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Propositions 

1. The biometrician plays a role of vital importance in the successful achievement of the objectives of 
agricultural research: improvement of agricultural technology, methodology for research conduct and 
improved scientific information for future decision-making. 
This thesis. 

2. The search for balance between theory and field work, and a permanent and fruitful biometrician-
researcher communication are key elements of success of an agricultural research project. It is 
important to keep in mind that "it is better to have an approximate solution to the right problem than 
to have an exact solution to the wrong one". 
Mosteller, F. andTukey, J. W., 1988. Frederick Hosteller and John W. Tukey: A Conversation. Moderated by 
Francis J. Anscombe. Statistical Science, Vol. 3, No.l, 136-144. 
This thesis. 

3. Change-over designs have proven useful for the short-term evaluation of milk production of dual-
purpose production systems in the Latin American tropics. 
Amezquita, M. C, 1993. Diseho y Andlisis de Ensayos para Evaluacion de Pasturas en Fincas. In: Argel, P.; 
Durdn, C. V. and Franco, L.H., (eds.). Planeacion y Conduccion de Ensayos de Evaluacion de Gramlneas y 
Leguminosas Forrajeras en Fincas. Documento de Trabajo No. 133. 23-37. Centro lnternacional de 
Agricultura Tropical (C1AT) y Red lnternacional de Evaluacion de Pasturas Tropicales (RIEPT). 340 pp. 
Lascano, C. E.; Avila, P.; Amezquita, M. C. and Ramirez, G., 1997. Fuentes de variacion en la Produccion y 
Composicion de leche de vacas en un sistema de pastoreo secuencial. In: Lascano, C.E. and Holmann, F. 
(eds.). Conceptos y Metodologias de Investigacion en Fincas con Sistemas de Produccion Animal de Doble 
Proposito. 3-14. CIAT-TROPILECHE. Book series ISBN 958-9439-93-4, 285 pp. 
This thesis. 

4. The power of on-farm experimentation lies in its extrapolation capacity, as it uses the farm, a random 
factor, to test on real grounds research results obtained at the experimental station as well as new ideas, 
resources or management options. 
Lascano, C. E. and Holmann, F. (eds.), 1997. Conceptos y Metodologias de Investigacion en Fincas con 
Sistemas de Produccion Animal de Doble Proposito. CIAT-TROPILECHE. Book series ISBN 958-9439-93-4, 
285 pp. 
This thesis. 

5. The search for sustainable development, i.e., "the right balance between economic benefit, eco-
efficiency and social welfare" (Republic of Colombia's 1991 Constitution) has become a basic principle 
for research on tropical pastures and agro-pastoral systems in Tropical Latin America in the last two 
decades. 
Toledo, J. M., 1985. Pasture development for cattle production in the major ecosystems of the tropical American 
lowlands. Proceedings of the XV International Grasslands Congress. 74-81. Kyoto, Japan. 
Zeigler, R.S. and Toledo, J.M., 1993. Developing sustainable agricultural production systems for the acid soil 
savannas of Latin America. In: Paoletti, M.G.; Napier, T; Ferro, O.; Stinner, B. and Stinner, D. (eds.). Socio­
economic and policy issues for sustainable farming systems. 103-116. Coop. Amicizia sre. Padova, Italia. 



The U.S.A. recommendation to the Colombian Government is to control cocaine production by 
applying the fungus Fusarium oxysporum f. sp. erythroxyli. The television declaration of the 
Colombian Minister of the Environment in Bogota, Colombia, August 2000, stating that this practice 
can cause serious environmental problems, is right. 

Development is associated with means and variances. Developed countries have high 
(income/capita) means with relatively small or medium variation; developing countries, such as 
some Latin American countries, have medium means with very high variation; and poorly developed 
countries have low means with extremely high variation. The high variation causes social unrest. 
" Madagascar Agricultural Research Mission". World Bank Report. Antananarivo, 1990. 

The success and happiness of a woman today can be achieved through balance between the needs of 
her mind (intellectual challenges), her heart (love, art, sharing) and her body (physical activity). The 
secret lies in accepting our imperfections, being content with life and always thankful to God. 

Propositions belonging to the PhD thesis of Maria Cristina Amezquita, Biometrical Applications in Tropical 
Pasture and Agro-pastoral Research. Wageningen, 7 March 2001. 
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Abstract 

"Biometrical Applications in Tropical Pasture and Agro-pastoral Research" illustrates, 
through selected Case Studies, the contribution of Biometry to pasture and agro-pastoral research 
in Tropical Latin America (TLA) in the last two decades. Its contribution is represented in 
research concepts, methodology, and practical research results that help increase land and animal 
productivity, human welfare, and efficient conservation and management of natural resources. 

The selected Case Studies were conducted in various countries of TLA, on the two major 
ecosystems of the lowland tropics: the Savanna Ecosystem, with 250 million ha, and the 
Tropical Forest Ecosystem, with 44 million ha. Each Case Study was part of the research 
agenda and strategy of CIAT (Centro Internacional de Agricultura Tropical, or International 
Centre for Tropical Agriculture, based in Cali, Colombia), the RIEPT (Red Internacional de 
Evaluation de Pasturas Tropicales, or International Network for Tropical Pastures Evaluation), 
the Agro-pastoral Research Network for the Savanna Ecosystem of Tropical America, and 
pasture and agro-pastoral research programs from Latin American National Agricultural 
Research and Development Institutions. Each Case Study aimed at solving concrete research 
problems of pasture and agro-pastoral research in TLA and has been published in relevant 
scientific media, especially in those addressing needs of Latin American researchers. 

The different Case Studies (presented in chapters 3 to 9) show a "gradient" in research scale: — 
from controlled, small-plot, multilocational agronomic research conducted at the Experiment 
Station to characterise and evaluate a large number of forage grass and legume ecotypes, to 
medium-size grazing experiments conducted to evaluate a smaller number of pastures (grass-
alone or grass-legume associations) both at the Experiment Station and at the farm, ending with 
agro-pastoral experiments aimed at integrating research findings from the two previous research 
phases into economically attractive pasture-crop production systems—. Chapter 2 is of a 
conceptual nature. It summarises the role of Biometry in pasture and agro-pastoral research. The 
last chapter (chapter 10) deals with organisation and resources of Biometry Units in Latin American 
Agricultural Research Institutions and offers practical recommendations concerning the desired role 
of the biometrician as a true partner in research teams. 

Chapter 3 illustrates the selection process for promising forage grass and legume ecotypes and 
identifies promising material. Chapter 4 defines "adaptation niches" for an important pasture 
cultivar identified as promising by the previous case study: the legume Stylosanth.es guianensis 
184. Chapter 5 presents concepts and methods for the planning, design and analysis of grazing 
experiments, with emphasis on continuous designs for evaluating beef production. Chapters 6 and 7 
present concepts, methods and research solutions concerning the design and analysis of milk and 
dual-purpose production experiments using Bos taurus and Bos taurus x Bos indicus cows, of 
different genetic levels, both at the Experiment Station and at the farm. Chapters 8 and 9 discuss 
concepts, methodology and research results concerning the planning, design and analysis of agro-
pastoral experiments for the Savanna Ecosystem of TLA. 

http://Stylosanth.es
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Introduction 

Chapter 1 

Introduction 
Maria Cristina Amezquita 

Goal of this Dissertation 

The goal of this dissertation is to illustrate, through selected Case Studies, the contribution of 
Biometry to pasture and agro-pastoral research in Tropical Latin America (TLA) in the last two 
decades. Its contribution is represented in research concepts, research methodology, and practical 
research results, aimed at increasing land and animal productivity, improved human welfare, and 
efficient conservation and management of the natural resource base of our continent. 

The selected Case Studies were conducted in various countries of Latin America (LA), on the two 
major ecosystems of lowland TLA: the Savanna Ecosystem, with 250 million ha, and the Tropical 
Forest Ecosystem, with 44 million ha, representing 14.8% and 2.6%, respectively, of the total 
continental area of TLA. Each Case Study was part of the research agenda and strategy of CIAT 
(Centro Internacional de Agricultura Tropical, or International Centre for Tropical Agriculture, 
based in Cali, Colombia), the RIEPT1 (Red Internacional de Evaluation de Pasturas Tropicales, or 
International Network for Tropical Pastures Evaluation), the Agro-pastoral Research Network for 
the Savanna Ecosystem of Tropical America2, and pasture and agro-pastoral research programs 
from Latin American National Agricultural Research and Development Institutions (NARDI's). 

Although statistical methods used are well-known methods, the various Case Studies have produced 
concepts, methodology and research results that represented practical and timely solutions to the 
existing problems of pasture and agro-pastoral research in TLA's lowlands. 

1 RIEPT is a multi-institutional research network co-ordinated by CIAT with participation of all LA tropical 
pastures research programs, which combined international and national efforts to screen germplasm, evaluate 
pastures in successive research phases, and achieve important economies of scale by efficient exchange of 
knowledge and technology (Toledo, 1985). It was in operation between 1979 and 1994. 

2 The "Agro-pastoral Research Network for the Savanna Ecosystem of Tropical America" is a new research 
network, formed in 1995 and co-ordinated by CIAT, combining national and international efforts and financial 
support from research institutions working on agro-pastoral research in TLA's savannas. Member countries include 
Bolivia, Brazil, Colombia, Guyana and Venezuela. Its objective is the integration of pastures and crops best adapted to 
acid and infertile savanna soils into economically attractive and environmentally sustainable agro-pastoral production 
systems (Sarkarung and Zeigler, 1989; Toledo et al., 1989; Zeigler and Toledo, 1993). 
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Each Case Study has been published in relevant scientific media, especially in those addressing 
needs of LA researchers. The different Case Studies are applications of Biometry, carried out by a 
biometrician, aimed at solving concrete research problems of pasture and agro-pastoral research in 
TLA. 

The definitions of Biometry and biometrician follow: 

Biometry is the science that applies mathematics, statistics and statistical computing, to 
the description, analysis and understanding of live processes, random by nature. Biometry 
is, in summary, the application of the quantitative thinking to a better understanding of 
nature. 

A biometrician is a statistician, mathematician or biologist, who besides having good 
knowledge on quantitative methods and tools applicable to the study of live processes, has 
also a clear understanding of the biological problem under consideration, balance between 
theory and field work, genuine interest to learn from other disciplines, and good 
communication with the biological research community. His or her success lies on the 
complementarity between these principles. 

The different Case Studies (presented in chapters 3 to 9) were selected to show a "gradient" in 
research scale: —from controlled, small-plot, multilocational agronomic research conducted at the 
Experiment Station to characterise and evaluate a large number of forage grass and legume 
ecotypes, to medium-size grazing experiments conducted to evaluate a smaller number of pastures 
(grass-alone or grass-legume associations) both at the Experiment Station and at the farm, ending 
with agro-pastoral experiments aimed at integrating research findings from the two previous 
research phases into economically attractive pasture-crop production systems—. The Case Studies 
are organised according to successive research phases of pasture and agro-pastoral research for 
TLA. They are grouped, therefore, in three main research topics: (1) Agronomic characterisation, 
evaluation and selection of forage germplasm (chapters 3 and 4); (2) Grazing experiments for 
beef and dual-purpose cattle production (chapters 5, 6 and 7); and (3) Methodological aspects of 
agro-pastoral research (chapters 8 and 9). Each illustrates a real research problem that has been 
solved by applying biometrical rationale and methods. 

Chapter 2 is of a conceptual nature. It summarises the role of Biometry in pasture and agro-
pastoral research. 

The last chapter (chapter 10) deals with organisation and resources of Biometry Units and groups in 
LA Agricultural Research Institutions and offers practical recommendations concerning the desired 
role of the biometrician as a partner in research teams. 

As a frame of reference, and for a better understanding of this dissertation, a background on TLA 
during the last two decades is now given: resources, development statistics, pasture and agro-
pastoral research needs, strategies and impact. 



Introduction 

Background 

Tropical Latin America: Population, Land Resources, Agricultural and 
Livestock Production. 

TLA comprises Mexico, Central America, The Caribbean, and South America, excluding 
Argentina, Chile and Uruguay. It covers 1688 million ha representing 11.26% of the world 
continental area, and houses 431.5 million people representing 7.49% of the total world 
population (FAO, 1996). Its agricultural land is represented by 548 million ha corresponding to 
32.46% of its territory and to 11.26% of the world agricultural land. Out of its 431.5 million 
inhabitants, 100.3 millions (23.24%) are farmers, who live from agricultural and livestock 
production activities. They represent 3.87% of the world population in agriculture. Agricultural 
land includes crop, pasture (both native and introduced pastures) and agro-pastoral land. Pasture 
and agro-pastoral land represent 77.37% of total agricultural land, while crops cover the 
remaining 22.63%, with a pastures/crop land ratio of 3.42, higher than the world ratio, of 2.32 
(FAO, 1996; Table 1). 

Forest land is not considered part of TLA's agricultural land. It covers 41.32% of its territory —a 
very high proportion compared with the world proportion in forest land (27.83%)— and 
represents 22.48% of the world forest area. Consequently, water renewable resources in the 
region are generous, representing 21.96% of the world water resources, a similar proportion to 
that corresponding to forest resources. Water resources per capita in TLA (35405 m3) are almost 
5 times the corresponding world average, of 7176 m3 (FAO, 1996; Table 1). 

TLA holds 21.21% of the world's cattle inventory and 17.90% of the world's inventory of 
lactating cows (FAO, 1996). The latter represents 14.64% of the total cattle inventory in the 
region, a value close to the world proportion of lactating cows (17.35%). However, soil and 
pasture quality in the predominant pasture and agro-pastoral land in the region are low (Toledo, 
1985). Levels of meat and milk production in the region (of 9 and 42 million metric tons, 
respectively) are relatively low compared to world averages, representing 16.67% and 9.01%, 
respectively, of the total world production of meat and milk (FAO, 1996; Table 1). 

Extensive grazing systems for beef cattle on native savanna grasslands with low productivity 
are predominant in the Savanna Ecosystem. Semi-intensive grazing systems for dual-purpose 
cattle are predominant in the Tropical Forest Ecosystem. The latter accounts for 78% of the meat 
and 41% of the milk produced in TLA. In these production systems, the largest source of animal 
nutrition comes from native or introduced grass pastures, which often present limited quantities 
and quality of biomass, especially during the dry season, both in savannas and semi-evergreen 
tropical forest. As a result, recovered milk production in dual-purpose systems (2 to 4 litres/cow 
per day) and reproductive efficiency (50%-60%) of the herds are low (Lascano et al., 1997). 
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Table 1: Tropical Latin America vs. the World: Population, Land 
Resources, Agricultural and Livestock Production 1996. 

Resources 

1. Population 

• Total (millions of people and world %) 
• In agriculture (millions of people and 

world %) 

• % population in agriculture in the region 

2. Land resources and land use 
• Total continental land 3 (millions of ha 

and world %) 
• Agricultural land (millions of ha and 

world %) 
• Pastures (millions of ha and world %) 

• % of pasture within agricultural land 
in the region 

• Crops (millions of ha and 
world %) 

• % of crops within agricultural land in 
the region 

• Pastures land /crops land ratio in the 
region 

• Forest land (millions of ha and 
world %) 

• % of forest land in the region 

3. Water resources 
• Total (km3 and world %) 
• Per capita (m3 and region/world 

ratio) 

4. Cattle inventory 
• Total (million heads and world %) 
• Lactating cows (million heads and 

world %) 
• % of lactating cows in the region 

5. Meat and milk production 
• Meat (million metric tons and world %) 

• Milk (million metric tons and world %) 

TLA1 

431.5(7.49) 

100.3 (3.87) 

23.24 

1688(11.26) 

548(11.26) 

424(12.47) 

77.37 

124(8.45) 

22.63 

3.42 

938 (22.48) 

41.32 

9005(21.96) 

35405 (4.93) 

280(21.21) 

41 (17.90) 

14.64 

9(16.67) 

42(9.01) 

Temperate 
LA2 

52.8 (0.92) 

2.5(0.10) 

4.73 

371 (2.47) 

201 (4.13) 

169(4.97) 

84.08 

32(2.18) 

15.92 

5.28 

68(1.63) 

18.38 

1586(3.87) 

30479 (4.25) 

68(5.15) 

4(1.75) 

5.88 

3 (5.56) 

12(2.58) 

Total 
LA 

484.3 (8.41) 

102.8(3.97) 

21.85 

2059(13.73) 

749(15.39) 

593(17.44) 

79.17 

156(10.63) 

20.83 

3.80 

1006(24.11) 

38.11 

10591 (25.83) 

34831(4.85) 

348 (26.36) 

45(19.65) 

12.93 

12(22.22) 

54(11.59) 

World 

5757.8 (100.0) 

2592.4(100.0) 

45.02 

14991 (100.0) 

4866(100.0) 

3399(100.0) 

69.85 

1467 (100.0) 

30.15 

2.32 

4172(100.0) 

27.83 

41002(100.0) 

7176.8(1.0) 

1320(100.0) 

229(100.0) 

17.35 

54(100.0) 

466(100.0) 

SOURCE: FAO (1996). Adapted from: Rivas, etal. (1998). 
1 Mexico, Central America, The Caribbean, and South America, excluding Argentina, Chile and Uruguay. 
2 Argentina, Chile and Uruguay. 3. Original data expressed in millions km2 (Nieuwe Grote Wereldatlas, 1977). 
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The relatively low cost of the beef and milk produced from such systems has led them to become 
important components in the diet of most tropical Latin Americans (Toledo, 1985). Beef 
consumption in TLA ranges from 7 to 38 kg/capita/year, while in other tropical regions of the 
world it ranges from 0.7 to 2.6 kg/capita/year (Southeast Asia) and from 3.6 to 9.6 kg/capita/year 
(tropical Africa) (Valdes and Nores, 1979). The proportion of a family expenditure in milk and 
meat is high in most LA cities, even among the poor, ranging from 12.4%-26.0% for beef and 
from 7.0%-13.0% for milk and dairy products in the lowest income quartile (Rubinstein and 
Nores, 1980). High income elasticity for beef and dairy products throughout LA at all income 
levels has been documented (Sanint et ai, 1984). Increase in supply of meat and milk will 
benefit the poor (Toledo, 1985). However, as a result of population and income growth in the last 
two decades, demand for beef and milk has been growing at a higher rate than supply, causing an 
increase in consumer prices which affected the welfare and nutrition of the poor and an increase 
in imports of dairy products. Beef and milk in TLA have important socio-economic significance. 
Price increases cause increased inflation rates and social unrest (Toledo, 1985). 

Pasture and agro-pastoral land, as well as meat and milk production, are concentrated in four 
countries: Brazil, Mexico, Colombia and Venezuela. They together hold 76% of the pasture and 
agro-pastoral land, 84% of total cattle inventory, 85% and 83%, respectively, of meat and milk 
production of TLA (Rivas et al., 1998). The two major ecosystems where meat and milk is 
produced are the Savanna Ecosystem (250 million ha, 243 of them in the above countries), and 
the Tropical Forest Ecosystem (with near to 44 million ha, almost all in those four countries) 
(Vera etal, 1993). 

In summary, according to FAO (1996), TLA holds 7.49% of the world's population, 11.26% of 
the world's continental area, 12.47% of the world's pasture and agro-pastoral land, 22.48% and 
21.96%, respectively, of the world's forest and water resources. The region is still under­
populated compared to world average. Its availability of agricultural land is still balanced with its 
agricultural population. The magnitude of its natural resources, specially forest and water, the 
high proportion of pasture and agro-pastoral land available in the region, together with the 
region's potential to increase its production levels, both in volume and value, constitute the basis 
for its socio-economic importance. The relatively low actual levels of meat and milk production, 
in spite of the high proportion of available pasture and agro-pastoral land, constitute a challenge 
for TLA's countries. They need to increase economic development, employment rates and 
human welfare through increasing pasture and agro-pastoral systems productivity of meat and 
milk to become competitive both in local and export markets. 

Latin America economic development in the last two decades 

Table 2 shows annual growth rates of four basic indicators of economic development during 
1980-1996: gross product, gross product/capita, urban unemployment and inflation. Table 3 
shows mean annual growth of the gross product/capita in LA as compared to industrialised 
countries during a 34-year period (1960-1994). Table 4 shows the annual growth rate of the gross 
agricultural product per country, both for TLA and temperate LA during a 25-year period (1970-
1995). 
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LA's economic development in the last two decades does not show a clear trend. The region is in 
a transformation process, presenting very low (or negative) annual growth rates of the gross 
product and gross product/capita in 1980-1990, followed by a recovery period that reached its 
peak in 1994, followed in turn by a drastic decline in 1995 (Table 2). During the mid 90's LA 
emerged as a region of important economic growth only exceeded by East Asia and the Pacific 
Block (Rivas et al., 1998). When compared to industrialised countries, LA shows similar annual 
growth rates for the gross product/capita during the period 1960-1981, followed, however, by a 
much lower (negative) growth rates during 1982-1990, and a recovery period during 1991-1994 
(IDB, 1997; Table 3). Economic growth is expected to increase in the beginning of the new 
millennium (World Bank, 1997). Evolution of annual growth rates of the gross agricultural 
product in a 25-year period, 1970-1995, varies notably between TLA countries. Most of them 
show a decrease in annual growth rates in time, with exception of Brazil, Costa Rica, Honduras, 
Panama and Jamaica (Table 4). It is important to emphasise that meat and milk production 
generates approximately 20% of the agricultural product of TLA countries (Rivas et al., 1998). 

Table 2: Latin America Economic Development in the last two 
decades: Basic Indicators 1980-1996. 

Period 

1980-1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 

Annual growth rates {%) 
Total Gross 

Product 
0.9 ' 
-0.3 
3.2 
2.6 
3.8 
5.3 
0.3 
3.4 

Total Gross Product Urban 
per capita unemployment 

- i . r 6.22 

-2.2 5.8 
1.3 5.8 
0.8 6.2 
2.0 6.2 
3.5 6.3 
-1.3 7.1 
1.7 8.0 

Inflation 

388.4 ' 
1209.7 
200.8 
420.8 
887.4 
337.4 
25.6 
19.3 

SOURCE: CEPAL (1996). Extracted from Rivas, et al. (1998). 
1 Correspond to the average of annual rates for the period 1980-1989. 
2 Corresponds to 1980 rate. 

Table 3: Growth of the gross product per capita in Latin America as 
compared to industrialised countries 1960-1994. 

Region 

Latin America 
Industrialised countries 

Annual growth rate (%) 
1960-71 

3.0 
3.1 

1972-81 1982-90 
2.1 -0.8 
2.0 2.7 

1991-94 
1.8 

0.7 

SOURCE: IDB (1997). 
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In spite of the observed growth in total gross product and total gross product/capita in some years 
and the control of inflation rates in 1995 and 1996, both urban (Table 2) and total unemployment 
rates have increased. The 1996 registered total unemployment rates were 17.2% (Argentina), 
16.4% (Panama), 16.1% (Nicaragua), 12.6% (Uruguay), 11.9% (Venezuela) and 11.4% 
(Colombia). Additionally, 46% of the Latin Americans are considered poor, and 16.7% of the 
families cannot satisfy their basic food needs, even spending all their family income (Rivas et al., 
1998). 

Therefore, the challenge for TLA's countries is to increase production and equitability of basic 
food of human consumption, such as meat and milk, decrease consumer prices, pursue 
sustainable economic growth rates, generate employment, work for a fair income distribution, 
and incorporate in all economic activities the concept of "sustainable development", that is "the 
search for balance between economic growth, eco-efficiency and social welfare" (Repiiblica de 
Colombia, 1991). 

Table 4: Evolution of Agriculture and Livestock production in LA (1970-95). 

Region and Country 
Tropical Latin America 

Tropical South America 
Brazil 
Mexico 
Bolivia 
Colombia 
Ecuador 
Paraguay 
Peru 
Venezuela 
Central America 
Costa Rica 
El Salvador 
Guatemala 
Honduras 
Nicaragua 
Panama 
The Caribbean 
Dominican Republic 
Jamaica 
Trinidad & Tobago 

Temperate Latin America 
Argentina 
Uruguay 
Chile 

Annual growth rate of Gross Agricultural Product (%) 
1970-80 

4.2 
3.2 
3.9 
4.6 
2.8 
6.2 
0.0 
3.4 

2.5 
3.4 
4.6 
2.2 
1.9 
2.0 

3.1 
0.3 
-1.4 

2.5 
0.8 
3.1 

1980-90 

2.8 
0.6 
2.0 
2.9 
4.4 
3.6 
2.2 
3.0 

3.1 
-1.1 
2.3 
2.7 
-2.2 
2.1 

0.4 
0.6 
-5.8 

0.0 
0.0 
5.6 

1990-95 

3.7 
0.4 

I 

1.4 
2.5 
1.4 

I 

1.9 

3.6 
1.2 
2.5 
2.9 
0.3 
4.4 

2.5 
8.3 
1.3 

0.5 
4.5 
5.2 

Data not available. 

SOURCE: World Bank (1994, 1997). Extracted from Rivas, et al. (1998). 
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Constraints to improved and sustainable meat and milk production. 

Major constraints to pasture and agro-pastoral systems development in TLA's lowlands, and 
therefore, to improved and sustainable meat and milk production, are: (a) the predominance of 
acid and infertile soils where native grasslands of low nutritional quality occur, causing these 
vast land resources to be under-utilised; (b) the lack of adaptation to these acid and infertile soils, 
or lack of tolerance to biotic stresses, of commercial cultivars of tropical pastures selected in 
other continents; (c) the high diversity in ecosystems, farming systems and germplasm/parasite 
interactions which requires different kinds of adapted pastures and crops playing several roles at 
the farm level; (d) lack of efficient and sustainable use of existing or improved animal genetics; 
(e) lack of use of improved management practices at the farm, in terms of farm administration, 
pasture and animal management; (f) high fluctuations in the product-input price ratio (the 
product's price refers to price of meat and milk, and the input price refers to prices of land, 
labour, fertilisers, seeds, mineral salt, drugs, machinery, etc); (g) limited country infrastructure 
and difficult access to markets for meat and milk products (CIAT, 1976-1996; Toledo, 1985; 
Quinones, 1995). 

Pasture and Agro-pastoral Research in Tropical Latin America: Strategy and 
Impact (1980-1999). 

International and national research in tropical pasture and agro-pastoral systems for TLA in the 
last 30 years has been led by CIAT and by the National Agricultural Research and Development 
Institutions (NARDI's) from each country. They led a demand-driven problem-solving research 
agenda, aimed at increased land and animal productivity, improved socio-economic conditions of 
the population, especially the poor, improved human welfare, and efficient conservation, 
management and use of the natural resource base of our continent (CIAT 1976-1996; Toledo et 
al., 1989; Zeigler and Toledo, 1993; Thomas, 1999). Research strategy is based on the following 
principles: (1) germplasm base development; (2) low-input technology; (3) use of improved 
pasture and agro-pastoral technology in farm systems; and (4) networking approach (Toledo, 
1985). Research has focussed on the two major ecosystems of TLA: Savanna and Tropical 
Forest. 

To solve the wide and heterogeneous range of land production and environmental problems of 
these ecosystems, there was a need to widen the genetic base of species identified as promising 
and also explore the production potential of new unknown species. Research for each ecosystem 
followed successive stages: germplasm collection, creation and maintenance of germplasm 
banks, germplasm evaluation and selection (for edaphic and biotic adaptation, agronomic 
production, compatibility and productivity in grass-legume associations, performance under 
grazing, beef and milk production potential, and finally, evaluation under commercial production 
in pasture farms and agro-pastoral systems). The final research product being a new improved 
cultivar together with its improved management technology, or a new improved production 
system, adopted by farmers. Once an improved cultivar was released for commercial use, socio-
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economic research was (and is at present) carried out to quantify the adoption rate and beneficial 
impact of the new technology (CIAT 1976-1996; CIAT 1994 and 1997-1999). 

Network approach 

The International Network for Tropical Pastures Evaluation (RIEPT) 

National and international tropical pasture research programs formed in 1979 the RIEPT, a 
multi-institutional, inter-disciplinary, co-operative research network to screen germplasm, 
evaluate pastures in successive research phases, and achieve important economies of scale by 
efficient exchange of knowledge and technology. This new approach combined basic and applied 
research through a clearly defined strategy to solve the complex physical, biological and socio­
economic problems of cattle production in TLA (Toledo, 1985). The RIEPT was co-ordinated by 
CIAT, who was responsible for research leadership and information management. All TLA 
countries participated in this research Network. RIEPT was in operation between 1979 and 1994. 

RIEPT was designed to evaluate, in a wide range of environments, a wide range of forage grass and 
legume material, initially for their adaptation and biomass production, through its Regional Trials A 
(adaptation evaluation) and B (biomass production evaluation), followed by evaluations on their 
animal production potential when associated in grass-legume pastures under grazing, through its 
Regional Trials C (grazing pressure evaluation) and D (meat and milk production evaluation). The 
RIEPT trials covered all major ecosystems of the American tropics, namely the isothermic well-
drained savannas, the isohyperthermic well-drained savannas, the poorly drained savannas, the 
tropical humid forests, and the seasonal tropical forests (Cochrane, 1982; Cochrane et al., 1985). 
Regional Trials A and B were designed as a series of agronomic small-plot multilocational 
experiments, with the same experimental design per location, established to independently evaluate 
grass and legume ecotypes in a wide range of locations within the five different ecosystems of TLA 
described before, in two contrasting seasonal periods (maximum and minimum rainfall conditions). 
Regional Trials C and D were designed as a series of grazing trials established across multiple 
locations within the major ecosystems, with different experimental design per location, to respond 
to specific needs of the region and animal production systems. 

Table 5 shows the list of improved cultivars of forage grasses and legumes released as 
commercial cultivars in the last two decades (period 1980-1998) as a result of RIEPT research. 
They have been adopted for commercial use by the various countries. 

The Agro-pastoral Research Network for the Savanna Ecosystem 

A new research network was formed in 1995, "The Agro-pastoral Research Network for the 
Savanna Ecosystem of Tropical America", also combining national and international efforts and 
financial support from research institutions working on agro-pastoral research in savannas. 
Member institutions included the NARDI's from Bolivia, Brazil, Colombia, Guyana and 
Venezuela, and CIAT. 
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This multi-institutional, inter-disciplinary and demand-driven research network has as its main 
objective the integration of pastures and crops best adapted to acid and infertile savanna soils into 
economically attractive and environmentally sustainable agro-pastoral production systems 
(Sarkarung and Zeigler, 1989; Toledo et al, 1989; Zeigler and Toledo, 1993). Research is 
conducted in successive stages and includes bi-component research (on each pasture and crop), 
discipline-oriented research (on soils, weeds, integrated pest and disease management, socio­
economics, among others) and agro-pastoral systems research per se (Vera et al., 1993; 
INTSORMIL, 1993; CTMMYT, 1993 and 1994; CIAT, 1994; Sanz et al., 1994a and 1994b; Vilela 
and Ayarza, 1995; Amezquita, 1999). 

Table 5. Forage grasses and legumes adapted to acid soils, released 
as commercial cultivars in Tropical Latin America in 1980-1998. 

Species 

GRASSES 

Andropogon gayanus 

Brachiaria dictyoneura 

Brachiaria brizantha 

Brachiaria decumbens 

Brachiaria humidicola 

Panicum maxium 

Ecotype 
(CIATNo.) 

621 

6133 

6780 

26646 

606 

679 

26900 

6962 

Cultivar 
Name 

Carimagua 1 
Planaltina 
Sabanero 
Veranero 
San Martin 
Llanero 
Andropogon 
Veranero 
Otonero 
Gamba 
Icta - Real 
Llanero 
Glial aca 
Ganadero 
Pasto Brunca 

Marandu 
Brizantha 
Gigante 
Insurgente 
Diamantes 1 
La Libertad 

Brachiaria 
Pasto alambre 
Chontalpo 
Senal 
Pasto peludo 

INIAP-Napo 
Aguja 
Humidicola 
Chetumal 
Pasto Humidicola 

Vencedor 
Tanzania 1 
Momovaca 

Year of 
release 

1980 
1980 
1983 
1983 
1984 
1986 
1988 
1989 
1989 
1989 
1992 
1987 
1992 
1993 
1994 

1984 
1987 
1989 
1989 
1991 
1987 

1986-87 
1987 
1989 
1989 
1991 

1985 
1989 
1990 
1991 
1992 

1990 
1990 
1993 

Country 
of release 

Colombia 
Brazil 
Venezuela 
Panama 
Peru 
Mexico 
Cuba 
Costa Rica 
Honduras 
Nicaragua 
Guatemala 
Colombia 
Panama 
Venezuela 
Costa Rica 

Brazil 
Cuba 
Venezuela 
Mexico 
Costa Rica 
Colombia 

Cuba 
Venezuela 
Mexico 
Panama 
Costa Rica 

Ecuador 
Venezuela 
Panama 
Mexico 
Colombia 

Brazil 
Brazil 
Brazil 
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Table 5 (cont). Forage grasses and legumes adapted to acid soils, released 
as commercial cultivars in Tropical Latin America in 1980-1998. 

Species 

LEGUMES 
Arachis pintoi 

Centrosema pubescens 

Centrosema acutifolium 

Clitoria ternatea 

Desmodium ovalifolium 

Leucaena leucocephala 

Pueraria phaseoloides 

Stylosanthes capitata 

S.euianensis var vulearis 

S.puianensis var pauciflora 

S. macrocephala 

Ecotype 
(CIATNo.) 

17434 

Multili'nea 
18744 

438 

5277 

20692 

350 

21888 

9900 

10280 

184 

2950 

2243 

1281 

Cultivar 
Name 

Amarillo 
Mani forrajero perenne 
Pico Bonito 
Amarillo-MG-100 
Manf mejorador 
Mani forrajero 
Porvenir 

Villanueva 
El Porvenir 

Vichada 

Thehuana 
Clitoria 

Itabela 

Romelia 

Jarocha 

Capica 

Pucallpa 
Stylo 
Binuadou (Zhuhuacao) 
Mineirao 

Bandeirante 

Pioneiro 

Year of 
release 

1990 
1992 
1993 
1994 
1995 
1997 
1998 

1993 
1990 

1987 

1988 
1990 

1989 

1992 

1989 

1983 

1985 
1995 
1987 
1993 

1983 

1983 

Country 
of release 

Australia 
Colombia 
Honduras 
Brazil 
Costa Rica 
Panama 
Costa Rica 

Cuba 
Honduras 

Colombia 

Mexico 
Honduras 

Brazil 

Colombia 

Mexico 

Colombia 

Peru 
Philippines 
China 
Brazil 

Brazil 

Brazil 

SOURCE: Rivas era/., 1998 

We here cite an example of susscessful achievement of research goals. 

As a result of pasture and agro-pastoral research conducted in TLA during the last three decades 
in the Savanna Ecosystem, land and animal productivity have increased: (a) from 0.35 animal/ha 
(using 1-year old steers) and 38 kg of liveweight gain/animal/year, when grazing native savanna 
grass, to 0.90 animal/ha and 118 kg of liveweight gain/animal/year, when grazing the improved 
grass B. decumbens 606 (research conducted during 1972-1978; Paladines and Leal, 1978); (b) 
from 0.50 animal/ha (using 1-year old steers) and 83 kg of liveweight gain/animal/year, when 
grazing native savanna grass with legume banks of Pueraria phaseoloides, to 1.2-1.8 animal/ha 
and 193 kg liveweight gain/animal/year, when grazing an improved grass-legume association 
using the grass Andropogon gayanus 621 with the legumes Stylosanthes capitata 1019 and 
Stylosanthes capitata 1315 (research conducted during 1979-1983; Tergas et al., 1983, 1984a 
and 1984b); and (c) to 1.8 animals/ha (using 1-year old steers) and 253 kg liveweight 
gain/animal/year, when grazing a rice-pasture association, using Andropogon gayanus 621 with 
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Stylosanthes capitata 1019 and Stylosanthes capitata 1315 (pasture) associated with the upland 
rice line Oryzica Sabana 6 (Sanz et al., 1994a and 1994b). These improved forage grasses and 
legumes, adapted to acid soils, have been released as commercial cultivars in TLA (Table 5). The 
legume accessions Stylosanthes capitata 1019 and 1315 were evaluated by the case study 
presented in chapter 3 and belong to the species 5. capitata, defined as the legume species with 
best adaptation to the Savanna Ecosystem (chapter 3). 

These significant increases in animal and land productivity through time have led to improved 
farmer's income thus contributing to improved human welfare and sustainable use of the natural 
resource base of our continent. 

Outline of this Dissertation 

As explained earlier, this dissertation is composed of a selected group of Case Studies conducted 
in the last two decades to solve the existing problems in tropical pasture and agro-pastoral 
systems in TLA's major ecosystems: Savanna and Tropical Forest. 

The Case Studies (chapters 3-9) are presented according to successive research phases of pasture 
and agro-pastoral research for TLA. They are grouped, therefore, in three main research topics: 
(1) Agronomic characterisation, evaluation and selection of forage germplasm (chapters 3 and 
4); (2) Grazing experiments for beef and dual-purpose cattle production (chapters 5, 6 and 7); 
and (3) Methodological aspects of agro-pastoral research (chapters 8 and 9). 

Chapter 2 is of conceptual nature. It summarises the role of Biometry in pasture and agro-
pastoral research. 

The last chapter (chapter 10) deals with organisation and resources of Biometry Units and groups in 
LA Agricultural Research Institutions and offers practical recommendations concerning the desired 
role of the biometrician as a partner in research teams. 

A brief outline of each Case Study, by research topic, follows. 

Agronomic characterisation, evaluation and selection of forage germplasm (chapters 3-4). 

Chapters 3 and 4 present biometrical concepts, methods and research results obtained through the 
analysis of agronomic performance of pasture genotypes in multilocational trials across multiple 
countries in TLA. The International Network for Tropical Pastures Evaluation (RIEPT) 
generated the information source for these two case studies, including data from 1979 to 1992 
and experimental sites from Mexico to southern Brazil. Chapter 3 shows the selection process for 
promising forage grass and legume ecotypes both for the Savanna and Tropical Forest 
ecosystems. Promising materials identified by this study are presented. Chapter 4 illustrates the 
identification of "adaptation niches" for one important pasture cultivar identified as promising by 
the previous case study: the legume Stylosanthes guianensis 184, released in Peru as cultivar 
'Pucallpa' in 1985 and in the Philippines as cultivar 'Stylo' in 1995 (Table 5). 

12 
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Grazing Experiments for Beef and Dual-purpose cattle Production in the Tropics (chapters 5, 
6 and 7). 

Chapters 5,6 and 7 present biometrical concepts, methodology and research results for the planning, 
design, and analysis of grazing experiments. Chapter 5 presents concepts and methods for the 
planning, design and analysis of grazing experiments, with emphasis on continuous designs for 
evaluating beef production. Chapters 6 and 7 present concepts, methods and research results 
concerning the design and analysis of milk and dual-purpose production experiments with Bos 
taunts and Bos taurus x Bos indicus cows, of different genetic levels, both at the Experiment Station 
and at the farm. Chapter 6 presents a single-farm case study. A dual-purpose production commercial 
farm was selected to evaluate the effect of "genetic group" on milk and meat production, and to 
identify sources of variation affecting milk and meat production under farm-management 
conditions. Animal and farm production records collected and monitored by this farm were used for 
the analysis. Chapter 7 identifies sources of variation on milk production of cows from two genetic 
groups, using information produced by 15 controlled experiments (sequential grazing trials) 
conducted between 1992 and 1995 at the Experiment Station, each designed under a Multiple (3x3) 
Latin Square Change-Over Design. 

Methodological Aspects of Agro-pastoral Research in the Tropics (chapters 8 and 9). 

Chapters 8 and 9 discuss concepts, methodology and research results concerning the planning, 
design and analysis of agro-pastoral experiments for the Savanna Ecosystem of TLA. They offer 
practical recommendations to be implemented within the "Agro-pastoral Research Network for the 
Savannas". 
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Chapter 2 

The Role of Biometry in Pasture 
and Agro-pastoral Research 

in the Tropics1 

Maria Cristina Amezquita 

The special nature of tropical pasture and agro-pastoral research in the American tropics should be 
recognised. Traditional agricultural research is carried out with short-cycle crops in small and 
medium-size plots to obtain the final product: the harvest. In contrast, research on tropical pastures 
and agro-pastoral systems is much more complex and long term. It involves perennial crops whose 
final products go beyond the harvest; it deals with numerous components and their interactions over 
space and time; it pursues as main goals an increased land and animal productivity, increased 
human welfare, and a sustainably conserved, managed and used natural resource base. Components 
of pasture and agro-pastoral systems include: a) the soil; b) sub-components such as grasses, 
legumes, weeds and crops; c) animals, such as young steers for weight-gain experiments, dairy 
cows for milk production experiments, dual-purpose cows for beef and milk production 
experiments, and reproductive herds for a combined assessment of the cow-calf performance over 
time, both beef-production herds and dual-purpose production herds; and d) management practices 
for the soil, pastures, crops and animals. Research is truly multidisciplinary. It must be conducted in 
successive stages of different scale, both at the Experiment Station under controlled conditions, and 
at the farm level under commercial management conditions, to guarantee an efficient and adequate 
selection of promising material and improved management practices with high potential of 
adoption by farmers (Mannetje and Jones, 2000). The immediate beneficiaries of pasture and agro-
pastoral research are small- and medium-size farmers. Farm size varies with ecosystem and animal 
production system (from 4-10 ha farm in small dual-purpose production systems in the semi-
evergreen seasonal forest ecosystem, from 20-200 ha farm in medium-size dual-purpose production 
systems in the humid tropical forest ecosystem, and from 300 to over 1000 ha farm in extensive 
beef production systems in the savanna ecosystem) (Toledo, 1985; CIAT, 1989-1996). 

Adapted from: Proceedings, Colombian Statistics Symposium 1993. "Design of Experiments". June 7-11, 
Bogota, Colombia. 
Head, Biometry Unit, Centra Internacional de Agriculture Tropical (CIAT). Cali, Colombia. 
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Because the final products of a pasture are milk, meat and other animal products, the pasture 
researcher must always search for complementarity between small-plot agronomic trials and 
medium- and large-scale grazing experiments. Furthermore, research findings on small-scale agro-
pastoral experiments should be tested through medium- and large-scale grazing experiments under 
commercial agro-pastoral production systems. Field experiments also provide data as inputs for 
modelling and can serve to validate modelling results (Rickert et al, 2000) 

Under the evaluation scheme used by CIAT's former Tropical Pastures Program, by CIAT's 
Tropical Forages Project (CIAT, 1989-1996; CIAT, 1997-1999) and by other tropical pasture 
research institutions, germplasm of potential new grass or legume cultivars is first subjected to 
small-plot agronomic trials to evaluate adaptation to edaphic, climatic, and biotic conditions and 
to determine biomass production potential. Selected accessions are then assembled in grass-legume 
associations that are evaluated under medium-size grazing experiments to study their 
compatibility and persistence under animal pressure. Promising associations are then evaluated in 
large-scale grazing trials to measure animal productivity, expressed as weight gain of young 
steers, milk production capacity of a dairy herd, reproductive performance of breeding herds, or 
beef and milk production of dual-purpose cattle under commercial production systems (Lascano 
and Holmann, 1997; Schulze-Kraft and Mannetje, 2000; Bransby and McLaurin, 2000). 

Small-plot agronomic experiments involve the characterisation, evaluation and selection of 
several research components (grasses, legumes and crops) in terms of desired agronomic 
characteristics. A wide range of replicated experimental designs is used, both complete and 
incomplete block designs (Verdooren, 1998) conducted both at a single location or experimental 
site, and across multiple locations representing the range of variability of the impact region. The 
effect of one or more experimental factors on a group of genotypes can be studied under replicated 
factorials. Given the perennial nature of the pasture components, response variables should be 
evaluated throughout the most relevant seasons of the year, preferably for periods longer than one 
year (Jones et al, 1995). These evaluations can be considered as repeated measurements over time 
and analysed as such (Amezquita, 1982). Statistical analyses may also involve fitting response 
curves for each genotype by season, and multivariate comparisons of regression parameters among 
genotypes. Regression parameter estimates can be used as summarised indicators of genotype 
performance during the experimental period (Toledo et al, 1983). 

Multinational agronomic trials constitute the most important method of testing genotype 
adaptation and performance across a range of contrasting environments (IRTP, 1978-1980 and 
1982-1984; Kauffman et al, 1982; Toledo, 1985; Cuevas-Perez et al, 1989; Amezquita et al, 
1990; Amezquita et al, 1991). Relevant statistical analyses include a wide range of multivariate 
methods, especially classification and reduction-of-dimensionality techniques (Perkins, 1972; 
Patterson etal, 1978; Amezquita et al, 1990; Amezquita et al, 1991). 

Additional sources of variation on pasture response should be considered when designing 
experiments for evaluating pastures under grazing. Sources of variability include "soil", "year", 
"season within year", "pasture quality over time", and "animal variability" associated with sex, age, 
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animal genetics, origin, and nutritional condition, among other factors (Mannetje et al., 1976; 
Haydock, 1984; Amezquita, 1986; Mendoza and Lascano, 1986; Paladines, 1986; Vaccaro, 1986). 

Research results obtained at the Experiment Station need to be tested on real grounds at the farm 
level. On-farm experimentation, therefore, provides a much wider extrapolation capacity of 
research results. Under some circumstances, a single farm can be selected to conduct a specific case 
study to test one or more hypotheses (Amezquita and Lema, 1997). But in most cases, on-farm 
experimentation is carried out when there is a need for a wider extrapolation of research results. In 
this case, a set of farms representative of the animal production system of interest and covering the 
existing variability in environmental and management conditions of the region under study are 
selected and used as replications. The farm, a random factor, then provides a very realistic way of 
testing and verifying research findings from early research stages carried out under controlled 
conditions (Borel etal., 1982; Henao, 1986; Lascano and Ferguson, 1990). 

Experiments with dairy and dual-purpose cattle constitute a research area where the use of 
change-over designs is economically efficient. Given the high cost of experimental animals, 
especially of dual-purpose cows, these designs are useful, as they require fewer experimental units 
to obtain similar levels of significance when compared with continuous designs (Lucas, 1976; 
Martinez Garza, 1983; Amezquita, 1993). 

Large-scale grazing experiments with commercial breeding herds are conducted to evaluate 
reproductive efficiency and beef production capacity of cattle under different pasture and 
management treatments, both at the experiment station and at the farm level. Their results are 
oriented towards direct adoption by producers (Vera, 1982). However, given the complex nature of 
response variables measured in this type of research —both continuous and categorical for 
evaluating the cow, calf, cow-calf unit, and herd performance over time— the use of sophisticated 
statistical methods for data analysis is required (Bransby and McLaurin, 2000). This stage of 
research also serves to study the effect of long term practical use under grazing on persistence and 
performance of new pasture cultivars (Jones et al., 1995). Therefore, vegetation measurements, 
particularly botanical composition (Whalley and Hardy, 2000), biomass production (Mannetje, 
2000) and plant population dynamics (Hay et al, 2000), are necessary to understand changes in 
pasture and animal production performance. 

Agro-pastoral research is conducted in those agro-ecosystems of Tropical America where the 
pasture-crop association has a clear potential for increasing land productivity, social welfare, and 
soil conservation and improvement. An example of these agro-ecosystems is the Savanna 
Ecosystem of Tropical America, which covers 250 million ha in Bolivia, Brazil, Colombia, Guyana 
and Venezuela. Agro-pastoral research in this ecosystem aims to integrate the pastures and crops 
best adapted to acid and infertile savanna soils into economically attractive production systems 
(Sarkarung and Zeigler, 1989; Toledo et al., 1989; Zeigler and Toledo, 1993). This type of research 
is conducted in successive stages and includes bi-component research (i.e., research on each pasture 
and crop), discipline-oriented research (i.e., research on soils, weeds, integrated pest and disease 
management, socio-economics, among others) and agro-pastoral systems research per se (Vera et 
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al, 1993; INTSORMIL, 1993; CIMMYT, 1993 and 1994; CIAT, 1994; Sanz et al., 1994a and 
1994b; Vilela and Ayarza, 1995; Amezquita, 1999) 

Because research on pasture and agro-pastoral systems in the tropics is complex, heterogeneous, 
multidisciplinary, and long term, it is extremely challenging for biometricians. The role of the 
biometrician focuses on contributing, as a member of research teams, to the planning, design, 
data analysis and interpretation of results, of the various experimental projects within each 
research phase. The search for a practical and timely solution to the immense research needs of 
our ecosystems, the search for balance between theory and field work, and a permanent and 
fruitful biometrician-researcher communication are key elements of success. It is important to 
keep in mind that it is better to "provide a useful and biologically sound solution to a relevant 
problem" than to "provide a theoretically elegant solution to an irrelevant problem". This 
reflection is inspired in the words of Professor John W. Tukey: "... real problems deserve 
realistic attention. Which implies, it is better to have an approximate solution to the right 
problem than to have an exact solution to the wrong one"; "...that the use of techniques is not 
confined to the instances that are covered by theory...if you had to have theory to cover every 
application, very few techniques would ever get used." (Mosteller and Tukey, 1988). 

The final product of tropical pasture and agro-pastoral research in lowland tropical America is 
increased animal and land productivity, improved human welfare, and efficient conservation, 
management and use of the natural resource base of our continent (Toledo et al., 1989; Zeigler 
and Toledo, 1993; Thomas, 1999). Contributing to these goals is the aim of a biometrician 
member of research teams in our tropical environments. 
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