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Section 1 

ECONOMIC AND AGRICULTURAL TRENDS IN LATlN AMERICA 
AND THE CARIBBEAN: IMPLlCATlONS FOR THE GENERATlON 

OF AGRICULTURAL TECHNOWGY 

Willem Janssen, Luis R. Sanint, and Carlos O. Seré' 

Most of this paper is dedicated to long-term trends because these provide the most 
useful indicators for the generation of agricultural technology. The paper first deals 
with past economic and agricultural trends in Latin America and the Caribbean; then 
with the existing situation and the consequences for possible growth in the near future, 
leading to a discussion of alternative development paths and long-term trends; and 
finally closes with a discussion of implications for technology generation and 
conclusions. 

Structural change. 1950-1980 

The abrupt changes observed in Latin America since the 1950s in terms of growth, 
urbanization and modernization were accompanied by a marked trend to diminish the 
relíance of economic activity on the primary sector, as a result of important 
developments in industry and services. The strategies of import substitution and 
self-sufficíency of the 1960s, supplemented by export promotion in the 1970s were 
based on a model of industrialization at the expense of the agricultural sector 
(Garcia and Montes, 1989; Krueger et al., 1990). 

Agriculture dropped fram contributing 21 % to the GDP and 54% to employrnent of 
the active population in the 1950s, to the present levels of 11% and 32%, respectively 
(rabIe 51.1). This reduction was absorbed almost equally by industry and services. 
Industry now provides 37% of GDP but employs only 26% of the active population. 
The service sector provides 52% of GDP and employs 42% of the people. Per capita 
income in the three sectors differs strongly: in agriculture, it is only US$640, 
whereas in industry and services ít is US$2530 and US$2200, respectively. 

At first glance, it is easy to conclude that agrículture has lost importance in the Latín 
American scene. Yet, a closer look reveals that agroindustry has been the main 
component of growth in manufacture, which in turn is the most dynamic industrial 
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Table S1.1. Retative importance of different production sectors in latin ~riea and the Caribbean. 

ProctJction 
sector 

Agricul ture 

lrdustry .ne 
miníng 

Services 

Average 

Total 

Percentage 
of GDP 
( 1987) 

11 

37 

52 

100 

SOURCES: World Sank, 1987 anc 1989. 

Amual 

growth 1980-1987 
(%) 

2.2 

1.0 

2.1 

1.7 

Percentage 
sIl.re of 

"""Io"",""t 

32 

26 

42 

100 

Average 
per espita 

¡ncano (1987) 
(in US$) 

640 

2530 

2200 

1790 

activity (Lynam et al., 1987; Machado, c., 1986; World Bank, 1983). Furthermore, 
agriculture has expanded its Iinkages WÍtb otber industries (e.g., metallurgic, 
cbemical and construction), as well as witb tbe services sector. 

The current economic situation 

The economic performance of Latin America and the Caribbean in tbe 19808 was 
dismal to the point that tbe decade has been labeled tbe "lost decade." Structural 
problems related to tbe bigb debt situation, permanent fiscal deficits, hyperinflation, 
unemployment, and the outburst of parallel and informal economies led to 
decapítalization and recession in the region. 

As sbown ín Table S1.2, from the early years of tbe decade, tbe region's debt burden 
took on enormous proportions. To overcome this crisis many countries cut tbeir 
subsidies, curtailed tbeir imports and attempted 10 stimulate their exports tbrough 
drastic currency devaluations. The trade balance for tbe region turned positive toward 
tbe middle of the decade and, as most countries made valíant efforts to comply witb 
debt repayment and ínterest schemes, the capital inflow of the early 19808 was 
replaced by a capital outflow. Because of worsening terms of trade, growth in tbe 
value of exports was less than expected. Also, domestic demand and the need for 
productive investment made it impossible to límit imports to the level of the 
mid-1980s. The increase in tbe trade surplus petered out by tbe end of tbe decade. 



Teble S1.2. Some macroecmanic irdicators for LBtin America and the CSrH:beao in the 1980s, 

lndicator 

1. OUtstand;ng debt (US$ billi"",,) 
a 

2. Real effective exchange rate 

3. Trade balance (US$ bit ti on.) 

4. capital transfer (US$ biltions) 

S. lnft.tíon (X) 

a. Source: de Janvry and Sadoulet~ 1990. 

b. For year 1987. 

SOURCE: CEPAl. 1989. 

1981 1985 

290 377 

94 125 

-12 +29 

+10 -33 

58 275 

1989 

415 

151
b 

+22 

·25 

994 

The regíon díd not develop sufficient repayment capacity to reduce its outstanding 
debt, the nominal value of which increased throughout the decade_ 

By the end of the decade, the average deficit in government budgets amounted to 
10.2% of GDP (Table Sl.3), leading to soaring inflatíon. Thís further constrained the 
functioning of capital markets and stimulated capital f1ight into foreign exchange, 
thereby reducing the level of investment. 

During the 1980s, per capita income fel! by 1% per year; by the end of the decade, on 
average, people were about 10% poorer than at the beginning. Nevertheless, at 
US$1780 in 1989, average per capita income in the region remained higher than in 
Asia, where it was about US$700, and in Africa, where it was only US$470 (World 
Bank, 1989). 

During the 19805, when the overal! economy contracted, agriculture grew more rapidly 
than the other sector5, but still not as fast as the human population. The cause for 
agriculture outperforming the rest of ¡he economy in this period was mostly a result of 
the fixities present in the sector that make it, to a large extent, a recession-proof 
sector. However, it is also a result of change in the general policy framework that was 
partly induced by the inability to pursue past policies that were highly demanding in 
terms of subsidies and fiscal contributions. The model of the 19705, based 
on discriminatíon agaínst agriculture, was severely questioned and a lessening of 
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Table 51.3. Government spending and déficits in Latin America and the Caribbean, 1987. 

Country 

Brazll 

Mexico 

Venezuela 

Colombia 

Costa Rica 

Regional average for 

Lat in IWerica 

Average OECO members 

SOORCE: ""rld eank, 1989. 

Govern:nent spendi ng 

as percentage of G~P 

(1987) 

26.1 

22.7 

22.0 

14.7 

28.3 

n.a~ 

28.4 

Deficit as 

percentage of GNP 

(1987) 

13.3 

9.S 

2.1 

'0.7 

4.8 

10.2 

4.4 

discriminalOry policies with ad hoc compensations directed toward selected 
cornmodities has been detected in most countries (Knutsen, 1988). 

Population growth in Latín America and the Caribbean averaged 2.4% during the 
1980s. This growth was almost entirely concentrated in urban areas, which, by the end 
of the decade, accounted for 70% of the region's 440 million inhabitants. During the 
1990s, population growth is expected to fall to 1.9%, but if this remains concentrated 
in urban areas, the ratio of urban to rural population will still increase by 
2.5% per year. 

For both per capita income and population growth, the average figures hide 
considerable differences, both among and within countries. For example, birth rates in 
the Southern Cone are lower than in tropical America. Moreover, the average income 
figure masks the sharp differences between the poor and the rich, characteristic of the 
region. CEPAL (1990) estimates that 37% of all Latín American and Caribbean 
households are poor, that is, they have an income less than twice that needed to 
buy the basic food basket, and 17% of households are destitute, meaning that their 
income is lower than the cost of the basic food basket. 
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Table SI.4 shows that the patterns oC poverty in the region have been changing. 
During the 1980s, both types of poverty increased in the urban environment. In the 
rural areas, destitution increased, whereas the total percentage of poor households 
remained roughly the same. In all, poverty levels are worse than before, partícularly in 
the urban sectors. In 1970, 37% of the poor were found in that sector, but by the end 
of the 1980s, 57% were in the cities. Extreme poverty continues to be mostly found in 
the rural sector, but the proportion in the urban sector grew from 31% in 1970 to 45% 
in the late 19805. 

In the 19805, there was a loss in average nutrient intake, as compared with the 
previous decades. This was particularIy notorious in !he Andean countries and 
Southem Cone (Table S1.5). In Central America and the Caribbean, substantial 
increases in food aid helped to maintain the nutrient intake levels. 

FAO (1990b) estimates that, in the mid-1980s, about 55 millíon of the reglon's people 
suffered from malnutrition. The three countries where malnutrition was most prevalent 
were Haiti, Honduras and Peru, where the daily per capita supply of calories was 1902, 
2078, and 2192, respectively, per day (FAO, 1989). Low-income urban dwellers are 
particularly at risk. Another characteristic of the 1980s was the reduction in health and 
education expenditures with respect 10 the levels of the 19705. 

Will the debt crisis continue to influence domestic economies in Latin America and 
the Caribbean as deeply in the future as it has in ¡he past? Decision makers in 
financial circles are becoming increasingly aware that the regíon is unlikely to repay lts 
debts in full, and debt has recently become the subject of negotiation. The prlce of 
debt certificates as a percentage of the!r nominal value halved between 1986 and 1989 
(CEPAL, 1989). This suggests that the negative impact of debt repayment on growth 
wiU slowly diminish during the 19905, and that debt will be less and less of a millstone 
around the necks of Latin American countries. Nevertheless, a revival of international 
loans to the regíon should not be expected for many years. Financial institutions have 
long memories: far the coming decade Latin America will be largely dependen! 
on internal financing. 

Will Latin America and the Caribbean succeed in increasing their expart earnings to 
finance those imports that are vital for economíc growth? During the 19805, capitalism 
has established itself worldwide as the dominant economic system, and the theory of 
free trade and international division of labor has received strong support. The chances 
for a period of international peace that would a1low the development of international 
trade look good. The pressure to reduce protectionist policies in the Uruguay round of 
the GAlT has been strong, but has not yet been translated into concrete measures. 
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Tabte ST.'. Poverty (percentage of households) in latin Ameriea and the Caribbean~ 

HousehoLd type 

Poor househotds 

Total 

Urban 

Rural 

Households in 

absolute poverty 

Total 

Urban 

Rural 

SCURCE: CEPAL, 1990. 

1970 

40 

26 

62 

19 

10 

34 

1980 

35 

25 

54 

15 

9 

28 

Table $1.5. Gtowth rates. by decade, of per espita calarle intake in Latin Ameriea Cpercentage). 

1986 

37 

30 

53 

17 

11 

30 

-_ .. __ ... _~-'-~--------------_._--
Ccuntry 1960·70 1970·80 1980·87 

Brazl l 0.7 0.6 0.1 

Mexlco 0.6 1.2 0.8 

Central AIlEr-; ca 0.8 0.5 0.6 

Caribbean (except CLba) 0.7 0.5 0.6 

Andean countries 0.3 0.8 ·0.1 

Southern Cone 0.6 -0.2 '0.4 

Latín AllEri ca 0.6 0.6 0.2 

SCURCES: FAO, 1987 and 1988. 
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Allhough Ihere are sorne indicalions Ihal trade will increase, Ihis will oflen be within 
economic blocks, such as the European .cconomic Commission (EEC) or the North 
American Free Trade Associalion (NAFTA), instead of in a lruly international 
fa,hion. In such an environment, Ihe ability lo rapidly increase exports depends 
strongly on negotiating power, and il is difficult to see what are Latín America's 
advantages, unless praclical regional blocks (custom unions) are strengthened. Recent 
developments Iike Mercosur and Pacto Andino are certainly steps in the right 
direction. Moreover, in order to use such increased export earnings for vital imports, 
it is necessary to ensure that they are not completely absorbed by increased debt 
payments. 

In summary, the Latin American and Caribbean debt crisis is slowly easing but will 
constrain future international financing; the governments in the regio n are 
experiencing severe difficulties in managing this crisis and in maintaining their role in 
the provision of public services; its export orientation, which initially paid off, has 
become less effective with diminishing terms of trade, increased import requirements 
and a weak bargaining position. In consequence, poverty has increased, especially in 
the cities, and the region now faces more welfare problems than at the beginning of 
the 1980s. 

However, in response to the crisis, macroeconomic policies have been modified. The 
economic environment of Latin American and Caribbean countries now resembles free 
market conditions more closely than ever before. If intlation can be controJled and 
solutions for the remaining debt problems negotiated, the conditions for renewed 
economic growth in the 19905 will be better than they were in the 19805. 

Economic and agricultural growth in the coming decade 

Latin America and the Caribbean in the 19905 will face great challenges. Most of the 
region's countries will have to pursue economic growth under conditions of foreign 
capital scarcity and high real inlerest rates. Monetary policies will have to be 
conservative in order to restrain growth of intlation. Little money will be available for 
spending on equity problems, which wiJI have to be addressed, instead, through 
oriented strategies. At the same time, resource conservation issues will become more 
important. Governments will thus have littie room for maneuver. 

Countries will need to look for new export markets 10 improve their balance of 
payments. Given the reduced room for the use of policy inslruments, countries will 
have to adhere more and more to the principie of comparative advantage. To develop 
new markets, cosl-reducíng technologies that enhance comparative advantage will play 
a key role. 
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Where investment capital is constrained and where governments have to reduce their 
activities, the key to economic development will not líe in a small number of 
large-scale, national initiatives, but in a large number of small-scale, local initiatives. 
The small-scale farmer and the informal sector are often seen as subjects of 
redistributive government policies. In the coming decade there wiIl be no resources 
avaílable for such policies and the only way to address their poverty will be by 
línking them to expanding markets (de Janvry and Sadoulet, 1990; Nares, 1990). Such 
markets can be identified in new export opportunities and in the more dynamic 
internal commodities. Over the past three decades, rapid urbanization, higher incomes 
and new technologies contributed to change in the Latín American diet patterns. 
Perishable, nontransformable or low-value products, such as pulses and roots and 
tubers, lost Iheir share to easier-to-store, more elaborate and convenient foods. 
Agroindustry, originally dependent on imported foodstuffs, moved closer to inland 
production regions, away from the ports, and diversified itself, strenglhening the links 
of industry with agriculture. 

Small-scale farmers and informal sector entrepreneurs are accustomed to earning a 
living under conditions of capital scarcity. In the financial climate of the region during 
the 19905, they may well be better able to contribute to growth Ihan the 
capital-intensive enterprises that have formed Ihe Iraditional basis of growth. 

The revival of the small farm as a business unÍt does not imply an end to equity 
problems. In urban areas, food availability for the poor will remain an important issue. 
In rural areas, not so much food as access lo basic services is likely to become the 
dominant equity issue. 

If this scenario is realized, modest economíc growth, of around 1.5% per capita per 
year, may be expected during the 19905. 

Long-term economic and agricultural trends 

Technology generation is a sJow process. Considerable lead times are required, both 
for research and for the dissemination of its results. To select an appropriate agenda 
for research, long-term forecasts have to be considered. Extrapolating current trends is 
not reliable for long·term forecasts; the analysis must therefore shift toward 
understanding the basic mechanisms that underlie the trends. 

Relative factor endowments in the region. The key to understanding the international 
distribution of labor is the principie of comparative advanlage. Comparative 
advantages depend strongIy on factor endowments. Table S1.6 compares factor 
endowments for different regions of the world. 
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Table S1.6. Assessment of factor endowments of different continents. 

Factor Latin Asia Africa North 

Americe America 

Land 

Ava il abil ity + + + 

QuaU ty :': :'. + 

Labor 

Availability :': + :'. 

auality :': + + 

Capi tal 

Avai labi l í ty + :'. 

QuaU ty :'. + + 

SOURCE: Author'S estimates. 

Latin America and the Caribbean have ample land, but not as good quality as that of 
North America. Labor availability is not as hígh as in A~ía, but compares favorably 
with that of North America. The educational level of the Latín American labor force is 
below that of both Asía and North America. The capital endowment of Latin America 
is assessed as rather poor, for two reasons: fírst, savings rates are low; and second, 
there will be fewer loans available to Latín America for a long time. The quality of 
capital, as expressed by the flexibility and the transparency of financial markets, is also 
inferior to that of both North America and Asia. 

This assessment of factor cndowments suggests that agriculture is the sector in which 
Latin America and the Caribbean will have the greatest opportunitíes for international 
trade, but that North America, with its ample availability of good land, will be a strong 
competitor, especially in grains and oil seeds. Export strategies based on industry, 
which require a plentiful supply of skiJIed labor and substantial investment, are more 
feasible for Asian countries. The advantage in international services, which normally 
require very highly qualified labor, will stay with the developed world for sorne time. 
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Expected growth and engines of growth within Latin America. What we have today in 
this regíon ís a more complex agriculture, íntrícately related with the rest of the 
economy. The stronger backward and forward linkages make agrículture a uníque 
sector for reactivatíng the economíc engíne and constitute the basís for treatíng 
agriculture as a strategic sector for development (Mellor, 1989). Prospects for 
long-term economic growth in Latín American countries are strongly linked to three 
aspects. Fírst, political stability: this crucial factor in a country's investment c1imate 
influences labor relations, investment risk and the stability of government policies. 
Second, a steady supply of foreign exchange: as we have seen, the prospects for 
international borrowing are bad for Latin Ameríca and the Caribbean, whose countries 
will have to rely on other ways of obtaining foreign exchange. Third, the degree of 
outward orientatíon a country has: a more open economy helps a country to develop 
export markets and to remain or beco me competitive. 

In the long term, the agricultural sector in Latin America and ¡he Caribbean will be 
less disadvantaged ¡han during ¡he 1970s or 1980s. Ins¡ead of being sacrificed to 
industrial growth and being a source of government income, it may well become an 
engine of economíc growth, in which role it will nevertheless be country-specific. 
Although Latin Ameríca as a whole has abundant land, this endowment is 
heterogeneous: most South American countries have ample land and will be able to 
develop considerable comparative advantages in agriculture; whereas in other 
countries, such as Mexíco and those of tbe Caribbean, land is relatively scarce. These 
countries may be able to develop sorne specialized agricultural exports, but the 
potential for agriculture 10 promote overall economíc growth i8 somewhat limi¡ed. 

Perhaps more revealíng than the absolute factor endowments, are the recent trends in 
relative land-to-Iabor ratios. FAO (1988), for example, found that between 1961-1963 
and 1984-1985, countries such as Argentina, Bolivia, Brazil, Chile, Cuba, Dominícan 
Republic, Paraguay, Suriname and Uruguay increased their land-to-Iabor ratio. 
Countries such as Ecuador, El Salvador, Guatemala, Honduras, Mexico and Nícaragua 
reduced their land-lo-Iabor ratio, whereas Colombia, Costa Rica, Haiti, Pan ama and 
Venezuela maintained the same ratio at the end as at the beginning of the period of 
analysis. 

Not only differences by country, but also differences by decade could be observed. 
Frontier expansion was an important source of production growth in the 1960s and 
19705: the factor constraints of the 1980s called for more intensification (higher 
yields) as the source for output growth (Table S1.7). 

Modernization of agricuIture has be en the logícal result of a stagnant, rural, labor 
force and of the pressures for a more efficient agriculture. FAO statistics show that, in 
order to maintain food production at constant per capita levels during ¡he 1980s, 
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Table S1.7. Evotution of yields of selectcd crops in latin America. 

• traps Annual growtn rates 

1966·70 1970·8(1 198(1·88 

MaiZé ns 1-9 ns 

Rice ns 0.9 2.6 

lIheat ns ns 3.5 

SOrgnun ns 3.3 ns 

SOybeans ns 2.1 ns 

8. ns = not significant at the 10% level. 

SClJRCE: Authors' calculatlons, based on FAO's data. 

cereal production grew by 26%, fertilizer use increased by 40% and tbe number 
of tractors increased by 82%. Tbis trend sbould continue as rural population for the 
year 2000 is projected to remain at 125 million, whereas urban population will grow by 
50% (from 275 to 400 million) and the agricultural frontier expansion reaches a hall. 
Together witb the trend to increase use of modern inputs, there is a trend to specialize 
(as dictated by the fixities of machinery and the need to achieve economies of scale) 
and to integrate operations both vertically (capturing marketing margins such 
as in grain-feed-poultry operations) and horizontally (in cooperatives and producers' 
associations ). 

As a conc1usion, it can be stated that sorne Latín American countries, sucb as Mexico 
and Venezuela, may experience bealthy economic growtb, witb a minor, bul strategic, 
role for agriculture; olbers, such as the Caribbean countries, will face low growth witb, 
at the mosl, an intermediate role for agriculture; the countries of Central America are 
likely to face rather slow growth, bUI with an important role for agriculture; a few 
countries, notably Brazil, Paraguay and Colombia, may grow moderately fast, with 
agriculture playing a vital role. Tbe agricultural technologies developed lo address 
these conditions wíll need lo cover a wíde spectrum of options to take into account the 
differences Ihat will occur in labor costs or input use. Depending on the importance of 
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agriculture, the willingness to invest in agricultural technology will differ strongly 
among countries. 

Alternative agricultural development paths. Industrial labor productivity and 
migration trends, feasibility of frontier development, and energy prices will strongly 
influence future agricultural development. We foresee highly heterogeneous 
agricultural development paths throughout the region, and would like to highlight the 
fol!owing five: 

1. Intensíve peri-urban farming. This is a labor-using development path which 
will take place close to urban centers. lt responds to the fact that not al! 
rural migrants wíll be absorbed by urban employment. Their place of 
residence will give them access to a urban Jife style while they will still be 
employed in the rural sector. This development path requires either large 
urban markets for fruits and vegetables, or an export demand (e.g., flower 
production in the Sabana de Bogotá, or Chilean fruit for export). A good 
infrastructure is needed. Environmental problems will typically be those of 
intensively farmed areas such as pesticide abuse and depletion of water 
tables. Access to markets will lead to agricultural enterprises with a large 
number of employers and to individual farmers integrated in cooperatives 
or vertical marketing channels. 

Major challenges for this development path in elude the identification of 
products with a price-elastic demand; the enhancement of mobility of 
production factors, particularly land; and the management of conflicts 
between agriculture and other uses of resources, e.g., water for irrigation or 
urban consumption. 

2. Marginal land farming. This development path refers to small to 
medium-sized farms on less fertile land, more distant from major markets. 
Frequently their occupants have been pushed out of more fertile regions. 
These systems present serious sustainability problems, e.g., low incomes, 
pressure on fragile resources and erosiono Development of these systems 
should be based on increasing the land-to-Iabor ratio, by outmigration of 
part of the population and more extensive land use by the remaining people 
in order to reduce pressure on resources. 

3. Commercial farming on fertile land. These systems can be found in large 
areas of the continent which, at present, produce the basic grains for the 
urban population. We envisage a factor-neutral development path which 
will respond to the overall límilS to area expansion and increasing transport 
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costs. At the same time, demand growth, outmigration and an aging 
population will cause a need to íncrease labor productivity. 

This ímplies increased mechanization and a trend toward less diversified 
systems. The ehallenge will be lO inerease efficíency in a sustainable 
manner, avoiding the present problems of specialized agricultural systems 
such as exeessive use of agrochemicals, weeds and erosiono 

4. Intensification of environmentally low-value land with agricultural potentiaL 
This development path, e.g., the intensification of the acid-soil savannas, 
offers scope for a substantial intensification from present low levels of 
productivity. This implíes ¡ncreases in both land and labor productivities. 
Area expansion would playa key role in the process. 

The critical issue for this development path is whether, in a scenario of 
increasing energy priccs that affect transport and input costs, the savannas 
can compete with areas closer to the market. 

5. Intensification of envirorunentally valuable land with low agricultural 
potential. This refers to the exploitation of tbe humid forest for cropping 
and livestoek. In the past, humid forest exploitation had a markedly 
land-using nature, assocíated with free access to this resource. The severe 
environmental problems resulting from such land use have led governments 
to question its soundness. There is growing consensus on the need to 
better understand this ecosystem and on the trade-off implied in the 
design of more appropriate technology. It is clear that, if at all, tbe 
appropriate deve\opment path should be labor using. This implies the need 
to establísh precisely targeted sets of polícies and incentives to induce such 
a labor-using development path. 

Energy and agricultural development. The previously described development paths 
would be sensitive to energy costs. The expected merease in oil prices may negatively 
affect the development of marginal areas in oil-importing countries even further than 
already anticípated, as transportation subsidies become unmanageable. The reverse 
may be true for oil exporters such as Mexico, Venezuela, Ecuador, Colombia and 
Bolivia. Among tbe oH importers, resurgence of agricultural energy sources (such as 
PROALCOL) will regain credibility, shifting resources away from food production. 
Chemical inputs will become more expensive. thus imposing more efficient input use 
within tbe context of an integrated crop management approach, and substituting 
chemical use for more sound management. 
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Agricultural development and natural resouree conservation. Increasing population 
densities and poverty constitute a powerful mix for resource overexploitation, 
degradation and depletion. A basic economic force to increase coneem for 
sustainability is to place higber value on future ineomes tban is currently done. In 
otber words, to be in a condition of applying low diseount rates that do not excessively 
tax future inromes over present ones. But tbis will not bappen under conditions of 
poverty; poor people value current income very bighly and rigbtIy view immediate 
resouree use as tbe only alternative for improving tbeir status. Likewise, most 
countries witb sborHerm demoeratic regimes will value immediate ineomes bigbly, 
particularly if tbe debt burden and fiscal deficits run bigh at a time wben terms of 
trade are deteriorating and market aceess is redueed. 

The share of agriculture in a country's growth will also affeet altitudes toward 
sustainability issues in agriculture. Countries experiencing rapid growtb with a 
substantial role for agrieulture will probably reeognize the importanee of sustainability 
issues; they will emphasize the role of technology in eontributing to growth, but, at the 
same time, will seek to enbance the sustainable use of their natural resources. Where 
growth is rapid but the role of agrieulture is small, eountries may be able to afford a 
eonservationist attitude toward sustainable agriculture, beeause their future does not 
depend on it. They may ehoose to set natural resources apart in nature reserves, or to 
adopt legislation which restricts unsustainable praetiees. Countries experiencing slow 
growth but with an imponant role for agrieulture, will tend to mine the natural 
resouree base until growth has aeeelerated. In eountries where growth is slow, with a 
small role for agrieulture, sustainabilíty will probably be a non-issue. AH four 
altitudes either are or will be found in Latin Ameriea and the Caribbean, where the 
role of agriculture in development varies eonsiderably from country to eountry. This 
means that the requests for agricultural teehnology that will be made to institutions, 
such as CIA T, will become more diverse. 

Agricultural exports. What kind of agricultural exports should the continent aim for? 
Two issues affect the answer to this question. The first is that of food self-sufficiency 
versus food self-reliance. The concept of food self-reliance has recentIy gained 
considerable support in development circles, but the willingness of countries to rely on 
international markets for their basic food supplies remains to be seen. 

The second issue is international transport costs. At present one ton of wheat can be 
shipped from the Mexican Gulf to Egypt for only US$30 (FAO, 1990a). Although 
international oil prices and, therefore, transport costs, are volatile, the expectation is 
that they will tend to increase in the medium to long terro, because of reduction in 
reserves of non-OPEC oi! suppliers (IMF, 1990). This would suggest that it is best to 
concentrate on products with a low ratio of transport costs to value of produce. For 
the purposes of Latin American exports, this would point to high-value crops. These 
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high-value crops need to be in considerable demand in order to contribute to domestic 
growth. Fruits. f10wers and off-season vegetables should be considered. as well as 
coffee. oocoa, sugar, bananas, and even meats (especially chicken and beef), and 
possíbly oi! seeds and pulses. 

Investment in agriculture and ín the generation of agricultural technology appear good 
bets for Latin America and the Caribbean. The focus should be on enhancing the 
labor cost advantage that the continent has in producing high-value products, and on 
increasing the productive capacity of the region's plentiful but relatively infertile land. 
The resulting boost to agricultural development may weIl trigger agro industrial growth 
ín both the input and processíng sectors. 

Employment. AgricuIture stiIl provides considerable employment in Latin America and 
the Caribbean, but it is no longer the sector that absorbs most labor as it still does in 
Asia and Africa. Average inoomes in the agricultural sector are less than one third of 
those in other sectors. In Asia, agriculture is seen as the employment buffer of society, 
but this is no longer so in Latín America and the Caribbean, where the service sector 
has beoome the principal source of employment. 

If the employment buffer has shifted from the agricultural to the service sector, then 
the principal challenge for agriculture in the coming decades wiIl be to raise per capita 
ínoome. Increased labor productivity wiIl therefore be a key objective for agricultural 
development. Seed-based and other yield-increasíng technologies wiIl oontribute to 
increased labor productivity, but wiIl need to be complemented with appropriate 
mechanization to remove labor peaks in small and medium-sized farm operations. For 
many of these farms, these would be the fírst steps on the mechanization track, and 
therefore the expected return to investments would be high. 

The opportunities for increasíng labor productivity are not equal across the different 
ecosystems of the region. For example, in many hilly areas the potential for higher 
labor productivity is very Iimited. To avoid further outmigration from these regions, it 
wiIl be necessary 10 create new income-generating opportunities. This will require the 
design of employment policies for rural industries and services, as well as for 
agriculture. 

Sectoriallinkages. As shown by Pineiro (1988) and Mandler (1987), the agricultural 
sector of Latin America and the Caribbean is becoming increasingly integrated witb 
the rest of the economy. The intermediate consumption of the agricultural sector 
amounts to 29% of the gross value of its output, and 34% of the gross agricultural 
output is input to another productive process. CIAT (see Section 2, this volume) 
suggests that technical change in agricultural production causes substantial welfare 
gains botb within the agricultural sector and in the rest of the economy. For rice and 
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beans, the income effects triggered in the rest of the economy are estimated at 78% 
and 41%, respectively, of the direct gains to producers and consumers. 

Thus, even though the role of agriculture in the region's total economy is relatively 
small, agricultural development will lrigger substantial growth in olher sectors. The 
ability of the sector 10 induce agroindustrial growth and rural development should be 
taken into account in national planning. An important issue is how to link the 
small-farm sector to expanding markets. 

Implications for agricultura) technology generation 

As we have seen, the econonllc circumstances of Latin American countries will vary 
substantiaJly toward and beyond the year 2000. This will influence their attitudes to 
agricultural technology generation. For sorne countries, technologies oriented toward 
sustainable land use will be the key to growth; for others, short-term productivity 
increases will be the most urgent consideration. 

The role of the public sector in technology generation and diffusion will probably be 
reduced, because of budgetary problems. Nongovernmental organizations may step in 
to fill Ihe vacuum. Such organizations have good local knowledge, bUI Httle access to 
policy makers. 

The fiscal and financial constraints faced by governments wiIJ force them lo select, 
with great care, their interventions to achieve growth. Price supports or credit subsidies 
will be difficult to atford. lnstead, technology generation and diffusion, which enhance 
rather than obfuscate comparative advantages, will be emphasized as the main source 
of growth. 

We now find an agriculture where there is intense pressure 10 increase labor and 
capital produclivity, as the model of frontier expansion will be limiled by financial 
constraints. Modernization and more commercially oriented farmers will demand 
germplasm responsive lo inputs, which, ideally, should also produce acceptable yields 
at low-input levels. The demand for mechanization calls for a broader range of 
alternatives than is currently available. The lack of altematives is particularly striking 
when compared with the ample range of small and medium-sized machines being used 
in Asia. 

Technology development should be focused on two groups of products. Fírst, it must 
be directed toward reducing the costs oC high-value commodities, such as vegetables 
and livestock products, that have export potential. The second Cocus should be on 
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those urban staples that form the basis of the poor's diet and where a comparative 
advantage may either exist (but requires maintenance of technological advances) or be 
developed through cost-reducing technologies. The traditional income disparities of 
Latin America persist, but the locus of poverty is shifting from rural to urban areas. 
Food availability to the urban poor could be addressed partly by imports for the cases 
where comparative advantages cannot be developed. To reduce the share of food in 
the expenditure of the poor without solely relying on foreign exchange and to 
guarantee adequate levels of food self-reliance, increase<! staple production with 
cost-reducing technologies is a must. To further aJleviate urban poverty, more 
emphasis on the development of the informal sector will be required. 

The trend to more elaborate foods with higher value added implies a lessening of the 
paramount importance that breeders used to give to the physical characteristics of the 
products based on what was interpreted as consumer preferences. If lhe product will 
be used as raw material for feed or flour production, for example, its size, shape and 
color loses importance because the relative cost of its nutrients is what really matters 
for least-cost mixtures. 

The extent to which agricultural technology can address the rural equity issue should, 
for various reasons, be reassessed. Firstly, rural poverty has stopped increasing, 
despite the bleak conditions of the last decade. Secondly, the feasibility of strategies to 
alleviate poverty is severely constrained by Iimited governmental resources. Thirdly, 
the ability of resource-poor farmers to make productive use of smaIl amounts of 
capital i5 now se en as an asset. Finally, the employment buffer of society is being 
transferred from the agricultural to the service sector. 

The time is ripe to pursue strategies that will speed the transformation of 
subsistence-based farmers into small-scale entrepreneurs. This will inerease labor 
productivity and create rural employment opportunities outside agriculture. For sorne 
small-scale farmers this transformation may be aehieved by increasing the productivity 
and market orientation of their farms. For others, it may imply moving out of 
agriculture to other types of economic activity. A major technological challenge of the 
19905 will be to integrate small-scale agriculture within more comprehensive forms of 
productive rural development, for example, through postharvest processing, and 
developing small-scale agroindustries and other rural service activities. 

Summary and conclusions 

Structural adjustment poJicies, with more open economies, are ereating a tough 
environment for agriculture, but one in which the economic incentives are less 
distorted. Such an environment will allow agricultural technology lo perform on its 
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own merit, rather than at the merey of support measures. It is imperative that this 
opportunity be successfuIly used, and that technological improvements contribute 
significantly to economic growth. IC technology generation and diffusion are 
unsuccessful, pressures to revert to poliey interventions may develop, influence exerted 
by special interest groups wouId once agaín distort economic incentives, decrease 
export competitiveness and reduce growth, thereby increasing the distance between the 
Latín American and Caribbean regíon and developed countries. 

For the agriculturaI sector, many recent trends point to the same direction: the urgent 
need Cor increased efficieney and modernization to maíntain growth rates with lower 
area expansion, and the need for resource conservation leading to sustainable 
agricultural systems. In other words, more efficient and sustainable technologies must 
be put in place. Cost-reducing technologíes are needed to allow expansion oC 
domestic markets and increase oC external competitiveness. Whether growth wiIl be 
internally or externaIly induced is somewhat a futile discussion; increased efficieney is 
a must for more open economies. The new technologies, designed in the context oC 
increasing linkages oC agriculture, will, in tu m, generate more income and ensure that 
internal growth will aIso exert an important pull effect into agricuIture through higher 
derived and aggregate demands. In this context, it is imperative to link small and 
medium-sized Carms to expanding markets. 

To realize agricultural growth on a technological basis, it is important that the 
increased mobility of production factors be recognized. We will see further 
difCerentiation between regions and countries, along the development paths that were 
described earlier. 

Environmental issues will increasingly become a key bargaining element between the 
region and its present or potentiaí trade partners. A better understanding of issues, 
such as the interrelationships between the choice oC development path, the access to 
developed countries' product and capital markets, poverty and the environment, is 
urgently needed to facilitate this international bargaining process. 

Production systems research in the context oC a land use perspective is increasingly in 
high demand, as concern for sustainability (where higher productivity and improved 
equity are aligned with conservation oC natural resources) transcends the commodity 
approach, thus placing issues in the context oC better knowledge oC agroecologies and 
their socioe-::onomic contexto 
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Section 2 

CIAT'S COMMODITY PORTFOLIO REVISITED: INDICATORS OF 
PRESENT AND FUTURE IMPORTANCE 

Introduction 

Willem Janssen, Luis R. Sanint, 
Libardo Rivas, and Guy Henry* 

As part of CIATs strategic planning exercise, a group of CIATs mandate and other 
commodities was analyzed for the commodities' relative contribution to the Center's 
three major objectives: growth, equíty and preservation of the natural resource base. 
Thís sectÍon explains the metbods used for the analysis and discusses the results. 

Methods for ranking research priorities and implications for CIAT 

Since the CalAR system became involved in strategíc planning, a number of methods 
for ranking research priorities have been reviewed (Davis et al., 1987; Norton and 
Pardey, 1988; TAC, 1988; Mueller, 1989). We will begin by summarizing sorne of the 
major findings of these reviews, thereby setting the stage for the approach we have 
used at CIAT. 

First, we should distinguish between single and multiple criteria models. Single 
crherion models include congruency analysis, as applied by Janssen et al. (1989) for 
the 1989 CIAT internal annual review. Precedence, tbe principIe of increasing or 
reducing the budget in line with the previous allocation, is also a single criterion 
model. Single criterion models can provide very rough first indícations on the 
relative magnitudes of priorities. However, no single criterion allows aH the different 
components of an institution's set of objectives to be scrutinized. Sufficient detaíl for 
more sophisticated analysis is no! provided. 

Multiple criteria models are therefore a better approach when a thorough 
reassessment of prioríties is required. Within mllltiple critería models, an important 
distinction should be made between models witb bllilt-in criteria weighing, and models 

• Economists, Programs of Beans, Rice, Tropical Pastures, and Cassava, respectively, 
CIAT. 
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without criteria weighing. In the first case, the model considers different criteria and 
weighs them to arrive at an order oí priori ti es. Mathematical prograrnming models 
(Romero and Rehman, 1989) or hierarchical selection of priorities (Saaty, 1986) 
belong in this group. In the second case, the values of different commodities with 
respect to different criteria are obtained, but the actual priorities are defined outside 
the model, through interpretation of the results by decision makers. Scoring models 
are an example of this approach. The choice of whether to use a model allowing 
built-in criteria weighing or to interpret outside !he modeI depends on how welI the 
objectives of the decision makers can be expressed in mathematical terms and how 
clearly their decision process can be mapped. 

In much of the Iiterature, a distinction is also made between the current value of 
production (in congruency analysis) and the expected benefits of research (in producer 
and consumer surplus analysis). The expected benefits of research constitute a more 
relevant crÍterion than the current value of production, but the assumptions required 
to estímate them are more susceptible to error. This problem can be partly overcome 
through consultation, for example by means of a Delphi-type questionnaire (Herdt and 
Riely, 1987). However, the need to make assumptions often reduces the credibility of 
this type of analysis, shifting the discussion away from resuJts toward rationales and 
procedures. 

Another issue is the relationship between research costs and research benefits. Ideally, 
this relationship should be established through a continuum from low to high costs 
(the research production function), allowing the optimal size of programs to be 
determined. Such an analysís is theoreticalIy possíble, but practically tedíous to execute 
for more than a few crops. Consequently, ít is difficult to apply a tme cost-benefit 
framework, and the analysis will be normally constrained to the comparison of 
expected benefits at a single level of funding. 

The literature reviews cited above distinguish benefit-cost models from 
multiple-scoring models. The distinction appears to be based on the greater use of 
economic and mathematical concepts in the reported benefit-cost analyses than in the 
muJtiple-scoring analyses. This distinction, however, is rather confusing. Within a 
multiple-scoring model, there is no reason why the expected benefit-to-cost ratio 
cannot be included as one of the criteria. 

Where do these considerations lead CIAT's commodíty analysis? First, to the 
realization that a multiple criteria model is preferable to a single criterion one. 
Second, to the conclusion that there is no reason to consider cost-benefit analysis and 
a multiple-scoring model as mutually exclusive, but that the fírs t method can be 
absorbed into the second. Third, to the awareness that the credibility of the commodity 
analysis depends on the effective participation of cornmodity experts. 
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Let us end this introductory section on a cautionary note. In its analysis of priority 
assessment methods, TAC states: "no mode] wiIl ever be a substitute for collective 
judgement." 

CIAT's commodity evaluation approach 

The approach to commodity evaluation adopted by CIAT blended several different 
methods of ranking priorities, using a two-stage analysis (Figure S2.1). AIthough we 
had restricted ourselves to a Latin American context, the number of commodity 
options remained large. In the first stage, we scored commodities according to a small 
number of simple criteria and, in a hierarchical selection of priorities, discarded sorne 
of them. The criteria used to discard certain commodities involved certain superficial 
judgments, but these were deemed necessary to reduce the number of commodities 
requiring a more penetrating analysis. 

Thus, in the second stage, a smaller group of commodities was studied in greater 
detail. A single benefit -cost criterion, as favored by J. R yan (personal communication) 
or a single congruency analysis as applied by McIntire (1985) appeared too restrictive 
to examine the roles of the different commodities. lt was therefore decided to develop 
criteria for each of CIATs four principal objectives: growth, equity, preservation of the 
resource base, and institutional complementarity. 

AIthough the use of a single criterion was ruled out, it was agreed that agricultural 
research should be considered as a long-term investment, and that benefit-cost 
assessments should therefore Conn the backbone of the analysis. With respect to 
economic growth and equity, there were no conceptual problems in developing a 
framework for benefit-cost analysis, although sorne considerations, such as nutrition, 
employment, and expected future value of the commodity, were perhaps not 
sufficiently included. With respect to resource preservation and institutional 
considerations, the investment concept is not clear and not easily applicable, so other 
criteria were identified. 

Scores for sorne criteria in relation to sorne cornrnodities could be obtained directly 
from original data sources. To obtain the other scores a partial equilibrium model and 
a simple general equilibrium model were used. Most of the data needed to feed these 
models were gathered by CIATs economists. 

For a number of critical parameters of an essentially subjective nature, such as the 
expected supply shift in case of successful research, the lead time of research, and the 
speed of adoption of improved technology, assumptions were made in consultation 
with experts on specific commodities. These consultations took two forms: whenever 
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possible, the economie and technieal prospects of the commodity were discussed with 
an expert; additionally, a queslionnaire was developed lo elicil judgments on the type 
and rate of technical change that could be expected for a gíven commodity as a result 
of research by ClAT. The questionnaire was accompanied by a commodity profile to 
orient the expert with respect 10 the social and economíc faclors relevant lo the 
commodity. The questionnaire was sent to several specialists for each commodity. In 
the case of sorghum, soybean and cotton, the responses prompted adjustmenls to 
ClATs own assessments. In the case of banana and plantain, the data used should be 
viewed with care, because little specific information on technical changes could be 
obtained. 

The approach applied by CIAT can thus be summarízed as an initial screening, 
followed by the application of a multiple criteria model, built around a benefit-cost 
analysis and estimated by means of an expert consultation procedure. The approach 
has led 10 clearly interpretable data on the expected benefits of research in total and 
for different target groups, but no effort has been made to weigh the different críteria 
used or to reach final decisions on the compositon of CIATs commodity portfolio 
(Figure 82.1). 

Cornrnodity screening 

Nineteen commodities were selected for the initial screening. These were beans, beef, 
cassava, cítrus (oranges and lemons), cotton, milk, plantain and banana, rice, sorghum, 
soybeans, vegetables (snap beans, tomatoes and onions), cocoa, coffee, groundnuts, 
palm oíl, rubber, sugar and wood products (Table 82.1). AlI these commoditíes are 
agricultural products in the sense that land is a principal factor in their production. 
Marine products, eggs, poultry and pork were exc\uded because they are not usually 
land dependent. Beef and milk productíon can also be divorced from the land, but this 
is not often the case in Latin America and the Caribbean. 

These commodities were screened for three criteria: the current value of production in 
Latin Ameríca and the Caríbbean, as a proxy for the significance of the commodity; 
the share of Latin America in total developing-world production, in order to assess 
whether research in Latín America would contribute signifícantly to global 
devclopment; and the case for international research, which was assessed by reviewing 
the existing strength of research by national programs or producer 
organizations. 

To assess the value of production and the share of Latin Ameríca in total developing 
world production, we used the data set developed by Davis et aL (1989) for use by 
TAC. As the authors admit, this data set is not perfect, but nevertheless we considered 
it an adequate source for the inirial screening. The case for intemational research was 

25 



Table S2. L Outcome of initiat screening of c~ity options. 

COIII'IKXIit/ Value 01 Percentage of total Decisign 
latin American production developing~ taken 

(milLion USS) warld procl. 

Be..,. (Ph.~lus) 
c 

4,131 61.30 
Beof 10,023 61.94 

c 
6,209 Cassava 21.76 

Citrus Coranges aoo lennns) 7,302 61.95 
Cotton 2,700 14.13 
Milk 11,845 30.40 
Plantain and banana 9,530 39.53 
Rice 4,070 6.59 
SorghLm 1,716 33.21 
Soybeans 

d 
6,214 64.34 

Vegetabtes 1.887 21.68 
Cocoa '~443 35.08 V 

Cof! .. 11,930 65.61 M 

Gr<U'ldruts 340 4.73 V 

palm oi l 116 4.46 V 

Pineapple 417 24.15 V 
Rubber 70 1.38 V 

SUgar 3,701 50.46 M 

tioad prOOJcts 24,615 20.80 L 

a. Data prepared 101' TAe by Davis. Oram and Ryan (DOR). 1989. 
Beans: DOR~data do not distinguish Phaseo~u§. and non-Phaseolus. Data presented are farmgate 
vatues as estimated by Janssen, Sanint and Seré (JSS) 10r the 1989 presentation in CJAT's annual 
review. 
Snap beans: Estfmates by llenry and Janssen (n.d~) for the snap bean economic study. 
Rice: Vatues for latin America corrected with JSS calculations. 

b. 1 : lnctuded for further analysis. 
V :1: Discarded because 01 low value of prOOJction. 
M ~ Discarded because of apparent lack of merit of international research. 
l ::;; Decision depends on CIAT's position with respect to laOO use rescarch. 

c. ror beaos. values in other target regions included Africa. West Asia aOO North Africa; for 
cassava, Asia was included. 

d~ Snap beans 6 tcmatoes eOO onions. 

26 



assessed on the basis of our existing knowledge of research strength, without further 
consultation. 

Table S2.1 shows the outcome of the screening process. Because of their low value of 
production, oocoa, groundnuts, palm oil, pineapple and rubber were discarded. Coffee 
and sugar both have strong research prograrns by producer organizations and were 
discarded because of an apparent lack of merit for intemational research. Wood 
products were not discarded as such, but the relevance of (agro)forestry research was 
considered to depend more on the importance that CIAT would give to land use tban 
on the value of this mixed bag of products. The share of Latin America in total 
developing-world production tumed out to be a redundant criterion. 

AppJication oC the muJtiple criteria model 

Eleven commodities remained after the initial screening. Apart from CIATs 
commodities (beans, beef, cassava, rnilk and rice), these were plantain and banana, 
dtrus, ootton, sorgbum, soybeans and a group of vegetable products. These 
commodíties were evaluated for the potential contribution research could make to 
econornic growth, equity, and tbe preservation oí natural resources, and for the 
institutional oomplementaríty of research by CIAT. For the evaluation of these 
commodities, data (Tables S2.2 and S2.3) were obtained from a large number of 
sources. 

Economic growth 

Criteria. Technology development aims to oontribute to econornic growtb through the 
more effident use of scarce resourees. In tbe oontext of agricultural researeb this bas 
normally been interpreted as increasing production per unit of land or per unit of 
labor. The estimation of teehnological benefits has conventionally been restricted to 
the direet effects on tbe supply and demand of the commodity in question. 

Recently, there has been inereasing awareness of the indirect effects of technologícal 
change. When the supply of a certain oommodity inereases, this triggers off dernand 
for other products. For example, if more rice is produced, more combine harvesters 
will be needed, more rice mills will be built and more fertilizer will be used. At the 
same time, the inoome of producers will inerease, and they will expand tbeir 
eonsumption of other commodities. The resulting demand for goods and serviees 
allows other people to earn an income. The extra value added in this way, outside the 
immediate commodity sector, is referred to as the linkage effect (Mellor and Lele, 
1973). The extent of the linkage effect differs among commodities, according to input 
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Table $2.2. Data scurces: prices.
a 

Source 

Fund~ Getulio Vargas. 1988. Precos 
recibidos petos agricultores. 8razil~ 

FAO production yearbook.. Various years. 

lynam, J .K. (1) 

Economics sections of CIAT's cassava~ 
bean, rice and tropical pestures progrems. 

FAO. 1970·84. Economía mundial del banano. 

IIor I d Benk. 1958 ed. Ctm1lX!ity t rede aOO 

price trends, lJashington, OC. 

FAO. Monthly bulletin of statistics. 

IMF. lnternational financial statlstics, 
prices of bes;c commodities 

CVC. 1988. Manual de costos de producción 
agropecuaria. Cal', Colombia. 

Project FAO'RlAC/CIAT (2) 

Pinstrup~Andersen, P. et al. (3) 

Valdez, A. (4) 

Jons_, W. (8) 

lnitial price 

CAL 

00, SAN 

SF, Ml(5), Rl, SOY, 
CIT 

CO, SO 

Mininun price 
of sIJWly 

CAL, CAA. SEA. SEl, 
BF, "1(5), R! 

BAN 

so, ce 

International 
price 

BAN 

CAA, BF, "1(6) 

SEA, 8El, SO 

so,ce 

Price elasticlty 
al sUR>ly 

CAL, CAA, Pl, SAN, 
SEA, MI, 8El(7), 
SO(\\), Rl, SOY, CIT 

8F 

Price elasticity 
of_ 

CO, SEl(10l, R!, 
SOY, CIT 

BAN 

BF 

"! 

so 

(Con'lnuedl 



lable S2.2. (Continued¡ 

Source 

As'ary, H. and Cummings, J.T. (9) 

FAO. 1979. Review of food consl.lTl>tion 

surveys 19n, vot .2. Rare. 

Lynam, J.K.; Sanint, L.R.; Sáez, C.; Ibañez· 
Meier. C.; Gontijo, A.; and Janssen, ~. (12) 

Mln;sterio de Agricultura. 1989. Anuario de 
estadfsticas del sector agropecuario. 
Colon'bia. 

Federación Nacional de Cafeteros de 
IV eolOlltlía (13). 

'" sanint, L.R.; Riv8S. L.; Duque, M.C. and 
Ser', e. (14) 

Instituto de Economia Agrfcota. 
tnfonma~s economices. Gov. de 
Estado de S~o Paulo, S~o Pauto, 8razit. 

Funda~o Getulio Vargas. Agroanelysis. 
Several issues. Rio de Janeiro, Srazíl. 

a. BEL = Beans f LA ce = Cotton 
SEA = Beans. Africa MI = Milk 
BAN = Banana Pl :::;; Plantain 
Sf = Beef RI = Rice 
CAA = Cassave, Asia SO = Sorghlln 
CAL :' Cassava, LA SOY = Soybeans 

lni ti al prlce 

Pl 

Minil'lUtl price 
01 SUj:llly 

Pl 

SOY, elT 

lntemational 
price 

en 

Price elasticity 
of suW'ly 

so, Co 

Price elasticity 
01 domand 

SEA 

CAL 

Pl 
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Table Se.2. (Continued) 

Source Initial príce MiniffUTI price 
01 sUWly 

(nternationat 
price 

Price elestlcity 
of suWly 

Price elastícjty 
01 d .... nd 

For snap bean data sources, ~ Henry, G. and Janssen. \J. (eds~)' n.d. Snap besos in the developing world. [Proceedlll9s of an internationat conference.l 
CIAT E CallE Colombia. (In press.) 

(1) lynam. J.K. 1987. The cassava economy of Asia: Adapting to economic change. CIAT. Cali. Cotombia. 
In addition to: Konjing Chaiwat and Issariyanukula Apisith. 1985. OUtput ~ end marketing of rice and upland crops in Thailand. In: Food palicy 
anatysis in ThaHand, edited by Theodore Panayotou. Agrkul tural Devetopneot COlflCit, Bangk.ok, Thailand. 

(2) Rivas, l.; Ser~, C.; Sanint, L.R.; and Cordeu, J.L. 1989. La demanda de carnes en países seleccionados de América Latina y el Caribe: Proyecto 
colaborativo FAO·RLAC/CJAT. FAO~RlAC, and CrAT. Cali, Colombia. 195 p. 

(3) Pinstr~~Andersen, P.; Ruil. de Londoi\of N.; and Hoover, E. 1976. The i~t of iocreasing foad sl.4'Ply on hl.lllilf'l nutrftion: l!rplications Tor cOO'l'OCldity 
priorities in agr~cultural research and palicy. American Journel of Agrlcultural Economics 58(2)!131·142. 

(4) Valdel t A. 1975. Sorne ecooanics aspects of the cattle industry in latin America. 1Q: Potential to increase beef productioo. CIAT, Cali t Colombia. 

'" O (5) 8F t MI: Estimated by using data fran IBGE; Min. Agricultura Colombia; and Rivas, L~ and Seré, C. Análisis de precios de productos e insuoos 
ganaderos. Docunentos de trabajo nos. 18, 28 arxl 55, of 1986, 1987 and 1988 l respectively~ CtAT, Cali. Col_fa. 

(6) 91, MI. Estimated by using data from IMF f lnternational financiaL statistics, various yeats; and FAO montly bullet;n, various yeats. 

(7) Estimated by us;ng data from: 
* Pachioo, D.; Lynem, J.K.; and Jones, P. 1967. The distribution of benefits from tecnnical change among classes of consumers and producers: An ex 

ante analysis of beans in Brazil. Research Policy 16(5):219-285. 
• luna G" C.A. and Janssen, W. 1990. El comercio internacional y la producción de frfjol en Colombia. Coyuntura Agropecuaria 7(1):107~139. 
• Plasencia, J. 1986. Frijol, oferta, demanda e inversión en la investigación agrfcoLa. INIFAP, Mexico. 

(8l Jans .. n, W. 1986. Harket impact on ca .... a'. deYelopmont potential in the Atlantic C088t regíon of COlombia. CIAT, Cali, Colombia. 357 p. 

(9) Askarl, H. and CummingSf J.T. 1976. Agricultura! supply response: A survey of the econometric eyidence. Praeger, New York, NY, USA. 443 p. 

(10) Estímate<! by usíng data Irom: 

• Pach1:co. D. arxl Seréf C. 1985. Food eonsl.nption petterns and malnutrition in latin America: Sane issues for cOlllfJ:lCfity priorities and palicy 
anelysis. In: Trends in CIAT cOlllfJ:lCfit;es. Internal doc~t, Economics 1.10. CIAT, Cali. Cotombia. 

• Gray, C. 1982. Food consumption parameters for 8razit and their application to food policy. IFPR1, Washington, DC, USA. 
(e Oflt í ",e<!) 
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rable S2.2. (Continuod) 

Source Inhiel price 

(11) Estlmated by using data frOO'l: 

Mininun price 
of supply 

lnternational 
price 

Prlce elasticity 
of S\JWly 

• Borren, C. 1984. Sorghum production in the Atlantic coast of Colombia. 10: Cassava economics. CIAr, Cali. Colombia. (rypescript~) 

Price elastlcity 
of demand 

• Seré, C. and Estrada, R.D. 1987. PotentlaL role of grain sorghum in the agricultural systems of regions wlth acíd soils in tropical latin Americe. 
10: Gourley, l.". and Satinas, J.G. Sorghum tor acid 501ls. INrSORMfl, ICRISAr and CIAT, Cali, Colombia. p. 145-169. 

(12) iynam, J.K.; Senint. L.R.; Séez, R.; lbañez-Meier, C.; Gontijo, A.; &nd Jenssenl W. 1987. The cassava economy 01 lat;n America: A foad staple in 
trensitíon. CIAT, Calí, Cotombia. 

(13) Federaciá1 NaciOOEll de Cafeteros de Colornbía~ 1989~ Bases tecnoL6g1ces: Costos e ingresos de actividades agropecu.arias de diversificación, Colombia. 

(14) Sanint, loR.; Rivas, L¡ DtqJet M.C.; and Seré, C. 1985. Análisis de los patrones de conSlll'O de alimentos en Colombia a partir de la encuesta de 

hogares OANE/DRI de 1981. Revista de Planeación y Desarrollo 17(3):39-63. 



Table S2~3. Data sources: Volume and quantity.a 

Source-

FAO production ~arboo~ ard FAO trade 
yearbook.. Various years. 

Economic sectiens of CIAT's cass8va t 

bcan, rice and tropical pastures 
programs. 

Trends in CIAT commoditles ttablesi. 
Vari ous years. 

Instltuto Brasileiro de Geografia e 
EstadIstica (IBGE). 1980. Censo 
agropecuario. Srazil. 

Jnstituto Brasileiro de Geografie e 
EstadIstica (IBGE). 1980. Estudo 
nacional de despesa famil;ar. Srazil. 

FAe. 1988. Commodity review and outloolc. 

fAO. 1979. Review 01 food consuoption 
surveys, 1977, vot.2. Rome. 

Sanint t L.R.; Rivas E L.; Duque, M.C., and 
Seré, C. (1) 

Funda~~ Getulio Vargas. Agroanalysis. 
Several issues. Rio Janeiro, Braz;l. 

USOA World citrus situation ard o. 

Jenssen, 1/. (5) 

Initial quantity 

PL. BAN, CAA, CAL 
BELJ BEA, CO, SO. 
RI, SOY, Ml, sr 

CIT 

BEl., SEA 

Demard gr""th 

so, ca 

CAL, PL, QAN(2) 
RI. SOY, CIT, SF, 
Ml(ó) 

CIT 

BEL, BEA ~ 

Supply growth 

PL, BAH, SO, CO 

CAL, Rl, SOY. BF, 
HI(ó) 

CAA, 8El, BEA 

Pl"oduction 
dlstribution 

CAA, SEA, PL(4), 
BAH (3) 

CAL, BEL, SO, CO, BF 

COOSYJpt i en 
distributiQn 

CAL 

BAN, BEl!?) 

SO, co 

SEA 

PL, SO, CO, CIT, 
SF, MI 

Rl, SOY 
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Teble S2.3. (Continued) 

SOurce lnitiel quantity Demand growth Suppl y growth 

Rivas. lo (8) MI 

8. Food balance sheets (1979~81) were used tor estimating calories ard proteins in eU cOl11'lliXiities. 

ProductlM 

dístrib,.Jt ion 

Cons~tion 

distribution 

for snap beBn data sources, ~ iienry, G. an:;j Janssen1 w. (eds.). n.d. Snap beans in the developing world. CProceedings of an intemational conference.l 
CIAT f Cali, Colombia. (In press~) 

The uk~$hiftsll en::! toe percentage of adoption for toe i"itial end the final year f a5 were used in the partiel equilibrit..llllll:ldel, have bero derived 
ftan informatioo collected froo the uExpert ConsultatiM Survey'1 (Hay 1990). In several cases these "slues were adjusted to ir.clude eckiitional data 
from the economics seetions of CIAT. 
For explanatlon of abbreviations ~ footnote a in Teble: $2.2. 

(1) s •• note (14) in Teble S2.Z. 

(2) BAH: average of (á) George and king. 1971. Consl.l'fIer demanl for food coomodities in the United SUtes with projections for 1980. Giamini Foll"ldatton 
w II1>n09rapll. no. 26; and <b) FAa. Troo. yearbook. 
w 

(3) SAN: average of 8razil, Ecuador anl Colombia in: (a) Memoria de la Reunión Regional de lHIBAP pera América latina y el Caribe. 1987. Costa Rica. 
(b) AUGURA. 1987. Proci.Icción V conerciat hadón del banano. Revista Nacional de Agricut tura (CoLOITbia) 

no. 878. 

(4) Pl: in (a) Burit;cá f P. 1985. El plátano: Situación en Colombia y su sistema de generación de tecnología. lnfonne UPEB 8(65). 
(b) Soleibe~Arbelaez, F. 1979. Importancia socioeconómica y sistemas de producción de plátano en Colombia. Federación Nacional dé Cafeteros, 

Bogotá, Colombia. <Typescript.) 

<S) Janssen, W. 1989. Ory bean prcxlJction anl cOrlSl,IIption in the year 2000: Projeetions, tholJ9hts and guesses wi th enphasis en lat;n America ard Africa. 
In: Beebe, S. Current topics in breeding of conmon bean. Working doct.ment no. 47. CIAT. Cali J Cotoobia. p. 329"'350. 

(6) 8f end MI: Estil1llltl!d by using data fran: 

* wortd Bank. lnfonne sobre el desarrollo munlial. Verious years. 
* fAO productien yearbook. Var;ous yesrs. 
* Trends in CIAr commoditles. various years. 

(7) See note (10) in Table SZ.2. 

{8} Rivas f L. 1974. sorne aspects of the cattle industry on the north coast plains. Technical bulletin no~ 3. CIAT, cali f Colombia. 
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intensity and the share of the extra income spent on domestic products (Hazell and 
Roell, 1983). 

The direct and indirect technology effects provide monetary estimations of the 
contribution of a commodity to economic growth. They are logical, rational and 
discriminatory criteria, but both are somewhat susceptible to the assumptions and 
structure of the model used, as explained later. To support or challenge the 
consistency of the estimated effects, sorne proxy variables were incIuded as additional 
economic growth criteria. These were the current value of production, the expected 
growth in dernand and the potential for foreign exchange earnings. 

Measurement. How were the different criteria measured? For the current value of 
production, the average production given in FAO production yearbooks for the three 
most recent years for which data were available was multiplied by the average world 
market price during the last decade, as supplied by IMF or F AO peice statistics. The 
expected growth in demand was assessed by analyzing commodity demand with respect 
to in come and urbanization and by reviewing the supply of alternative products. The 
potential for foreign exchange earnings was assessed qualitatively by considering the 
tradeability of the commodity, the present volume of trade, the expected growth in 
world market demand, and the potential for import substitution. 

The direct effect of technology on supply and demand was estimated by using a partial 
equilibrium model: MODEXC (see Appendix 1 to this section, p. 52-54). Table S2.4 
shows the assumptions used in the model. 

In the analysis of technological impact over time one wonders whether sorne of the 
parameters of the partial equilibrium model, such as the elasticities or the extent of 
demand and supply, would not change. We therefore simulated the effect of 
technological change as influenced by autonomous shifts in demand and supply. 111is 
did not deal with possible changes in elasticities, but it did assess the impact of 
technology in a dynamic fashion. We applied a 10% discount rate and aggregated the 
research benefits as simulated from 1990 to 2025 to arrive at a net present value 
(NPV). 

Supply and demand functions are normally only known close to the observed market 
equilibrium. Extrapolation to prices higher or lower than those observed is somewhat 
speculative and, in the case of linear functions, often produces substantial supplies at 
negative prices. We used the specification of Lynam and Jones (1986), which states 
that supply is only possible at positive prices. For further discussion of this 
specification see Pachico et al. (1987) and Antony et al. (1988). 
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Teble S2.4~ Data used in the pertial equitibrium modet (MOOEXC) to estímate researeh benefits. 

Product 

Banana 

Bean 

b 
Snap beaos 

Beef 

Cassava 
Fresh 
Processed 
Processed 

Citrus 

CoHan 

Hil' 

Sorghun 
f 

Soybean 

vesetablesS 

Reglon 

Latin America (L.A.) 

l.A. 

Africa 

e 
Tropical loA. 

l.A. 

Asia 

L.A. 

l.A. 

Tropical L.A. 

l.A. 

L.A. 

L.A. 

Tropical L.A. 

L.A. 

Value of 
procklction 

(milli on US$) 

7,504 

2,459 
1,672 

1,470 

8,580 

628 
2,103 
1,767 

1,341 

3,388 

10,325 

514 

4,070 

1,232 

2,362 

1,887 

S4'Ply 

elasticity 

0.4 

0.6 
0.4 

0.8 

0.5 

0.5 
0.5 
0.5 

0.3 

0.5 

0.7 

0.5 

0.5 

0.5 

0.5 

0.8 

O .... nd 

elasticity 

'2.0 

'0.5 
'0.4 

'0.6 

·0.4 

'0.8 
'0.8 
'2.2 

'2.0 

'5.0 

·0.8 

'1.2 

'0.5 

'5.0 

-5.0 

'0.7 

1.17 

1.28 
1.26 

1.31 

1.46 

1.09 
1.24 
1.23 

1.20 

1.12 

1.25 

1.28 

2.80 

1.34 

1.50 

1.31 

S4'Ply 

growth 
(X) 

1.5 

1.6 
2.2 

2.5 

1.0 

0.8 
1.6 

1.2 

2.0 

0.8 

1.4 

0.8 

1.8 

2.0 

2.0 

2.5 

Demand 

growth 
(%) 

2.2 

1.7 
3.0 

3.1 

1.5 

1.0 
2.0 
4.0 

2.0 

1.4 

1.6 

1.7 

2.0 

3.0 

3.0 

3.0 

cons~tion 

share of 40% 

poorest 
eonsllners oa 

39 
85 

74 

25 

19 
60 

25 

Share of leed time 
smB of research 

producers in (yr) 
pro<iJction (lr.l 

12 

55 
90 

95 

58 
50 
90 

53 

25 

50 

52 

18 

13 

3 

80 

6 

4 

4 

4 

4 

8 
6 
6 

6 

6 

4 

6 

2 

6 

6 

6 

a. K = The factor which express es the shift in supply. Defined as: lnitial supply + Expected extra supply beC8USe of technological chanse 
Initíal supply 

b. Total for L.A., Asia and Atrico. 
c. Tropical Lotin America refers to the whole of latin America and the Caribbean~ excluding Argentina, Chile and Uruguay. 
d. Considered as fuUy tradeable ccmoodfty. 
e. ln rice very significant technology adoption has occurred QVer the test 20 years. In light of thiSt future rice research benefits are estimated somewhat 

differently to other commodities. 
f. For soybean, southern Brazil was excluded. 
g. lncludes tomatóes and ooions. 



Lindner and Jarrett (1978) showed that the extent and distribution of research benefits 
depend strongly on the type of supply shift. In aH cases, we have applied a pivotal 
demand shift. This shift provides a conservative approximation of the total expected 
benefits of research and avoids exaggerated estima tes. Neverthe!ess, a pivota! supply 
shift tends to depress expected producer benefits. This necessitated sorne adjustments 
in the analysis of equity contributions. 

A partial equilibrium model has the shortcoming thal the effect of technology on the 
supply and demand of other products is no! included. 

To me asure indirect technology effects, a general equilibríum model was deve!oped, 
based on previous work by Haggblade and HazeH (1989). The model allowed 
different types of technological change to be evaluated (see Appendix 2 to this section, 
p.55-57). For CIAT's purposes the effect of a 10% shift in the slope of the supply 
function, coupled with a 10% reduction in the tradeable input-to-output ratio, was 
evaluated. In other words, we approximated the impact of technology which increases 
yields without requiring more inputs. This roughly reflects the impact of technology 
that increases yields al stable input levels per hectare. 

By varying the tradeable and nontradeable input coefficients and the income elasticity 
of domestic demand (Table S2.5), the ratio of the expected income change outside the 
agricultural sector to the expected supply change because of new technology can be 
calculated. By applying this ratio to the net present value of the expected supply 
change, as obtained in the partial equilibrium model, the net present value of the 
Iinkage effect is obtained. 

Results. The values of the commodities according to the different criteria are given in 
Table S2.6. The net present value of research benefits varíes considerably, from just 
over US$3 billion in the case of beef and rice lo only US$107 million in the case of 
plantain. Three of CIAT's mandate commodities have high expected values of 
research within a Latín American contexto These are beef, rice and milk. For the other 
two CIAT mandate cornmodities, beans and cassava, the net present values of research 
benefits wilhin Latin America are considerably lower, comparable with those for 
vegetables, colton, banana or sorghum. 

If we consider that, for both beans and cassava, CrA T has a global, not regional, 
mandate, the expected benefits of research on these crops improve considerably. For 
both crops the NPV doubles when other regions of the world where CIAT has an 
operational mandate are taken into account. In the case of beans the NPV improves 
even further when the snap bean, the vegetable brother of the dry bean, is included in 
the analysis. In a Latin American conlext the value of a bean or cassava program is 
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Table S2.5. Ass~tions tar evaluating l iokage effects. 

A: Commodity data for multiplier and tintase analysis 

Comnodity Non' Trado.Me IIJ~t use I oc""'" 
tradeable Tradoabte Ag. non' Other non~ effect 

lnp.Jts tradoable tradeable (expenditure 
inp.Jts inputs elastici ty) 

Rice x 0.16 0.01 0.20 0.5 
Soybe_ns x 0.12 0.01 0.25 0.5 
Cotton X 0.10 0.01 0.20 0.7 
SOr9 .... X 0.24 0.01 0.04 0.5 
Cjtrt..lS X 0.05 0.01 0.25 0.7 
Banana X 0.10 0.01 0.08 0.5 
Plantain x 0.05 0.01 0.04 0.9 
Tomato x 0.15 0.01 0.30 0.8 
extions x 0.15 0.01 0.04 0.8 
Milk x x 0.05 0.05 0.30 0.7 
Beef x x 0.03 0.05 0.25 0.5 
8eans x x 0.10 0.01 0.04 0.9 
Cassava x 0.05 0.01 0.20 0.9 

B: lnput/output matrjx 

lntenmediate demand 

Fran: To: T OT NT AMT ONT 

Tradeable (T) fa f f f f 
Other tradeables (OT) 0.11 0.02 0.18 
Nontrado.bte (NT) f f f f f 
119. nontradeabte (ANT) 0.09 0.02 0.17 
other nontradeable CQNT) 0.10 0.025 0.20 

8. f = lo be filled with data for the commodity under evaluation as given in A. 

SQURCES: Due to time limitations. i~t-use estimtions are based (lO sl.bjective assesstrents by 
CIAT's economists_ 
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Teble 52.6. t)ecision~making criteria tor choosing CJAPs comnodity options, tl18t ¡s. (besns (SE), rice (RJ), cassava (CA)* milk (HI). _1 (Bn. banana 
(BAN), plantain (PL)t citrus (Clr), sorghum (SO), soybean (SOY) cotton (CO) and ""getables (VEG). Objective: ECONCMIC GROWTH. 

Ml
a • a SOY· Criteria ~E ..EL CA ~ ...M!L -'!L f!.L iL ~ --.1SL 

b b 
LA LA- LA LA LA+ LA LA LA LA LA LA LA LA LA 

NPV of research benefits 8t 10% 
(million US$) 594 1418 2957 503 1579 1910 3230 1040 107 226 619 1248 336 499 

NPV of muttiplier effect 
(millí en USS¡ 241 523 2319 319 1221 1219 1621 358 29 258 454 1050 375 214 

Potehtlst foteign exchange earnings 
c 

f rcrn new technology • • • • ••• •• ••• ... ••• ••• • •• • 

w Future demand growth O> 
«~> pap. growth) = ~ = ! ~ > > = < = > > < > 

Current vatue ot pl'"Od..lc:t\on 
(m! ti ion USS¡ 2459 5601 4070 1461 3228 8714 6852 7504 514 1300 1237 2362 3393 1887 

e. Tropicat lowlands 01 latin America. 

b. LA = tropical Latin Americe, which excludes Argentina, Chile, and uruguay. 
LA+ = tropical Latjn America, plus Asia (for cassav8). Af ri ca ard snap beans for besns. 
It should be notad th6t in thé futuré, semiarid Africa will recelve cassava resources. 

c. lncludes impart substitution. *** = high; ** = medium¡ * = low. 



comparable with that of a sorghum or cotton program, but the mixed geographic 
responsibilities of CIA T suggest continued attention to the first two crops. 

Technology that would allow sorghum and soybean to be grown on the acid savannas 
of the lowland tropies would have a considerable payoff. In the case of soybean, the 
present value of the direct benefits is more than a billion dollars. In case of sorghum, 
in a Latín American context, the benefits are higher than for beans and cassava. The 
NPV of research benefits for vegetables is lower than expected. A1thou3h the demand 
for vegetables will grow rapidly, it will do so from a small basis. For cotton and citrus, 
the NPV of research benefits is also small. In the case oC cotton, this is caused by the 
limited potential for technological improvement. In the case of citrus, the commodity 
turned out to be Jess important than estimated during the first stage. 

For all cornmodities, the inc\usion of the linkage efCect considerably increases the 
impact of research. The value of the linkage effect vades substantially among 
cornmodities. In beans and beef, it is Jess than 40% of the NPV of direct research 
benefits, but in citrus or banana it is larger than the direct research benefits. If 
agricuiture is to be an engine of economic growth, commodities such as citrus or 
soybean would appear more important than commodities such as beef or beans. In 
general, the re\ative linkage effect is higher for tradeabJe than for nontradeab!e 
cornmodíties. 

The potential foreign exchange earnings for Latin America are high for cornmodities 
such as soybean, cotton, citrus and banana. The expected foreign exchange earnings 
from dried cassava exports in Asia remain high. Beef takes an intermediate position, 
and for rice, cassava in Latin Ameríca, bean, plantain and vegetables, the export 
potentía! is low. 

Future demand growth is low only for cotton, because of substitution by artificial 
fibers, and for plantain, where urbanization is expected to decrease effeclÍve demando 
It is high for animal proteins (beef and milk), animal feeds (soybean cake, sorghum) 
and vegetables. For the other commodities, future demand growth is expected to be 
roughly equal to population growth. 

Not all commodities have secondary products, but for those cornmodities that do, this 
does intluence future prospects. There is high future demand for cassava in the 
animal feed sector. For citrus, the expectations in the juice market are very favorable. 
High urban demand is expected for soybean oil. 

The current value of production of CIATs commodities compares favorably with that 
of the alternative commodities considered. CIA Ts choices, made 20 years ago, were 
well founded. Although production of CIATs commodities may have risen less than 
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sorne others, it did so from a large initial value. Soybean, cotton and banana have 
comparable values of production. For the other products, these are considerably 
lower. 

Equity 

eriteria. In Latin America, poverty has become more widespread in recent years. 
Although the share of poverty is still higher in rural areas, poverty in urban areas has 
increased from 31% to 45% during the last decade (CEPAl, 1990). The availability 
of food for the poor needs to receive major emphasis in the future. 

Latin American development has been characterized by the intensive use of capital, 
with low labor absorption and ofien labor displacement. Larger producers are 
benefiting more from public policies, farm mechanizatíon and input subsidies than 
srnaller ones (FAO, 1988). This has been one of the driving forees of urbanization 
and the inerease in landless agricultural labor. In addition, small-scale farmers have 
been pushed to less fertile or marginal lands. 

The criteria used to assess the contribution of commoditíes to CIAT's equity objective 
were technology-derived benefits to poor consumers, defined as the consumers of the 
lowest two (40%) income quintiles; the percentage srnall-scale farmers benefiting from 
new technology; the technology-derived employment effect; total calories for human 
consumption; and total proteins for human consumption. Poor consumers and 
small-scale producers were defined in such a way that, on the basis of income, the two 
groups are broadly comparable. 

Measurement. Assessing technology-derived benefits to poor consumers proved 
straightforward. Total research ben~fits had already been calculated. Consumer 
surplus was therefore multiplied by the consumption share of poor consumers as given 
in Table S2.4. 

Measuring the share of smal! producers in production led to major discussions. 
We1fare theory tells us that for nonexport commodities in general (in a partial 
equilibrium framework), consumer surplus is positive, whereas producer benefits rnight 
be negative. Our model showed similar results. Positive consumer benefits are 10 be 
expected, but negative producer benefits seem less realistic, and might have been 
caused by the use of a pivotal shifi to obtain conservative expected benefits. Thus, the 
estimated producer surpluses were rejected as a measure of impact on producers' 
equity. Total producer surplus, including exogenous impact, was then evaluated. 
Although positive, this measurement confounds the technology impact with demand 
and production growth. This measure was rejected as well. An alternative is to argue 
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that, in the long run, the cornmodity's equilibrium price may be equal to its price prior 
to technological change, due to substitution effects, Producer benefits can then be 
calculated as PI (Q¡ - Qo) (price after impact times the addítional quantity). However, 
this is an heroic assumption, and hard to substantiate. As a compromise, the 
percentage of small farmers benefiting from new technology was measured and should 
be evaluated in light of total benefits. 

The employment effect of technology was calculated by using the general equilibrium 
model described earlier. The total effect consists of (a) the direct effect, that is, the 
change in employment within the cornmodity subsector, and (b) the indirect effect, that 
is, the change in employment outside the subsector, calculated through the linkage 
effect of the model (see Appendix 3 to this section, p. 58-59). 

The availability of total calories and proteins was calculated from F AO's food balance 
sheets. 

Results. The results for the equity criteria are summarized in Table S2.7. The figures 
for technology-derived benefits to poor consumers are similar to those for total 
benefits. Among CIA 1"s commodities. rice stand s out, with a higb estímate of 
approximately US$2.6 billion. This seems acceptable, gíven that rice is the most 
popular carbohydrate in Latin American diets. The results again show that the 
inclusion of Africa and Asia for beans and cassava, respectively, significantIy increases 
the importance of these two crops. The estima tes for most other commodities are 
average 10 low. 

Rice, beef and milk are produced more by large-seale farmers than are beans and 
cassava. More benefits will therefore accrue to small-scale farmers for the latter two 
crops. Large-scale farmers are also the main producers of banana, sorgbum, soybean 
and cotton. 

The results of the employment effect criterion show that the highest seores are 
typically achieved by crops with a high labor requirement for harvesting and 
processing, such as cassava and banana. Conversely, crops, such as beans (in Latin 
America), actually show loss of employment due to technological change. Extra 
employment in harvesting and marketing cannot compensa te for the loss of 
employment in production. 

As regards the results for total calories and proteíns, the figures for total calories for 
rice and cassava (including Asia) stand out. The scores for banana, plantain, dtrus, 
sorghum, cotton and vegetables are relatively low. The remaining crops show 
intermediate values. In the case of total proteins, beans, rice, milk and beef show high 
scores, with the other crops having low to intermediate values. 
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Table $2.7. Oecision~making criteria fer choosing CJAT's commodlty options f thst is , beans (BE), rice (RI), cassava (CA), milk (MI), beef (BF), banana (BAN), 
plantain (PL), citrus (ell), sorghum (SO), seybean (SOY), cotton (Ca) and vegetsbles (VEG). Objective: EQUJTY~ 

Criterion BE JL CA 1L ...!!f.. BAN .lb... ..ill- ..]Q SOY 91 ..rilL-
a a 

LA LA' LA LA LA> LA LA LA LA LA LA LA LA LA 

Technology derived benefits to 
b 

poor consumers (million 0$$) 415 1903 2595 461 741 742 1498 43 40 75 62 134 21 137 

"'Share of sma II prodJcers in 

production (%) 
e 

55 76 18 52 67 50 26 12 52 53 13 3 25 80 

Technology derived employment 

effect (thousands man~years) ·63 53 98 ·60 171 110 67 224 5 103 59 156 37 33 

Total calaries for human nutrition 

(million kcal/day) 38.8 63.1 106 29.8 86.5 48.5 26.4 16.8 9.6 5.8 2.3 23.4 6.6 4.7 

Total proteins for human nlrtrltion 

(thousands kg/day) 2393 3979 2100 187 542 2818 1746 223 87 '~ 60 O O 185 

a. LA ~ Tropical latín Americe, which excludes Argentina, Chile and Uruguay; LA+ = tropical latin America, plus Asia (fer cassava), Africa and snap beans 

for beans. 
b. for consumers of lowest two income quintiles (towest 40%). 

c. For const.mers with incolOO' < US$3000 per family. 



Only the direct intake for human consumption was considered in the nutrition criteria. 
This discriminates against cassava, soybean and cotton seed (meaI), a considerable 
share of the production of which is used for animal production. These crops would 
show higher values if indirect protein consumption had also been measured. 

Sustainability 

entena. Natural resource conservation criteria were divided in two groups. The first 
group concerns the negative impact that the studied commodities have on the 
environment at presento To understand tbis negative impact we reviewed the amount 
of soil erosion and depIetion, pesticide use and contributions to deforestatíon 
associated with the cultivation of these commodities. The other group looks at the 
potential contribution that improved commodity technologies can make to the 
enhancement of the natural resource base. Here we considered the commodity's 
annual or perennial nature, its potential for rotation and adaptation to the 
environment and the possibility of reducing input use. 

Both the "negative impact" and "technology contribution" criteria were evaluated for 
the tbree ecosysterns that were proposed for CIAT's interventions in the field oí 
natural resource management. These ecosystems are the savannas, forest margins and 
mid-altitude hilIsides. 

Results. In consultation with several experts, and based on existing data, a qualitative 
assessment was made for the selected zones (Table S2.8). 

For the hillside zones, erosion is evidently a principal concern. Cassava and, to a lesser 
extent, beans and degraded grass pastures contribute to erosiono Vegetable production 
is often characterized by pesticide abuse. 

Improved pastures that allow intensive milk production and permanent crops, such as 
citrus and, to sorne extent, plantain, can substantially reduce erosion and soil 
depletion. For beans, cassava and vegetables, improved technology can correct the 
conservation problerns that their cultivation brings at present. Additionally, vegetables 
can improve the depressed incomes of many smallholders on the more favored parts of 
their farms, tbereby reducing overexploitation of the land. 

In the acid savannas of Latín America, monoculture of soybeans and, to a lesser 
extent, rice and degraded pastures have created severe soil nutrient runoff. Again, for 
soybeans and vegetables. pesticide use in these regions has become hazardous. 
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Table $2.8. Assessment of the relative contribution of commodity technology to the conservation of the naturaL re$ource base in speciftc eoozones in Latin 
a 

America , that ls, beans (SE), rice (RI), cassavB (CA). miik (MI), beef (BF)1 banana (BAN), plantain (PL), citrus (eIT), sorghum (SO), soybean 
(SOY), cotton (eO) and vegetables (VEG). Objective: NATURAL RESOURCE CONSERVATION. 

Zono. l""""t 
b 

BE R! CA 
e 

M! BF
e 

BAN Pl elT SCR
C SOr" ce VEG 

Hitlside zones ~e9ativé i~ct •• • ••• •• .. • • • • • • •• 
Potential positive 
contribution •• • •• ••• •• •• •• ... • • • •• 

Sayama tones ~egative lrTr,lact • •• • • • • • • • • •• • •• 
Potential positive 
contril:.lJtlOrl • ••• • •• ••• • • • •• • • •• • • 

Forest margi ns Megative l~ct • •• •• .0 ... • • • • • • • • 
Potentlat positive 
contri but i on • •• •• • •• • o • o. • o • • 

•• Ecozones for Latin America and the Ceribbean determined by CIAT's Agroecological Stl..Kiies Unit • 

b. '* = smal L; ** l1li medh.m¡ and *** := tarse contribution. 

c. Tropical letin America, which excludes Argentina, Chile aOO Uruguay. 



Well-managed pastures form the key to improved resource use in this ecosystem, but 
this has to be complemented with crop-pasture rotations. The preliminary results of 
the integration of newly developed acid-tolerant rice lines into pasture establishment 
and renovation suggest there is a high potential for such systems. Soybeans and 
sorghum could fulfill similar roles in crop-pasture or crop-crop rotations. PerenIÚals, 
sucb as citrus or banana, would a1low rational land use on sloping savanna facets. 

The forest margins include both current and previously forested zones. With respect 
to the former, policy interventions are a necessary ingredient prior to the introduction 
of improved technologies in order to stop further encroachment. The intensification 
potential of land use in already deforested areas as brought about by appropriate 
technologies appears to be bigh, but should be carefully monitored to avoid fronder 
expansion because of improved agricultural profitabilíty. 

Settlers' crops, such as beans, rice and cassava, playa role in the degradation of the 
ecosystem. Often tbey are followed by cattle ranching on unsustainable pastures. In 
Bolivia and Brazil, cattle ranching, independent of previous smaU-farmer colonization, 
has formed a major threat to the ecosystem. 

The same crops are those on wbich technology could bave positive impact, because 
they are so cIosely associated with the settlers' survival strategies. PerenIÚal crops 
would again have a significant advantage, not only for soil conservation, but also for 
the stability that they bring to the production system. This would mainly concern 
banana, plantain and citrus. 

Institutional considerations 

Criteria. Two criteria were proposed: tbe current level and capacity of research by 
national programs for a specific commodity; and the contribution of research by 
international centers, if any. 

Results. For CIA 1"5 curren! commodities, suffident information exists on the level 
and capacity of national research. However, for other cornmodities, data were scanty, 
and subjective assessments had to be used. 

In evaluating the results, the old dilemma arises again as to whether CIAT should 
work with those national programs that are weak or with those that are relatively 
strong. In this analysis the views prevailed that CIAT should work with programs of 
intermediate strengtb. In Table 52.9 the results of institutional considerations are 
shown. 
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Table 52.9. Oecision-making criteria for CtAT/s commodfty options, that is~ beans (SE)t rice (RIl. cassave (CA), milt (MI), beef (BF), banane (BAN), plantein 
(PL), citrus (CIT), sorghum (SO), soybean (SOY), cotton (Ca), and vegetabl .. (VEG). Obj.c';.e: lNSTITUTlONAL COHSIDERATIQNS. 

Criterie BE 

CUrrent i~stigation 

by nationat programs. 
b 

CUrrent i nvest 1 Qat i on 

by other international 

rtsearch efforts CRSP 

Lead time of research 4 

(y.ars) 

a 
LA+ 

4 

RI 

IRRI 

WARDA 

4 

LA+ 

W,S W,S 

lITA 

8 6 

..!!L 

LA 

~,S 

4 

ILCA 

IlRAD 

4 

BAN 

~,S 

IMISAl' 

IRfA 

liTA 

CATlE 

6 6 

CH ca VEG 

~.S W,S W,S 

I NTSORMIL AVRDC 

ICRlSAT 

8 7 4 4 4 

8. LA = tropical Lat;n Americe, which excludes Argentina, Chile and Uruguay; LA+ = Tropical Letin Americe, plus Asia (for cessava), Africa end snap beans 

for beans. 

b. W,5 = weak and strong; 1 = intenmediate. 



The current research efforts of national programs in beans in Latin America and rice 
appear appropriate for successful collaboration. It should be noted that producer 
organizations may play a vital role in national research, as is the case for rice, so that 
assessments of the strength of the national system as a whole may differ from those of 
specific prograrns. The remaining commodities invariably showed weak national 
program research in Latín America and the Caribbean. 

üttIe or no research is conducted by ínternational research centers on citrus, soybean 
and cotton. However, it must be kept in mind that considerable research on these 
crops is being done by the private sector in the developing world. 

In the case of cassava, and milk and beef, although other internatÍonal research is 
being conducted, this is not directly related to Latin America and the Caribbean. In 
the case of banana, considerable research is being conducted by the private sector, in 
addition 10 international centers. 

Conclusions 

Table S2.1O provides a summary of the scores of each commodity for each group of 
criteria. CIA1"s present commodity portfolio emerges as being very relevant, within 
the framework imposed, and the geographicallimits to the analysis. For example, if for 
cassava sorne spillover benefits to Africa were considered, its re1evanee would be even 
higher. Apart from the present CIA T commodities, sorghum and soybeans might make 
useful contributions to CIA 1"s portfolio, because the!r potentíal is so clearly focused in 
one agroecologieal zone. Citrus warrants attention from the sustainability point of 
view. 

Let us look at each group of criteria to obtain an idea of the relative ranking of the 
commodity options. 

From the point of view of growth, the commodities with the highest seores are rice, 
milk and beef. Although they all rank low for one of the criteria, potential foreign 
exehange earnings, they perform better than the rest for other growth-related aspeets, 
including the current value of produetion. 

The second group of eriteria, equity, has two clear winners, beans and cassava, 
especlally when CIA1"s global mandate is considered. Rice has very high seores for 
equity among poor eonsumers, but not for producers. Milk and beef are somewhat 
less important in this respec! than rice. None of the eommodities currently outside 
CIA1"s present portfolío appears relevant from ¡he poin! of view of equity. 
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Table Sl.10. SlIIIIJ9ry of the contribution
a 

of variow con1OOdities to CIAf'a objectives in l.atin 
America (LA). 

Conmodity 

Beans 
LA 
Africa 

Rice 

d 
Cassava 

LA 
Asia 

Mit' 

8 ... f 

Banana 

Plantain 

Citrus 

sorghUTI 

Soybeans 

COttoo 

Vegetable$ 

Economic 

growth 

o .. 
•• ... 

••• •• 

• ••• 
•• o, 

. -. .-_. 
** 

•• • 

• • 

• • 

• • 

•• • 

• • 

• • 

Natural resources 

· b Negatlve 

• 
•• .. 
-.-.. 
.-

• 

• 

• 

• 

•• 

• 

.. 

e 
PO$itive 

contribution 

• -
•• 

• 
•• 

••• 

.-
• 

• 

... 
• 

• 

• 

• 

Institutional 

considerations 

... .. 
•• 

•• .-
•• 

••• 

• 

• 

• 

••• 

•• 

• 

... 
a. Small cootribution C*), intermediate contribution C**), and large contribution (***). 

b. Negative impect of present cultivation practices on the natutal resoutce base. 

c. Possible contribution of j~roved con1OOdity technology to resource conservation within selected 
egroecosystems (See Tabte 52.8). for casS8va ard beans s~ contritution outside latin America 
has been assumed. 

d. The present analysis ooes not i~lude benefits of C1AT's ces"ve tesearch to Afric8, 14'!ere 
liTA has the operational mandate. It ls recognized that CIAT's cassave reseerch offers 
potential for African conditjons. 
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In terms of resource preservatíon, tropical pastures have an important contribution to 
make to the reduction of soil erosion and depletion, but they also have an important 
current negative impact, through pasture degradation and ranching in forest margins. 
The role of cassava and beans for both negative and positive dimensions grows by 
taking into account the production outside Latín America. Citrus production has an 
important role to play, especially in the hillsides. In the savanna zone, soybeans cause 
problems and need attention. 

Finally, with respect to institutional aspects, tropical pastures, beans and sorghum have 
relatively short lead times for research, and the opportunities for complementing 
national and international efforts appear good. Rice, cassava and soybeans also appear 
productive in this respect, albeit to a lesser extent. 
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Appendix 1: MODEXC, a model to calculate economic surpluses 

MODEXC is a user-friendly, menu-driven model that can be run on Lotus 123. It is 
based on the technology evaluation method proposed by Lynam and Iones (1985) and 
applied, among others. by Pachico et al. (1987) and Antony et al. (1988). 

MODEXC simulates the evolution in market equilibrium, as both supply and demand 
shift. Supply shifts in the mode! arise from two sources: (1) the technological change 
under evaluation (the objective of the analysis) and (2) other technological changes 
and supply shifts associated with autonomous growth in the production sector. From 
the demand side, the autonomous shifts that take place are associated with population 
growth, higher incomes and variations in the prices of substitutes. The model 
performs annual calculatíons of consumer, producer and total benefit., emerging from 
the technological change being evaluated, as well as from changes associated with 
autonomous supply shifts. 

The model uses three criteria to determine the economic benefits associated with 
investments in agricultural research: 

1. The net present value of economic surpluses; 
2. The internal rate of return (IRR) of research investments; and 
3. The benefit-to-cost ratio. 

Tbe matbematical model. 

[1] So = C (p_M)d Initial Supply Function 

[2J Sl = CK"K¡ (PK2-M/K3)d Total Supply Function, including both the 
technological and autonomous shifts in supply 

[3] Do = B p'P Ini tial Demand Function 

[4] D1 = B~ p"P Shifted Demand Function 

Where: 

P = Commodity price 
M = Mínimum supply price 
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d = where Ep is price elasticity of supply 

= Inidal market equilibrium price 

e '" 

0 0 = Inidal market equilibrium quantity 

Ka = (1 +6)' '" Autonomous supply shift 

<5 = Annual rate of growth in supply due to autonomous forces 

t = Time 

B = Intercept of the demand function 

"p = Price elasticity of demand 

Ka = (1 + \()' = Demand shift, where'¡( is the net annual growth in demand 

K¡,K2,K3 = SuppJy shifters due to technoJogical change 

The model considers three altemative scenarios for the supply shift, depending on the 
type of technological change, as follows: 

1. When K¡ > 1 and Kz = K3 = 1, a pivotal divergent shift is assumed. 

2. When K2> 1 and K¡ = K3 = 1, a nonpivotal and divergent supply shift is assumed. 

3. When K] > 1 and K2 = K¡ = 1, a nonpivotaI and convergent supply shift is 
assumed. 

Results. MODEXC caJculates, in two stages and for each year of evaJuation, quantity 
and equiJibrium prices over time. In the first stage, it caJculates quantities and prices 
on the assumption that autonomous changes only occur in tbe system. In the second 
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stage, it calculates quantities and prices on the assumption that both autonomous 
changes and changes brought about by technological innovation occur. Three types of 
economic surpluses are estimated by the model: those caused by autonomous changes, 
those associated with technological change, and the sum of the previous two. 

MODEXC has an option for measuríng the economíc surpluses in closed or in open 
economies. In the !atter case, the model estimates the total production, as well as 
domestic consumption and trade (imports or exports). 

To calculate benefit-to-cost-ratios and the internal rate of return on research 
investments, the model allows for the incorporation of research expenditures that take 
place 10 to 20 years after the implementation of !he new technology. 
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Appendix 2: Estimation oC linkage effects 

The model distinguishes five supply sectors: 

Sector 1 

Sector 2 

Sector 3 

Sector 4 

Sector 5 

includes the data on the tradeable commodity to be evaluated. If a 
nontradeable commodity is evaluated, sector 1 stays empty. 

includes the supply of al! other tradeable cornrnodities. For sectors 1 
and 2, a f¡xed (world market) price is supplied to the model. 

includes the data on the nontradeable cornrnodity to be evaluated. If a 
tradeable commodity is evaluated, sector 3 stays empty. 

includes the supply of al! other agricultural nontradeable goods. 

includes the supply of al! nonagricultural goods and services that are 
nontradeabJe. 

For sectors 3, 4 and 5, intermediate and final demands are defined. The supply and 
demand in sectors 3, 4 and 5 need 10 be balanced in the model. 

Income is defíned as the difference between the total value of production and the 
value of intermediate demando In the case of nontradeables, a term is included that 
defines the income increase 10 consumers because of the price erfeet of the 
technological ehange. 

The model has linear supply and demand equations. It is written in a rnierocomputer 
spreadsheet and is solved by an iterative procedure. 

Supply. 

Si = a¡ + b¡ • Pi 

For i = 1 to 5 

Where: 

S = Supply 
P = Price 
a,b Supply equation coefficients 

(1) 
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Final demando 

D¡ = c¡ + d¡ . p¡ + e¡ . Y¡ • (1-s) (2) 

For i = 3 to 5 

Where: 

d = Final demand 
s = Savings quota 
y = Income 
c,d,e = Demand equation coefficients 

For the tradeable sectors (1 and 2) all supply is c\eared at a fixed price. 

Intermediale demando 

(3) 

Where: 

f¡J = Intermediale demand fraetion fram sector j to sector i 

ID¡ = Intermediate demand for production of sector i 

Total demando 

ID; = D¡ + ID; (4) 

Where: 

ID = Total demand 

Income. (5) 

The fírst term after the equal sign expresses total supp[y; the second term expresses 
the input use by the differen! sectors; the thírd term expresses the income inerease lo 
consumers beca use of the possible price effect of technological change in a 

56 



nontradeable commodity. The superfix (T) indicates that technological change has 
occurred, superflX (o) that it has not occurred. 

Equilibrium. 

(6) 

For i = 3 to 5 

Parameter values. ll;, bi, Ci' di and ei are calculated on the basis of expected supply 
and demand elasticities, price levels and equilibrium quantities. For the assumptions 
on the parameters, see Table S2.5. 

The commodity under evaluation has a price elasticity of supply of 0.8. Agricultural 
and other nontradeables are considered to have perfect elastic supply. 

Price elasticities of demand were put at -0.5 for nontradeable sectors. Expenditure 
elasticities change with the product under evaluation. The expenditure elasticity 
reflects the extent to which extra income is spent on nontradeables vis-a-vis tradeables. 

The equilibrium quantities of Ihe model reflecI the Colombian economy lo sorne 
degree. Total income is c10se to US$50 billion, and the contribution of the 
agricultural sector is 25%. The share of the nonagricultural nontradeable sector is 
about 40% of the total economy. 

The value of a CIAT tradeable or nontradeable cornmodity does not reflect its real 
contribution to GDP. In all cases, the initial value was put al US$l billion. When the 
other nontradeable sectors have fully elastic supply, the relative size of the different 
sectors does not influence the size of the multipliers obtained. These depend only on 
the relative input use and on the íncome elasticity of domestic demando 

Evaluatíon 01 technological change. By ínputting into the model the input use and 
income elasticity for the individual cornmodities and by simulating a supply shift in 
sector 1 or 3, the impact of technological change on the production of the cornmodity 
itself, as well as in other sectors, can be evaluated. By dividing the income change 
outside the commodity with the production increase as caused by the technological 
change, the multiplier is obtained. This figure is multiplied by the net present value of 
production increases as obtained in the partial equilibrium model to obtain the net 
present value of ¡he linkage effect. 
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Appendix 3: Estimations of the employment etTect of new technology 

The employment effeel of new teehnology was estimated for the final year of the 
planning period (2025). 

Estimation of the indireet effect. If constant labor produetivity outside the subseetor 
influeneed by teehnologieal change is assumed, the indireet effeet <;!In be estimated as 
a linear relationship with the extra produetion in the rest of the economy, as generated 
through the linkage effeet. 

The relationship between employrnent and produetion is expressed by average labor 
productivity. At a conservative estimate of 1.5% GDP growth per year from now to 
lhe year 2025, at a constant employment rate of the total populatíon of 57%, and at a 
ratio of 1.46 between total produetion and total value added (as observed in the 
general equilibrium model), the expected labor productivity in the year 2025 ean be 
estimaled as: 

US$1812 x 1/0.57 x 1.46 x (1.015)38 = US$8172 per year. 

Where: 

US$1812 = GDP/head in 1987 (WorId Bank, 1989), and the other terms are as 
expressed aboye. 

The extra production outside the subsector, caused by the linkage effeet, ean be 
caleulated in the general equilibrium mode!. By dividing this by the production ehange 
due to teehnology within the subseetor, the "produetion 10 produetion multiplier" is 
derived for eaeh eommodity. This last multíplier was applied lo lhe extra produetion as 
estimated in the partí al equilibrium model for the year 2025. The value obtained was 
divided by the expeeted labor produetivity per person in ¡he year 2025, to find the 
years of employment eaused by the indireet effect. 

Estimation of the direet effect. Assuming that agricultural production technology 
normal\y aims lo inerease yields per heetare without major ehanges in the use of labor 
per hectare, the direct employrnent effeel ean be estimated on the basis of the 
following data: 

1. Total production in tons with and without teehnological ehange (Po and P,). 

2. Yields in tons per ha with and without technological change (Yo and Y,). 
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3. Estimated labor use in days per ha in land-related activities in the year 
2025 (L). 

4. Estimated labor use in days per ton in volume of production-related activities 
(T). 

5. Labor days per year (LD). 

Assuming that the labor use per ha and per ton stay the same before and after 
technological change, the number of years of direct employment within the commodity 
subsector before technological change is calculated as: 

and after technological change as: 

By subtracting (6) from (7), the effect of technological change on employment in the 
commodity subsector is found. 

Estimation of tbe total effect. By summing the direct and indirect effects, the total 
employrnent effect for the year 2025 is obtained. 
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Section 3 

SELECTED COMMODITY TRENDS1 

Introduction 

The outlook for the cornmodities that ClAT proposes to work on has been analyzed 
within the general socioeconomic context of Latin America and other mandate 
continents. This analysis helps to establish a base on which to plan CIA 1"s future 
activities. The data used comprised published statistical information (mainly from 
FAO), which is variable in its quality and reflects differences in the development of 
statistical data collection systems among countries and the present economic 
importance of individual commodities for specific countries. It should be kept in mind 
that statistics aggregated at the national level may mask important shifts in 
productivity of crops in specific regions, for example, displacement of crops from prime 
land to marginal land fostered by the development of cultivars better adapted to 
marginal conditions. Furthermore, given the limited time since release, several 
of CIAT's materials have achieved farmer acceptance, but the areas involved are still 
too limited to be reflected in aggregate national yield statistics. 

The task force shares the view that economic growth in developing countries during 
the 1990s will stem from an increase in both trade and technological development in 
the agricultural sector. These technological developments will provide impetus for 
effective demand that will produce broad-based participation in the development 
process. The projections developed in this paper are based on these moderately 
optimistic economic growth prospects. Demand projections are based on an assumed 
per capita income growth rate of 1.5% annually and population growth rates on 
estimates by the World Bank for individual countries. 

1. Prepared by C. Seré (formerly economist of Tropical Pastures Program), Willem 
Janssen (economist, Bean Program), Luis R. Sanint (economist, Rice Program), W. 
Grisley (economist, Regional Bean Program for Eastern Africa), L. Rivas 
(economist, Tropical Pastures Program), J. Cock (formerly Leader, Cassava 
Program) and R. Best (Leader, Cassava Program). 
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Latin America 

Beans. Beans are a traditional food crop produced by a variety of production 
techniques by small farmers in large areas of!Central and South America. During the 
past two decades, annual growth in bean pro<luction was slight1y greater than 1 %, well 
below the population growth rate of 2.4%. Annual production in the most recent 
decade increased lo an average of 2.3%, primaríly because of increased output 
in Mexico, Central America, and tbe Southern Cone countries of Argentina and Chile. 
Coupled with rising imports, Ihe availabílity of beans increased by 2.5% annually over 
the 1976-1986 periodo 

The positive performance of the bean production sector during the past decade was 
primarily a result of increases in area cultivated, not increases in productivity. Annual 
increases in bean hectarage averaged 2.5% in Brazil and the Southem Cone countries, 
and over 3.0% in Mexieo and Central America. Although productivity growth was 
negative in the 1976-1986 period, it was not as low as that of the earlier decade. 

Sorne observations should be made with this brief analysis of area and productivity 
growth. For sorne countries, such as Guatemala and Costa Rica, the expansion of 
bean hectarage may well have been overestimated. In both countríes, improved 
varieties were released and afterward adopted by large numbers of farmers. In Costa 
Rica, these new varíeties spread to more than 21,000 hectares and outyielded 
traditional varieties by about 240 kgjha. In Guatemala, these varieties were adopted 
for use on more than 12,000 hectares and outyielded traditional varieties by about 340 
kgjha. As a result, during the 1982-1986 period, average yield increases from the 
mere diffusion of improved varieties was probably 26 kgjha in Guatemala and 100 
kgjha in Costa Rica. Although F AO statisties show negative yield tendendes for both 
countries, the evidence of release and adoption does not confirm such data. 

Sorne causes for FAO's statistics of negative yield tendeneies may have been, first, 
improved varieties have higher profitability and so lead to increases in credit requests. 
Such credit requests often play an important role in estimating area planted. Second, 
production statistics are often based on market availability. These data are later 
traced back to area figures by assuming a constant yield per hectare. 

The increase in area in Brazil and Mexico occurred in nontraditional production areas. 
Beans have shifted toward these areas, partly because of comparative production 
advantages, as was the case in Mexico. Here, beans have been moving into a semiarid 
area (the northern highlands), which has one rainy season lasting 60 to 90 days. Early 
bean varieties are able to produce an acceptable harvest during this short growing 
season, whereas mosl other crops are nol. In other countries, beans shifted to 
nontraditional areas because of low profitability. In Brazil, for example, the more 
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productive soybeans (and also maize and rice) have pushed beans from prime to 
marginal land. To stop further marginalization, profitability increases are critical, that 
is, there should not only be increased returns to land, but also even greater increases 
in returns 10 labor. Varietíes that fit appropriately into the farm system and accept 
selective mechanization will be instrumental for improved labor productivity. 

The potential of management practices and improved input use (fertilizer, selective 
chernical control) to increase productivity has not been sufficiently exploited in many 
bean production areas. With increasing commercialization of bean production, more 
and more farmers will intensify their bean production systems. An example is the 
heavy use of che mi cal controls by bean farmers in eastern Antioquia, Colombia, a 
region well integrated into the urban market. The farmers spray their beans an 
average of six times per crop cycle. Another example is the (poorly documented) 
growing bean production under irrigation in Brazil, because of its high payoff in the 
short termo Strategic cultural practices and crop management research to anticipate 
these intensification trends will be the necessary complement to genetic improvement 
for obtaining productivity ¡ncreases. 

Beans are an important source of dietary protein for the low- and middle-income rural 
and urban populations of Latin America. With 70% of Latín Americans living in 
urban areas, the availability of beans at affordable prices is an important policy 
consideration. Although the income elasticity of bean consumptíon is positive only for 
low- and middle-income ranges, commercial opportunities for bean producers will 
continue to increase. The reasons are, first, urban population will continue to 
increase; second, the impact of urbanization on bean consumption is not always 
negative, as it is for most traditional staples. In countries, such as Colombia, urban 
bean availabílity is higher than rural bean availability because beans are not grown in 
many areas of the countryside. Third, with rising incomes, bean consumption shifts 
from less to more preferred grain types. Although this does not raise consumption in 
kilogram per person, it does increase expenditures per capita. Evidence from several 
countries (Honduras, El Salvador, Peru, Colombia) suggests that varieties have to be 
improved simultaneously for both agronornic and commercial traits in order to be 
successfully adopted. Bean producers will increasingly pay dose attention to 
consumer preferences in bean consumption characteristics. Bean storage and 
marketing will demand increased research and policy attention. 

Projeetions of present aggregate produetion and eonsumption trends do not point to a 
deficit in bean supplies as far as year 2000 (Table 53.1). However, the level of 
aggregations eoneeals the faet that Brazil and the Andean region are projected to have 
annual deficits of 351,000 and 107,000 tons, respectively, by the year 2000. The 
estímate for Brazil is pessimistic, but reflects the lagging productivity growth 
and eonsequent marginalization. If new teehnological options, sueh as irrigation or 
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rable $3.1. 8eans in Latin Americe: 1984-1986# and outlook for prodJction and cons~tfon balances 

(in thousands of tons) in the year 2000. 

Region or country 1984-1986 2000 

Product ion Consunption Balance 

Brazil 2465 2514 -49 2945 3296 -351 

Mexico 989 1104 -115 1643 1536 107 

Andean region 260 294 -34 298 405 -107 

Central America 290 309 -19 462 442 20 

Ceribbean 120 125 -5 146 158 -12 

Southern Cone 334 85 249 496 104 392 

Total 4458 4431 27 5990 5941 49 

increased adaptation to acid soíls, are successfully developed, the real deficit might be 
less_ For the Andean regíon, the estimated deficit equals 34% of production_ It is 
mainly concentrated in Peru and Ecuador, and forrns a bleak but real prospect for 
bean utilization in this region. 

Mexico and Central America are expected to have surpluses. For Mexico, this 
depends on the continued expansion of beans in the northern highlands. Because 
future expansion will involve higher costs, production growth may, in fact, decrease, 
thereby reducing Mexico's surplus. For Central America, production growth is 
increasingly dependent on improvements in productivity per hectare, which requires 
improved planting material and input use. After excluding the exporting countríes of 
Argentina and Chile, the total deficit for tropical America is projected to be 
343,000 tons. 

Bean production is carried out on farrns that often produce many other crops. The 
importance of beans on these farms is defined by the relative profitability with respect 
to the other crops. On many small farms, competing crops inc1ude vegetables, fruits or 
coffee. Because beans are easily substituted by these crops, bean productivity wil\ 
have to be as high as that of these crops in order to be inc1uded in production plans. 
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On large farms, beans compete with soybeans, cotton, sorghum, maize and sugarcane. 
Labor productivity will be the key to maintaining or increasing the role of beans on 
these farms. 

In the 1970s and 19805, when productivity per hectare went down, the shift to 
nontraditional production areas allowed bean production to keep up with population 
growth. Strong urban demand nevertheless caused bean prices to rise in many 
countries. In the 1990s, these trends have to be reverted. Improved varieties and 
improved management should increase productivity and allow total production to grow 
more rapidly than the population of the continent in order to diminish pressure on 
consumer príces. 

Beef and milk. In 1986, tropical Latin America had about 240 million head of cattle 
(19% of the world stock), which produced 5 million MT of beef in carcass weight 
(10.5% of the world output). In 1979-1986, average net exports of beef amounted to 
4.7% of total production, whereas 12% of total milk production was imported. At the 
same time, the region produced 30 million MT of milk (6.5% of world output). This 
ha~ resulted in relatively high levels of per capita consumption of beef (14 kg) and 
milk (96 kg in 1979-1986), a fact reflecting the wide land-to-man ratio and the 
abundance of cattle in the region. 

Beef and milk are staples in Latin American diets. Their combined food budget share 
is aboye 20%, even in lhe diets of lhe lowest income quintile of the population. This 
wage-good attribute explains the high priority these commodities have in food policies. 

During lhe 1970s, when incomes were growing rapidly, production growth rates were 
aboye those of population, and prices trended upward. During this period, poultry 
prices declined, because of technical change and overvalued currencies which 
decreased the domestic cost of imported grains, and induced a substantial process of 
substitution in consumption. The recession of the 1980s affected beef demand, and 
production growth rates declined below those of population. 

Net imports of dried-milk powder increased substantially during recent years because 
of low international prices, the ample availability of dried-milk food aid, and the ease 
oí introducing powdered milk into the domestic market. This contrasts with the 
structural protection of domestic beef markets because of the lack of facilities to 
handle and distribute highly perishable imported meats. 

The lack of productivity gains in ruminant animal production, as reflected by aggregate 
national statistics, underestimates, to a large extent, the contribution of technical 
change in this sector to overall growth of the agricultural sector. That is, both 
technical change and infrastructure contributed to lhe shift of livestock production 10 
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more marginal lands, releasing land with better soils for crop production. Thus, the 
contribution has been to sustain productivity levels in spite oí using land resources of 
lower productivity. This is c1early shown in the case of Brazil, where the Cerrados 
region has substantially increased its share of the national herd; for example, the share 
of the cattle inventory in the sta tes of Goiás and Mato Grosso evolved from 15% in 
the 1950s to 31% in 1985. In Colombia, the Eastern Plains in the Meta Department 
held 0.6% of the national herd in the 1950s, and by 1985 this share had risen to 6.1 %. 
To a large extent, these shifts were made possible by the introduction of pasture 
germplasm adapted to these acid soils, particularly Brachiaria decumbens and, late1y, 
Andropogon gayanus. The latter grass was developed jointly by CIAT and several 
national programs, and is now being grown on more than 500,000 ha throughout the 
regio n. 

Beef projections show a trend toward decreasing self-sufficiency levels, wíth tropical 
Latín America importing about 360,000 MT of beef in 2000 (Table S3.2). The Andean 
region would be almost self-sufficient, with sorne room for exports; while Central 
America would continue being a net exporting region. Part of this potential demand 
will be met by poultry. The task force expects poultry prices to decrease further, 
although at a lower rate than in the pasto Given the structural protection of the 
beef market, it ís expected that most of the potential demand would be absorbed 
through íncreased prices. Technícal change can c1early contribute to reducing the 
upward pressure on prices, thus benefitíng consumers. In Central America, given the 
limited outlook for income growth, it is expected that exports will grow. 

The outlook for internatíonal prices is moderately optimístic; thus, even if domestic 
incomes do not grow or poultry prices drop dramatically, the international market will 
create a floor price, as has been shown in the past by Brazil, which has shifted from 
being a net importer to a large net exporter. 

Tropical Latin America will contínue to be a net importer of milk and dairy products, 
with decreasing self-sufficiency levels (Table S3.3). International prices are expected to 
rise slightly and milk food aid lo decrease. Domestic prices are aboye present 
internatÍonal prices in mos! countries through governmental efforts to maintain a 
certain leve! of domestic production. Technical change in pastures could contribute 
to reducing domestic prices and generating income and employment for, on the whole, 
small- to medium-sized farmers. 

The major implications of the aboye for technology design are: 

• Given the trends of increased consumption of animal products in most countries of 
Latín America and in the developing world in general, together with the magnitude 
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Teble 83.2. 8eef in tatin Americe: 1964-1986 situation and outlook for prociJct ion and consl..lJl)t ion 

balances (in thousands of tons) in the year 2000. 

Region or country 1984'1986 2000 
ProdJction Cons~tion Balance ProdJction ConsUJPt i on Balance 

Brazi 1 2095 1768 327 2,658 2,7U2 -44 

Mexico 960 968 -8 1,273 1,541 -268 

Central Americe 323 281 42 539 450 89 

Caribbean 260 377 -117 308 509 -201 

Andean countries 1369 1359 10 Z,169 2,101 68 

Trop_ latin Americe 5007 4753 254 6,947 7,303 -356 

Southern Cone 3199 2833 366 3,991 3,514 477 

AH latin America 8206 7586 620 10,938 10,817 121 

SOURCE: FAO and CIAT estimates. 

Table 83.3. MilK in latin Americe: 1964~1986 situation and outlook. for prod.tction and co~tion balances 

(ln thousands of tons) in the year 2000. 

Region or country 1984-1986 2000 
Production Consl.ll1pt i en Balance Production Cmsurption Balance 

Srazil 12,248 12,996 -748 16,728 19,496 -2768 

Mexico 7,508 8,885 -1377 12,043 13,779 -1736 

Central America 1,481 1,803 -322 1,736 2,619 -883 

Caribl:::íean 1,7U9 2,469 -768 2,295 3,253 -958 

Andean oountries 6,582 7,586 -1004 8,752 11,353 -2601 

Trop. Latin America 29,528 33,739 -4211 41,554 50,500 -8946 

Southern Cone 7,643 7,696 -53 9,604 9,586 18 

All lat;n America 37,171 41,435 -4264 51,158 60,086 -8928 

SOURCE: FAO .nd CIAT estimate •• 
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of available resources (Jand and cattle), the benefits of technical change in animal 
production and pastures will be substantial. 

• The higher capital costs to be expected in the next decade will increase the 
pressure to improve the return to capital in the sector. Ibis implies that in the 
predominant extensive systems, efforts to augment production per animal will 
increase in importance vis-á-vis increases in carrying capacity. 

• The higher opportunity cost of capital and limited public resources for research 
imply that research will have to be more market driven, emphasizing shorter term 
benefits. This may imply increased emphasis in upgrading pasture systems at 
locations c10ser to markets, where sustainability can be addressed more directly, in 
contrast to the extreme frontier. The lack of funding for infrastructure will IimÍt 
the payoff of such investments. Screening for germplasm should continue to be 
done under severe conditions. Pasture management research should respond to 
market demands. 

• 

• 

The reduction of subsidies for frontier development wíll, all clse remaining the 
same, raise the relevance of crop-pasture integration. The devaluation of domestic 
currencies will also promote domestic grain production. Both forces operating in 
the same direction will have implications for the development of appropriate 
pasture germplasm and, in particular, establishment techniques. This interaction 
will increase the complexity of the issues ínvolved and will require a more holistic 
resource management approach. 

The expected further increase in poultry consumption will reduce potential demand 
for beef to some extent, but will also reduce pressure on governments to control 
beef prices for urban consumers, and will also dampen price cycles. It will 
additionally permit a more efficient aggregate use of domestic resources. 

• By focusing research increasingly on regions with small- to medium-sized 
operations, pasture research will affect milk production more directly. In this way, 
pasture research will start of affect positively the incomes of small- and 
middle-sized produeers. Much of this technology will also be applieable to beef 
operations. For beef, the teehnological benefits will directly inerease producers' 
income because export markets will create a floor price. Producers should then 
have the resource5 to fund at least part of the adaptive research required. 

Cassava. During the 19705 and early 1980s, there was a decline in total cassava 
production, mainly because of decrease in production in Brazil, from 26 to 23 million 
MT in 1976-1986 (Table S3.4). 
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Table $3.4. Ca$$8Va production: ju. retative irrportance in Latin America and per espita production 

levelS during 1966-1988. 

C<>UI1try Productíon (1000 MT) Percentage Per capita 

of total prodJction 

1966/68 1976/78 1986/88 1986/88 1986/88 

(kg) 

Brazil 27,061 25,611 23,570 77.16 167 

Mexico O 58 0.00 O 

Andean countries and Paraguay 3,573 4,890 5,957 19.50 67 

Central America 92 108 162 0.53 6 

Car;bbean regíon 566 739 698 2.29 25 

Tenperate Sooth America 272 197 159 0.52 3 

All latin America 31,564 31,603 30,547 100.0" 74 

Cassava is a small-farm crop tbat is grown in marginal areas wbere soil íertility and 
moisture limit tbe growing oí alternative crops; nevertheless, cassava farmers usually 
sell a large part of their production. 

Urban consumption of fresh cassava is less tban tbat of rural areas; increasing 
urbanization leads to decreasing per capita consumption oí fresh cassava. However, 
witb tbe development of new technology, fresh cassava is now much more attractive as 
a convenience food, and pilot studies have indicated increasing demando 

Cassava is also being increasingiy used in animal and shrimp feeds. In tbe southem 
states of Brazil and Paraguay, large quantities of cassava are fed to animal s on tbe 
farm; whereas in Colombia, Ecuador and Panama, cassava is dried and processed by 
tbe feed industry. The rapid increase in demand for animal feeds, coupled with the 
deficit of cereals in tropical regions of Latin America, indicates a large demand for 
dried cassava in this market, if cassava prices are competitive with tbose of 
cereals. 
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A series ot studies carded out in Latin America in the mid-1980s c1early shows that, in 
the absence of price distortions, cassava is highly price competitive with cereals in 
tropical Latín America. 

The premises behind examining cassava's future prospects are (a) governments will not 
revert to heavy subsidies for competing products, overvalued exchange rates, and 
massive importations oC grains; (b) the animal and shrimp feed industry will 'continue 
to grow rapidly; and (c) official government agencies will continue lO direct efforts to 
assisting the rural poor. 

'Ine major markets for cassava are seen to be "conserved fresh cassava," animal feed 
and refined fIours. 'llle new cassava conservatíon technology is expected to greatly 
íncrease demand for conserved fresh cassava. The incentive for farmers to increase 
cassava production and their incomes must be a stable minimum or fIoor price for 
their producto The animal feed industry effectívely guarantees that floor price if 
farmers can dry their producto 

The urban dweller in tropical areas currently consumes large quantities of flours. The 
traditional flour in Latín America is maize, except in Brazil where it is cassava. Wheat 
flour is now, however, an important basic ingredient in the Latin American dieto 
Foreign exchange is scarce; hence, countries are turning to alternatives to wheat 
imports. Cassava, suitably processed, can be an effective alternative because flour is 
used in preparing many toods besides bread; hence considerable demand for cassava is 
predicted for this market. With adequate research and development funds and 
polítical support, we speculate that fIour would be a major growth area for cassava in 
the coming decades. 

Another important use of cassava is as starch. However, the starch industry is c1osed, 
beíng managed by a límited number of multinationals; thus, it is difficult to assess 
cassava's future in this market. There are various reasons to believe that research 
investment in cassava will increase in the coming years. The establishment of dynamic 
alternative markets for the crop has created renewed interest by farmers who are 
demanding new technology. Furthermore, the tendency for Latín America to have 
democratic governmems will lead to greater attemion being paid to the numerous 
small-farmer segments and, hence, lO the crops they grow, íncluding cassava. For 
cassava, such attention is likely to be reinforced by the realization that the rate of 
return on cassava research is likely to be high because, as yet, so little has been done 
at the nationallevel; progress should, therefore, be rapid. 

Land distribution in Latin America is highly skewed. Land reform programs in the 
past have usually been weak or ineffective. lf land reform is effectively carried out in 
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the more marginal areas of Latín America, it is probable that cassava will playa 
significant role in the establishment of the production base. 

Rice. Rice is a relatively new staple in the Latin American die!. A significant increase 
in consumption took place over the period 1920-1950, when per capita consumption of 
paddy equivalent wenl from 14.2 1030.3 kg. This coindded wilh the rapid expansion 
of frontier lands, where rice has always played a fundamental role as a settler's 
fírst crop. In 1966-1986, thanks to the release of modern semidwarf rice varieties, per 
capita consumption conlinued ils expansion from 36.8 to 45.4 kg. Al Ihe same tíme, 
real retail prices were falling rapidly. Rice demand responds well lo changes in both 
income and its own price. 

Although much of the rice area in Latín America corresponds to upland rice (68%), 
most of the production is from irrigated areas (62%). In Brazil, the largest producer 
(with 55% of production and 71% of area in Latin America), upland rice accounts for 
approximately 80% of the total rice area under production. Most rice farmers in the 
region are smallholders (fewer than 20 ha), but most production comes from large 
farms. Rice is, on the whole, a commercial crop. Farmers are highly responsive to 
modern, production-increasing technologies, particularly those that have access to 
irrigation (total or supplementary). 

Rice constitutes a major staple commodity, accounting for more Ihan one fourth of the 
caloric intake in countries such as Brazil, Panama and Cuba. Its importance is greater 
among consumers in low-income strata, where it is a wage good. 

Production was projected by using the adjusted 1966-1986 trend, imposing an upper 
limit of 5% per year. To avoid exaggerated productivity projections, a yield ceiling of 
6 tons/ha was imposed. The area involved is calculated on !he basis of projected 
production and yields. A 10% statistical significance level was enforced for trends. If 
the condition was not met, zero growth was applied. 

For Latín America as a whole. the current 1984-1986 observed deficit of 1.2 mili ion 
MT will remain constant toward the year 2000. which implies an increase in the 
self-sufficiency ratio from 93% to 95% (Table S3.5). There are sharp contrasts when 
these figures are examined regionally. 

Tropical Latin American countries will see their current defidt expand from 1.6 to 2.4 
million tons, whereas the Southern Cone eountries will inerease their surplus from 0.4 
10 1.4 million tons. Among the many implications of this projeetíon is the possibility 
of inereased regional Irade from Ihe latter 10 the former subregions. As mentioned 
elsewhere, discrepancies in projected production and consumption figures may imply 
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Table S3.5. paddy rice in Latin Americe: 1984~1986 situat;on and outlook for production and 

conslll'ption b.:.Ilances (in thousands of tons) in the year 2000. 

Regíon or country 1984-1OZ9!l!86L-__ _ 2000 

Prod\.K:tion Consurption Balance Productjon Consumption Balance 

Brazil 9,482 10,325 -843 13,094 14,478 -1384 

Mexico 605 794 -189 780 '.112 -392 

Central America 682 700 -18 965 1,015 -59 

Caribbean 1,7 .. 9 2,0 .. 0 -291 2,906 2,686 220 

Andean countríes 3,718 3,992 -27 .. ",950 5,897 -947 

Trop. latín America 16,236 17,851 -1615 22,695 25,257 -2562 

Southern Cone 975 529 446 2,047 664 1383 

All latin America 17,211 18,380 -1169 2",742 25,921 -1179 

SOURCE: FAO and CIAT estlmates. 

increased trade andjor changes in the price of the commodity, which, in tum, affects 
supply and demando 

A more detailed look at these numbers shows that, by year 2000, Brazi!, the largest 
rice producer in the regíon, will see its relative importance diminish from 55% to 53% 
of production. Its projccted deficit will grow from 0.8 million tons in 1984-1986 to 1.4 
million tons in 2000. However, given the great potential of the "várzeas" (riverside 
lowlands), it is believed that production, as projected here, has been underestimated. 
Despite low per capita consumption levels in Mexico, projections show a larger deficit 
toward the year 2000 from 0.2 to 0.4 million tons. 

Irrigated and favored upland rice conditions are mostly found in the Andean countries. 
Both area and yiclds grew at an impressive rate throughout the past two decades, 
particularly in the carlier 1966-1976 periodo Crop management practices are a major 
limitatíon in a region where new varicties have expressed the major part of their 
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genetic potential. Deficits for Colombia and Venezuela may have been overestimated, 
given that production has stagnated and therefore a zero growtb rate in production 
was assumed. Crop management, as well as policy factors, are behind this stagnation. 
In contrast, the surplus projected for Ecuador will be larger, given that the new 
irrigation projects under way and partly completed will incorporate 80,000 new 
hectares into rice production. 

In Central America, favored upland rice is the norm. The lowest yields are found in 
Panarna, the largest producer in the region, where subsistence rice farmers represent 
60% of the total number of farmers. Projected deficits are small and could easily be 
overcome with the imminent release of new varieties and a more focused research and 
extension effort. 

In the Caribbean, both Cuba and the Dominican Republic exhibited outstanding 
growth rates in production over the past two decades and, consequently, their deficits 
are expected to decrease. The traditional exporters, Guyana and Suriname, confront 
institutional problems at present and will have difficulties expanding their markets. 

Although per capita rice consumption levels in the Southem Cone countnes are 
modest (wheat is the predominant carbohydrate), production shows a vigorous growth. 
Surpluses are overestimated, particularly in Uruguay, where the area involved has 
increased fourfold, a feat hard to believe, given the quantity of additional water that 
this implies. 

Stability and high levels of self-sufficiency are synonyrnous in rice. 0nly 4% of world 
rice production is actualIy traded (compared with 16% in maize and 22% in wheat). 
Intemational rice prices dropped from US$400/ton in 1981 (2.2 times the price of 
wheat) to US$215/ton in 1985 (1.1 times the price of wheat), and up again to US$380 
in 1987 (3.0 times the price of wheat). Therefore, given the important role of rice 
in the diets of the urban poor, achievement of high rates of self-sufficiency has become 
a policy goal for countries in the region. 

The expanding activity of commercial agriculture, with its continued pressure on the 
small farmer to integrate into the economy, together with the permanent incorporation 
of small- and medium--sized farmers into new rice production, imply that crop 
management research must include adequate machinery. This research must take into 
account that rice is not only grown by large producers, who received most attention in 
the past, but also by small- and middle-sized producers. 

The demand for raw materials of agricultural origin to be transformed by agroindustry 
also questions rigid breeding standards related to rice acceptability and consumer 
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preferences; acceptability refers to consumers' perceptions at a point in time and is 
therefore susceptible to changes. 

Improving harvest and postharvest technology and practices for rice is an area of high 
potential impact; waste reduction is a primary means to increase food availability 
without intensifying pressure on the natural resource base. 

Except under unfavored upland condítions (the Brazilian Cerrados and most 
traditional small farms), it has been demonstrated that rice technologies are 
interchangeable between irrigated and upland conditions. Our new germplasm for 
unfavored upland conditions is already being evaluated in terms of adaptability, both 
to the environment and to various cropping systerns. 

The Rice Program believes that there exists a large potential for improving yields both 
through new and more diversified germplasm for irrigated and upland conditions, and 
through the adoption and improvement of integrated rice management practices. Only 
then will rice preserve its current role in the Latín American diet as the most 
important carbohydrate. 

Sorghum. Latín America produces about 11.5 mí Ilion tons of sorghum. Most sorghum 
is grown on medium- to large-scale farms, except in Central America and the 
Caribbean, where it is grown on small-scale farms. Sorghum production is widely 
dístributed over the continent, from Mexico to Argentina. For the whole of Latin 
America, sorghum production has not increased over the last decade. The aggregate 
figure, however, masks a rapid redístríbution of production. In the mid-1970s, 
Argentina produced over 6 million tons of sorghum, but by 1988 its production had 
falled to 3.5 million tons. In contrast, Mexico, which produced 4 million tons in the 
mid-1970s, in 1988, produced more than 5.5 million tons. In the Andean region, 
production almost doubled over the same period, from 0.77 million to 1.48 millíon 
tons. 

Average sorghum yield levels are about 2700 kg/ha and have grown at arate of 0.4% 
per year. In Argentina and Mexico, average yield levels are around 3.2 tons/ha. In 
Central America and the Caribbean, yields range from 1 to 1.5 tons/ha. In the 
Andean region, yields are below 2.3 tons/ha. The Andean region shows the best yield 
deve1opment, with a growth of 1.6% per year. In Brazil, where sorghum is not 
important, yields have fallen by 2.4% per year. 

Sorghum is mainly grown for animal feed, although, in Central America and the 
Caribbean, it also is used for human consumption. Sorghum is a crop which adapts 
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well to poor soil conditions and whieh can be conveniently used in rotations. Its ability 
to produce acceptable yields on poor soils makes it an attraetive option as a cheap 
ealorie source for animal feed. The use of sorghum also reduces the demand for 
maize as animal feed and so facilitares the availability of maize for human 
consumption. 

Between 1976-1978 and 1986-1988, sorghum imports into tropical Latin America 
inereased from 1.1 million lo 2.1 million tons. Use of sorghum in tropical Latin 
Ameriea grew from 6.9 to 10.1 million tons, an inerease of 3.9% per year. The 
self-sufficiency index fell from 84% to 79%. During the 1980s, economic growth in 
most countries of Latin America was negative, and the inerease in sorghum utilization 
was mainly a result of the inereasing market share of poultry at the eost of red 
meats. If, in the 19905, eeonomie growth speeds up, demand for sorghum will probably 
growat arate eonsiderably higher than the 3.9% of 1980s. 

The adaptation of sorghum to acid soils will increase production potential, which, in 
turn, will faeilitate a rapid inerease in domestic supply. On these acid soils, the 
opportunity eosts for land are low, and sorghum would probably by produeed more 
cheaply than on better lands. For sorghum produetion eosts to be in line with world 
market prices, sueh a reduction is urgently necessary. 

Sorghum researeh should thus be eentered on the development of sustainable, 
low-input, production systems for the acid-soil tropies. A first step toward this 
objeetive is the development of acid-soil tolerant lines that require few inputs. Later 
research should focus on including sorghum in rotation schedules with pastures, 
legumes and other cereals. Utilization research should include the reduction oC fungal 
diseases in sorghum panicles that reduce harvestable weight and generate hea!th 
problems in animal and human consumers. Utilization research should also inelude 
increasing protein contents oC the grain. 

The prívate sector has been active in sorghum research in Latin America, 
concentrating on the productíon of hybrids. However, these hybríds are often based 
on parental rnaterials that are suceessful in temperature zones, but are not necessarily 
the best for acid-soil tropies. International sorghum research should thus work in c10se 
collaboration with both national programs and the prívate sector to improve the 
quality oC hybrid materials and to ensure rapid and effective diffusion of results. 

Soybeans. Latín America produces about 26 million tons of soybeans, mostly on 
medium- and large-sized mechanized farms, in monoculture and in subtropical 
agricultural systems, where soybeans are rotated with cereals. Area expansion was 
impressive over the past decade (14.4% per year) and yields grew at an annual 2.0% 
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in the same period, to reach 1.8% tons/ha, which is close to the world average of 1.9 
tons/ha. 

About 4.0 million tons are grown in the tropical savannas of South America, mostly in 
the Brazilian Cerrados, but also in small areas of Bolivia, Venezuela and Colombia. 
Stresses in these acid and alumínum-saturated soíls are significant and, currently, large 
quantities of lime and fertilizer are needed to compensate for the soybeans' poor 
adaptation. Photoperiod (daylength) is also a contraint in the tropics, because the 
present germplasm, not being well-adapted, flowers too soon for high yields. Insects 
and viral disea.~es are also Iimíting. Poor seed germínation, associated with climate 
(rain and high temperatures at planting), low quality seeds and poor storage 
facilities, is also limiting. 

For upland acid-soil savannas, rotations in crop-based and crop-pastures systems 
ideally should include some kind of legume with a strong market, such as soybeans. 
Soybeans are also suitable for irrigated systems involving rotations. 

Derived demand for protein sources (flour for feed rations, concentrates and isolates) 
is expected to remain strong and growing, both locally and in other regions. Demand 
for unsaturated vegetable oils is also growing fast. Most tropical Latin American 
countries are deficient in vegetable oil and cake production; soybeans are therefore 
attractive to animal production and vegetable oil subsectors. Because soybeans are in 
great demand, there is ample scope for research toward a soybean germplasm that is 
better adapted to tropical conditions. 

Afriea 

The econorny. The economy of sub-Saharan Africa has been consistently weak for 
several decades. By the 1980s, per capita income had fallen to about three-quarters of 
the level reached in the late 1970s. This poor performance has resulted from externa! 
economic shocks, weak domestic economic management and unusually high population 
growth. Recently, many African countries have adopted much needed structural 
adjustment programs, and efforts currently under way are impressive. Positive 
adjustments are being made in currency exchange rates, fiscal defidts, export and 
domestic commodity pricing policies, trade regulations, and governmenta! economic 
management. 

The agricultural sector is of paramount importance to Africa. By 1985, 75% of the 
population earned their livelihood in agricultura! production. Average per capita 
income in this sector was estimated to be US$242 in 1985, which was only 44% of that 
of the nonagricultural sector. OYerall, there has been modest growth in the 

76 



agricultural sector, but high population growth rates of 3.3% in the 1980s have 
resulted in deereasing levels of output on a per capita basis. 

The key to economic development in sub-Saharan Africa is the agricultural sector. It 
is the only sector in which future employment opportunities can be readily created. 
Secand, ít offers the bes! opportunity for earning foreign exchange from tradeables; 
and finally, it ean provide for a nation's food security needs. Unlike the situation 
in other developing regions, increases in the output of agricultura! nontradeables in 
sub-Saharan Africa are not market driven. Growth in ineome levels are insuffident to 
stimulate an inerease in the demand for basie food eommodities. To develop 
agricultura! teehnology that is adoptable within sueh an eeonomic environment is 
challenging. Because economic returns to production are low and risks for cash input 
use are high, only those teehnologies that are low-cost and with mínimal risk 
will meet the test of acceptability. 

Beans. Beans are the principal souree of dietary protein for over 70 míllion people 
living in sub-Saharan Africa. Consumption levels reach 50 kg per capita annually ín 
the countries of Burundi and Rwanda. Beans are a staple erop produced by small 
farmers, primarily for subsistence, with occasional marketing of surpluses. Production 
is coneentrated in the more productive and highly populated areas of eastern Africa, 
the Great Lakes Regíon, and widely scattered highland areas of southern Africa. 

Bean production in Africa is subject to severe ecological constraints. First, beans are 
often grown on hillsides, on highly erodible soils. Second, fertilizer availabitity for the 
crop is extremely limited; hence its lack of use may enhance soíl depletion and a shift 
away from beans to less demanding erops such as sweet potato or eassava Third, the 
disease and insect complex in Africa is different from Latin America. Bean fly, which 
is an important pest in Afríca, is not present in Latin Ameriea. 

Although beans are not a native crop on the continent, they have been integrated into 
the agricultura! system by very creative means. In many parts of the continent, 
bean-banana intercrops are important. In other areas, such as Rwanda, beans are 
grown in varieta! mixtures. These mixtures reduce production risks and enhance crop 
resistance to diseases. 

Over the past two decades, bean production has grown at an annual rate of 3%, 
slightly less than the 3.3% population growth Tate for the region. In the 19805, the 
annual growth rate in production slowed to 1.6%, down from the 4.4% rate in the 
previous decade. The Great Lakes Region had the slowest growth in production 
during the past decade at 0.4%, whereas the eastem and southem regions grew at 
2.9% and 2.6%, respectively. The increases were achieved by augmenting the area 
under eultivation, whereas yields were relatively unchanged. Now, however, the 
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inerease in bean produetion from area expansion is occurring at a deereasing rate: a 
disturbing indication for future production growth. 

Projections of present production and consumption trends to the year 2000 suggest that 
a significant defidt in production will occur (Table S3.6). A 760,OOO-MT defidt is 
projected if trends over the past ten years continue, equaling 18% of the expected 
consumption by tbe year 2000. Most of this defidt wiIl occur in the eastern highlands 
and Great Lakes Region. 

Land scardty is a major economic constraint to increasing production in the densely 
populated countries of Burundi and Rwanda, and in seleeted areas of Kenya and 
Tanzania. In response, farmers have adopted intensive land use techniques to inerease 
overall food production. In seleeted areas of Uganda, Tanzania, Ethiopia, Zambia and 
the Kivu Province of Zaire, laek of labor is more of an economic eonstraint to 
increasing bean production than land. 

The estimated defidts correctly reflect land seardty in the Great Lakes Regíon and 
parts of eastern Afriea. Technological progress is urgently needed in these areas. 
Sueh technological progress should be of a drastic nature, as ís the case in eertain 
areas of Rwanda, where bush beans are being replaced by the more produetive 
climbing beans. Adapting the bean crop lo nontraditional production areas (e.g., acid 
soíls) may be another effective response to projeeted deficits. 

The potential of bean produetion to keep up with demand inereases ís better in 
southern Afriea. In this regíon, ¡he possibilitíes of introdudng beans in nontraditíonal 
areas are less eonstrained tban in the two other regions. This ean be illustrated by the 
acceptance of Carioea, a Brazilian variety, in tbe Central Provinee of Zambia, where 
previously only cowpea was produeed. 

For the landloeked regions of Afriea, there is evidence that high ealorie crops (maize, 
sorghum, roots and tubers and bananas) are increasingly repladng beans withín 
íntereropped systems and in direct competition. For beans to remaín eeonomically 
competítíve, produetíon technologíes that reduce variability in output and/or increase 
yields will need to be developed. In multiple-eropping systems, beans are 
often of secondary importance. Therefore, the development of bean produetíon 
teehnologíes that are complementary to existing production systems wiIl be required in 
these areas. Produetion technologies that help beans compete effectívely with other 
crops are needed in areas where monocropping is the nonn. The fragile 
agroecological environments in which beans are produced are highly susceptible lo soil 
erosion, with accompanying losses in soil fertility: faetors that require special 
consideralion in agricultural research. 
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Table S3.6. Beans in Africa: 1984-1986 situation ard outlook for production and consutption 

balances (in thousands of tona) in the year 2000. 

Reg ion OF country 1984- 19M 2000 

Production ConsUJption Balance 

• 1509 1926 Eastern Afríca 1090 n.a. n.a. 

Great Lakes Region 593 593 O 746 968 

Southern Africa 497 478 19 817 840 

Others 182 173 9 210 312 

Total 2362 n.a. n.a. 3282 4046 

a. n.a. = not available. 

SWRCE; fAO ard CIAT estimates. 

-417 

-222 

-23 

-102 

-764 

Cassava. Cassava is a very important food crop in sub-Saharan Afríca, providing more 
than 200 caloríes per day per capita for over 160 million people. Even in areas where 
cassava is not a major staple, it ofien plays an important role in household food 
security because of its resistance to drought and pesÍS. Cassava's central role in the 
African diet takes on special importance as this is the region, of any in the 
world, where per capita food production has be en declining most rapidly. At issue in 
the short term is the role of cassava in reversing that trend; and in the longer term, 
the contribution cassava can make to the overall development of African agriculture. 

Zaire and Nigeria are Africa's leading cassava producers (Table S3.7), accounting for 
28% and 24% of production, respectively. The next four largest producing countríes 
are a1l located in eastern and southern Africa: Tanzania, Mozambique, Madagasear 
and Angola. Overall, eoasta! West Africa (including Nigeria) and Central Afriea 
(including Zaire) eaeh aceounts for one third of produetion, and eastern and southern 
Africa account for 30% of the total. The semiarid regions of West Africa produces 
5%. In the 1970s and 1980s, cassava production increased at an annual rate of 2.6% 
and 2.7%, respectively, that is, more s!owly than the population growth. 

It is predicted that the factors that have encouraged the expansion of cassava 
production in the past are likely to continue to be major influences on production 
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lable S3.7. Cassava productjon: its relative iRpOrtance in Africa and per cepita procb::tion levets 

clJríng 1966·1988. 

Country ProclJctlon Percentage Per cepita 

(1000 MT) of total prodJct ioo 

1966/68 1976178 1986/88 1986/88 1986/88 

(kgl 

Angola l,5Z3 1,733 , ,973 3.43 214 
Burt.ndi 907 465 576 1.00 115 
Cameroun 740 747 677 1.18 65 
Central African Rep. 626 897 500 0.87 185 
Chad 125 169 307 0.53 58 
Congo 468 565 695 1.21 379 
Senin 475 656 672 1.17 156 
Equatorial Guinea 41 50 56 0.10 136 
Gabon 165 Z32 260 0.45 246 
Ghana 1,525 1,8t.2 3,040 5.29 221 
Guinea 443 622 510 0.89 80 
Cóte d' IYoí re 522 1,008 1,292 2.25 116 
hnya 480 612 533 0.93 24 
l iberia 257 285 329 0.57 142 
Madagsscar 1,068 1,465 2,266 3.94 208 
Malawi 140 273 163 0.28 21 
Mal i 32 50 73 0.13 9 
Mozanbiq;e 2,225 2,800 3,340 5.81 231 
Niger 172 194 197 0.34 30 
Nlgeria 8,588 10,633 14,233 24.77 140 
Rwarda 220 411 381 0.66 5e 
Senegal 238 75 47 0.08 7 
Sierra leone 76 88 115 0.20 30 
Sanal la 21 30 42 0.07 6 
Sedan 167 99 75 0.13 3 
Tanzania 3,467 5,145 5,742 10.00 234 
Tago 492 386 392 0.68 124 
Ugaooa 994 2,620 2,397 4.17 144 
Zaire 9,667 11,942 16,251 28.29 497 
ZéVJbi a 148 172 230 0.40 30 
línt>abwe 44 51 86 0.15 10 

Africa 36,056 46,320 57,452 100.00 lZ3 
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trends in the future. These factors include cassava's low labor input requirements and 
ability to produce a crop on degraded soils and under drought. Even without technical 
change, it is likely that cassava production wiIl continue to increase by expanding 
into new areas of drought risk and low soíl fertility. 

In many parts of Africa, cassava is predominantIy grown by women, whereas men 
cultivate cash crops and, in West Africa, yaros. Average yields are 6.8 tons per 
hectare, and considerable increases in production and yield should be possible by 
introducing disease-and-drought tolerant varieties and biological agents for 
controlling mealybug and green spider mite. 

Most cassava is consumed as human food. Less than 2% is used as animal feed, and 
small amounts are used to make starch. Cassava as human food is consumed in a 
variety of forros, the roots and leaves being eaten as a boiled vegetable in large parts 
of Africa. The most common form of consumption in West Africa is "gari," a dry 
toasted fiour made from grated and fermented cassava. In eastem Africa, cassava is 
commonly made into fiour from dried roots or root pieces. 

Cassava research should address three principal issues: (1) a major effort has to be 
undertaken to improve cassava's role as a subsistence and famine relief crop. Such 
research should be focused on low-input, low-fertility conditions, for use in regions 
with frequent food security problems. (2) For those regions that do not face food 
shortages, cassava researcb sbould turn to more development-oriented goals. That is, 
the crop's potential for generating income and employment is key to its role. The 
development of marketable surpluses is fundamental to the success of this strategy and 
should be supported by tbe tbird objective of cassava research; that is, (3) for tbese 
marketable surpluses to generate significant ''value added," and to supply ample 
demand in tbe rapidly urbanizing environment, processing methods and fresh-root 
storage should be improved. These issues, in turn, lead to questions about tbe type of 
product, the demand parameters for different products, the interventions needed in 
processing technology and marketing channels, and the effect of pricing policies on 
substítutes. Cassava has a potential role as a farm income source in current 
production areas, if marketing channels to growing urban aras can be opened, and as a 
stabilizing component in farming systeros in marginal, food-deficit areas. 

Asia 

Tbe economy. Asia, the largest and most populous developing region in the world, is 
highly heterogeneous in resource endowment, social and political systems, and 
economic performance. This analysis does not pretend to cover tbis wide range of 
situations. It empbasizes countries of particular relevance 10 CIAT's cassava researcb. 
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Growth in the agricultural sector has proceeded at a relatively high rate over the past 
two decades, but not as high as that achieved by the economy as a whole. Agriculture 
has generaUy been discriminated against by policies to protect domestic industry. In 
sorne countries, subsidies for agriculture have compensated for low priees of farm 
outputs; however, in the aggregate, agriculture has performed worse than it would 
have without government price interventions. 

5ince 1980, Asian economies have made major structural adjustments that will allow 
them to face the future with more flexible economies that are poised for rapid growth. 
Diversification will probably be demand led and will be best stimulated by prograrns 
that have the broadest impact on increasing rural incomes. Thus, market forces rather 
than governmental solutions are Iikely to be the loco motives of development; 
nevertheless, governments should be in a position to support new development. 
Furthermore, demand-led growth in Asian economies wiU probably increase in 
regional or domestic markets rather than in international trade. In the more marginal 
areas, environmental degradation will accelerate unless rural incomes increase, 
because rural poverty is a major cause of environmental degradation in the region. 

We can summarize the trends in Asia as follows: the 1960s was the decade of 
production; the 1970s, the decade of new directions and equity concerns; the 1980s, 
the decade of the prívate sector and polícy concerns; and the 1990s is likely to be the 
decade of sustaining technical and institutional e¡¡cellence in support of economic 
development. 

Cassava. In the last 20 years, Asian cassava production more than doubled from 
about 20 million to about 47 million MT, a growth rate of more than 5% per year 
(Table 53.8). The largest producer in Asia is Thailand, with 38% (18 million MT) of 
total production in 1984-1986 and an estimated production for 1988 of 23 million MT. 
It is well known that the Thai cassava industry is based 00 the expOrt of cassava pellets 
to the EEC and other developed-country markets. The Thai cassava industry has 
brought wealth and stability to large areas of the country. 

The imposition of quotas on cassava exports by the EEC (effective 1982) has, 
surprisingly, not halted the continued increase in cassava production, apparently 
because (1) farmers have ao asymmetric supply response 10 priee, that ¡s, once they 
start growing cassava, they tend not to stop, eveo as prices decline below their entry 
point, because of a lack oí viable alternatives; and (2) the Thais have proven 
remarkably adept at finding new markets: 6 years ago it was predicted that Thai 
cassava production would decline with the imposition of quotas, but history does not 
reflect that. 
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T.ble S3.8. CaSSBva production: its relative importance in Asia and per eapita production levels 

cLring 1966·1988. 

Country Pro<iJction Percentage Per espita 

¡1000 MT) of total proocx:tion 

1966/68 1976/78 1986/88 1986/88 1986/88 

(kg) 

Brunei 2 2 0.00 4 

Burma 12 22 95 0.20 2 

Chioo 1,535 2,506 3,440 7.29 3 

India 3,976 6,234 4,557 9.66 1> 

Indonesia 11,112 12,527 14,278 30.26 83 

K~chea 27 108 111 0.23 14 

laos 11 44 88 0.19 23 

Malaysia 243 357 3Il8 0.82 24 

Phil i~;nes 499 1,549 1,764 3.74 30 

East TllOOr 13 O O 0.00 O 

Slngapore 3 O 0.00 ° 
Sri Lanka 364 630 444 0.94 27 

Thailand 2,188 12,809 19,039 40.35 357 

Vietnam 994 2,661 2,973 6.30 47 

Asia 20,982 39,449 47,178 100.00 20 

Excluding Thailand, eassava produetion has inereased al a healthy rate of 2.7% per 
year for the last 20 years. The inerease apparently was eaused by demand·led 
diversifieation of eassava's end uses. Thus, in India, eassava produetion in traditional 
forms in Kerala has declined, whereas in Tarnil Nadu, eassava stareh production 
increased from 0.7 million MT in 1973-1974 to 1.5 million MT in 1984-1985. Similarly, 
in Indonesia, eassava has moved increasingly into the starch market, whieh, in tum, 
provides the basic raw material for numerous food products. In the coming years, 
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cassava is expected to continue to move into new markets and that Asian native 
ingenuity wiIl continue to find new uses for cassava as it has in the pasto In addition, 
the poultry feed market is growing extremely rapidly in Asian countries. 

Certaín Southeast Asian countríes have fallen out of the mainstream of the Pacific 
economic miracle. Annual growth rates in cassava have been very high in these 
countries over the last two decades: Burma 13%, Kampuchea 10%, Laos 12%, and 
Vietnam 8%. These countries indícate the fundamental role that cassava plays in 
maintaining food supplies under crisis conditions and when eco no mies revert almost to 
subsistence levels. Cassava will continue to play this role; what is new, however, 
is the realization that cassava has an important role to play in rapidly developing 
economies such as those of Indonesia and China. 

84 



Section 4 

A GIS APPROACH TO IDENTIFYING RESEARCH 
PROBLEMS AND OPPORTUNITIES IN NATURAL 

RESOURCE MANAGEMENT 

P. G. Jones, D. M. Robinson, and S. E. CarterO 

Over the past 8 years the Agroecological Studies Unít (AEU) at CIAT has been 
conducting crop-specific agroecological analyses in a variety of environments. 
Fieldwork in similar ecosystems, with similar land use but in different countries, led to 
the hypothesis that where clima te, soils and land use were similar, then the types of 
problems amenable to research also tended to be similar. The method described 
below is an attempt to investigate this relationship systematically, and to assess the 
most important resource preservatíon problems across Latin America and the 
Caribbean. 

The approach taken by the AEU had four stages. In Stage 1, al! of Latin America and 
the Caribbean were mapped in broad environmental classes. Then, in Stage 2, based 
on predetermíned criteria, a short list of environmental classes was chosen. Stage 3 
involved the systematic descríption of actual land use in the selected environmental 
classes. In Stage 4, the most important agroecosystem clusters (areas with similar 
environments and land use patteros) and their respective problems were then 
evaluated for relevance to CIAT's current and future research. 

Stage 1: Continental environment description 

The scope of this first stage was vast. It covered al! areas of Latin America for which 
CIAT might expect to be able 10 support a reasonable commitment in natural resource 
management research. This forced us to make certain assumptions and to choose 
critería for the environmental classífication. First, the classification had to be 
simple enough to be mapped by using available data. Second, it had to be consistent 
wíth the data from which it was drawn. Third, it had to reflect the environmental 
requirements of actual or potential commodity crops for research by a center of 
tropical agriculture. Finally, environmental cnteria had to reflect the experience of 
scientists working in the center. 

• Head, soiJ scientist and agricultural geographer, respectively, of the Agroecological 
Studíes Unít, CIAT. 
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The AEU has detailed data for parts of the continent. However, as the scope of this 
study was broader than these specialized data we opted for more general information 
consistent across the continent. As the c1imate database is the most complete 
available for Latin America, the first step was to c1assify climates and discard 
10gisticaIly unfeasible c1asses, thereby reducing the total area under consideration. 

Environmental c1assification. The analysis used files of regularly gridded dala 
(METGRID) on c1imate, soils and elevation. These files were interpolated from the 
c1imate database, developed in the AEU, which contains mean monthly information 
from over 7500 stations across Latin America. As a basis for interpolation, the 
100minute grid of a digital terrain model (NOAA, 1984) and the central pixel {rom a 
raster version of the FAO Soil Map of the World (UNEP/GEMS/GRID, 1988) were 
used. From these files we constructed a point quadrat approximation of rainfaIl, 
temperature, soils and elevation for the continent at a spatial resolution of 
approximately 18.5 km. 

Interpolation of the climate data was done by weighted inverse-squared distance from 
the nearest four stations in the database, corrected for altitud e by using a standard 
tropical atmosphere lapse rate model based on data from Riehl (1979). The spatial 
spread of c1imate stations is highly variable, but tends to be more dense in areas where 
there is a high variation in altitude and slope and where the majority of the population 
is found. 

Five environmental criteria were selected on the basis of consultation with CIATs 
commodity scientists. These were: 

Length oC growing season. This was calculated as the number of wet months in which 
rainfall exceeds 60% of poten ti al evapotranspiration as calculated by the Linacre 
(1977) method. 

1. Humid Over 9 months wet 

2. Seasonally wet 9 to 6 months wet 

3. Seasonally dry 6 to 3 months wet 

4. Arid Less Ihan 3 months wet - REJECfED 

The truly arid c1asses were exc1uded because ClA T has had relatively Httle experience 
with rainfed crops or natural resources in these are as. 
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Temperature during the growíng season. The c1assificatíon for temperature was: 

1. Lowland tropics, temperatures greater than 23.5 oC 

2. Mid-a!titude zone, temperatures from 18 to 23.5 'C 

3. Highland zone, temperatures from 13 to 18 oC 

4. Cold areas, temperatures less tban 13 'C - REJECfED 

These temperature cutoffs were selected on the basis of cornmonly accepted figures 
that have proved useful in the past for c1assifying the areas in which CIA 1"s mandate 
crops are grown. The cold areas were rejected because they represent an area in 
which CIAT has not worked, and in which other organizations have a comparative 
advantage. 

Diurnal temperature range. This variable was added to distinguish areas with large 
diurnal temperature ranges from those with smaller ones. The distinction is similar to 
that between continental and maritime c1imates. In South America this variable does 
not indicate relative distance from the sea; rather; it reflects the "oceanic influence" 
that the Amazon basin has on South America's c1imate. Although this classification of 
the basin's influence does not fit in with any published c1assification of maritime or 
continental climates, the authors can find no words more descriptive. Diurnal 
temperature range plays an important role in the incidence of pests and diseases, 
particularly fungal diseases. 

1. Maritime Less than 10 • C mean diurna! range 

2. Continental Greater than 10 oC mean diurnal range 

Annual temperature range. To distinguish between tropical and subtropical areas, we 
set the annual temperature range cutoff at 10 • C. 

1. Tropical Less than 10 • C annua! range 

2. Sub tropical More than 10 oC annua! range 

Soil acidity. This variable was used to divide soils into those likely to have serious 
acidity problems, and those unlikely lo have such problems. A commonly used cutoff 
for tropical soils is a pH of 5.S (Landon, 1984). Below this level the chemistry of 
many elements changes significantly in terms of toxicity and deficiency. 
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1. Acid soils, pH less than 5.5 

2. Less acid and neutral soils, pH aboye 5.5 

Summary. These variables in theory produced 128 possible environmental classes. On 
the one hand, this was an unmanageable number of environmental c1asses. On the 
other hand, condítions wíthin each c1ass still varíed consíderably. By elirninatíng the 
very dry and very cold areas the theoretically possible number was reduced to 72 
c1asses. Of these, 9 combinations díd not exist in reality, and a further 12 were 
discarded because they were too small for consideration or they were cool subtropical 
areas with a strong frost risk, precluding the production of crops within CIATs 
experience. 

Stratification. The next step was to stratify the remaining environmental classes in 
terms of their relevance for future CIAT work. Three broad criteria were used for 
stratification: potential for alleviating rural poverty (equity), potential for positively 
afíecting the natural resource base (preservation), and potential for íncreasing food 
productíon (growth). To make stratifying possible with these criteria, four kínds of 
ínformation were combined with the environmental c1asses by using the image 
overlaying capacity oí a geographical analysís package, IDRISI (Eastman, 1988). The 
four kinds of informatíon were: 

Access. For each class we estímated the area accessible with current infrastructure, 
Le., within 30 km oí an all-weather road, navigable river or sea coast. The 60-km 
corridor along each road is a generous estímate, allowing for possible increases in 
access. 

For many oí the 51 c1asses tbis exercise did not greatIy reduce the area. However, for 
the hUllid and seasonalIy moist cIasses it exc1uded areas such as the Darien Straits, the 
upper Río Negro and the middle Xíngú, which are truly inaccessible but not legalIy 
protected. 

Legally restricted areas. The areas in each country in Latín America that are legally 
protected against conventional agricultural use were digítized from available maps 
collected by the AEO. These are mostly natíonal parks, forest reserves, ludian 
reservations, ecological preserves or protected catchment areas. Sorne countries report 
no such are as, and in others the protection is only on papero However, these 
areas represent a significant proportion of some environmental classes. We exc1uded 
them from our calculation of the potential agricultural area of an envíronmental c1ass. 

Rural and urban population density. Both rural and urban population are unevenly 
dístributed in Latín Ameríca. We felt ít important to identify the absolute size and 
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relative distribution of the rural population in eaeh environrnental class and to indicate 
the distribution and size of urban markets. 

As a first approximation we digitized population data transposed from a published 
population map (Times Atlas, 1985). The actual population represented by this map 
was ealculated by eomputer and a new map plotted to represent the 1986 rural 
population. This informatíon was overlaid on the map of environrnental classes to 
provide an estimate of the rural and urban population in eaeh class. 

Rural per capita ¡ncome. We inc1uded this variable as a erude measure of the 
magnitude of rural poverty at country level or, in Brazil, at state leve!. Even at these 
aggregate levels, our analysis revealed considerable variability. Within Brazíl rural 
income per capita varied from around $US150 (in Maranhao and Piauí States) to 
over $US2000 (Mato Grosso do Sul) (IBGE, 1984; World Bank, 1987). 

Results. The aboye socioeconomie informatíon was overlaid onto the map of 
environmental classes. To achieve a crude assessment of an equity index, the mean 
rural income was extracted for each class. The importanee of a class for the purposes 
of equity inereases with the number of people involved, but decreases as rural income 
rises. We therefore divided total population by rural ineome to obtain an index which 
inereased with inereasing rural population andJor with inereasing poverty. Table S4.1 
shows the classes that ranked the highest for equity. 

Ranking c1asses in terms of environmental degradation (or the risk of it) was more 
complex, because of the different types of degradation that existo 

Areas at high rísk of intensification problems, sueh as the excessive use of pesticides, 
are to be found in areas with access to markets and hence purchased inputs. They are 
likely to be the more densely populated areas within eaeh class. 

A second type of degradation occurs when virgin land is converted to agriculture. 
Areas with relatively untouched native vegetation are likely to be those with low rural 
populations. A rankinf was made of the area of each class with a population of less 
than 2 persons per km. This area can be interpreted as either the area avaílable for 
the expansion of agriculture, or as native vegetation requiríng protection. 

A third important type of degradation results from nutrient depletion and erosion 
through the insufficient use of inputs or deereasing fallow periods. We have assumed 
that this will oecur most frequently in settled areas that are more remote from 
markets, where there is less incentive to use inputs. The index we used was the area 
of each class with moderate to low population density (2 to 20 persons per km2) 
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rable $4.1. Environmental ctasses ordered by rural poverty indexo 

&las~ Rural Rural Rural Rural 

Nl.Ilber 
a 

Oesignation poverty popo 
2 

pop./km pe! 
b 

index mean 

2 T L S M A 16,480 7#462,384 3 453 

9 TLDMII 11,988 6,264,550 16 523 

8 r L S M 11 9,304 5,860,458 12 630 

3 T l O M A 7,619 4,122,m 8 541 

17 T M S e A 6,912 7,133,114 8 1032 

21 TMDMII 6,674 2,544,063 18 381 

5 T l D e A 6,663 4,496,741 3 675 

14 T M S M A 6,553 4,810,238 14 734 

T l • M A 5,677 2,234,896 2 394 

11 TLSCII 5,396 4,577,921 13 848 

a. Designeti«l: 

Cotum T = Tropical S = Slbtrcpícal 

2 L = lowlard M = Mid-altitud. H = Highlard 

3 ti '= Hunid S = S ........ Lly wet O = Ory 

4 M = Maritime e :: Cootinental 

5 A .. Acid soH ~ = Ueakly acíd to good soils 

b. Per espita income. 
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divided by rural income. Table S4.2 shows the ranking of classes according to this 
indexo 

A subjective assessment of productivity, giving values of 1 to 7 per unít area, was made 
and used as a basis for ranking environmental classes in terms of their potential 
contribution to growth (Table S4.3). The index for contribution to growth was 
calculated by multiplying the area of accessible, legally available land by its 
productivity value. The top ten classes ranked according to this index are shown in 
Table S4.4. 

Stage 2: Selection of candidate environmental classes 

This stage included the participation of CIAT's management committee and 
economists, as well as the AEU. 

A summary table was calculated, which included all the environmental classes that 
appeared in the top five of the five rankings (one for equity, one for growth and three 
for preservation of the resource base) (Table S4.5). The table also indicates whether 
or not the c\ass was in the top five in terros of CIAT's current commodity 
responsibilities. From the table, the most relevant classes for resource management 
research by CIAT appear to be 2, 17,5,8,9 and 12. A surprise finding was the 
importance of class 2 for all criteria. Consisting mostly of seasonally wet forest, one 
would not have expected this c\ass to rank highly in terms of rural poverty 
because of the general impression that it is sparse1y populated. In fact, it has a high 
population, mainly in coastal areas, and the rural per capita income is very low, 
suggesting a large poverty problem. 

The indices for growth, equity or preservation extracted from the GIS images may 
have been strongly influenced by total area. A sensitivity analysis was made, varying 
the weights according to growth, equity and the preservation of natural resources and 
also including factors for: 

1. Internationality, i.e., the number of countries in which the class is found; 

2. CIAT advantage, the percentage of area planted to CIA T's mandate 
commodities; 

3. The importance to the Andean, Central American and Caribbean countries 
(Le., excluding Brazil). 
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Table 84.2. Area by ctass witn likely degradation by nutrient depletion (e.g., 

[eaeniog and weed infestatfan). 

qass Nutrient Rural Rural 
a 2 

HtJTber Designation depletion popo pop./km 

a. 

b. 

degradation 

index 

2 T l S H A 792 7,462,384 3 

3 T l D H A 517 4,122,772 8 

9 TlDMIJ 473 6,264,550 16 

5 T l D e A 449 4,496,741 3 

17 T M S e A 427 7,133,114 8 

6 T l D e A 386 3,471,035 4 

21 T H D M W 308 2,544,063 18 

18 T H D e A 292 3,379,676 7 

12 T l D e w 283 4,704,845 7 

T l H M A 235 2,234 /896 2 

$ee note a~ in Table 84.1. 

Per capíta income. 

Table S4.3. Relative productivity index.
a 

T eoperature Dr,x season ~months~ 

regime < 2 3·6 7·9 

Lowland 3 4 2 

Mid·altitude 4 4 2 

Highland 4 3 1 

e~ Two points were added for nofracid soils and 
1 point for subtropical areas. To form en 
index of potential econamic impact thls index 
was multiplied by the accessible area of each 
cless. 

92 

Rural 
b pel 

mean 

453 

541 

523 

675 

1032 

882 

381 

826 

954 

394 

er-osion or nutrient 

Accessible 

area 
2 

(km) 

810,689 

426,590 

341,225 

484,108 

615,922 

530,767 

130,436 

362,535 

375,999 

325,642 



Table S4.4. Environmental ctasses ordered by production potentist index~ 

ctsss Subj. S"" Rural Accessíble 
il 

Nunber DeslgnatlClr1 prod. proclo popo ar, 

index iooex (km l 

2 T L S H A 4 3,242,757 7,462,384 810,689 

5 T L S e A 4 1,936,433 4,496,741 484,108 

17 T H S e A 3 1,847,765 7,133,114 615,922 

8 TLSMII 6 1,819,042 5,860,458 303,174 

12 T L D e 11 4 1.503,994 4# 704,845 375,999 

9 T L D M \1 4 1,364,902 6,264,550 341,225 

'1 T L S e 11 6 1,085,185 4,577,921 180,864 

6 T L D e A 2 , ,06' ,534 3,471,035 530J67 

T L H M A 3 976,925 2.234,8% 325,642 

3 T L D M A 2 853,181 4.122, m 426,590 

a. See note a. in Table S4.1. 

Table S4.5. Occurrences
3 

OT environmental classes in the first tive rows of the subject rankings. 

ctass Growth E",¡ ty R~~rce Q[eserv~tion elAT 

2 3 crops 

2 X X X X X X 

17 X X X X X 

5 X X X X 

8 X X X 

9 X X X 

12 X X 

3 

X 

6 X X 

18 X 

a. X = Class was in the top ranking 5 far this criterion. 
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Tbe growth variable was divided into two separate components: 

1. Tbe production potential index, as previously defined. 

2. A growth potential indexo Tbis inc1uded population, because currently 
populated areas have more ínherent growth potentíal than those beyond the 
frontier. 

Tbe equity (rural poverty) index was redefined as rural population density divided by 
rural income, to exclude the size of the zone. 

Tbe indices for resource preservation were modified to inelude ¡he production 
potentíal index wherever there was either high risk of problems of abuse or high risk 
of degradation from nutrient depletion and erosiono Tbis was done to take into 
account the additional value of research to preven! the loss of a highly productive 
resource. Tbe second index, which weighted lhe amount of virgin land, was 
deliberately set low because the usefulness of such land for agriculture depends very 
strongly on its value and quality. 

Tbe indices were standardized to zero mean and unit variance and were combined in 
an additive index with weights assigned accordíng to the five scenarios given in 
Table S4.6. 

Table S4.7 shows the ranking of environmental c1asses for each of ¡he five weighting 
scenarios. Tbe order appears remarkably stable under the various weightings. Classes 
2, 5, 8, 9, 11, 17 and 20 were selected for further study. Maps of their distribution and 
brief descriptions of each class follow. 
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T.ble $4.7. Results Qf sensitivity analysis on the envjronmental classes t using fjve different 
weighting scenarios. 

Chus $Cenado 
ranking 2 3 4 5 

Top 8 9 8 2 8 
2 2 2 9 2 

5 9 B 9 8 9 
17 17 17 17 17 
20 20 11 20 11 

Second 11 21 20 21 12 
12 11 12 11 20 

5 21 12 21 12 5 
5 5 5 5 21 

14 34 14 23 14 
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Map 1. Class 2: Seasonally wet lowland, mari time tropics, add soils. 

This class is heterogeneous. It incIudes highly populated areas of coastal 
Brazil, areas under sugarcane and cacao, and sorne similar areas in the 
Caribbean and Central America. It also includes large areas of 
semievergreen, seasonally dry forest in Brazil, Peru, Colombia, Bolivia and the 
Central American countries, together with the savannas (Llanos) of Colombia 
and Venezuela and areas of the northern Cerrados of Brazil. 
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Map 2. Class 5: Seasonally wet lowland, continental tropics, acid soíls. 

This c1ass is the continental counterpart of Class 2. Much of the area consists 
of seasonally wet forest, with sorne lowland savannas. Large extents are 
inaccessible and lightly populated. Except where already deforested and 
degraded, rnuch of this c1ass rnerits conservation. 
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Map 3. Class 8: Seasonally wet lowland, mari time tropics, good soils. 

This class includes heavily populated coastal areas throughout the continent, 
apart from Peru. An anomaly in this c1ass, as seen in the map, is the inclusíon 
of poorly drained areas in Bolivia, Colombia and sorne parts of the Amazon 
basin. Apart from these anomalous areas this c1ass is generally highly 
productive. 
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Map 4. Class 9: Dry lowland tropics, maritime, good soils. 

A1though limited in extent, this class includes heavily populated coastal areas 
of Northeast Brazil, Venezuela, Colombia, Ecuador, Costa Rica and Mexico. 
It contains less densely populated areas of the Yucatán, Honduras and 
Bolivia. Much of this c1ass consists of hilly land, containing much cotton and 
various annual crops. It is also an important c1ass for sugarcane. 
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Map 5. Class 11: Seasonally wet lowland, continental tropics, good soils. 

This c1ass is the continental counterpart of Class 8. Although sorne areas in 
this c1ass are highly populated and productive, other parts are remote, being 
found in relatively inaccessible areas in the continental interior. 
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Map 6. Class 17: Seasonally wet mid-altitudes, continental tropics, acid soils. 

This highly heterogeneous class is cJosely associated with the poorer 
coffee-growing areas throughout Central America and lhe Andes. Large areas 
oi this class in Brazil include the high cerrados around Brasilia and the more 
broken terrain of the coffee-growing are as to the south. Apart from lhe 
savannas of Roraima (northern Brazil) and Guyana, and the northern extent 
of the Cerrados, all these areas are moderately to highly populated. 
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Map 7. Class 20: Seasonally wet mid-a1titudes, maritime tropics, good soils. 

Although of very small geographic extent, the hillside areas of this c1ass have a 
high population. They are relatively wealthy coffee-growing areas found 
throughout Central America and the northern Andes. This c1ass also contains 
the good soil afeas found in the hills inland from Ihe coast of Brazil, and is 
the "good soils" counterpart of Class 17. 
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Stage 3. The determination of land use clusters 

The selection oC environmental cJasses within which to concentrate research eCCorts 
does not suffice to identify and characterize reseárchable problems. Resource 
management problems depend as much on lhe nature oC land use as on the nature oC 
resources. The purpose of Stage 3, therefore, was to assess actual land use in the 
selected environmental cJasses. The most prominent combinations of land use and 
environment were then identified. 

Method. The approach used was to map each contiguous area of a selected 
environmental class (referred to as a subzone) and determine a number oC variables 
relating to its actual land use. A cutorC sire oC 600 km2 reduced the number of 
subzones in the selected cJasses from over 500 to just over 300 and yet accounted for 
over 98% of the area. 

Using maps, censuses, atlases and reports, simple variables were noted for physical, 
biological and agricultural characteristics. Socioeconomic variables were also included, 
such as principal farming systems, population density, urban dependence on 
agriculture, land distribution, percentage of area readily accessible and relative 
distance to market. Parallel to this, ínterviews were conducted with visitors to CIAl' 
from different countries, and recent firsthand information was obtained on as many 
subzones as possible. This helped check against the secondary information that we 
werc using for our descriptions. 

'lile variables were used to determine generic production systems Cor each of the 300 
subzones, for example, extensive cattIe-ranching or intensíve irrigation oC annual crops. 
It is important to note that virtually all of the subzones had at least two modal 
production systems practiced by different people, for instance, extensive cattle-ranching 
by large landholders and shifting cultivation by small landholders. 

Results. Where repeating land use patterns occurred within an environmental class, 
these were termed agroecosystem clusters, that is, groups oC areas where climate, soil 
and land use were similar. Figure S4.l shows that just over one third oC the potential 
combinations of land use patterns and the seven environmental cJasses exist. There 
are land uses which are not significant in some environmental classes. Among those 
cells which are recorded, it is relatively easy to identify the most important 
agroecologícal clusters in terms oC area and population. 

The land use clusters were subjectively ordered to bring together similar types oC land 
use. The resuIting pattern in Figure S4.1 provides a basis Cor regrouping the 
agroecosystem clusters Cor general description. Regrouping can be done across 
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Land use clusters Enví ronmentat class 
2 5 8 9 11 17 20 

Unused forest lands 1.68 0.17 
Rul.:bcr. ruts 2.58 1.88 0.77 
Fluvial and vérzea systems 6.11 0.18 1.62 1.77 0.46 

l~ 
Intensive cane, poor t.- 7.51 
lntensive cane, good tands 15.57 5.34 1.73 

I~ 
Intensive irrigation 1.27 0.24 0.72 

Brazil. mecnanized coffee areas 3.17 4.09 0.23 19.73 
Mechanized, medlum scale 1.24 O. la 

Cerrados type pastures, mecho cropping 31.07 
Poor lowtand pastures, meeh. croR'ing 11.27 29.22 
lowland, extensive grazing, poOl" s01ls 3.35 1.06 

l I Gocxl lowland, pastures, mecho cropping 3.39 2. lO 

~ 
Poorly drained pastures 4.49 1.60 O. " a.42 

Good towtand, pastures alone 0.54 
Highlond, pastures alone 0.35 0.52 ..... 

1 

í: 

~ 
POOl" lowland, pastures, mar1Jal cropping 37.42 7.25 

L 
Caed lowland, pastures. IIlaroat crowins 4.98 1.73 

Dry lowland, pastures, D'It.It'I./mech. cropping 5. lO 
Dry lowland, pastures, manual cropping 0.79 13.92 
Goat 9raz i f"Q 4.44 

I Hi llsides, cattle, coffee, pool" soi l 3.02 

l 
Hi Llsides, grazing, shift. cult., poOl" soil 0.08 6.78 0.22 

Hillsides f cattle. coffee. goOO sOl t 3.51 

Hillsides, grazing, shift. cult., good soil 2.89 

lowland, cattle, coffee 2.05 0.15 1.62 0.17 

I~-
Shifting cultivation 0.84 0.56 0.13 

Small~scale cane and manual cultivation 0.26 0.05 1.47 0.23 0.42 0.26 

lowland, gr8z1ng, shift. cutt. on stope 1.11 2.92 0.26 1.62 

Figure S4.1. Area of agroecologlcal clusters in the seven enviroomental classes. 



environments within a land use cluster or across land use clusters within an 
environrnental class, as illustrated below. 

Descriptions of major land use patterns within environmental c1asses 

Classes 8 and 9: Intensive sugarcane, mechanízed cultivation. These areas are 
characterized by intensive sugarcane production on estates, grazing of cultivated or 
induced pastures on large-scale farms, and rnechanized cultivation of sorghurn, 
soybean, cotton and irrigated rice. The srnall·farrn sector gene rally concentrates on 
fruit and horticultural products. Tobacco is grown in sorne areas, together 
with beans, rnaize and sorne cassava. 

Soils are good and the topography is fIat, allowing rnechanization. There is little or no 
rernaining natural vegetation, except native grassland suitable for grazing. Fallowing is 
rarely practiced. 

Growth potential is low in terrns of area expansion, there being little land left still 
unused. The trend toward rnechanized cultivation rnay diminish the importance of 
grazing. The srnall-farrn sector accounts for as rnuch as 80% of the rural population, 
but for only about 5% to 10% of the land. 

The increasing profitability of large-scale mechanized crops might lead to the 
absorption of srnall-scale farrners, but this ís less likely in certain areas where the 
srnall·farrn sector is relatively prosperous, owing to the cultivation of higher value 
crops for urban rnarkets. 

The srnall-farrn sector provides labor for estates and larger farms. Labor is also 
supplíed frorn nearby urban populations. 

Problems. These are: 

1. Erosion risk is generally low, but soil cornpaction by heavy machinery rnay 
occur in sorne areas; 

2. Salt buildup frorn poor irrigation practices is a risk in rnany places; and 

3. Excessive use of pesticides and herbicides occurs frequently on comrnercial 
farms, especially with rice, cotton and soybean. 

Spíllover. The shift frorn grazing to cultivation wil1 push cattle to less easily rnanaged 
areas. 
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Classes 2 and 5: Lowland extensive grazing, poor soils. This pattern is found in the 
altillanura of Colombia, and in Mexico and Venezuela. The accessible area of these 
savannas is 4.41 million ha. Soils are highly acid, and the natural vegetation is savanna 
and semievergreen forest. The topography is f1at, with only 5% to 20% of the area 
consisting of slopes with gradients ranging from 8% to 30%. 

This land use pattern is distínguished from a further 29.2 million ha of savannas in 
Classes 2 and 5 by having insignificant cultivation, either perennial or annual, manual 
or mechanized. 

Populatíon density is low. Average farm size is almos! 1000 ha, but decreasing. The 
principal production system at present is a cow /calf operation on native pastures. 
Markets are fairly remote, but isolation is no! extreme. 

The growth potentíal ís high for acid-tolerant crops on mechanizable land. 

Problems. These are: 

1. There is modera te risk of erosion under native pasture, but this could become 
severe on even moderate slopes under inappropriate cultivation; and 

2. Destruction of remaining areas of gallery forest. 

Spillover. Intensification may marginally increase the demand for rural labor or speed 
the reductíon of farm size. 

Technology developed for these areas should also be applicable to poor lowland 
pastures of Classes 2 and 5, where mechanized cropping already exists. It may also be 
feasible to use it in cleared forest areas. 

Classes 2 and 5: Poor lowland pastures, manual cropping. This is a widespread 
frontier area, consisting of nearly 45 million ha. It has varying degrees of access to 
markets, which are generally moderately distant to remote. Land and income 
distribution are highly skewed. About 50% of farmers have less than 10 ha, and 
control less than 10% of the land. 

The natural vegetation is semievergreen forest. In sorne cases this has completely 
disappeared, but, overall, about 40% of the original forest remains. This is usually 
located on steep or inaccessible land. 

About 4% oí the land is under perennial crops, 11% under annual cropping and 30% 
under extensive grazing. In sorne areas, as much as 30% is under bush fallow. The 
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topography is heterogeneous, but over half the area is f1at and mechanizable. One 
third is undulating and the remainder mountainous. 

Population density is low to medium, with a few areas of high concentration in coastal 
Brazil and the Caribbean. About 30% to 70% of farmers have between 1 and 10 ha 
of land. 

Problems. These are: 

1. Most areas show a marked contrast, aceording 10 whether they are used by 
small-seale farmers practieing shifting cultivation or by extensive graziers; 

2. Competition for land is reducing fallow periods and inducing srnall-scale 
farmers to c1ear more forest; and 

3. Where fallow periods are redueed beeause of land shortage and insecure 
tenure for smallholders, soil degradation is a problem. 

Spillover. Teehnology developed for the lowland savannas may be suitable for the 
larger landowner in the forest margins, although such farmers are not at present 
pursuing much meehanized cropping. Meehanized cmpping would increase competition 
for land and eould inerease forest c1earanee. 

Classes 17 and 20: Well-watered mid-aItitude hillsides. These areas are found 
throughout Central America, the Caribbean and Andes. TIley comprise: 

hillsides with eattle and eoffee on poorsoil (3.02 rnillion ha) 

hillsídes with eattle and coffee on good soil (3.52 rnillion ha) 

hillsides with grazing and shifting 
cultivation on poor soil (7.01 rnillion ha) 

hillsides with grazing and shifting 
eultivatíon on good soil (2.90 million ha) 

This cluster also includes areas fmm Classes 14 and 23, which were not analyzed in 
this study but were judged to be similar. 

Even at this level of classífication, these areas are highly heterogeneous. The natural 
vegetation is mostly seasonally dry fores!, but with sorne areas under humid or 
premontane forest. About 10% of this forest remains. 
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Access is gene rally good, but less so in poor soil areas with shifting cultivation. 
Population is highest in the coffee-growing areas and low in the non-coffee poor-soil 
areas. Land distribution is uniformly skewed, with approximately 80% of farmers 
holding roughly 20% of the land. Isolation is generally low to moderate, but poor 
mountain roads make travelling times long in sorne areas. 

Perennial crops account for as much as 30% of the area, even in the better non-coffee 
areas. Annual crops are grown on 5% to 20% of the land, and between 20% to 60% 
of the land is under pastures. Bush fallow accounts for the remaining land, amounting 
to 10% to 30%, depending on the area. 

Approximately 50% of the area can be cIassed as roIling, and as much as 40% to 50% 
is steep. About 10% of the area is flat. 

Problems. These are: 

1. Erosion is a serious problem a1most everywhere, because of: 

• 
• 
• 
• 

Overgrazing on steep pastures; 
Fallow clearing by fire; 
Poorly managed cuItivation; and 
In sorne cases, poorly managed coffee. 

2. Pesticide overuse is prevalent in coffee-growing areas. 

3. A1though most of the remaining forest is on steep lands, there is stilI pressure 
for clearing. 

4. Coffee washings are a frequent polIutant in streams and rivers. 

Class 9: Extensive grazing and small·scale manual cultivation, in the dry, lowland 
areas of nonacid soils. This land use pattern occupies about 14 million ha, most of 
which is accessible. It includes an important portion of Northeast Brazil, the middle 
Sinú on Colombia's North Coast, and the Acapulco and Cancún areas of Mexico. The 
rural population density is moderate to high, and the total rural population is 
estimated at 2,700,000. 

Between 30% and 50% of farms are less than 10 ha in size, and account for less than 
5% of the land. 

Natural vegetation, consisting of scrub, dry forest and wooded savanna, covers about 
half the area. 
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Agriculturalland use is dominated by pastures, which account for about 30% of the 
total area. Bush fallow varies in importance, in sorne places reaching 40% of the area. 
Annual craps occnpy about 10% of the land, but perennial craps are generally absent, 
except in parts of Northeast Brazil, where cashews and tree cotton occnpy as 
much as 15% of the land. 

Topography is predominantly flat (70%), with the remainder mostly rolling. 

Problems. These are: 

1. Risk of drought--unreJiable rainfalI increases risk of crop loss and soil erosion; 

2. Declíníng soíl fertilíty as low value of produce reduces fertilizer use; and 

3. Competition for good land. 

Classes 8 and 11: Extensive pastures and small-scale manual cultivation on nonacid 
soils in the seasonallowlands. These classes occnpy about 6.7 míJIion ha in northern 
Colombia, Venezuela, Guatemala, Belize, Mexico, Paraguay and Brazil (the Httoral in 
Ceará). The natural vegetation is seasonal forest. On average, half of the area retains 
this cover. Landholding patterns vary greatly. These areas are not densely popnlated, 
althongh the total rural population is aronnd 2 núllion. Accessibility vades a great 
deal. 

A small percentage of the land, less than 5%, is under perennials, and annual crops 
cover 5% to 40% of the area. Pastures account for abont 40%, with the proportion 
rising to about 70% in sorne place.~. Bush fallow is unimportant. 

Abont 40% to 90% of the area is flat, with 10% to 50% roJling. Steep slopes are 
gene rally ahsent, and do not usually exceed 30% of those areas in whích they are 
found. 

Problems. These are: 

1. Forest clearance; 

2. Inadequate management oí pa<;tures; 

3. Insecnre land tenure; and 

4. Lack oí social services and inírastructure. 
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Classes 2 and S: Poor lowland pastures, mechanized cropping, sorne manual crops. 
This land use pattern is found in the large area oí 40.5 million ha covering Brazil, 
Colombia, Panama, Mexico and Paraguay. Oí this area, 29.2 million ha are lowland 
savannas environmentalIy similar to the altillanuras of Colombia, the balance 
being seasonally dry forest. These savannas differ from the Carimagua type by having 
significant areas under mechanized cropping, sometimes 30% of the land area. 

The area characterized by this land use pattern has a population of 2.7 million. 
Access is variable, but over half the area has 100% accessibility. Distance from 
markets is usually moderate, with only a few areas being highly isolated. 

About 50% to 90% of the area still has natural vegetation, but where this is savanna it 
is grazed. Virtually no perennial erops are grown, but in cultivated areas little land is 
left fallow. 

The proportion of fIat land is relatively low but can reach 25%. The rest is rolling, 
with steep lands accounting for less than 5% of the area. 

About 50% of farmers use less than 8% of the land. Crops inelude upland rice, 
sorghum and sorne soybean. 

Problems. These are: 

1. Erosion--only about one third of the land is suitable for meehamzed 
eropping, and small farmers often cultivate sloping land; 

2. Soil compaction by heavy machinery; and 

3. Soíl depletion--soils are poor and no! suitable for continuous eropping. 

Class 17: Cerrados type pastures and mechanized cropping. This land use pattern, 
involving 31 million ha, is found almost exclusively in Brazil. Access is moderate and 
distan ces to market are medium. 

Rural population density varíes from low to medium. At one extreme there are almost 
no farmers with fewer than 10 ha, but at the other extreme, in the southeast, as many 
as 50% of farmers each farm less than this area. 

Over 50% of the area still consists of natural vegetation, namely, campo cerrado, 
cerrado and seasonally dry forest. There are almost no perennial crops or managed 
forests. On average, 13% of the area is under annual cropping, but the proponion is 
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hígher c10ser to markets. Just under half the area is under pasture, and a significant 
proportion of the area is under sorne form of natural foresto 

Qnly 54% of the total area has slopes with gradients of less than 8%, and fully 13% 
has slopes with gradients of 30% or steeper. 

Problems. These are: 

1. Erosion; 

2. Soil compaction under mecharuzed cropping; and 

3. Declining water table ao; a result of croppíng. 

Class 9: Extensive pastures, medium or large-scale mechanized and small-scale 
manual cropping, on good soils in dry lowlands. This type of land use involves about 
5.1 million ha. It includes areas of Northeast Brazil and the Mato Grosso, the Bolivar 
savannas on Colombia's North Coast, and small areas in Nicaragua and Bolivia. 
Taken together, these areas have a moderately dense rural population. Between 30% 
and 70% of farms are smaller than 10 ha, and account for no more than 5% of the 
land. 

Natural vegetation, which ranges from wooded savanna to seasonal forest, covers 
appproximately a quarter of the total area. Perennial crops are unimportant. Annual 
crops account for 5% to 10% of the area. The proportion of the area under pastures 
varies from 30% to 70%, and fallow from 10% to 30%. Topography is mostly flat to 
rolling. Most of the areas are accessible, but rnoderately isolated from urban 
markets. 

Problems. These are: 

1. Availability of water for crops and livestock; 

2. Soil erosion; 

3. Access to markets; 

4. Labor shortages due to emigration; and 

5. Lack of employrnent opportunity. 
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Stage 4: Selection of agroecosystem clusters 

The land use patterns identified in Stage 3 were appraised for their size and human 
population, so that those of little significance for CIA 1"s purposes could be discarded 
where justifiable. Following the subjective grouping method employed aboye, the nine 
clusters described were reduced to six agroecosystem c1usters. Although spanning 
different land use patterns, and also different environments, the "savannas" were 
grouped together as an easily recognizable group that would be potentially useful, for 
as long as the underlying differences are not forgotten. The six c1usters were then 
evaluated by working groups to allow management a final decision on CIA1"s resource 
allocations to natural resource management research. 

The six c1usters are as follows: 

1. Areas of intensive agriculture, often sugarcane, mostIy in lowland areas and on 
nonacid soil5. 

2. Areas of mechanized crop production, for instance, coffee, and found 
exclusively in Brazil. These were most extensive in the highlands, but sorne 
lowland systems contained a significantly large population. 

3. Lowland and highland areas of extensive grazing and mechanized agriculture 
on acid soíls. The Colombian altillanura was also included in this group, 
although mechanized erop production is not yet important there. These 
land use pattems characterize about 76 million ha and are by far the most 
extensive of al! those identified. They also have large absolute populations, 
despite low overall densities. 

4. Areas of extensive grazing and manual smallholder cuItivation on acid 
soils. These are also very large (45 million ha) with large populations. They 
are mostly forest frontier areas or areas where seasonal forest once existed. 

5. Areas of extensive grazing and manual cultivation by smallholders in the dry 
lowlands. 

6. Highland areas of extensive grazing, shifting or smallholder cultivation, and 
perennial crops (notably coffee) on acid soils. 
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The only other significant land use pattern not evaluated was that dominated by 
extensive grazing on poorly drained pastures. This is found in a smaller area, but 
possibly with a higher total rural population, than the highland eattle-coffee systems. 

Selection entena and procedure. To evaluate the different clusters we used the 
following set of criteria, based on CIATs three objectives of growth, equity and 
preservation of the natural resouree base. 

Group 1: Economic potential 

Market demand 

Area or volume of 
total 

Intensification 
potential 

Infrastrueture 

Demand for agricultural products is significant. 

Spatial extent, and/or overall importanee for agricultural 
production ís high. 

Existing produetion systems could be intensified 
signifieantly. 

Physical eommunieations and support services are good. 

Group 2: Resource potential 

Productivity index 

Expansíon 

Natural vegetatíon 

Spillover 

Climatic and edaphic conditions are favorable for 
agriculture. 

There is scope for the expansion of agriculture. 

There is a potential for conservíng natural vegetation, 
sígnificant areas of which remain. 

Intervention wiIl have a positive impact elsewhere, or 
nonintervention will have a negative impact elsewhere. 

Group 3: Resourc.e problems 

Eeologícal fragility 

Sustainabilíty 

Deforestation 

The area is eeologically fragile for agriculture. 

Existing produetion systems are not sustainable for various 
reasons, including overuse of agroehemícals. 

Deforestation is of coneern for a large area. 
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Soil degradation 

Group 4: Equity 

Rural poverty 

Employrnent 
opportunities 

Food supply for the 
urban poor 

Land distribution 

SoB resources are suffering significant degradation and/or 
erosion. 

There are large numbers of poor rural inhabitants. 

Significant employrnent opportunities can be generated 
through agriculture. 

The area supplies or could supply basic foods to urban 
areas. 

Uneven land distribution is a major source of inequity. 

Group 5: Technological considerations 

Lack of appropriate 
technology 

Relevance of 
technology generation 

Probability of 
technology generation 

Time frame 

Appropriate technology is not currently used or is 
unavailable. 

New technology (as opposed to other measures) could 
significantly contribute to increased food production and/or 
reduced pressure on natural resources. 

New technology can be generated to solve identified 
problems. 

New technology can be generated quickly. 

Group 6: Institutional considerations 

Institutional 
strength 

CIATs speciaI 
advantage 

Internationality 

Site availability 

Relevant institutions contain potential collaborating 
scientists. 

Previous or current ClAT research can contribute to 
solutions. 

The agroecosystem is found in a sufficient number of 
countries. 

lt is feasible to begin research soon at ClA T test siles or 
other known Iocations. 
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Eaeh agroeeosystem cluster was then scored for each criterion on a three-point scale 
from -1 to + 1. Zero implied neutrality or irrelevance. As regards the technological 
eonsiderations criterion, if there was no real lack of appropriate technology (giving a 
score oí -1), then the remaining criteria were automaticalIy scored as zero, because 
they beeame irrelevant. 

The members of the working groups did this scoring individualIy. The seores for each 
eriterion were then summed to give an overall seo re for the six clusters. A modal 
score was then eomputed. Where a strong differenee of opinion arose, scores were 
discussed in detail for each eriterion to resolve the disagreement. 

We summed the modal seores for eaeh eriterion. We then needed 10 apply different 
weights to these seores, in aceordanee with different views on the relative importanee 
of growth, equity and preservation of the resource base so as to derive a final 
selection. We therefore grouped economic and resource potential to give a single 
indicator of growth. Resource problems indicated the magnitude of preservation as 
an issue in each agroecosystem. As a fourth factor, we combined technological and 
institutional considerations to indicate feasibility. 

ResuIts. The results are given in Table S4.8, which indicates where resource 
management research would fit best with CIATs various goals, and where research is 
most feasible. Giving different weights to the criteria of growth, equity, preservation 
and feasibility would have Httle effect on the ranking of agroeeosystems in Table S4.8. 

Based on these decísion criteria and scores, the working group selected four clusters. 

The first cluster (cluster 6 in Table S4.8) consists of the seasonally wet hillsides of the 
northern and central Andes, Central America and the Caribbean, where there are 
similar land use patterns. Intensive coffee production and cultivation of annuals, in 
assocíation with extensive pastures, are very important. Cassava and beans are 
important staples in these areas, and cattle are common as a source of milk, meat and 
cash on both small and large farms. 

The next (cluster 4) consists of lowland areas of manual cultivation and extensive 
grazing, with a seasonally wet climate. Continental and mari time instances of this land 
use pattern were combined to define the íocí for research. This cluster has very large 
expanses of degraded pastures. The rehabilitation oí these has long been a 
concern of CIATs Tropical Pastures Programo A significant amount of upland rice 
and cassava is grown in these areas, particularly in Brazil. 
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Tabte S4.8. Selectton crfteria scores for tne six mato agroecosystem ctusters. 

Agroecosystem cluster 

1- Fertite to~landS (intensíve 

agricutture, often Gane) 

2. Brazilian coffee areas 

(mechanlzed, mid~altitude 

agriculture) 

3. Acid-soil savannas 

(extensive grazing and 

IOOchani2ed cropsl 

4. Forest margins (pastures 

and manual cultivatloo) 

5. Seasonatty dry (pastures 

and crops) 

6. Hillsides (pastures, 

coffee¡ manual cultjvation) 

• Growth 

2 

2 

4 

3 

2 

3 

Equity 

2 

2 

4 

2 

a. Carbination of econOOlic and resource potential. 

Preservation 

t 
·3 

·1 

O 

4 

2 

4 

b. Cambination of tecnnologicat and institut¡onal considerations~ 
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Feasibi 1 ityb 

·1 

6 

2 

3 

6 

Total 

1 

2 

11 

11 

11 
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The third cluster (cluster 3) consists of extensive grazing andJor large-scale 
mechanized agriculture Oil the natural savannas of the Llanos and Cerrados. LowJand 
and mid-altitude, seasonally wet envíronments with this land use were combined to 
define the area on which to focus. Research at CIA Tinto the intensification of these 
extensive grazing systems through the incorporation of annual crop rotations has 
become increasingly important in recent years. 

The fourth cluster (cluster 5) scored equally with the previous twO. This consists of 
seasonally dry lowland areas on good soils with a predominance of pastures and 
manual crops. 

CIAT management had judged that three agroecosystem clusters would be the 
maximum feasible with the resources envísioned. A further decision criterion was 
therefore needed. The commonality of environment was judged to be an appropriate 
one. Cluster 6, the well-watered hillsides; cluster 4, the íorest margins; and cluster 3, 
the savannas, aH have in common poor acid soils and reliable, well-watered growing 
seasons. lt was therefore decided to give higher priority to these three (Figure 54.2). 

The seasonally dry are as nevertheless remain an important concern oí sorne of CIA Ts 
commodity programs. 

Conclusion 

lt was impossible to consider aH the land use problems of Latin America and the 
Caríbbean. However, by the aboye method, the AEU was able to identify specific 
widespread land use problems. Our approach has a distinct advantage over more 
subjective attempts to identify areas in which to conduct research, whether for 
agricultural development, environmental protection or a combination oí these two 
goals. Agroecological zonification based on the physiological requirements of 
individual crops (FAO, 1978) alone cannot help in understanding sustainability 
problems. 5imilarly, studies to determine the ideal or potential uses of land, without 
studying the limitations imposed by actualland use, are oí Jimited usefulness. A 
system such as ours, that takes into account both envíronmental and social variables, 
provides the means of selecting zones systematically, and hence to relate the results of 
research to other places and systems. 

By tentatively defíning the relationships between man's activities and environmental 
condi':ons, expressed as agroecosystem cJusters, the AEU's work has provided a basís 
for the systematic study of agricultural systems and their environmental consequences. 
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NillsidAls 

Figure S4.2. Agroecosystems selected for research by CIAT. 
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