAT has four senior staff positions in the area of communication and
information. {A considerable portion of the work in this area is devoted to
direct support of general CTAT programs and is related only indirectly to
international cooperation activities.] Neither the number of senior staff
positions nor the relative proportion of resource allocation to communica-
tionfinformation activities i1s expected to change significantly in this
decade.

INTERNATIONAL COOPERATION SERVICES
IN RELATION TO NEEDS OF NATIONAL PROGRAMS

The mix of international cooperation services provided to a national
counterpart organization generally depends on the level of development
of its research program in the CIAT commodities. Levels of program
development can be defined as follows:

Group I:  Advanced national commodity programs that have clearly
defined their research and development strategies and are
equipped to carry them out;

Group I1I:  Developing national commodity programs in a dynamic
state of growth and development;

Group 11I: Developing national commodity programs at a beginning
stage of development, staffed by personnel with bac-
calaureate level degrees and low levels of training;

Group IV: Organizations without a formal program on the CIAT com-
modity involved but whose country has good potential for
producing that commodity; and,
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TABLE 9.
A generalized scheme for CIAT international cooperation services to national programs.
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Group V:  National commuodity programs that hecause of economic
and/or other circumstances are in a state of decline and
need revitaiizing.

Clearly, CIAT's efforts to strengthen national commodity research
must meet the different needs of these national programs as they develop.
Table 9 provides a general overview of international cooperation services
previded to collaberating national programs at various levels of develop-
ment.

OUTPOSTED PERSONNEL

Outposted personnel—any CIAT staff stationed cutside of Colombia -
are a very important part of international cooperation services, Their
number 15 expected to grow considerably in the 1980s. The Center has
three categories of outposted personnel: outpoested staff for research,
regional cooperation staff and bilateral contract staff.

Outposted Research Staff

Research staff will be posted away from CIAT only when three condi-
tions are met: {a) the research problems to be solved are of significant im-
portance to a given region (normally CIAT will not outpost permanent
Core-funded research staff to conduct research relevant to only one coun-
tryl; Ib) the research problems must occur under conditions not adequate-
Iy represented in Coloembia and therefore require the outposting of re-
search staff; and, {c} there is a strong regional or national research organi-
zation in the area that assigns high priority to solving the research prob-
lems and can provide effective research support to the outposted staff.
Since the research conducted by this type of scientist is an extension of
CIAT's commaodity research programs, it is preferable that these positions
be funded through the Core budget. CIAT's plan for the 1980s calls for
one outposted research position in cassava [beginning in 1983] and a
maximum of five outposted positions in tropical pastures.

Regional Cooperation Staff

Regional cooperation staff are outposted to strategic locations in order
to serve regions in which a particular commodity is important. In recent
years a modest effort has been made to serve selected regions through a
few regional cooperation staff positions funded by special projects. The
1980s will bring maximum expansion in regional cooperation staff,
because stronger regional cooperation is becoming imperative as more
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technology becomes available. Until CIAT has added the full contingent
of regional cooperation staff outlined below, the Center cannot be con-
sidered fully developed.

All regional cooperation positions should be Core-funded and are so
projected. Nevertheless, the funding situation at any one time may neces-
sitate that given positions be funded under special projects.

Within the Western Hemisphere

These staff members are assigned to a specific national or regional pro-
gram to assist in transferring technology in a given commaodity and to pro-
vide feedback for the research process. Thus, they are essential in the
technology generation/technology transfer continuum. In close collabora-
tion with national programs in their respective regions, they conduct or
encourage research on problems of special importance to that area. They
specifically help organize international nurseries and other collaborative
trials in the region, assist in selecting participants for CIAT training and
help develop in-country training courses. This long-term plan calls for
seven regional cooperation staff positions within the Western Hemi-
sphere in the 1980s: three in beans, one in cassava, and three in tropical
pastures.

Quiside the Western Hemisphere

These staff are posted to major regions outside the Western Hemi-
sphere where a CIAT commodity is of great importance. These regions
can benefit from new CIAT production technologies with only minor re-
search to adapt the technologies to regional conditions. Posted scientists
will be located at sirong international, regional or local research institu-
tions that assign high priority to the commodity research/development ef-
tort under consideration. These institutions can provide sufficient in-
frastructure for training, germplasm quarantine, varietal selection and
seed multiplication. The principal role of scientists posted outside the
Western Hemisphere is to provide an organizational framework allowing
for regional adaptation and validation of new production technology, and
to stimulate active collaboration in this process by national programs in
the region. Generally, these CIAT scientists will cover a larger geographic
area than their counterparts within the Western Hemisphere. They will
organize much more regional training. They will select candidates for re-
search training at CIAT only in those disciplines in which adequate
regional training is not available.

For the 1980s, CIAT projects 2 total of four Core-funded regional
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cooperation staff positions outside the Western Hemisphere: two in beans
and two in cassava,

Bilateral Contract Staff

These staff are appointed temporarily {usually three to five years] as
local components of national or subregional research teams at the request
of individual countries or small groups of countries. Their purpose is to
strengthen an institution in their field of expertise while national staff
complete training to fill such positions, Bilateral coniract staff normally
will work with one of CIAT's commodities and will maintain very close
ties with the respective program in CIAT.

Because these appeintments are temporary and depend on the avail-
ability of special project funds, it is not possible or desirable to project
precisely the countries for which funds will become available and which
meet the criteria established by CIAT for considering bilateral contract
staff. [Criteria are discussed fully in the CIAT publication CIATS Strategy
for Qutreach Services, Series 12E-1, 1979.) It is anticipated, however, that
an individual commodity program will not be involved with more than
three countries or engage more than five such bilateral contract staff at
any one time.
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7

New Core Initiatives
and a Future Challenge

Two initiatives to be incorporated into CIAT Core funding during the
1980s are the Seed Unit and agroecosystems analysis by the Data Services
Unit. Both complement the Center's existing activities and are oriented to-
wards the Western Hemisphere.

SEED TECHNOLOGY AND TRAINING

A special project funded by the Swiss Development Cooperation {SDC)
was initiated at C1AT in 1979 to help strengthen national seed-related ac-
tivities in the region and to provide CIAT with the capacily to produce
and process seed of its commodities. This seed production will decrease
the time required for new germplasm to reach the farm level.

Initial plans called for Seed Unit activities to be decreased after live
years of SDC funding to a level that could be maintained with existing
Core resources. However, the extremely positive respense from national
programs in the first two years of the proiect led to a reconsideration of
earlier plans. Because a continuing need has been demonstrated for addi-
tional seed-related activities at CIAT, the Seed Unit will be incorporated
into the Core budget during the decade. The exact nature of the Unit's ac-
tivities and staffing pattern will be determined later by the Board of
Trustees. This policy decision may somewhat alter the objectives,
strategies and projections tentatively described below.

Objectives of the Seed Unit

The principal factors limiting progress in national seed programs and
the industry are lack of irained personnel, often unclear and inconsistent
government policies, limited supplies of breeder and basic seed for trans-
fer to the seed industry, problems in producing, processing and storing of
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good quality seed, weak marketing systems and lack of effective
mechanisms for the transfer of improved seed to small farmers. The role
of seed-related activities at an international center must be defined clearly
since these problems cannot be solved only at that level. The Unit has
thus defined {our objectives:

{al To strengthen seed programs and local enterprises through training
of, and technical collaboration with, seed technologists in the
region;

(b) To provide assistance to national programs, including the produc-
tion of breeder and basic seed by CIAT on request, to stimulate
more rapid use of good seed of the most promising materials avail-
able;

{c] To encourage research on seed-related problems limiting seed pro-
duction and distribution, and to improve technical communication
among seed technologists in the region; and,

(d} To foster discussion on the development of policies and strategies
that will permit greater use of improved varieties released by na-
tional research institutions.

Seed Strategies for the 1980s

During the first phase of the program considerable attention has been
given to introductory training of seed technologists since only a limited
number of personnel have been trammed specifically in seed technology.
Most persons in these programs received general agricultural training that
did not emphasize seed-related activities. To fill this knowledge gap,
CIAT developed a number of basic courses covering all aspects of seed
production, processing, marketing and quality control. Through the end
of 198, 123 seed technologists had received this broad training.

In the second phase of the training program increased emphasis will be
placed on more advanced specialized courses and workshops on such
topics as producing breeder and basic seed, organizing and operating seed
program activities at the national level, seed quality control, seed drying
and processing, and seed marketing and national seed policies. Leaders of
public and private seed prograins will participate in these courses.

The Seed Unit will provide increased assistance to national seed pro-
grams to accelerate the use of improved hybrids and varieties. Also na-
tional programs will receive help in forming seed associations and new
local seed enterprises. Much of this activity will be channeled through
professionals who have had previous training at CIAT. The Unit will sup-
port local short courses offered by subregional groups and national pro-
grams.
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The Unit wili continue its support to the CIAT commodity programs by
multiplying breeder and basic seed of the most promising materials and
making it available to national programs and other interested organiza-
tions. CIAT does not propose to distribute commercial seed directly to
farmers since this is a national activity. Multiplication of materials of in-
terest to national programs will be encouraged wherever possible,

CIAT has already established links with other international centers,
especially CIMMYT and ICRISAT, in order to assist them in their col-
laboration with national programs, through production and dissemination
of promising materials.

CIAT is helping to identify priority areas for research in seed tech-
nology in its commodities. Many problems of production, harvesting,
storing, and quality evaluation must be solved in the course of introduc-
ing new pasture species. Because these species are entirely new to the
seed industry, basic seed technology has not been developed. For beans,
cassava and rice, the Unit expects to parficipate in research to facilitate
improved seed production and distribution,

In order to encourage professionalism and good communication among
the region’s seed programs, the Unit will provide information services on
seed activities, including documentation and audiotutorial teaching
materials.

Projections for the 1980s

The Seed Unit presently has two senior scientists and other supporting
personnel, provided entirely by the special project funding. Funding for
the first phase of the project will terminate in 1984. CIAT proposes to con-
tinue seed-related activities as a separate unit throughout the decade. It is
hoped that the present donor can provide some continuing assistance.

Two Core-funded senior positions are projected for the Unit beginning
in 1985 and 1986. In addition, the senior seed scientist in the Tropical Pas-
tures Program will be associated with the Unit. One of the projected posi-
tions will be in the area of seed technology (processing, quality control and
enterprise management}, and the other in seed production and allied re-
search. The Tropical Pastures position will continue to be dedicated to the
problems associated with all aspects of seed technology in pasture species.

To maintain current levels of training, workshops, conferences, and
technical collaboration activities, special project funding will be required.

EXPANSION OF THE DATA SERVICES UNIT:
AGROECOSYSTEMS ANALYSIS

The Data Services Unit was originally established to provide an essen-
tial service to the Center through support in all statistical, mathematical
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and computational aspects of research and administration. The Unit cur-
rently consists of two major sections, Biometrics and Computing. CIAT
propoeses to add Agroecosystems Analysis as another section.

Background

The report of the TAC Quinguennial Review of CIAT {1977] recom-
mended support for CIAT proposals for a program designed to collect
ecological, land use and farming systems information. It especially
recommended that the Center undertake an effort to integrate and
classify regional information, particularly in areas where CIAT com-
modities are important. The Report of the TAC Stripe Review of Farming
Systems Research in 1978 pointed out the lack of adequate characteriza-
tion of the environmental and sociceconomic conditions in the areas
where CIAT commodities are, or could be, potentially important. These
two reports were followed by the recommendation of the TAC Subcom-
mittee on Upland Rice (1980} which highlighted the pressing need for a
more adequate description and classification of upland rice production
zones in Latin America.

CIAT management and staff have always concurred with these recom-
mendations by the varicus review teams. Since resources have been
limited it has not been possible to mount a concerted effort, through Core
funding. to adequately cover the needs of all programs at CIAT. Given its
strong ecosystern emphasis, the Tropical Pastures Program was con-
sidered to be the highest priority. Accordingly, a modest effort was begun
in 1978 by utilizing visiting scientist provisions in the Core budget to pro-
vide for agroecological characterization and analysis of areas of interest to
that Program. More recently, limited work has been carried out for the
Bean, Cassava and Rice Programs.

One of the most important underlying reasons for doing agroecological
analyses is that crop and pasture improvement for less-favored areas and
their wider diversity of production constraints imposes severe problems
on new technology design, development and transfer. Less-favored pro-
duction zones—1.e., most nonirrigated areas in the tropics with a wide
range of soil constraints and insect and disease pressures—are the main
targets of CIAT research. The rate of progress in genetic improvement of
any species is generally inversely proportional to the number of con-
straints to be overcome through new genetic variability. It is clear that ac-
curate informatien on the relative constraint spectrum, from zone to
zorle, is essential at all stages of increasing production and productivity of
basic food commodities in the tropics. This need is even more critical in
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the small farm situation since the environmental conditions on farms in
this sector-—particularly those in Latin America-—are generally more
severe, and constraints are more varied than in the case of the large farm
sector, (viven the very great diversity of prevailing climates, soils, crop-
ping systems and socioeconomic conditions, the need for an inventory of
production conditions in the small farm sector is pressing.

Objectives for Agroecosystems Analysis

Some general areas have been identified that represent common needs
across CIAT programs with respect to agroecosystem information for the
areas of interest in each commaodity. These needs are reflected in the
following objectives:

1. To develop a system for environmental and economic assessment of
conditions in the production areas of present or future importance in
each CIAT commodity. Such assessment will allow for a more accurate
definition of research priovities, and thus the allocation of research re-
sources among the wide range of alternatives available for action.

2. To develop an agroecological information systemn which can be in-
tegrated with the germplasm development process. This improved
process would provide for a more cost effective and efficient operation of
the cooperative germplasm transfer and evaluation programs with collab-
orating national institutions. The objective is essentially to reduce the
burden on national institutions imposed by testing all germplasm in all
locations.

3. To develop a data system which would permit the evaluation of re-
sponses of new genetic variability when exposed to a wide range of
selected conditions in terms of meteorological, edaphic and agronomic
factors. One example would be crop/weather relations in international
nurseries and in other experiments.

4. To develop a data system which will provide a firm base for com-
parative sociceconomic studies on the wide diversity of production
zones. This system will enable both ex-ante and ex-post assessments of
the impact of new technology, in particular within the small farm sector, so
that the research process can be further focused on real needs. In addi-
tion, the data system would provide a medium in which to assess
economically the development priorities for underutilized frontier
lands, and to analyze marketing and associated economic constraints
to increased production and productivity.
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Research Strategy

A computer-based information system designed for the needs of four
quite ecologically divergent commodity programs must be flexible in
order that the degree of detail and scale provided is appropriate in each
case. In addition, the collection of data, and its storage, retrieval and
analysis, must be at a level of definition appropriate to the resources
available. In other words, CIAT could not implement a massive new sur-
vey mvolving a great deal of field work. Accordingly, a methodology has
been developed which relies on prior surveys, census information, and
local knowledge of the situation in each zone. Information is gained on an
opportunistic basis by CIAT personnel during duty travel and from the
large number of visiting scientists and trainees from the region who visit
CIAT. In this way, a cost effective collection system has been developed
which appears sufficiently accurate. Any attempt at a more detailed ap-
proach would probably be frustrated by lack of accurate local data.

The following components of the data system have been developed to
provide the necessary flexibility and coverage,

Land System Diaia

The concept of the land system’ has been redefined as an "area or
groups of arcas throughout which there is a recurring pattern of climate,
landscape and soils.” This analysis relies on satellite and radar imagery —
and occasionally, on aerial photography —to provide a geographical base.
Each land system is a regionally based reference unit with a strict
geographic boundary to the basic data element. Existing information on
soils is compiled and restructured to a common base for storage of
descriptors of the land system.

The land system concept has its main role in the definition of condi-
tions at the agricultural frontier in the underutilized lands of the region.
The scaie {1:1 million} is appropriate for use in the areas of interest of the
Tropical Pastures Program and in defining potential areas for upland rice
and cassava in the {ropical lowlands.

Crop Microregion Daig

The concept of the crop microregion has been defined in analogy to the
land system as "an area or groups of areas with a relatively uniform pat-
tern of climate, edaphic factors and cropping system for a particular crop
commodity.” Early studies have begun to define these microregions for
the present production areas of rice, cassava and beans. Each microregion

17, €. 5 Christian and 5. A, Stewart, Survey of the Katherine-Darwan Hegon, 1948 (CSIRO,
Austraita, 19531,
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will eventually be described by a series of edaphic, climatic,
meteorological and cropping system descriptors. Initial emphasis has
been placed on the Western Hemisphere but could be extended later to
bean areas in Africa and cassava areas in Asia.

Climatic and Meteorological Data

Long-term climatic normals have been collected and processed for
3800 meteorological stations in the Westerrs Hemisphere, Historic daily
and weekly observations are being collected at selected stations. These
data will provide a flexible system for chimatic definition of microregions
and will be useful in studies to define appropriate locations for regional
trials and in the evaluation of crop/fweather responses. While long-term
averages are relevant for defining microregions, short-term metecrolog-
ical data are needed for studies on climatic risk involved with new tech-
nology, as well as for interpreting crop performance and regional trial
results.

Socioeconomic Data

Data on input/output prices, transportation costs, distance to markets,
distribution of farm size, etc., will be managed on a microregion basis as
are the cropping systems data. The data will provide the means to
evaluate sociceconomic constraints faced in each zone as an important
input in the research design. Commodity program economists work with
the Agroecosystems Analysis Section in this portion of the study.

Progress of Agroecosystem Analysis
in Commodity Programs

The following examples illustrate some of the work completed and
planned in the various programs,

Tropical Pastures

The study on the South American lowlands' has enabled a classifica-
tion of the major ecosysterns making up the Program’s area of interest. Ag-
gregation of the land system units within each major ecosystem has per-
mitted a quantitative assessment of the natural resources available in
each ecosystem. The basic philosophy of the Program outlined in this
plan revolves around this classification.

In technology evaluation and transfer, the study has provided direction
for defining sites for regional experiments within the germplasm evalua-

18. T.T. Cochrane gt al.. An Explanatory Manual fiw CIATs Computerized Land Resources Study of
Tropical Amerize, {Call, Colombia: CIAT, May 19811,

147



tion scheme of the Program. In the future, an accurate definition of the
environmental constraints in each land system will provide a means for
defining new technology specifications, particularly with respect to germ-
plasm characteristics, for each zone. Economic studies on the relative
comparative advantages of different zones with respect to future develop-
ment will facilitate national policymaking. The studies are already in use
at CIAT and in Brazil and are in the form of computer files in EMBRAPA.

Beans

The Program has been considerably aided by early studies in defining
research priorities and strategies and in the location of its primary sites
for the first two stages of the germplasm evaluation program. A climatic
analysis of the 110 bean microregions permitted an assesstnent of
crop/temperature conditions. It also verified that growing season
temperature conditions at CIAT-Palmira and CIAT-Popayan are clearly
representative of. and bracket, the major proportion of production zones
with respect to temperature) in Latin America.

In the future the Program will link its detailed and computerized data
file on breeding activities [SIFRI} with the agroecosystem tiles in order to
better predict the potential for particular experimental lines. This will
greatly facilitate the Program’s desire to reduce the quantity of inter-
nationa! material needed to be evaluated by already overworked and
understaffed national bean programs.

Rice

Initia! studies have begun to define, locate and classify the micro-
regions of production of upland rice in South and Central America. Census
data have defined municipal level information on which to aggregate data
into definable and relatively homogenous microregions. This information
is vitally needed to help define more closely the research strategy for the

upland sector. As in the other crops, this will be followed by applying the
system to all stages of the research and technaology transfer process.

Cassava

The cassava production zone or ecosystem classification provided in
this plan is a preliminary one. A guantitative assessment of the accuracy
of these definitions and of the location and relative production impor-
tance of the various zones is now in progress. One early result of the study
would suggest that the location of markets plays an extremely important
role in determining the location of cassava production zones.
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Projections for Agroecosystems Research

The planned expansion of the functions of the Data Services Unit to en-
compass a formal Core-funded activity in agroecosystems analysis has
been based on a thorough trial of the potential value of this work. The
planned activity wili constitute a centralized service function to the four
commodity programs since the basic patural resources inventory and
methodologies are common to all. The research will contine to be done in
collaboration with program scientists. The new positions required to
carry out the central research within the Data Services Unit are an
agrometeorologist [starting in 1982) and a land systems specialist [starting
in 1983). Until the positions can be Core-funded, CIAT will attempt to
continue existing activities at a level consistent with presently available
Core resources.

A FUTURE CHALLENGE

Within the wide spectrum ol on-going basic research in the biological
and physical sciences perhaps no one area is more important to CIAT's
future than the dynamic field ranging from tissue and cell propagation to
research in molecular genetic engineering. Results of research in areas
such as anther culture and the production of new variation in somaclones
cultured from protoplasts suggest that traditional plant breeding methods
may be overtaken to varying degrees by these and other methodologies.
These new genetic manipulation techniques could lead to important
changes in present plant breeding systems, particularly with respect to
the time needed to produce new variability. As a center largely dedicated
to producing such new variability, CIAT is keenly aware of the advances
now being made and will constantly monitor future developments.

Other more basic research institutions are better able to conduct this
type of work. CIAT has not projected any direct Core involvement in this
area beyond the existing physiologist position in the Genetic Resources
Unit. Applied research in the meristem propagation of cassava, and in an-
ther culture in rice, is already well advanced and is designed to be directly
complementary to the needs of the research programs. Scientists in basic
research institutions will be encouraged to carry out research on the com-
modities in the Center's mandate. In the future CIAT may need to assist in
encouraging special projects for such research in those institutions. At the
same time, CIAT facilities could be made available for short terms to en-
able scientists from those institutions to validate their methodologies
under tropical conditions. CIAT could thus play an important bridging
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role to speed up the application of these new techniques, particularly in
the more intractable research areas where ready genetic solutions are not
presently available,

The future application of the new methodologies in the germplasm
development programs of the Center will depend on the practicability of
the methodologies and their advantages when compared to traditional
breeding approaches.

This plan does not make any major special provision for this type of
research. Any changes required to facilitate the use of such new method-
clogies will be possible through rearranging projected program resources.
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8

Expected Costs and Benefits
of CIAT Activities

The first section of this chapter presents the budgetary implications of
CIAT's long-range plan for the years 1982-90. The second section jux-
taposes estimated comparable values for benefits and costs to arrive at
benefit/cost ratios for each of the Center's research programs. Due to the
precarious nature of any ex-ante estimates of the impact of new tech-
nology. and the concomitant importance of the precepts underlying such
estimates, this latter section also makes explicit the methodology used,
and assumptions made, to arrive at the benefit/cost ratios reported.

BUDGET PROJECTIONS FOR THE PERIOD 1982-80

The budgetary implications of the long-range plan presented in this
document are principally a function of the projected man-years of senicr
scientists. Table 10 presents a breakdown of actual senior staff positions
for the period 1978-81 and projections of Core-financed positions for the
period 1982-90. Figure 10 summarizes actual and projected senior staff
pusitions in the areas of research, research support and administration,
and regional cooperation.

Table 11 lists the projected CIAT Core budgets for the year 1982
through 1990 in constant {1981} U.S. dollar terms. The estimates are
based on the projections in this plan with respect to staffing and
associated requirements in operations, working capital, and capital,

ESTIMATED BENEFIT/COST RATIOS

In order to relate the above investments to expected economic social
benefits, it is necessary to arrive at monetary values for costs and benefits
that allow for a direct comparison of the two values. While costs of 1e-
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TABLE 10.
CIAT actual Core-financed senior staff positions for 1978-81 and projected Core-financed positions for
1982-90.
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TABLE 10— Confinued
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Fusa

984

«

Addition of eoe bean pathology pasition

Addition of one rice cconomics pusition

Addibion Tor one ferage agronomy position for the humid
ﬂ'{}p}i'S

Additien of one regional conperatiin position {or Asm
Addilion of position for agrometecrology

[eletion of position (ar blochemistry

Addition of position for virciegy

Addition of position for upland rive physiology/fagronomy
Temporary deletion of one headquanters-based resvarch
parsthion

Addition of one breeding position for the subtropics

Addchtion of one pasture renovation/estabhshment position
ter the humd tropics

Addition o one regional cooperation position for easiern
Africa

Addition of ene position for Jand systems analysis
Addition of regional cooperation position for Central
America and the Caribbean

Adihition of regronal conperation position for Brasil

Faas

Feisits

1987

P
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3

W

g
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dd.

Addition of pomtion bar program coordinater

Addition of position for program coordinator

Deletion of one research position in the Cerrado

Adiition of repional cooperabion positen tor Central
America and the Caribbean

Adchition of regionat cooperation position for the Cerrado
Addimion of regionsl cooperahoes positon tor Central
Antensca and the Canbboan

Adkhition of position for seed production spocialist

Eetnstatoment of headguarters-based rescarch position
temporanly deleted n 1983

Delation of one research pasition in the Cerrado

Addition of ene reponal copperation positiess foe the Mid
dle Eawt

Addition of one regional cooprration position for Seuth An-
dean ame

Addihion of regenal cooperation postion tor Alrwa
Addibion of regional cooperation posilion for subtropirs of
Latin Anierica

Addition of position for seed technolegia

Addition of position Tor the coordination of laboratary ser
vices
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TABLE 11.
CIAT Core budget projections to 1980

Millions of constant

Year 1681 U8 dollars
1581 iavtusl budget! (7.8
1982 18.4
1983 194
1984 20.7
1985 21.7
1088 228
1987 237
1988 240
1984 24.0
19490 244

NOTE: See Appendix 16 for methodology wsed in caloulabng
budget estimates.

search can be projected with a certain degree of accuracy, it is difficult to
predict the results of research, and even more difficult to estimate how,
where and when such results will be applied by national agencies in a
world that is experiencing rapid social, political and economic changes.
The predicted results presented here should be viewed in light of the fact
that CIAT is but one link in the research/production continuum. Hence,
the overall outcome will greatly depend on the actions of other links on
this continuum, as well as on the agricultural and economic policies
adopted by each country. Accordingly, the real outcome could be signifi-
cantly different from that projected here.

The estimates of benefit/cost ratios presented in this chapter are single
nonprobalistic values and are only meant to convey the order of magni-
tude of the economic benefits resulting from CIAT's work. The estimates
will, of course, be subject to continuous refinement by CIAT as additional
information becomes available in coming years.

Estimated Social Benefits of CIAT Activities

Monetary social benefits of new technology were assessed by estimat-
ing the effect of increased supplies made possible by new technology on
the economic welfare of both consumers and producers. (For consumers
the increase in welfare is derived from the commodity price decline,
while for producers, the increase in welfare is derived from the increase
in return to production factors brought about by a decline in unitary costs
beyond the market equilibrium price.} Due to the ex-ante nature of this
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analysis, a series of assumptions pertaining to supply and demand had to
be made. Whenever possible, these assumptions were made on the con-
servative side to guard against overestimating potential benefits. Explana-
tions in Appendix 17 summarize the general and program-specific as-
sumptions underlying this exercise,

The methodology used to arrive at social benefits included the follow-
ing procedures.

¢Calculations of economic benefits to be derived from CIAT produc-
tion technology were made for the case of tropical America only —~i.e.,
the effects of new technology on other geographic areas were not in-
cluded in the calculations of estimated social benefits.

*Prices used are at the wholesale rather than the retail level, implying
that consumer benefits are underestimated.

»The resulting estimates of annual real benefits were converted into a
present value estimate using two alternative real discount rates {3 and
10%}, assuming that the opportunity cost of capital from the donor
agencies lies within that range,

»Since part of the total value of the estimated benetits is attributable to
national program efforts, it was assumed that only one-fifth of the
benefits was due to CIAT's work.

Estimated Cost of CIAT Contribution

The projected costs of CIAT operations for the years 1981-90 (Table 11}
served as the basis for estimating costs to the year 2020, the time frame
used for calculating expected social benefits. Procedures for arriving at
appropriate cost estimates involved the following steps:

*Total projected CIAT costs were allocated to the four research pro-
grams according to the relative proportion of the projected senior staff
positions in each program,

eThe resulting costs for each program were divided into three com-
ponents: [a) new research cost [e.g., cost of developing higher yielding
varieties): (b} maintenance research costs {e.g., cost of sustaining
achieved average yield levels over time}; and, (¢} regional cooperation
{e.g.. cost of providing assistance in the diffusion process}. All three
cost components were included for the period 1981-90. Thereafter,
the first component was deleted at the point where the adoption proc-
ess is assurned to stari in most countries; the third component was de-
leted at the point where adoption is predicted to approach its ceiling.
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TABLE 12,
Anticipated benefit/cost ratios of CIAT research programs at two discount

rates.

Benefit/Cost ratic

with a 5% with a 10U
Research Program discount rate discount rate
Beans i31 8:1
Cassava 13:1 9:1
Rice 151 1001
Tropical Pastures 3id sl

*As in the case of estimated social benefits, the estimates of annual real
costs were converted into a present value using the two alternative
real discount rates of 5 and 109%, respectively.

Comparison of Benefits and Costs

The comparison between benefits derived by the developing countries
in the Western Hemisphere and the cost of CIATY research programs
result in the expected benefi{-to-cost ratios presented in Table 12.

The interpretation of the ratios reported here is explained by taking the
case of the Bean Program as an example, Assuming that the opportunity
cost for financial resources invested in the CIAT Bean Program is a real
annual return of 5%, and using this percentage as a discount factor to ob-
tain the benefit/cost ratio in present value terms, it is estimated that the
economic benefits accruing from the efforts of the Bean Program will out-
weigh investments in this program by a ratio of 13:1.

Of course, the monetary expression of benefits relative to costs is but
one criterion to be applied to the evaluation of research resource alloca-
tion. Other important criteria—such as the implications of new tech-
nology on income distribution, employment generation and nutrition im-
provement, or the contribution to the catalyzation of agricultural research
and development efforts ~ may be equally or even more important than
benefit/cost analyses. In this regard the reader is referred to the discus-
sion of the role of CIAT technology in the socioeconomic environment
presented in Chapter 1, and the role of CIAT in relation to national
research and development agencies discussed in Chapter 2.
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APPENDIX 1
Percentage Growth Rates of Demand and Supply of Food
in Latin America, 1966-77

__Food demand Feod production
Per capita  Income Total feod by
Population®  income?  elasticity?  Growthe  produchion!  small fazmersd ¢

Mexico 35 2.8 .51 4.8 4.0 18
Caribbean 2.1 1.8 0.2% 2.5 1.4 2.5
Costa Rica 3.0 29 8.51 4.5 4.8 3.6
B} Salvador 33 1.8 0.82 4.4 39 4.3
{(Guatemala 2.5 2B .53 4.0 50 32
Honduaras 2.3 18 (.52 34 2.3 1%
Nicaragus 27 3.5 .76 4.4 3.4 1.8
Panama 31 3.8 0.52 4.1 34 2.1
Central America 2.8 2.8 0.48 4,1 3.9 a1
Venezuela 29 22 .44 3.8 4.6 2.2
Balivia 2.8 27 0.47 4.1 Z4 2.0
Chile ig a6 .44 2.2 28 2.2
Colombia 2.6 2.7 0.5% 4.4) 34 4.2
Ecuador 2.9 38 (347 4.7 1.7 2.4
Peru 29 2.5 062 4.5 i1 1.7
Anclean Countries Z5 21 .49 3.5 2.6 28
Brazil 27 42 030 4.8 4.7 26
Argentina 1.3 2.5 6.27 24 2.3 0.8
Paraguay 248 21 0.47 38 37 2.2
Uruguay 0.5 0.4 §.37 0.7 0.1 3.3
River Piate Countries 1.3 19 .30 1.8 22 1.6
Latin America ) Zié_ 30 .34 36 16 2.5

SOURCES Data for 1966-70 based oo Economic Research Service, "Agriculture in the Americas: Matistical
Data,” FDCD Working Paper, U.S. Department of Agriculture, {Washington, 3.C., 1978}, pp.
-8, Data {or 1971-77 based on Economics, Statistics and Cooperative Service, Indiess of Agre-
eultural Production for the Western Hemisphers, 19681977 1S, Department of Agriculture,
{Washingter D.C., 1978), The income elasticities of demand were estimated from Food and
Apriculture Organization of the United Nations (FAQI, Agriculiural Commadity Projections,
I970-78, {Rame, 1971

a. Over 1960-75.

b. Estimated from the proportionsl weighis of average conswmption of vegetable and animal products
and the FAQ income elasticities of demand

¢ Caleulsted asd = p + Ey sv: where o is the rate of demand growth for food, pis the rate of population
growth. Ky 1s the income elasticity of demand for food, and v is the rate of income growih.

d. Qver 1966-67

e. The small farmer crops were defined by the USDA ss maize jexcept in Argentina and Urugaay), rice
jexcept in Colombial, polatoes, sweet potaloes. cassava and pulses.

161



291

APPENDIX 2
Estimates of Potential for Expanding Cultivated Area, by World Regions, 1974

Arable Jand as o propertion
of potential arable land (96

Calenluled potential arable tand
gmillions of hectares)

Actua! - Fatimatesh . i Eshimatesh

arabibe N 21 A " 5 Y ey X ” o

areas
Region
fatm America 127 570 4249 536 81} [ z22 itr 22 14 1
Afnca. Sub-Sehars 180 304 324 470 T3 £38 i1 44 34 29 28
Northern Africa, Near East R]0 81 3G B0 n.a 122 K B 104 1 6133
Asia, Market Boonamy 274 b a7n BX1)) 647 36 43 BE 93 G T
Asia, Centrally Planned 132 ia 122 201 388 Tt [ by RE
Develnping Countries 799 1250 1338 1687 2844 2220 5% 58] 18 34 B
Marth Americy 235 392 147 466 533 - i 53 3 14
ocanis s 1541 T8 ) 27% A1 0 it i
Euroge, Market Economy 116 - 163 137 174 HE - 71 83 L 71
Eurape, Centrally Planned 278 - ARZ P 356 491 73 1] TR 57
ndustoaiized Countrics Y n.a LTURT 134 1150 Pdinid Hik (R4 ®1 34 LT3
World 1472 D, 2425 2501 3 EJF} J6HR3 1" fi At i 40}

SOURCE  International Food Policy Researeh Insihite, {ferns amd Appros hos do e Anadysies o Prieites for Biterstaiieoniod Agracntiveal Resear i
IWashagton 13 C | February 1378

a Aveble arca duta from Foud and Agewalture Ovganmzation o the Unsted Navons |[FAOL, FroducDon Yourbook 24954 Vob 28-1, Tabbe 1, (Rome,
751 Inciodes permanent crops.

b. Sources of estinwstes, {11~ Food and Agricultars Orgamzation of the United Natlons \FAGY, Prowsional i atne World Plan o Agrieuinoal
Developsmenr Vob, 1, Ch 2, Tablos 6.8 (Rome, 19701, 327 p 21 -Caloulations by MO D Mesarovic and £ Postel, Mankind af the Tumig Point the o
e repen t 1o the Clab of B Table TIEA 2 (New York, 19741 210 5 138 Calcubatbions by & Srout “Resoures for the Futire,” Annes Table 1H
published study {41- U5 Prosidents doleneo Advisory Commitioy, The Warkd Food froblesr Vol 2 aadapied trons Tabsles V6 to 79 {The White
House, Washington, DO May 19671 51 Wagenimeen Agrieubtural Universily, “Computation of the Absolute Maxinum Food Preduenon ” Table
03, sWeenimgen, the Netherlands, 19730 As these Pive soner os have ditfervnt base years aod alse vary i thely osinmates of “actual arable area in the
Brase year, they are alb compared bete 1o the samie base yoar taken Trom the FACH 1974 Drodis ton Yo bont



Percentage Distribution of Present Land Use

APPENDIX 3

in Latin America by Countries, 1978

Total  Arable and permanent crops

Permanent Forest and ther
Region and country area  Total  Arable Permanent pasiure wootland  lapda
United States 498 Z0 24 - 6 31 20
Tropacal Latin America 48 8 5 B 22 55 15
Brazil 49 3 4 1 20 62 15
Mexico 67 12 il 1 38 36 12
Colombia 9t 5 [ i i3 68 16
Yeneruela a7 5} 5 1 18 53 20
Peru 100 3 2 1 21 57 18
Eouador ag g & 3 i 52 27
Paraguay 98 3 Z 1 37 50 8
Baolivia 99 3 3 23 a1 20
Cuba 1013 28 22 & 19 iR 35
Doeminican Bepuihc a4 23 ig 7 31 23 )
Central Amenca o7 14 il 3 1% 32 12
Nicaragud a1 12 14 2 26 48 5
Costa Rica 160 10 & 4 31 49 10
Cruatemala 06 17 14 3 8 52 21
El Sajvador 88 32 24 # 29 13 25
Honduras 100 16 14 2 18 63 3
Panama B 7 f 1 14 a4 22
Caribhean a3 7 5 2 7 73 &
Guyana 92 2 2 - 5 85 1
Huiti 9% 32 20 12 14 7 42
jamaica 94 2 19 5 14 45 11
Trinidad and Tobago 106 31 14 i7 2 14 23
Temperate Latin Amenca 99 12 £ 3 46 22 20
Argentina 9 13 3 3 52 22 13
Uruguay 94 1t 10 1 e 3 3
Chile 99 i 7 1 16 27 43
Latn America 48 7 & H 26 449 i6

SOURCE: Food and Agriculture Organization of the Usited Nations, Produrtion Yearbook 1979,

{Rome, 19801

a. Land area under rivers and lakes.
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APPENDIX 4
Daily Per Capita Nutrienl Availability and Regquirements, in Mean National Consumption,
Latin America, 1972-74 Average

Calories Protein (grams)
Bupply as a Supply as a

pereentage of poereentane of

Region and country Availability Reguiremenis requirements Availability Reguirements requirements
v Mexicn 2687 2330 Lis 638 A8 1 172
ﬁ Central America 2103 L2840 92 55.40 A%6 1 5o
Caribbean 2453 2280 108 354 35.6 157
Veneruela 2338 2430 L 82.8 67 17
Fropeal South Amuricas 2193 24201 a1 52.4 K34 138
Brazil 2537 2340 10 63.2 38.7 163
Temperate South Americah ) i3 2630 118 438 dRa 2432

SOURCE: Foud and Agriculture Organizabon of the United Nations (FAO), Provssional Food Balonee Sheets, 197474 Avorgge, (Rome, 1977).

a Belivia, Colombia, Ecuador, Paraguay and Pera,

b, Argenting, Chale and Urnguay



APPENDIX 5
Estimated Percentages of the Population Consuming Inadequate Amounts
of Calories in Various Latin American Countries, 1973

Below 90%
Below minimum of recommended

Country caloric levels caloric levels
Brazil 45 31
Chile 33 i
Colomuia &1 446
Costa Rica 34 20
Dominican Repubsiic 58 44
Ecuador 0 61
El Sabvador T2 331
Guaternala 69 48
Honduras 6 50
Iamatca kit 21
Mexico 34 2z
Panama 51 38
Peru %] 41
Uroguay 33 24
Venezuela 56 47

SOURCES: S Reutdnger and H. Alderman, "The Prevalence of Calorie Deficient Diets in Develop-
ing Countries,” World Bank Working Paper No. 374, (Washington, D.C., March 1980},
pp. 27, 28 for further details see. S, Reutlinger and M. Selowsky, "Malnutrition and
Poverty: Magnitude and Policy Options,” World Bank Cecasional Paper Ke. 23, {Johas
Hopkins, Baltimore, 1976,

NOTE: Data are svailable from the Food Balance Sheels of the Food and Agriculture Organization
(FAOQ! on mean caloric consumption and FAO/WHU have made estimates of caloric re-
guirements. The distribution of the population by caloric consumption utilizes ingome
distritution daia and the functional relationship between caloric consumption and income

165



491

APPENDIX 6
Percentage Contribution of Various Foods to Total Caloric Consumption in Latin America, 1972-74

Masze Wheat Rice Cassava Potatoes Cils Boans Bt Maat

Repon and country o Sugar
Muxico 4.7 Ry 14 14 { [P K2 51 44 54
Central America HEA 360 T 56 B 3 &b 46 2.8 a4
Caribbean 6.9 o7 1ol 13.3 2.0 4.4 a3 21 31 37
Venesucks 183 1H 2 153 3.8 Ty UR B4 13 3.4 R
Tropical South Anwria 143 128 118 a4 40 5.4 L Lt i ERY
Bolivia 127 (LR S 2 19 43 13 649 0.7 37 £.9
Colomiba 246 129 57 i 37 i e iy 4.3 5.4
Fruador 14 4 R By S 2R 55 bk 2.4 EAE 44
Pary 14 8 93 18,1 3.6 2.8 Y3 4 15 19 17
Paraguay B3 1H 1 02 36 4.4 26 87 51 28 26
Brasd 171 g2 Sthe I35 Wl R 7Y 76 4% [
Tevperale Soulh Ameriva 131 3 309 2 a3 3.6 122 (URS) 11t 16.0
Argentina 124 i 27z 17 U 446 12.2 .3 13.4 17.4
Linle 13,4 L7 RYA 24 1T 92 P8 KR B2
Liruguay 128 24 472 35 i 4 LN (H 143 23

SOURCHE: Food and Agrcuiture Orgamesation of the United Nabons (FAQY Provewone! Faod Balanee Sheety 1972 700 |Ronw 1NTY

NOTE: Since not al! focd commndities aze inchaded rows will not suny fo 100%



APPENDIX 7
Percentage Contribution of Various Foods to Total Protein Consumption
in Latin America, 1972-74

Region and country Maze Whcat Rige Beans Beef
Mexico 364 127 132 R T8
Central America a7 75 1.7 121 g1
Caribbean 7.3 I8.3 109 2.9 54
Vengzuela 134 19.0 18 32 16 8
Tropical South America 10.3 2.2 + 2.8 tts
Bolivia 1646 217 i7 1.7 106
Colombia 13.4 70 113 24 14.7
Ecuador 13.8 £33 8.1 4.4 83
Peru B3 225 6.5 3B 6.6
Paraguay iTe 10.0 2.5 2.0 198
Brazil 8.2 114 12.2 20,1 3.8
Temperate South America it 28.5 1.3 1.4 298
Argenting .8 23.3 12 (IR 344
Chule 1.5 138 18 4.1 8.3
Urgguay 16 234 23 0.5 289

SOURCE: Food and Agnicullure Qrganization of the United Natsons (FAGL Provisional Food Balance
Stegts, 1072.74 Bome, 1079

NOTE  Since oot all food commuodities zre ingluded, rows will not sum to 100,
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APPENDIX 8
Percentage of Total Family Food Budgets Allocated to Commeodity Groups in Ten Andean Cities, 1967-69

Bread and Potatoes
Income related and simi- Dry
City categoriess  Beef  Milk {Chicken Pork products wheat Kice Maize iar fubery vegetables
Bogota & 113 3.2 { (£ 9.6 L8 3.7 2.5 104 15
1 14.6 4.3 (L] Ui 143 1 (1351 6,1 1.9 1z 2.1
2 5.2 94 L 0.4 R 0a el 2.4 ] 1.7
3 14 A 111 13 03 B.7 6 51 [ 3.4 15
4 127 K 30 1K 7.8 [$e} 2.3 ] A4 1.5
Barranquilla G 17 .8 9.3 2 Ub 6.7 1 i1l 1.9 538 18
1 17.3 104 1 1.0 63 0.1 3 1.6 4 2 2.0
2 18.0 2 0.8 L8 6.9 [0} 92 13 3 b 17
3 1wt 10 2.7 X1 .9 {1 i 1.4 RXt iy
4 18.7 110 3.5 oy 6.9 03 8.3 1.2 ab 1.9
Cuh 0 24 2 R.R (U] [T 5.3 e 96 2.2 58 56
i 21.5 #.1 0.6 4.5 0.1 32 Lt 24 0 A0
& 221 9.8 1.1 1.4 55 043 54 15 3B 34
3 214 123 L6 2.4 6.4 .2 ab [ 33 3.0
4 169 [ERE A0 25 33 (73 45 1.1 A2 23
Medelhin i 211 4.5 0 0.3 A4 I & T 6.4 60 &8
1 2le 1Hi o2 4.7 G2 02 5.7 47 6.0 56
F4 22 16 0.3 2.5 53 0.3 BN 4 4 47 5.3
3 8.8 12.3 i 12 bl 4 4.2 5.3 T &4
4 15.48 13.4 2.5 63 5 e (Lo 28 2.4 26 27
Santgo 0 HEEA 64 240 {2 6B.R 12 243 02 31 1.8
1 9% 7R 24 0.6 157 14 21 234 42 P
2 0.8 g1 3.3 U8 3.7 id 1.4 3 3.4 Pa
K 93 ¢ 45 a7 1E.1 0 [ 2 24 13
k1 55 ¥ 3.4 IRy 47 0.6 it [SNIR} 12 07
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APPENDIX 8- Continued

aito i Ry Lo 04 04 48 vy 8.7 s TR {16
| 2 HIRE 37 0.4 12.2 0.7 7.2 14 7 L5
2 1386 1 4 a8 i3 1§.2 0.6 5.7 1.5 62 &
3 157 134 A 0.7 HETA] (L5 3.5 4 44 1.7
4 i1 R 2.4 1.3 Y4 it b 37 a7 30 Qs
Cruayagunl Y 144 b A 0.2 8.0 0.4 139 N 3.3 Lb
% 178 [{¢RY! 14 i 2 7.5 (3.3 142 03 31 12
2 181 t1 g RS N T L3 12.4 (LA Ea I
3 IR | R 41 o.6n %7 2 131 02 24 1B
S 15.7 127 4.4 i1 &4 (3.9 6.3 (2 1.% 1.5
Caracis i 11.3 13.% 2.5 i 6.8 i3 40 2.5 2.2 26
! 183 HCE 3.4 21 o 1 3.3 (.3 b kN
2 ity 131 4.1 24 Y (1381 Z3 2 b 2.5 23
3 115 133 4.4 2.4 o8 0.3 2.2 1.6 21 1 &8
i 12.5 [ R 34 2 b ey ] 1.7 1.4 Lt HRY)
Baracarbo i) 40 17.4 3.4 HIK] 7.8 [N 4.1 {1 16 i7
1 HIX 18.2 1% 21 T 1 37 3.5 1 2.0
2 11 17 4 A0 HIY 74 0.1 K 3.8 I 7 17
3 156 in.2 3.4y i.n 6.3 [EXES 3.0 21 1.5 il
4 HEY 8y 7.9 25 6.6 0.1 24 16 L 7
Lima t) 228 s EX 03 B3 [} &8 1 d 37 £
i 15904 132 Zh 1 1614} [H) 0.4 L& R [N,
2 iT 123 1.7 &4 92 0.1 6.9 1 37 HRY
3 1T i14 418 (40 5 02 A6 a7 34 {18
3 | ¥4 114 41 £l i G2 1.4 3 25 18

SOURCE  Survey dats from the Estudios Conjunios sobre lntegracion Econonrica Latmonmencans (ECIEL]-Brookings Instriunon survey of con
sumplion patterss 1o Latm Arencan cibies,

a Family mcome category codes: 0 = 031025 (U8 dobarst annually; 1 = $1026-16527 2 = $1653-2759, 3 = 32700-H866, 4 = more than
$AROG,
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APPENDIX 10
Diet Composition and Consumer Costs for Calories,
in Northeastern Brazil, 1975

Anpual cost (o caonsumer

Propertion of mantaning consumption
Catores of toa! of 100 calores per day
per person calories trom cach tonds
Faod groups per day i ruzeirest
Cereals and derisanoes 318 14
Rie 242 125 29
Madze iy 5.6 44
Wheat procducts 161 83 16
Others 7 e B
Tubers 496 257 e
Patatoes 2 il 175
Fresh cassava T 0.7 iz
Cassava four 434 238 14
Oithers 27 141 3
Sugars EALH 102y 21
Legumes i3 iG] 34
Field beans cowpoas” Z8U 145 31
Other egumes ) o th
Vegetables (8] 03 Jod
Fruits 35 18 e
Meal amd fish 174 g3 172
Beof 74 18 191
Pork At z4 28
Chicken 13 0.7 323
Canned meat 2 41 HA)
Fish 23 12 T
Olhers 21 P 137
Fges 10 15 182
Mtk armd checse By 33 49
Diis sl fale 34 33 52
Beverages 10 03 633
Tolal 1930 100 a3 )

SOURCES Caleulated from Fundacas Instituio Brasitdeire de Gepgrafiz ¢ Estansiica (FIBGEL Evisdo
Nucwsal de Despesa Funithar Despesas das Familius Regiao ¥V, (Rio de Janeiro, 18781 p
82 and [rom FIBGE Estudo Nucional da Despesa Fanbor, Conswme Alpaentar An-
fropenwinia Regiao V) (oo de Jancirn, 1978, p 210
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APPENDIX 10~ Continued

g Caleulated from the EXDEF data on annual expenditures per {farly by dividing these expen
ditures by the number of people in the average family (five) and then dividing these expenditures by
the average number of calones per day. Whes multiplisd by 100 these are the crozeire costs of ob-
taining HX) calonies per day of each itemn during the ontire vear [or cach person. Expenses on meals
outside the house were not temized: hence, they could not be vategorized Howeover, thev were only
5.7% of wial food expenditures and would probably be biased towards the higher quahty food and
beverages, Haner their omission would blas dewnward expenditare dala on high-quahty foads and
beverages but nol substantially affect the comparisons of the lbw cost calornic staples The caleulation
ig made in the tollowing manner:

Expenses/Fanuly-Year 1 . HExpenges'Yeur
AAAAA A L A A
Persons/Family CalonesiPerson/Day 100 Calories/Day

. Field beans and cowpeas are given the same Portuguese word, Cowpeas predominate innorth-
sastern Brazilian produston but field beans are preferred by urban consumers Consumption s proby
ably about equally divided botwesn the two in the Northeast
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APPENDIX 11
Diet Composition and Consumer Costs for Protein,
in Northeastern Brazil, 1973

Annual cosl 0 consumes

Profedn Proportion af mamtiining consumption
[T PETsen of total of efle gram of protemn per
pet day orotein dav frem cach fouds
Yeoggrewes 0 wrmmst VR stugeinos!
Cereals and dervatives 1320 217 13
Rice 512 B 14
Maize 28] 46 i
When! products 510 84 14
Others N a3 34
Tubers 2 54 313 32
Polatores .08 08 B
Fresh cassavy §.07 01 6}
Cassava {lour 211 35 KiH
Otners £.36 0& &7
Sugars 008 01 553
fogumes 2123 348 4
Field beansfoowpeas 1948 313 4
Other legumes 2.4 i5 1
Yegetabies 030 6.7 a}
Frults 03l a8 75
Kicat anc fish 18 14 46 17
Beef 7.46 12.2 iy
Paorie 1.o% 2.8 24
Chicken 223 3.7 14
Canned meats 813 0.2 27
Fish 4.45 7.3 i
Cithers 2.08 3.4 in
Eggs 0re 13 22
Mk and Cheese 3.43 56 20
Onls and fats 020 G3 217
Boverages 041 08 124
Tital 501,98 100 17

SOURCES Caleulated from Fundacao Instituto Brasileiro de Geografia e Estatistica (FIBGES Estudo
Nucional de Despesa Fannhiar, Despesas das Familios, Regiao V. (Rio de Janewro, 1978 o
82 and from FIBGE. Fsido Nacwral do Despeso Fannlar, Cossamo Afmwentar An-
tropopging, Regiao V, (Rio de Janeirs, 19781 p. 21,

a, For ealculabions, see footnote | Appendis 13
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Bamand growth rate {3}

APPENDIX 12

Growth Rates of Food Demand and Production in

Patliw

Latin American Countries, 1966-77

Mexico Brazil

Misatagua .
El Salvator,

Certral Amesica
Ralvig e Panama = .
{iplombla®

*Ecpador
« Costa Bua

* Guatemaia
» Venezuela
Paraguay

Andgan cmésttnes. L3t Amriea

Handuras»
Caribhesn
® zaunines # Chile
» Argenting
| 1 l H |
1 2 3 4 5 6

Food production growih rate {%)
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APPENDIX 13
Agricultural Research Expenditures: Total and as a Percentage of the
Value of Agricultural Product, in World Regions, 1965-74

Totul annual Percentape of tota
expeoditures research expemditure
gmidions of 1971 o value ol

copstant U.S, § agricuttural presuct

I B I W S SO B
Western Europe HUT H71 733 14 20 2.2
FEastrn Eurepe aud USSR 627 RIY a6 1 1.3 I 1.2
North Amerioa and Ovearna B 1203 {Z84 1y 26 27
Africa 114 13 141 13 i4 1
Al 336 /10 HA6 12 148 1 G
Latin America 73 it6 178 06 1.1 L2
Total o F38% . ',%5&?%__ ) ﬁ_‘ e

SOURCE | 8 Bovee and R E Evenson, Agrosliral Research and Developmen? Programs Agrival
tural Development Councll (New York, 1975

a  Excluthng Peopivs Republic of Ching
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APPENDIX 14

Research and Extension Manpower Resources Relative to the Value of

Agricultural Product, 1951-71

Western Europe

Eastern Earope and U5 8K

North amernica and Geeania
Latin America

Africa

Asias

Wastern Europe

Bastern Europe and LS8R
North America and Oveania
Latin Amgrica

Africa

Asiat

"Quatity Adjusted”
scientistman-years per ten million
L5 dollars of agriceltural product

oassy 958 dmes 1871
i constant 1971 U éj’cwtn'ufars} o
0.85 a9d .89 ol
§.22 0.39 & 70 0 86
.91 190 117 116
(.26 .26 .33 .34
§.46 0.46 {55 0.63
03, 56 .69 .84 a.u2
jextension workers per len trliton
_U.S dollars of agricuitural product) )
- 7.6 714 7
- 375 3.33 364
- 3.24 1324 903
- 2646 33 16 5339
- 41.30 7.8 53.31

SCGURCE | K. Boyee and R, E. Evenson, Agrcufiural Research and Development Programs, Agn-
cultural Development Council, iNew York, 19730 (Table 1.6

#. Exciuding People's Republic of China
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APPENDIX 16
Methodology Used for Projections of Budgets
in CIATs Long-Term Plan

OPERATIONS

Budgets for the research programs and units are assumed to increase in direct propo:-
tion 0 the increased man-years. No account is taken of whether the extra positions are for
research staff, research support units or regional cooperation staff. This may be a little
generous since regional cooperation staif are nol expected to cost as much as a fully sup-
ported research scientist. On the other hand no increases are assumed for research support
functions {i.e., laboratory services and seeds! other than when a senior staff member is
added; in those years the increase is probably too generous thereby compensating for other
vears when some increase may be needed.

Through 1988, International Cooperation {excluding the regional cooperation personnel
who are budgeted in the research uniis) is assumed 1o increase by U.5.3200,000 annually
for increases in trainiag and communication needs due to the extra staff and the expanded
regicnal cooperation activities,

The Board of Trustees, Director General's office and the senior staff costs for the Con-
troller and Executiee Officer are assumed to stay constant, The other costs in the Con-
troller’s office are assumed to Increase in proportion {o the total senior statf. The other
costs for the Execative Otficer are assumed to increase in proportion to the headguarters-
based senior staff,

General operating expenses are also assumed to increase in proporton to the
headquarters-based staff.

CAPITAL

Budgeted and projected amounts for vears to 1983 have been adjusted to reflect the dif-
ferent pattern of senior staff increases 1a the long-term plan. No major construction ts an-
ticipated at headquarters. Since most of the increases in senior staff are for outposting, itis
assumed facifities will be provided by host institutions or rented.

Capita! funds {or the normal equipment requirements of existing activities are assumed
to be U.8.8500.000 annually. Additional amounts are included in the vears when new
sentor staff are added,
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APPENDIX 17
Selected Assumptions and Methodological Procedures Underlyving the
Estimates of the Economic Benefits of CIAT Technology

GENERAL ASSUMPTIONS FOR ESTIMATING
SUPPLY AND DEMAND

b It awas assuined that iy the absence of ClAT-generated technology. supply and de-
mared would increase at identical rates throughout the period under analysis, This implies
thal real prices are assumed to remain constant at 1981 levels. Since during the last decado
and in the cases of most crops —vxcept rice - production growth has been well below
growth In demand, this assumption implics an underestimate of potential benefits.

2. For demand projections, per capita income growih during the period to which the
caleulations apply was assumed (o be constant at the tow rale of 2.3% annually across
countricy, and income elasticities were assumed fo decling as income rises over time,

3. Dremand and sapply price clasticities were assumed o be helow the lovel of available
estimates: o ihose cases where oslimates were not gvailable, the values of those
elasticities weore extrapolated from estimates for other countries,

1. A closed cconomy was assumed in all cases

PROGRAM-SPECIFIC ASSUMPTIONS FOR ESTIMATING
SUPPLY AND DEMAND

Cassava

Potential cassave pmarkets inwluded in the ealculations are; {fresh roots jurbani, fresh
roats yrarall, Tarinka” o flour (Braal onivy, and animal {feed concentrates, Other polential
markets such as alcohe! Iresh teed provessed food, or industrial ivarkets {o.g. composite
flour starch, etc.t were excluded. In the model the concentrate market sets a floor price
which remains constant under the restrigtive assumption that cassava supphies only re-
plice feed yrain imports up toa maximum of 209% of the feed mix, and therelore do not af-
fect equilibnium prices of maize and sorghum. Some of the other assumptions regarding
the adoption process and the expected average yield increases are presented in Table 17-1.
[t shouid be noted that expected vield tevels, while implying a large percentage increase
are stll well below those obtained in international vield trials. Ondy those benefits o
pected to be accrued i Latin America were included, Africa and Asia - regions producing
A0 and 300 of the world total, respectively —were excluded fronn the caleulations,

Beans

Expected improvement in national average bean yields are on the order of twive the
current yields (Table 17-1% It is anticipated that this will be achieved largely by reducing
vicld variability at the lower end of the yield distribution. However, projecied levels re-
main substantially below vields registered in international vicld trials. and are 33% lower
than these achivved in North America in the late 1970s. Other important bean production
regions such as Bast Atrica and the Middle East, were excluded from the analysis. thereby
ynderestimating total potentiad benefits,
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Rice

Three major rice praduction sysiems are included. irrigaied, favored upland and un-
favored upland. Expected average yield increases were assumed to be 0.5 t/ha in each of
the sysiems, representing increases of 150 20 and 50%, respectively. Adoption of high-
vielding varieties is abready underway in the case of irrigated systems, and is expected to
start in 1985 in favored upland, and in 1990, in unfavored upland (Table 17-15 # was esti-
mated that twelve years are required ¢ reach the adoption ceiling. Area increases are
projected at higtorical rates, Benefits due to the increased production of nce byproducts
are not imcluded. Total costs of rice research for Latin America were calculated by adding
to CIAT costs the cosis of cuiposted stafl from the Internaticnal Rice Research Institute
{(IRRI! and The Rockefeller Foundation, and multiplying this total by an arbitrary coeffi-
clent of 1.2 to reflect the indirect contribution of IRRL

Tropical Pastures {Beef]

The case of beef 1§ somewhat different from crops, since herd growth restrictions have
to be explicitly taken into account in supply shift projections. Each country was divided in-
to four major ecosystems: well-drained acid savannas, poorly drained acid savannas
humid tropics, and the rest of the country. Estimates for production growth with and with-
out technology were restricted by the existing initial herd in each subregion. Interregional
niovement of cattle was assumed to be negligible. A similarly conservative route was
chosen by assaming: {4} no increase in milk production; bl no technology spillover effect
in the rest of the country (where by far the largest proportion of stock is located in most
countries); (€] no benefits from the increased production of cattle products other than beef
{e.g.. leather, oifal, protein concentrates, ete.; {d] no benefits from the increase in land
values due to land improvement; and el no benefits from the Hberstion of more fertile
land for crop production.
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