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FOREWORD 

There is increased awareness of the important role of livestock in Asian 
economics. Different livestock species are used to cultivate land, transport 
goods and people in rural areas, provide manure for fuel and crop production,, 
utilize marginal lands and crop residues, and provide a form of insurance for 
the farm household. Thus it is that livestock makes many important contribu
tions to the welfare of the people beyond the production of meat, milk, eggs, 
skins, and hides. 

More research needs to be done on livestock, as animal scientists have lagged 
behind crop scientists in using farming systems research tools. Farming systems
research makes modem production techniques applicable to the complex but 
poorly endowed mixed farms that are predominant in the developing world. 
The approach involves farmers in the research process - to define researchable 
problems, to develop and test possible solutions, and to disseminate the 
appropriate new technologies. The goal is to generate improved technology
that is acceptable to farmers of a defined region, farm type, and production 
environment. The technologies are not confined to a single input; for example, 
irrigation research considers the balance among food crops, tree crops, animals, 
fish ponds, land use, and other enterprises. 

There are many interactions between crops and farm animals. At times, 
livestock may be the only way farmers can benefit from community resources, 
such as grazing lands or forests. Livestock provides an alternative market for 
crops by use of low-quality roughages and poor-quality grains. In addition, 
livestock ownership provides a safe investmeqt that can be stored and which 
produces increased returns through reproduction and gain in body weight.
This flexibility in marketing and savings adds to the sustainability of farm 
enterprises and protects against natural calamities. 

However, livestock does compete with food crops for land and labor. Forages 
may occupy land or can be intercropped with food crops, planted in 
hedgerows, or confined to land types that are difficult to manage. Livestock 
definitely competes for farm labor needed to feed and care for the animals and 
process the resulting products. 

Because of the small number of animals on farms, high cost, and close 
emotional ties between the farm family and its animals, on-farm experimenta
tion with animals becomes more difficult than with crops. Failure of a 
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treatment, or even animals' adjustment to new feed sources, may lead to a drop
in milk production, loss in weight, or listlessness. Disease effects can have more 
serious repercussions for livestock researchers than will reduced grain yield in a 
farm field. 

For these reasons, the emphasis on ex-ante analysis of the biological and 
economic feasibility of new production methods should be greater in animal 
production than in cropping systems research. Modifying the animal produc
tion system - involving multiple products and a complex of difficult-to-cost 
crop by-products, labor, and agricultural inputs - can make analysis difficult. 

Because of such complexities, animal scientists have been slow to adopt on
farm research strategies. This has prevented crop scientists, such as production
oriented agronomists, and economists from incorporating a livestock 
component in their analysis. 

It is to address these problems and overcome such deficiencies that Amir and 
Knipscheer have prepared this publication. Its objectives are to give animal 
scientists elementary tools to do on-farm livestock analysis and to provide
methods for use by crop oriented farming systems researchers to conduct or 
participate in animal research. 

Winrock and IDRC have had a history of coliaboration in this field, beginning
with the workshop, "Livestock in Asia: Issues and Policies," held in 1982 in 
Singapore, and continuing with a workshop, "On-farm Animal Research and 
Its Economic Analysis," held at SEARCA, Los Bafios, Philippines, January
18-23, 1987. Much of the material presented in this book was reviewed during 
the latter workshop. 

We are grateful to the Office of International Cooperation and Development of 
the U.S. Department of Agriculture, the Economics Planning and Program
Division of the Bureau of Science and Technology of the U.S. Agency for 
International Development, and the Small Ruminant Collaborative Research 
Support Program for their financial assistance in preparation of this volume. 

Experience in on-farm animal production experiments is needed and is 
expected to increase rapidly. We believe this book will contribute to better 
understanding and communication among scientists, and thus be an impor
tant stimulus to further development of methods. 

Geoffrey Hawtin Robert D. Havener 
Director President 
Agricultural, Food and Nutrition Winrock International 
Sciences Division Institute for Agricultural
International Development Development 
Research Centre 
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INTRODUCTION
 

There is widespread interest in and a large amount of published literature on
 
the topic of Farming Systems Research (FSR). Much of FSR has been
 
conducted in both national and international research centers with past efforts
 
concentrating on improving the crop component of a variety of farming
 
systems. Recently, the recognition has emerged that the animal component of
 
the mixed-farming system has been neglected. This observation is reflected in
 
the present state of Asian mixedifarming systems: while yields of rice and
 
wheat have increased dramatically, animal productivity has remained
 
unchanged.
 

Among the reasons presented for the neglect of animal research directed
 
toward small farms are the high cost of on-farm research, the marketing
 
constraints on increased production, and the popular belief that only commer
cial animal production is profitable. Presently, it is clearly recognized that new
 
technologies must be found for the small farm, which comprises the majority of
 
the agricultural sector in most developing countries. In order to be feasible,
 
profitable, and acceptable, on-farm research is an essential step in the
 
development of new technologies. Any -realistic strategy for improving
 
conditions on the small farm must be directed toward increasing the
 
productivity of the crop and animal components simultaneously. The obvious
 
need for materials on conducting On-farm Animal Research (OFAR) and
 
evaluating innovative animal production technologies resulted in the prepara
tion of this training manual.
 

The goal of this manual is to give the reader skills in designing, testing, and
 
evaluating livestock technologies that can be used by small farm owners. The
 
minimum of a B.S. degree (orthe equivalent) is required to handle the material
 
in this training manual. The subject matter is thus aimed at the junior- and
 
middle-level researchers and extension workers who are involved in the
 
planning, conducting, and eviluation of OFAR. It also should be helpful to
 
graduate students taking a course in animal husbandry that focuses on animal
 
production systems research and to those with a technical background who
 
may wish to familiarize themselves with this relatively new field of study.
 

Some specific objectives are:
 

0 To explain the framework of OFAR with special emphasis on its economic
 
evaluation. 

* To describe the economic, statistical, and animal-production concepts that 
apply to conducting OFAR. 
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*To provide case studies and analytical tools that will help researchers and 
extension workers improve animal productivity at the farm level. 

0 To provide training materials that can be used in FSR, animal husbandry,
farm management, and extension. 

Because of the many disciplines that OFAR encompasses, including econo
mics, animal husbandry, and statistical analysis, the subject matter of this 
manual is very broad in scope. The authors have chosen to give each topic
sufficient development to enable the practical application of the concepts
presented and to ensure that the above objectives of the manual can be met. 
Sources of further information, including an extensive glossary and biblio
graphy, will hopefully help to clarify the more difficult concepts that have been 
included. This book is not intended to make a contribution to the theoretical 
aspects of OFAR, but rather, to serve as a general guide and reference for those 
involved in the many stages of OFAR. 

The material has been arranged in 10 chapters as listed below. Each chapter
begins with a statement of purpose and list of objectives and ends with a 
summary of the chapter material. A description of each chapter is as follows: 

* Chapter 1: Describes FSR as one approach to OFAR. 

*Chapter 2: Outlines some important animal-production concepts for 
nonscientists. It is intended only as an overview. In a formal 
course, this chapter should be taught by an animal scientist and 
supplemented with additional readings. 

* Chapter 3: Covers the economic concepts that are essential for technology
evaluation and analysis. It isa prerequisite for later chapters and 
is recommended for noneconomists. 

* Chapter 4: Briefly reviews the basic statistical concepts necessary for the 
design and statistical analysis of OFAR. 

* Chapter 5: Presents a model for screening animal technologies at the 
research station before on-farm testing isconducted. The model 
illustrates the links between on-station and on-farm research. 

* Chapter 6: Provides general guidelines for conducting on-farm research 
while identifying some common shortcuts and pitfalls. 

* Chapter 7: Presents the tools needed to carry out simple economic 
analysis. Careful attention should be paid to this chapter, and,
where possible, the concepts presented here should be applied 
to actual data. 
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* Chapter 8: Covers basic marketing concepts that are relevant to on-farm 
research. It explains the reasons that small farmers may br 
hesitant to test new practices and the marketing aspects that 
should be kept in mind while choosing a technology for on
farm testing. 

*Chapter 9: Deals with the risk and uncertainty inherently related to a new 
technology. 

* Chapter 10: Covers topics such as obtaining support for on-farm research, 
the roles of different levels of management in supporting 
research, and the incentives needed to promote on-farm animal 
development. It also identifies sources of further information. 
Although this chapter is directed to the manager interested in 
initiating on-farm research, it is also meant to give the OFAR 
practitioners an insight into the institutional constraints which 
their directors face. 

Many of the examples presented in this manual can be duplicated and modified 
to meet specific situations. The words "animal" and "livestock" are used 
interchangeably throughout the manual and denote all domesticated animals. 
Therefore, the concepts presented here are equally applicable to ruminants, 
swine, chickens, ducks, and rabbits, as well as to draft animals, such as donkeys 
and camels. 

In addition to the many concepts presented in the text, many other agricultural 
and economic terms are defined in the glossary. The glossary can thus be used 
as a tool for further clarification and explanation of important terms and 
concepts. A complete bibliography will also be found at the end of the training 
manual. This should be utilized as asource of further reading material as well as 
a reference list for the citations given in the text. At the end of the book a 
section has been added which contains a limited number of exercises arranged 
according to chapter. These will help to clarify and reinforce the concepts given 
ineach chapter. In addition, they can be used as examples or as testing material. 

For further information the reader iswelcome to contact either of the authors 
at the Winrock International Institute for Agricultural Development, Petit Jean 
Mountain, Route 3, Morrilton, Arkansas 72110-9537, U.S.A. 
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CHAPTER 1 

ANIMAL RESEARCH WITHIN 
FARMING SYSTEMS RESEARCH 

PURPOSE 

To improve technology that is pertinent to animal production on small farms 
requires a systematic -,nalysis of farm problems, household goals and aspira
tions, existing crop-livestock enterprises, market potential, and government 
policy. Although several approaches are available to carry out this analysis, 
including the traditional farm management snproach and agricultural extension 
methods,. Farming Systems Research (FSR) has recently gained acceptance for 
the design of new technology. FSR is currently being used to describe, 
diagnose, design, and test new technologies at the farm level. This chapter 
introduces the basic concepts of FSR with emphasis on animal research at the 
farm level. 

OBJECTIVES 

After completing this chapter, the reader should be able to: 
* Define FSR. 
* Explain the activities of on-farm research in FSR. 
* Describe the important characteristics of animal production systems in FSR. 
,aDefine the goals of On-farm Animal Research (OFAR). 

Explain the strengths and weaknesses of FSR in improving the animal 
component. 

FARMING SYSTEMS RESEARCH 

A system is a conceptual artifice that includes a collection of interdependent 
and interactive elements that act together to accomplish a given task. The 
interactions with, and influence upon, elements outside the system may be 
either weakly or strongly connected to any intrinsic feedback mechanism of the 
system. A farming system is a unique and reasonably stable arrangement of 
farming enterprises that a household manages according to well-defined 
practices in response to physical, biological, and socioeconomic factors and in 
accordance with household goals, preferences, and resources (Van Der Veen, 
1986). All of the above factors influence the production methods used by the 
household and' the output that is achieved. 
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Within the farming system are the household, crop, animal, soil, weed, insect,and other subsystems. household,The crop, and animal subsystems areintegrated and interdependent (see figure 1.1). The household provides laborand management, crops provide feed, and the animals generate power, manure,meat, milk, and capital. The farming system is part of a larger agrosystemcomposed of nonagricultural systems, market and credit systems, and otherfarming systems (see figure 1.2). While the importance of components such ascrops, orchards, fish ponds, and off-farm employment are recognized, they arenot addressed directly in this analysis. Instead of holistically studying themixed farm, the focus of this manual will be on the animal component of afarming system, and changes in animal productivity will only be evaluated on 
noncommercial farms. 

FARMING SYSTEM 

mo.* OUTPUT 

Figure 1.1. The interdependent elements of a farming system. 

FSR is an approach to agricultural research and development that 1) views the
whole farm as a system, 2) focuses on the interdependencies of the components
under the control of members of the farm household and on the interaction of
these components with physical, biological, and socioeconomic factorsunder the household's control, 
not 

and 3) aims at enhancing the efficiency offarming systems by improving the focus of agricultural research in order togenerate and test better technology (Shaner et al., 1982; Van Der Veen, 1986). 
On-farm research in FSR involves five basic activities (see figure 1.3). Theseare 1) the selection of target areas and farmers, 2) identification of problemsand opportunities and development of a research base, 3) the design of an onfarm research plan, 4) execution of on-farm research and analysis, and5) evaluation, implementation, and extension of the results. Activities carriedout under on-farm research rely on the collaboration of the farmer with theextension worker and the research scientist. Opportunities for influencingpublic policy and improving support systems that affect the target farmers arealso considered during the FSR process, but FSR does not explicitly address 
these issues. 
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Figure 1.3. 	 The five basic activities of on-farm research in farming systems 
research. (Source: Shaner et al, 1982). 

Some of the 	key characteristics of FSR are: 
comprehensively. 

* It views the production unit (farm) and the Consumption unit (household)For small farms, these units are often synonymous. 
* Priorities for research 	 reflect the holistic perspective of the whole farm/household and the natural and human environments. 
* Research on a subsystem is considered part of the FSR process 	 if theconnections 	 with other subsystems are recognized and accounted for.*FSR evaluates both individual subsystems, such as horticultural crops, and* P i r te8o e e r h r f e t tthe overall farming system. e h oi t c p r p c i e o h h l a m 



In practice, FSR often concerns a particular commodity and certain factors 
affecting its production, such as the dominant cropping pattern affected by 
water availability, fertilization, and fallow periods. These limits are used to 
focus the research. 

The principal elements that distinguish FSR from traditional agricultural 
research are 1) FSR aims to understand the farm, farmer, and farm environ
ment holistically - that is, as a complex system of interdependent parts, 
2) priorities for FSR are determined by analyzing farming systems that 
represent target groups since the purpose of FSR is to use technology to solve 
farming system problems, and 3) the FSR process, including the analysis of the 
farming system, technology development and testing, and verification of test 
results, is carried out by interdisciplinary teams of social and biological 
scientists with the cooperation of local farmers. 

There are both upstream FSR programs and downstream FSR programs. These 
two levels of FSR are differentiated by the type of research and implementation 
that is involved. Upstream FSR programs generate prototype solutions. Since 
these solutions lead to major shifts in the potential productivity of farming 
systems in general, upstream programs involve several years of research on and 
off stations and are particularly the concern of the international agricultural 
research centers and some regional research programs. Downstream FSR 
programs identify and test possible innovations that can be easily integrated 
into existing farming systems by focusing on close interaction with farmers via 
on-farm trials. (For this reason they are also known as site-specific FSR 
programs.) Downstream programs draw selectively upon results from com
modity, discipline-oriented research or upstream programs and are commonly 
carried out within the context of a national agricultural development project or 
research institute. 

Three categories of FSR can be identified: 1) farming systems research which 
attempts to simply understand the system (FSR sensu stricto), 2) on-farm 
research with a farming systems perspective, and 3) new farming systems 
development (Simmonds, 1985). 

FSR sensu stricto is the study of farming systems as they exist. The analysis is 
usually technically and socioeconomically in-depth, and the orientation is 
academic or scholarly rather than practical. 

On-farm r:search with a farming systems perspective is a practical extension 
to agricultural research based on the assumption that only the farmer's 
experience can reveal to the researcher what farmers really need. This approach, 
which has been adopted by the International Maize and Wheat Improvement 
Center (CIMMYT), has been followed in this manual. This category of FSR 
isolates a subsystem of the whole farm, studies it with just sufficient depth (no 
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more) to gain the necessary perspective, and proceeds as quickly as possible to 
on-farm experimentation with the farmer's collaboration. It assumes that 
stepwise changes in an economically favorable direction are possible and worth 
seeking. In OFAR with a farming systems perspective, emphasis is placed on 
designing and testing new animal technologies at the farm level and on 
facilitating dialogue between researchers, extension workers, and farmers that 
can lead to improvements in productivity of animals. 

New farming systems development starts with the view that many tropical
farming systems are so unproductive that radical restructuring rather than 
stepwise change is necessary; therefore, the objective of this research is to 
invent, test, and exploit new systems. Introducing a new species of animal in an 
area along with a new forage crop would be considered a new farming systems
development. In contrast to on-farm research with a farming systems perspec
tive, which seeks to adapt technology to the farmer's economics, new farming 
systems development usually implies government intervention and the adapta
tion of economics to technology. 

STAGES IN FARMING SYSTEMS RESEARCH FOR THE 
DESIGN OF NEW TECHNOLOGY 

Commonly recognized stages in FSR for the development of new technologies 
are (Rohrbach, 1981): 

Description 	 Examination of the characteristics of a series of representative
farming systems. Most often, analysis of the farming system 
targeted for assistance requires an initial review of existing
secondary information, such as baseline surveys on resources 
and climate, and then involves formal or informal farm 
surveys. During this stage, production systems can be studied 
and classified for the purpose of introducing appropriate
modifications that lead to higher productivity. De Boer (1977)
and Fitzhugh (1978) provide useful insight into the classifica
tion of production systems. 

Design 	 Evaluation of the specific technological needs of the farming 
system and identification of technologies that might be 
developed or adapted to increase farm system productivity. 

Testing Trials of the chosen technologies on farmers' fields. 
Verification Final evaluation of whether the technology is acceptable to the 

farmer and provision of information about the technology to 
the extension service for dissemination. 
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ANIMAL-PRODUCTION SYSTEMS 

Roles of Animals in Small Farms 

Livestock make a significant contribution to Asian agricultural production. 
The various types of livestock existing throughout Asia and other developing 
countries provide farm families with food, draft power, fuel, and fertilizer (see 
table 1.1). These animals also provide regular income and employment, 
particularly for small farmers and landless laborers. 

Table 1.1. Livestock contributions to people. 

Food: Meat, milk, eggs 
Fiber and skins: Wool, hair, hides, and pelts 
Traction: Power for crop production, irrigation pumping, 

threshing, and transport 
Animal wastes: Fertilizer, heating fuel, methane gas production, feed, 

construction material 
Storage: Storage of food supply or capital and seasonal excess 

of feeds 
Weed control: Biological control of brush, plants, and weeds along

roadsides and waterways 
Cultural: Security and self-esteem - revered symbols 
Sports/recreation: Competition, exhibition, hunting, and companion 

animals 

Although the contribution of livestock to household welfare is clearly 
recognized, improvements in livestock production are needed. The relatively 
inefficient animal production systems in most developing countries require 
continued innovation to make larger contributions to household income and to 
improve national nutrition levels. The demand for meat, dairy products, and 
eggs rises faster than the denmand for crops; therefore, livestock production 
needs to increase at a relatively faster rate than crop production. Furthermore, 
livestock production effectively transfers income from high-income consumers 
to animal producers. 

Some of the major roles that animals play in small-farm enterprises are as 
follows. More complete listings are given in McDowell (1977) and Sprague 
(1976). 

0 Animals provide food and nonfood products. Nearly all developing countries 
have shortages of protein foods that could be partially alleviated by including 
animals in farming systems. 
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*Animals provide manure for fertilizer and fuel. As an input into cropcultivation systems, manure continues to be an important link between cropand animal production throughout developing countries. Manure (or dung) isan important source of fuel as well. It is estimated that 8%to 12% of theworld's population depends on manure for heating and cooking.
* Animals provide power. Despite the increasing use of tractors, nearly 85% oftotal draft power used in Asian agriculture is still provided by animals.Twenty percent of the world's population depends partly or entirely onanimals for transporting essential goods.
* Animals are a source of income. Income from the sale of animal products andby-products can be used to meet farm and household expenses. Timeliness ofthe cash flow is of utmost importance, and animals are usually sold inresponse to the needs of the household rather than in response to marketprices. Animals can also provide an income distribution role within thehousehold. Ownership isnot limited to the head of the household (generallymale), but is often shared or held completely by women and children.
"Animals provide jobs. Individuals can expend labor by processing primaryanimal pr, ducts into marketable secondary products (for example, milk isprocessed into butter, cheese, and yogurt).
* Animals are a means of storing wealth. Animals can represent a household'ssavings, investments, and insurance, and their value tends to increase overtime. Buying cattle is a preferred method of investment in rural areas wherefew other investment alternatives exist. Ownership of animals is a h.-dgeagainst the risks of low crop yields.
* Animals provide a way to meet social obligations. The utility of animals maystem from their sacrificial value or ritual worth or the prestige they bestow 

upon their owners. 

Characteristics of Animal Production 
Some characteristics of animal production systems have special implications fordesigning, testing, and evaluating technology (Bernsten et al., 1983). Thesecharacteristics are listed below and in table 1.2. 
* Mobility. Unlike crops, arimals are mobile, so environment-animal interactions are difficult to describe and measure, and factors that are not includedin trial treatments are difficult to control. 
* Life cycle duration. The period of observation required for animal experiments is longer than that for crop experiments due to the extended life cycleduration of animals. Therefore, the cost is higher for experiments usinganimals than for those using plants, and the animals may die or be sold beforethe research is completed. 
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Table 1.2. Comparison of characteristics of crops and animals and 
implications for using animals for on-farm testing. 

Characteristic 

Mobility 

Life cycle 
duration 

Life cycle 
synchronization 

Multiple 
outputs 

Nonmarket 
inputs and 
outputs 
Size of 
experimental 
unit 
Producer 
attitudes 
Management 
variability 
Number of 
observation 
units 
Variability of 
observations 

Crop-

Stationary 

Generally 
less than 
4 months 
All units 
synchronized 

Only grain/ 
tuber and 
residue 

Few 

Small, 
divisible 

Impersonal 

Low 

Many 

Low 

Animals 

Mobile 

Generally 
over I yr 

Units 
seldom 
synchronized 
Multiple 
outputs: 
meat, hides, 
milk, manure, 
power 
Many 

Large, 
indivisible 

Personal 
taboos 
High 

Few 

High 

Implications for 
Using Animals 

Difficult to measure and 
control nonexperimental 
factors 
Increased costs, 
likelihood of losing 
experimental units 
Difficult to find 
comparable units 

Difficult to measure 
value, treatment effect 

Difficult to value 
inputs and outputs 

Increased cost, risk 
to cooperator 

Difficult to cull, 
castrate 
Difficult to isolate 
treatment effect 
Large statistical 
variability 

Large statistical 
variability 

Source: Bernsten, R., H. A. Fitzhugh, and H. Knipscheer, 1983. 
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• 	Life cycle synchronization. Farmers generally plant and harvest a given crop
at a specific time. Therefore, at any time the crop is measured, all of the plants 
are the same age. Animal production, however, is not synchronized. It is
often difficult to find enough animals in the same age category and the same 
production phase. 

* Multiple outputs. Crops generally produce a primary output such as grain or
tubers and a secondary output of crop residue. In contrast, animals may have 
several outputs of economic value such as manure, meat, hair, hide, milk, and
draft power. These multiple outputs make it difficult to describe the
production system, measure the impact of treatments, and evaluate the 
overall economic impact of experimental intervention. 

" Nonmarket inputs and outputs. Crop-production systems typically use
inputs and produce outputs for which there is a market and a price. Animal
production systems usually depend on inputs such as child labor and crop
residue and produce outputs like manure for which there may be no ready
markets. Other outputs, such as risk management, capital accumulation, and 
ceremonial functions, which are common for animals, are extremely difficult 
to quantify. 

" Size of experimental unit. Plants are small and can be easily manipulated in
field trials that affect only asmall proportion of the pro.lucer's field. Because 
animals are large and a small farm usually has only a few, controlled trials and
experimental interventions on aproducer's animal may seem too risky for the 
producer. 

* Producer attitudes. While producers do not usually develop emotional
relationships with crops, they often become attached to their animals. Also,
religious taboos and customs may make it difficult to cull, castrate, and 
earmark animals. 

* Management variability. Crop-management practices are a major source of
variability in on-farm crop research. Management practices are an even 
greater problem when conducting animal research because animal life cycles 
are longer and a greater number of critical management decisions must be
made during this period. It is difficult, therefore, to observe the effects of an 
experimental treatment. 

* Number of observation units. Crop research results are measured in yield
(for example, production per hectare). No matter how small the plot used,
the yield averages the production of many individual plants. Animal perform
ance, especially in a small-farm setting, is measured as production per animal. 
Consequently, statistical variability of treatments between animal groups
tends to be greater than between, for example, fertilizer treatments. 
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* Variability of observations. The following characteristics of animals may 
contribute to variability of observations in on-farm research: 
" Animals are of two sexes and exhibit sex differences (for example, variable 

weight gains because of pregnancy among female animals). 
* Animals have fast digestion processes, and, therefore, timing of the feeding 

has an impact on body weight. 
" Animals are mobile, so they must be restrained or confined.
 
" Animals establish social stratification when kept in groups.
 
* Animals respond psychologically as well as physically and physiologically 

to various stimulants. 

ON-FARM ANIMAL RESEARCH 

Goals 

The testing of new technologies or already well-established animal practices at 
the farm level has one general goal: to improve the productivity of the anima1l 
component of the farming system. The improvement in productivity may be 
accomplished by demonstrating new technologies or by refining existing 
practices. Better economic analysis of the production system will help to 
determine which technologies will increase productivity the most. Broadly 
speaking, the goals of OFAR include: 
" Description of the animal component at the farm level. This should include a 

hierarchical classification of types of production systems that exist in a 
particular area. For instance, it is not sufficient to say that an area has a mixed 
system consisting of crops and livestock. Preliminary analysis should docu
ment the types of animals being kept, the roles and importance of animals in 
the farming system, the animals' economic significance, their present levels of 
productivity, the constraints to higher productivity, and so forth. 

* Systematic screening of on-station technologies that can help alleviate 
production constraints at the farm level. These technologies should be 
analyzed at the research level to verify their superiority over farmers' current 
practices. 

"Testing of the screened technologies at the farm level for their partial and 
whole-farm implications. The technologies that are absolutely superior to 
farmers' practices should be recommended to the farmers. This on-farm 
testing phase should guide researchers in conducting future research. 

* Support of the implications of crop interventions. This may include the 
introduction of new varieties, changes in cropping pattern and agronomic 
practices, as well as testing of new forages and fodders at the farm. 
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Approaches to On-farm Animal Research 

There are both traditional and innova:ive approaches to OFAR. The traditional approach to OFAR is a methodological approach which hinges onconventional analysis, such as replicate trials on farmers' fields, data gathering,
and evaluation. Although the traditional approach has been utilized successfully in the past, it isbecoming increasingly important to involve farmers moredirectly in the research process and the assessment of research results. Farmerparticipation is the key to the innovative approach to OFAR, which is based 
on the underlying belief that farmers should be full partners in the process of 
technology development. 

TraditionalApproach 

Steps in the traditional approach are described by Devendra (1987) as follows: 

Farm Surveys. Farm surveys are used to examine the nature of the system and
prevailing patterns of management, for example, the role of buffalo in ricefarms (Lai et al., 1973) or feed resources in the milk-collection centers in
Malaysia (Hassan and Devendra, 1982). The survey results, while providing a
firm understanding of the prevailing situation, enable specific interventions to
be introduced. With OFAR, the survey is restrictedmore to examining
farmers' receptivity, suitability to project objectives, nearness to a government
experiment station or a university farm, ease of transportation, and costs in 
relation to scale of the operations. 

On-station Research. A prerequisite to OFAR is research at the government
experiment station or the university farm. First, a problem is identified which 
poses a major constraint to animal productivity. Under controlled conditions,
the problem is examined from all angles bringing to bear the facilities availableat the station or university. When a solution is found that is beneficial and has 
great potential value, including economic benefits, then wider application of 
the advantages through OFAR can be considered. 

Implementation. After research at the station has been completed, on-farm
research is implemented with the participation of animals, the farmer, and thefarmer's resources. The research team identifies a farmer who is willing toparticipate, has resources (animals, land, family labor, and some capital), and
has the potential to be successful. Only part of the farmer's land is used for the 
project. 

There are two types of implementation. With the first type researchers conduct
the research on the farm with the farmer's consent. The farmer is an on-looker,benefiting only from the rental of the land and other fringe advantages such as 
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fodder production and animal production (meat and milk). With the second 
type of implementation, the farmer participates directly in the project. He will 
assist with animal treatments, day-to-day management, measurement of the 
animals' response (for example, milk production), and discussions about the 
project. When the research involves large ruminants, usually the adults of the 
household participate. When the subjects are smaller animals such as goats, 
sheep, chickens, and ducks, children also care for them. 

According to Devendra (1987), the advantages with the latter approach are: 
* The farmer learns the new technology first hand. 
* Since more fodder isavailable, the farmer tends to buy more animals, and the 

animals tend to grow faster. 
" The farmer encouraged to consider expanding the enterprise. 
" The farmer ismotivated to conserve feeds for use during periods of scarcity. 
* More dung is available for fertilizer and fuel. 
* The farmer experiences pride in participating in a project with the govern

ment or a university. 
" Neighboring farmers learn of the progress and become eager to participate 

and improve their economic situation. 
* Well-planned and successfully executed programs stimulate rural progress 

and socioeconomic development. 

The success of the implementation phase depends largely on the methods that 
are used as well as on the level of control, the sophistication of record-keeping, 
the seriousness of problems that arise and the ability to overcome those 
problems, the cooperation of the project team, and the commitment to the 
effort. 

Extension. Whereas implementation involves performing successful on-station 
research at the farm, extension utilizes the results of on-farm implementation 
by introducing and demonstrating new technologies to the farming com
munity. Very often, the implementation phase isconsciously or unconsciously 
identified with extension. The validity of this approach is debatable since 
implementation iswork in progress and the outcome remains to be assessed. As 
long as the research results are not discussed prematurely, and as long as 
expected benefits do not lead to inappropriate application, then extension 
demonstrations are useful to promote the importance of science and tech
nology. Extension allows for a sense of partnership to be created between the 
researcher, who pursues knowledge, and the farmer, who is the beneficiary. 
This partnership has the common objective of increasing food production and 
improving the quality of life. 
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Interpretation of Results. Interpreting the results is generally easy if the 
implementation was thorough and efficient. The data are analyzed to determine 
the responses of the animals and possible economic benefits of the project. If 
results are difficult to interpret or are of doubtful validity, the effort and scarce 
resources of the researchers and farmers have been wasted. 

Innovative Approach 

The innovative approach is based on the belief that farmer participation is 
critical in OFAR. Farmer involvement increases the willingness of the farmer 
to submit animals for testing. Since most of a farmer's savings is in his livestock, 
he may be reluctant to submit his animal to any perceived risk. Therefore, on
farm livestock experiments should be very carefully screened and thoroughly
debated. Scientists and farmers need to discuss the new technology, and an 
insurance provision can guarantee compensation for any losses incurred during 
the experiments. 

Perhaps the most important aspect of the innovative approach to OFAR is the 
need for the farmer's assessment of the results of field experiments. Lack of 
sufficient replications and large variability in farm management, animal per
formance, and environmental conditions lead to a wide range of statistical 
variability (see table 1.2). Thus, many trials could show differences between 
treatments that are not statistically significant. Individual farmers, however, 
usually do not evaluate interventions by comparing results between farms or 
treatments; rather, they relate to production experience built up over their 
farming careers. This enhanced perspective must be utilized by acquiring the 
farmer's cooperation when assessing new technical interventions. 

Many of the innovative approaches to OFAR are complementary to the 
traditional ones and have the following general objectives in common: 
0 Enhanced dialogue between farmers, researchers, and extension workers. 

Discussions should include specific situations, problems, and technologies in 
breeding, reproduction, feeding, health, management, and marketing of 
animals. A lack of understanding by participants results in a lack of 
motivation. 

* Development of field recommendations for farmers. These include general 
recommendations on breeding, feeding, and farm management which may 
increase the probability of "new discoveries" at thL farm level. 

* Contribution to knowledge. This may involve contributions to the farmer's 
knowledge of different animal husbandry practices or to the researcher's 
understanding of animal production problems and constraints in the village. 

The following are examples of innovative approaches to OFAR which address 
the need for increased farmer participation (Chambers, 1987). 
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Increased informal contact. Informal contact between researchers and farmers 
can be fostered and supported by encouraging and eliciting farmers' experi
ments, developing experimental and accounting methods for farmers, holding
innovator workshops to discuss problem definition and trial design and 
execution. and developing networks of farmer experimenters. 

Farmer-researcher activities. Joint activities which can be held among farmers 
and researchers utilize the organization of farmer groups; adapt trials based on 
farmers' experiments and systems experiments; utilize farmers' identification of 
problem areas and research priorities; involve farmers in breed and seed 
selection; and use adaptive trials with monitoring by farms. 

Better understanding. An approach to better understanding can be achieved 
through in-depth interviews of farmers, ethnohistories of animal species in 
different locations, and analysis of farmers' adaptations of technology trans
ferred through extension. In addition, rapid appraisals, selective surveys, field 
agronomic mapping, utilization of farmers' taxonomies, simulation modeling,
chain interviews, and systems diagramming can be utilized for better under
standing of the farm situation. 

An in-depth description of the above examples is beyond the scope of this 
manual, but it is important to be aware of the research activities which can be 
utilized in an innovative approach to OFAR. 

ON-FARM ANIMAL RESEARCH WITH 
A FARMING SYSTEMS PERSPECTIVE 

In recent years, the FSR approach to animal production improvement has 
gained considerable attention from researchers. This approach seeks to under
stand the animal component as it interacts with and relates to other parts of the 
farm system and isoften studied through analytical models. These models, such 
as that shown in figure 1.2, consider the whole farm perspective and generally
require us; of modern computers to analyze new technology options at the 
farm level. Although most research conducted thus far has been oriented to 
academic study and isdifficult to apply directly to the problems of small farms,
animal technologies are currently being tested under the umbrella of FSR in 
several Asian countries. 

Because FSR developed from cropping systems research, it has traditionally
emphasized crops rather than animals. Therefore, most FSR approaches to 
animal production improvement have a cropping system bias; that is, the 
research examines the effects of a crop intervention (such as a new rice) on the 
animal component. The goal is often to design a new cropping pattern or 
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analyze new agronomic practices, but some animal trials are included as part ofthe testing program. Research projects supported by international agricultural
research centers and research agencies tend to use this approach, which has 
several advantages: 
* The long-term effects of any crop changes on animals can easily be studied

because, in the presence of a cropping system bias, the crop component is
often more important than the animal component. 

* Lack of funds, a key constraint in animal research, is relieved sinceconducting OFAR a croppingunder systems umbrella allows for cost 
sharing. 

* The effects of the new technology on livestock can be viewed holistically;
therefore, the effects on by-product use, on-farm employment, and labor,
especially the labor of women, can also be studied. 

* The farm operates as a system and the farmer considers all of the farm'senterprises simultaneously. This interactive decision-making process is avail
able for study when all important components of the farming system are 
studied together. 

Some disadvantages of OFAR with a farming systems perspective are: 
* The inclusion of animals in crop-animal farming systems is relatively recent.

(Initial work began through the Asian Rice Farming Systems Network
(ARFSN) based in the International Rice Research Institute (IRRI).)

* Most animal husbandry requirements (except nutrition) are ignored due to
the crop bias which usually exists in on-farm research. 

* It is difficult to assemble a large interdisciplinary team for FSR that can
adequately address the animal component. 

* Animals must be monitored once or twice a month, but crops usually can be
checked less often; therefore, the research team may have problems in 
scheduling visits. 

" Evaluation of animal performance requires a longer period than crop
performance evaluation; therefore, conflicts may arise within the team about 
meeting evaluation schedules. 

SUMMARY 

FSR has proven to be an effective methodology for describing ar diagnosing
farm problems and screening appropriate technologies for on-fail testing andevaluation. It is important to note that as the FSR approach becomes
increasingly important in many countries' research efforts, more attention mustbe directed to improving the animal component on small, resource-poor farms.
A collaborative arrangement between farmers, extension workers, and researchscientists can effectively direct OFAR in order to implement innovative
technologies which have been successful at the farm level. 
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CHAPTER 2 

ANIMAL PRODUCTION CONCEPTS 

PURPOSE 

Principles of animal production must be understood before improvements can 
be made and new animal-production technologies can be introduced. Attempts 
to introduce new livestock enterprises or to change existing ones have to be 
within the resources available to the farmer and the climatic conditions 
affecting production. This chapter introduces key concepts of animal hus
bandry while suggesting methods for improving animal performance. In 
addition, the terminology introduced in this chapter will aid in discussions with 
animal scientists. 

OBJECTIVES 

After completing this chapter, the reader should be able to: 
" Discuss basic concepts of animal growth, reproduction, lactation, nutrition, 

and health. 
" Compute animal feed rations and prepare a concentrate mixture. 
* Describe ways in which animal performance can be improved. 

THE ROLE OF LIVESTOCK IN THE FARMING SYSTEM 

Animals are an important component of many farming systems. In addition to 
providing society with quality foods, animals also provide numerous other 
goods and services (see table 1.1, Chapter 1). In fact, the monetary value of 
non-food products likely equals or even exceeds the value of food goods
(McDowell, 1977). Not only is it necessary to recognize all the products and 
services provided by animals, it is also important to be aware of all the purposes
for which a farmer keeps animals. This is because the reason for keeping
livestock affects the management practices used by a producer. 

An example of this can be seen in cattle production. In the United States, cattle 
are raised for a specialized purpose, either meat or milk production, while in 
parts of Africa, cattle are raised for both the production of milk as well as meat. 
Another example is in Haiti where pigs are kept mainly as a "walking bank 
account". In times of family difficulty, a pig can be sold to generate necessary
cash, and, therefore, a minimum of capital is invested for keeping pigs. 
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However, in countries where grain is available for feed, pig farming is an 
intensive production system. 

Since animals have evolved according to the ecology of a region, an animal in a 
particular climate or culture may occupy a unique ecological niche, or satisfy 
some specific function. For example, reindeer can be raised in a cold and harsh 
climate, as in some Nordic countries, while camels are raised by nomadic 
cultures in an arid climate. Although there are many different domesticated 
animals throughout the globe, some animals, particularly cattle, buffalo, sheep, 
goats, swine, and poultry, are commonly kept across many different climates 
and cultures. Therefore, this chapter will focus on these six species. A list of 
terms that apply to these farm animals is presented in table 2.1. 

Table 2.1. Common terms applied to farm animals. 

Cattle Buffalo Sheep Goats Swine Poultry 

Species Bovine Bovine Ovine Caprine Swine Gallus 
Butaline Sus 

Group of animals Herd Herd Flock Flock Drove Flock 
Band Stock 

Herd 
Adult male Bull Bull Ram Buck Boar Rooster 

Tup Cock 
Adult female Cow Cow Ewe Doe Sow Hen 

Young male Bull Bull Ram lamb Buckling Boarling Cockerel 
calf calf Tup lamb 

Young female Heifer Heifer Ewe lamb Goatling Gilt Pullet 
calf calf 

Newborn Calf Calf Lamb Kid Piglet Chick 
Pigling 

Castrated male Bullock Bullock Wether Wether Hog Capon 
Wedder Wedder Stag 

Barrow 
Offspring with Calf at Calf at Suckling Suckling Suckling Clutch 
mother foot foot Brood 

Act of birth Calving Calving Lambing Kidding Farrowing Hatching 

Act of mating Serving Serving Tupping Serving Coupling 

bource: Sastry and Thomas, 1976. 
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GROWTH OF FARM ANIMALS 

Determining the Ages of Animals 

Each farm animal has an age at which its performance peaks. Cattle and buffalo 
live up to 28 years; however, their productivity declines with advancing years. 
Cows and buffalo reach peak milk production at around seven years of age 
(corresponding to second lactation in late-maturing buffalo and third lactation 
in cows). Sows' litters reach maximum when the sows are 3 to 4 years old. The 
age of animals, therefore, is of practical importance to the breeder, the seller, 
and the buyer and being able to determine the age of an animal is important in 
animal husbandry. 

The approximate age of an animal can be determined by examining its teeth. 
Teeth erupt at about the same rate in all animals of aspecies. By noting the time 
of appearance and the degree of wear of the temporary and permanent teeth, 
the age of the animal can be ascertained with a fair degree of accuracy. The 
temporary teeth are readily distinguished from the permanent ones by their 
smaller size and whiter color. In addition, broken or worn teeth can have an 
adverse effect on the nutritional condition of the animal and can be used to 
determine an animal's overall health status. 

Cattle and Buffalo 

These species have a total of 20 temporary teeth and 32 permanent teeth. 
Estimating the exact age of cattle is particularly difficult. In zebu cattle, for 
example, differences in age of as much as 16 months have been found in animals 
whose teeth were at the same stage of development. Differences of such 
magnitude ar, rather rare, but variations of up to 6 months are usual. Cattle and 
buffalo beyond eight years of age are generally call-d aged and no effort is 
made to determine their exact age. Aged animals that have lost one or more 
teeth are called broken mouthed; those that have lost all of their teeth are 
known as gummers. 

Sheep and Goats 

Mature sheep and goats have 32 teeth: 24 cheek teeth, and 8 incisors on the 
lower jaw only. The temporary and permanent dentition formulae are the same 
as for cattle. Small animals are categorized as aged after 5 years. 

Pigs 

Adult pigs have 44 teeth. Of these, 12 are incisors, 4 are tusks, 4 are premolars, 
and 24 are molars (with half of each type of teeth on each jaw). The tusks or 
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canine teeth are more prominent in males than in females. The canine teeth in 

piglets (usually called needle teeth) are often removed in modern operations. 

The Growth Curve 

While animal species differ vastly in size, shape, and weight, their pattern of
growth is much the same. As shown in figure 2.1, when weight is plotted over 
time, the resulting curve is S-shaped and is a result of the rate at which an 
animal grows. This S-shaped growth curve is the same for a mouse as it is for a
whale, or even for a man. An animal increases its body mass slowly at first, then 
enters a period of accelerated growth when body mass increases rapidly, then 
reaches a stage when growth slows markedly. Eventually an animal stops 
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Figure 2.1. 	 The S-shaped growth curve represents the growth of mammals 

from conception to maturity. 
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growing and body mass levels out at the animal's mature body weight. The 
point where the growth rate changes isunique for each species and isdependent 
on an animal's age. 

Food Intake and Growth 

Animals with a higher intake of feed will grow better, produce more, and work 
longer and harder. The ma-imum amount of dry matter (DM) consumed by an 
animal is based on its metabolic body size, and intake falls exponentially as 
fattening progresses (Preston and Willis, 1974). The quality of the feed is one 
factor influencing the amount of consumption by the animal. Animals of all 
species, after being restricted in their feed intake, will experience a faster 
growth rate for a short period of time than if on an unrestricted feeding 
program. This type of growth behavior is called compensatory growth. 

Phases 	of Growth 

Growth can be split into prenatal growth and postnatal growth. These two 
phases of growth are discussed in the following sections. 

PrenatalGrowth 

Prenatal growth takes place from the time of fertilization of the ovum (egg)
until the birth of the animal. In mammals, prenatal growth occurs in utero,
while in poultry this growth occurs inside the fertilized egg which has been laid 
by the mother hen. 

In mammals, prenatal growth can be divided into the following three phases: 
Phase 1: Period of the ovum. This period lasts from the time the ovum (egg)

is fertilized until the fertilized egg attaches itself to the uterine wall. 
Phase 2: 	Embryonic period. During this period, the fertilized egg grows 

rapidly, cell differentiation occurs, and tissues, organs, and major 
systems are formed. 

Phase 3: 	Fetal period. This period is the last phase of prenatal growth and 
lasts from the time that major features of the animal are recognizable 
until the animal's birth. 

The relative growth rate of a developing animal is most rapid during earlier 
stages of gestation and declines as gestation progresses. That is, body mass 
increases by the greatest percentage during the first phases of growth.
However, absolute growth increases exponentially, so that the greatest amount 
of actual body mass isadded late in gestation. For example, in cattle, the fetus 
more than doubles its weight during the last two months of gestation. During
the first two phases of prenatal growth, the embryo derives nourishment from 
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fluids contained in the uterine lining (the endometrium). During the fetal
period, the fetus receives nutrients directly from maternal blood circulation via 
the placenta and umbilical cord. 
The fetal growth and birth weight of a mammal are dependent on a number of
environmental and genetic factors. The mother's age, parity, size, and nutri
tional status are all environmental factors as isany climatic stress on the mother 
during gestation. In animals that produce several offspring at one time, such as
pigs, sheep, and goats, litter size will also influence birth weight. Genetic
factors that affect the animal's birth weight are its sex and its inherent rate of
cell division. While low birth weight can cause reduced viability of the young
animal, poor prenatal growth has little effect on mature size if postnatal
nutrition is adequate. 

Postnatal Growth 

Lactation, or the production of milk by the mammary glands, is a dis,-cn
guishing characteristic of mammals. This characteristic has led to the distinc
tion of two phases of postnatal growth in mammals. These two phases are the 
following: 
Phase 1: Preweaning phase. During this phase the young mammal is 

nourished on milk from its mother. Even when they start to eat other 
feeds, young mammals may continue to nurse. 

Phase 2: Postweaning phase. This isthe period that occurs after the animal no 
longer relies on its mother's milk for nourishment, i.e., the animal 
has been weaned. 

The length of time that young animals depend on milk is governed by their 
state of development at birth and on the particular farm management system in 
place. Some animals are born less developed than others and therefore require a 
longer period with the mother. In farming systems where milk is a desired 
product, young animals may be weaned early, may be given milk replacers or
specially balanced feed, or may share the cow's milk with the family. 

Partitioned Growth 

The three major tissues of an animal that are affected by growth are bone,
muscle and fat. Bone growth occurs first, followed by growth of muscle, and 
then fat (Berg and Butterfield, 1968). The depositing of fat does not generally
occur until after the second inflection point in figure 2.1. Animals on a low
plane of nutrition and only satisfying maintenance requirements will not be
able to deposit fat. This condition is typical of animals raised under pastoral
conditions in arid regions of the world. 
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Reproduction and Lactation 

The fertility of an animal is dependent on its age and level of nutrition. Intake 
of poor quality feed delays development and the onset of sexual maturity. The 
period between conceptions for an animal will also depend on the quality of its 
feed. Under semi-arid and arid conditions, heifers may not become fertile until 
twenty-four months of age. A buffalo in China may not have its first calf until 
the age of four. Overfeeding can also have detrimental effects on fertility and 
may lead to difficulties in conceiving, giving birth (parturition), and reconcep
tion, as well as sterility. 

The age of an animal and the nutritive value of its feed influence the animal's 
level of milk production. Milk production increases with subsequent parturi
tion until the age of the animal causes a decline in production. In cattle, peak 
milk production occurs around the seventh or eighth year of a cow's life. Peak 
milk production for cattle during a lactation period occurs within the first 
12 weeks. After this time milk production steadily declines. 

An animal's disease state is another factor affecting reproduction and lactation. 
Venereal diseases in animals can result in sterility. Certain contagious diseases, 
like brucellosis, can result in abortion of the fetus or a still-born calf. Mastitis of 
the mammary glands can cause reduced milk production resulting in poor 
performance of the offspring. 

ANIMAL FEEDS 

Animal feed is an important factor affecting an animal's growth and nutritional 
status. Feedstuffs can generally be divided into roughage and concentrate (see 
figure 2.2). 

Roughage 

Feeds with high proportions of crude fiber (nondigestible material) are called 
roughage. Animals such as cattle, buffalo, sheep, goats, and horses can meet 
some of their nutritional requirements by grazing on the roughage in good 
pastures. Pigs and poultry also derive a certain proportion of their nutrients 
through grazing. Since pastures are an economical source of animal feed, this 
system of feeding should be encouraged whenever it is available. 

Roughages may be classified as succulent or dry, depending on their moisture 
content. Succulent roughages are further classified into green fodder and 
silage, with green fodder including leguminous and nonleguminous fodder. 

Leguminous fodder consists of the stems and leaves of legume plants. Legumes 
have a higher nitrogen content than nonlegumes and are a major source of 
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protein for farm animals. If cattle and buffalo are fed legumes liberally, they do 
not need additional protein. Legumes that are important crops include true 
clovers, medics, and Crotalariaspecies. 

Some important true clovers that are useful as leguminous fodder are: 

Berseem Trifolium alexandrium 
Shaftal Trifolium resupinatum 
White clover Trifolium repens 
Red clover Trifolium pratense 

Crimson clover Trifolium incarnatum 

Alsike clover Trifolium hybridum 

Subterranean clover Trifolium subterraneum 

Among medics, the following are used for leguminous fodder: 

Lucerne (alfalfa) Medicago sativa, the most popular fodder crop 

Black medic Medicago lupulina 

Bur clover Medicago hispida 

The Crotalariagroup also includes a number of species useful for leguminous 
fodder, such as the following: 

Sunnhemp Crotalariajuncea 

Cowpea Vigna sinensis 

Kudzu Pueraris thunbergiana 

Certain other legumes, like soybeans (Glycene soya) are also important in 
animal feeding. 

Nonleguminous fodder generally contains less nitrogen than leguminous 
fodder. Therefore, when an animal is fed nonleguminous fodder, protein-rich 
concentrates must be added to balance the animal's diet. Nonleguminous 
fodder may include many cereals, fodder crops, perennial cultivated grasses, 
some indigenous grasses, and introduced grasses. 

Important cereal crops used as fodder are: 

Maize Zea mays 

Sorghum Sorghum vulgare 

Oats Avena sativa 

Teosinte Euchlaena mexicana 

Imrortant perennial crops cultivated for fodder are: 

Paragrass Brachiariamutica 

Guinea grass Panicum maximum 
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Napier grass Pennisetum purpureum 
Hybrid (giant)
napier grass a cross between napier and bajra 
Rhodes grass Chloris gayana 
Blue panic grass Panicum antidotale 
Sudan grass Sorghum vulgare var. sudarense 

Concentrates 

Concentrates are feeds that have lower moisture and fiber contents but a
higher digestible nutrient content than roughage. They can be classified into 
energy and protein concentrates, with the latter further classified into low 
protein and high protein concentrates. 

Low protein concentrates (or basal concentrates) include all grains and some 
grain by-products. They are rich in carbohydrates and usually have low protein
percentages. Maize, oats, sorghum, and barley are the most important grains.
Wheat is rarely used as an animal feed in wheat-deficient countries. Only when
it spoils in storage and is unfit for human consumption is it used as an animal 
feed. 

High protein concentrates have a greater protein content than roughage. They 
may be of plant or animal origin. Pulses and grams like cowpeas, black gram,
horse gram, and gram form an important group of protein-rich concentrates of
plant origin. However, most are consumed by humans, and only their by
products are regularly used as animal feed. Such by-products include oil cakes
of groundnut, linseed, coconut, cottonseed, rapeseed, and rice bran. Feeds
produced from animal sources include by-products such as fish meal, meat
meal, dried skim milk, and dried buttermilk. Monogastric animals must have
certain proportions of animal proteins in their rations. Ruminants do not need 
animal protein. 

Nutritive Value 

The nutritive value of a feed is determined by the quantity of various nutrients
it makes available to the animal for maintenance, growth, or production - that
is, how well it provides energy, protein, minerals, and vitamins. Kearl's work is 
an excellent source of information about the common feeds and nutrient 
requirements of ruminants in developing countries (Kearl, 1982). 

Energy Value 

The first step in evaluating the energy value of a feed is to measure the absorbed 
(digestible) portion of its gross energy. Digestible energy (DE) equals gross 
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energy (GE) minus the energy lost in feces (Eic), or DE = GE - Efc. The 
energy lost in feces is thus the portion of the gross energy that is not absorbed. 

Energy is also lost as the combustible gases and urine that the animal expels. 
About 2% to 3% of gross energy is lost by the excretion in urine of 
incompletely oxidized nonprotein nitrogenous compounds like urea and uric 
acid. When gas and urine energy losses (Egas,urinc) are subtracted from 
digestible energy, the result is metabolic energy (ME), which is the proportion 
of total energy that can be metabolized in the body for maintenance, growth, 
production, and activity. And so, ME = DE - Egas,urine. 

The heat produced by fermentation and intermediary metabolism often exceeds 
the animal's need, depending on environmental temperature. Since this heat 
cannot be used for production, it is a loss of energy. This heat is subtracted 
from metabolic energy to derive net energy (NE), thus NE = ME - heat. Net 
energy has been formulated by Armsby as thc maximum proportion of feed 
energy convertible to work, milk, eggs, mcat, and maintenance. Thus, this is 
the part of energy that is available to the animal for maintenance, growth, and 
production. 

Maintenance energy (Emain) is defined as the energy needed for basal 
metabolism. This is more or less constant for an animal. The remaining net 
energy, which can be transformed into products, is called the net energy for 
production (NEp). Therefore, NEp = NE - Eman. When the symbol NE is 
used to denote a specific energy of production, the product being produced is 
always indicated as a subscript, for example: 

NEm.Ik Net energy for producing milk 
NEegg Net energy for producing eggs 

NEgain Net energy for gaining weight 
NEwoo, Net energy for producing wool 

NEpreg Net energy for sustaining pregnancy and growth of fetus 
NEwork Net energy for work 

The efficiency of conversion of NEP in a productive process is about 100%. 
Therefore, if the NEp of feed is known precisely, this can be considered a fairly 
accurate estimate of its feeding value. 

All digestible organic nutrients - carbohydrates, protein, and fats - are either 
used immediately for energy, stored as fat, or incorporated into body tissue. 
Because fat offers 2.25 times the energy of an equal amount of carbohydrates or 
protein, the energy value of a feed is its fat content multiplied by 2.25. 

The starch-equivalent system developed by Kellner in Germany roughly 
represents net energy. The starch-equivalent value is the quantity of starch 
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that will yield as much energy to the body above maintenance needs as would

100 pounds of the feed in question. It is calculated as:
 
Starch equivalent = [Carbohydrate + 0.94 (true protein) + 2.4 (fat)]
 

X a fiber correction 

Costs of Nutrients 

The cost of each nutrient in feedstuffs used in animal experiments can becalculated using simple arithmetic. The following examples use feedstuffs common in the Philippines. Costs are based on the price index as of February

1977 and are expressed in pesos (Eusebio et al., 1977).

Limestone (calcium carbonate) is the mineral supplement most often used to
supply calcium. It contains 33% calcium and costs P0.90 per kilogram. Thus,
the cost per unit (one) percent of calcium in limestone is P0.90/0.33, or P0.03.
 
The 
 cost per unit percent of calcium can then be applied in additionalcalculations. For instance, in the following example, the costs of phosphorus inbonemeal and in dicalcium phosphate are determined in order to decide which
is a more economical source of phosphorus. 
Bonemeal contains 28% calcium and 13% phosphorus, and it costs P1.28 perkilogram. Using the cost per unit percent of calcium (P0.03), the cost per unit 
percent of phosphorus can be determined as:
 
P1.28 = 28 (P0.03) + 13 (X)
 

13X = P1.28 - P0.84
 
X = P0.44/13 = P0.034
 

Thus, the cost per unit percent of phosphorus in bonemeal is P0.03. 
Dicalcium phosphate contains 24% calcium and 17% phosphorus, and it costsP5.50 per kilogram. If calcium costs P0.03 per unit percent, the cost per unit
percent of phosphorus can be determined by the following:
 
P5.50 = 24 (P0.03) + 17 (X)
 

X =P5.50 - P0.72
 
17 

X = P4.78/17 = P0.281 
Thus, the cost per unit percent of phosphorus in dicalcium phosphate isP0.28.The comparative costs of phosphorus from bonemeal and dicalcium phosphateare P0.03 and P0.28 per unit percent, respectively, and so bonemeal is the more
economical source of phosphorus. 
Similar calculations can be used to determine the most economical source ofcrude protein based on data concerning imported fish meal, local fish meal, and 
soybean meal. 
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A kilogram of imported fish meal costs P4.85. It contains 61% crude protein, 
5.4% calcium, and 2.81% phosphorus. As calculated above, the cost per unit 
percent of calcium in limestone is P0.03, and the cost per unit percent of 
phosphorus in bonemeal is P0.03. Therefore, the cost of crude protein is: 
P4.85 = 61 (X) + 5.4 (P0.03) + 2.81 (P0.03) 

61X = P4.85 - (P0.162 + P0.084) 
X = P4.60/61 = P0.075 

Thus, the cost per unit percent of crude protein in imported fish meal is P0.075. 

A kilogram of local fish meal has 48% crude protein, 6.55% calcium, and 
3.97% phosphorus, and it costs P4.10 per kilogram. If the cost per unit percent 
of calcium and phosphorus is P0.03 each, then: 
P4.10 = 48 (X) + 6.55 (P0.03) + 3.97 (P0.03) 

48X = P4.10 - (P0.196 + P0.119) 
X = P3.78/48 = P0.079 

Thus, the cost per unit percent of crude protein in local fish meal is P0.08. 

A kilogram of soybean meal has 40% crude protein, 0.26% calcium, and 0.52% 
phosphorus, and it costs P2.85 per kilogram. If the cost per unit percent of 
calcium and phosphorus is P0.03 each, then: 
P2.85 = 40 (X) + 0.26 (P0.03) + 0.52 (P0.03) 

40X = P2.85 - (P0.008 + P0.016) 
X = P2.83/40 = P0.071 

Thus, the cost per unit percent of crude protein in soybean meal is P0.07. 

Based on this cost analysis of the nutrients in different feedstuffs, soybean meal 
appears to be the most economical protein source. However, imported fish 
meal or local fish meal, which have considerably higher amounts of calcium and 
phosphorus, might be preferred if the diet calls for these two nutrients. 

Balancing the Diet 

In computing rations for ruminants, the farmer must consider the nutritional 
contributions of dry matter (DM), total digestible nutrients (TDN), digestible 
energy (DE), metabolizable energy (ME), net energy (NE), crude protein (CP), 
minerals, and vitamin A. For nonruminants, in addition to the items listed 
above, the essential amino acids and B vitamins must also be considered. 
Rations are computed by first calculating the maintenance requirements for the 
animal and then adding the production requirements. 

For example, in computing a ration for a cow weighing 400 kg and producing 
an average of 10 kg/day milk at 4.5% fat, the feeds available are green berseem, 
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wheat bhusa, groundnut cake, wheat bran, barley, and maize. The cow has thefollowing daily nutrition requirements (per Sen and Ray Standards kg): 

DM CP 
(kg) 	 (kg) 

TDN 
(kg) 

Maintenance 
0.254 3.03 

Milk production
(10 kg/day at 4.5% fat) 0.480 3.39Total 8.0 to 10.0 0.734 6.42 

Out of a total dry matter requirement of 8to 10 kg, two-thirds (about 6kg) canbe roughage and one-third (about 3 kg) can be concentrate. The dry matterfrom roughage may be divided equally between green fodder (such as berseem)and dry fodder (such as wheat straw); therefore, the roughage can be: 

Raw DM CP TDN 
weight

(kg) (kg) (kg) (kg) 
Berseem 20.0 3.00 0.564 2.58Wheat straw 3.5 3.15 - 1.52Total 23.5 6.15 0.564 4.10 

To complete its nutritional requirements, the animal needs an additional0.17 kg CP (0.734 kg CP - 0.564 kg CP) and 2.32 kg TDN (6.42 kg TDN -4.10 kg TDN); therefore, the animal needs about 3 kg of aconcentrate that willsupply 0.17 kg CP and 2.32 kg TDN. That means the concentrate should have aCP content of 6% to 7%(0.17 kg/3 kg x 100) and a TDN content of 77% to78% (2.32 kg/3 kg X 100). Barley can be an ideally suited concentrate for thisanimal. The ration will therefore be: 

DM CP TDN
(kg) (kg) (kg) Cost (Rs) 

Berseem 3.00 0.564 2.58 10.00(20 kg)
Wheat straw 	 (@Rs 0.5/kg)3.15  1.52 3.15(3.5 	 kg) 


(@Rs 0.9/kg)
Barley (grain ground) 2.70 0.197 2.33 2.40(3.0 kg) (@Rs 0.8/kg)Total 8.85 0.761 6.43 15.55 

A mineral mixture may be added to this ration, and salt licks should be
provided. 
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Preparing a Concentrate Mixture 

Usually a suitable concentrate mixture with desired CP and TDN content, 
incorporating many concentrate feeds and minerals, isprepared for generalized 
use. An animal's CP and TDN intakes are controlled by the amount of the 
concentrate it isoffered. For example, in preparing a concentrate mixture with 
12% CP and 70% TDN from barley, oats, wheat bran, groundnut cake, 
cottonseed cake, and mineral mixture, the ingredients can be classified into two 
groups: those having less than 12% CP, and those having more than 12% CP. 
The preparations of the feedstuffs in the first group can then be adjusted so that 
the TDN of the mixture is less than 70%. Thus, the first mixture could be: 

Feed CP TDN 
(kg) (kg) 

Wheat bran 8 parts 0.8496 5.400 
Barley I part 0.0807 0.780 
Oats I part 0.0707 0.787 
Total 10 parts 1.001 6.967 

percentage 10.01 69.67 

The second mixture could be: 

Feed 	 CP TDN 
(kg) (kg) 

Groundnut cake I part 0.4175 0.710 
Cottonseed cake 1 part 0.1748 0.716 
Total 2 parts 0.5923 1.426 

10 parts 2.9615 7.130 
percentage 29.62 71.30 

The final mixture with 12% CP is calculated using the Pearson Square. The 
Pearson Square is a short-cut determination of algebraic calculations, yielding 
the proportions and percentages of the mixtures which are required. The 
Pearson Square starts out as the following: 

Feed 	 CP Parts Percentage 

Mixture I 10.0 
Mixture 2 29.6 

12.0 
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Portions of the square are gradually filled in, with the second col,':mn being filled infirst. The value of the parts required for mixture I is determined by taking thedifference between the desired CP% and the CP% in mixture 2 (29.6 - 12.0 =17.6). Similarly, the value of the parts required for mixture 2 is determined byfinding the difference between the desired CP% and the CP% in mixture 1 (12.0 -10.0 = 2.0). And so the Pearson Square looks like the following: 

Feed CP Pans Percentage 
Mixture 1 10.0 17.6
Mixture 2 29.6 2.0 

12.0 19.6 

The values in the third column are derived by expressing the parts of eachmixture as a percentage of the total parts. The percentage of mixture 1 is 89.8%(17.6/19.6 X 100), and the percentage of mixture 2 is 10.2% (2.0/19.6 X 100).The Pearson Square can now be completed. 

Feed CP Parts Percentage 
Mixture 1 10.0 17.6 89.8Mixture 2 29.6 2.0 10.2 

12.0 19.6 100.0 

The following algebraic formula would yield the same results:
 
10.0(a) + 29.6(1 - a) = 12.0,
 
where a is the percentage of mixture I required (the percentage of mixture I plusthe percentage of mixture 2, expressed in decimal form, must total 1). Thus,
 
10.0(a) + 29.6 - 2 9 .6(a) 12.0
= 
17.6 = 19.6(a)
 
a = 0.898 or 89.8%
 
Out of 19.6 parts, mixture I should be 89.8% and mixture 2 should be 10.2%. 
Therefore, the ingredients of the concentrate mixture will be: 

Feed Parts CP TDN Cost 
(kg) (kg) (kg) (Rs)

Barley 8.98 0.725 7.07 14.28 @ 159 Rs/qOats 8.98 0.634 7.06 13.47 @ 150 Rs/qWheat bran 71.84 7.629 48.49 28.74 @ 40 Rs/qGroundnut cake 5.10 2.129 3.62 9.18 @ 180 Rs/qCottonseed cake 5.10 0.891 3.65 7.14 @ 140 Rs/qMineral mixture 2.0  - 2.80 @ 140 Rs/q 
'102.0 12.008 69.89 75.61 @ 74.1 Rs/q 
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Nonruminants, such as pigs, must also be provided the essential amino acids 
and B vitamins. To be balanced, the diet must have at least one animal source of 
protein in addition to the proteins of plant origin. Because the ration is usually 
self-fed, the energy and protein contents are adjusted on a per kilogram basis. 

MANAGEMENT SYSTEMS 

Livestock management is important to economic viability of an operation. 
Since the availability of inputs and their costs are factors affecting the 
utilization of livestock, the limitations of key inputs - land, water, labor and 
capital - will influence the animal-production management style. Two 
common classifications of animal production are intensive production and 
extensive production. In intensive production labor is substituted for land, 
and livestock are raised in confinement facilities with high levels of input costs. 
An example of intensive production is feedlot finishing of cattle. In extensive 
production land is substituted for labor, and animals are maintained with 
lower levels of input costs. Pastoral grazing on range lands is an example of 
extensive production. Management practices under each of these production 
systems will vary for all species. 

IMPROVING ANIMAL PERFORMANCE 

Animal performance can be improved by 1)genetic improvement of the species 
through planned selection and breeding and 2) improved animal management 
(nutrition, health, reproduction). These are described below. 

Genetic Improvement 

Genetic improvement is slow. The rate of genetic gain is dependent on a 
number of factors, including the number of genetic traits for which one selects, 
the integrity of the animals selected to reproduce, and the generation interval. 
Selection of fewer traits increases the rate of genetic gain. When animals are 
kept for several purposes, selection is frequently based on an index in which 
economic weights are applied to the various products. Both the male and 
female selected for breeding should be of superior genetic stock. Ideally one 
would mate only the very best animals. However, to obtain enough replace
ment animals for the next generation, one must frequently reduce the selection 
integrity and allow less desirable animals to reproduce. Genetic improvements 
are not seen until the next generation since the offspring must be born and then 
mature. Even though genetic improvements are gradual, it is still an important 
part of animal husbandry. No matter how good animal management is, 
superior performance will not be attained if animals are of poor genetic stock. 
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Improved Animal Management 

More rapid improvements can be made in animal performance through
improved management practices. Good husbandry is necessary for the animal's 
welfare and to derive maximum benefit from the animal. Animal management
is not only the allocation of resources to yield animal products and services
useful to society. Good animal management also includes the general super
vision, shelter, and care of animals and the maintenance of proper hygienic
conditions. According to the Indian Council of Agricultural Research (1985), 
all animals need: 
0 readily accessible fresh water and nutritionally adequate food 
* adequate ventilation and suitable environmental temperature 
* adequate freedom of movement and ability to stretch the body 
* sufficient light for satisfactory inspection of animals 
* rapid diagnosis and treatment of injuries and diseases 
* adequate backup in the event of breakdown of essential mechanical equip

ment 
* flooring that does not cause harm or undue stress 
* no unnecessary mutilation 

Good husbandry is the key factor in the welfare of all animals. 

Breeding Programs 

Animal perfnrmance can be improved by controlling the mating of the
breeding herd. Restricted access of males to females can prevent parturition
during stress periods, resulting in fewer animals born during the periods when 
the climate is harsh or feed and water are limited. Technologies are available for
the livestock manager to synchronize the estrus of the females so that
parturition will occur in a prescribed range of time. This grouping process
improves the manager's ability to control breeding and incorporate artificial 
insemination (AI) into a whole herd management plan. 

Supplementation 

Providing feed supplements and minerals to livestock is important for
improved animal performance. Information on cost of feed is necessary to 
decide when, how much, and to what animals to give supplements. Feeding
calves, kids, and lambs before and during the weaning period can reduce the 
stress and weight losses associated with this period. Feeding other animals for
selective purposes can also be a beneficial management practice. 
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Weaning 

Young stock can be weaned from their mothers at different ages. Weaning an 
animal too soon can result in stunting of the animal's growth or even death. 
Weaning too late interferes with the mother's ability to maintain its condition 
and conceive again. 

Culling 

This practice is important to remove unhealthy and unproductive animals from 
the herd or flock. Animals which are determined to be uneconomical or 
unsuited for a breeding program are removed for sale or slaughter. Females 
which have difficulty conceiving should also be removed. 

Disease Prevention 

Disease prevention is an important management practice for maintaining the 
health of the herd. Diseases affecting animals vary widely and some are more 
contagious than others. Inoculations for certain diseases, such as black leg, 
pleural pneumonia, and coccidiosis, can prevent the spread of a disease. In 
some tropical climates, animals need to be dipped on a regular basis to prevent 
scabies, flies, and lice, which can affect the performance of the animal. 

Resources for Livestock Management 

The implementation of improved management practices has inherent require
ments. Feed and water are the most basic inputs for animal husbandry. Sources 
of water need to be clean and unpolluted. Water can be provided through lakes, 
rivers, impoundments, or tanks. Animals should be prevented from fouling the 
water with their urine and feces. Containers and bunks are used to hold feed for 
efficient utilization and should be designed to prevent animals from walking in 
them. A feed mixer can be used to prepare rations by grinding and mixing 
several feedstuffs for a balanced ration. 

Livestock handling equipment is important for safe and proper handling of 
animals. Large animals will require more expensive and heavy-duty equipment. 
Improved breeding programs will need enclosures to separate males from 
females during certain times of the year. Holding facilities are needed for 
gathering animals for health inspection and treatment. A weigh scale is a 
necessary item for mainiaining animal performance data to determine if animals 
are growing according to established standards. The weigh scale is also an 
important item for implementing a culling program for breeding stock. 
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MARKETS AND PRODUCTS 

The purpose of keeping livestock is for the products and services they provide.
The value of these products is determined by the demand of the final consumer. 
For example, in China, people are not accustomed to drinking goat milk so 
goats are not milked, but raised only for their meat and hair. In Mexico, goat
milk is a valuable commodity and is made into cheeses and candies. The final 
value of an animal product depends on its quality. Animals which are bruised 
and stressed during marketing will receive a lower sale price. During transport
animals will shrink in body weight because of loss of fluids. These fluids need 
to be replaced within a reasonable period to avoid health problems. 

One means of expressing value of a slaughter animal is the dressing percentage
(Higgs et. at., 1981), also referred to as the yield. The formula for determining 
the dressing percentage is: 

Dressing percentage= hot carcass weight X 100
 
live weight
 

For example, if an 82 kg hog yields a hot carcass weighing 63 kg, the dressing 
percentage is calculated as follows: 
Dressing percentage = 63 kg x 100 = 0.768 X 100 

82 kg 

= 77% 

If a 400 kg beef animal yields a hot carcass weighing 200 kg, its dressing 
percentage is: 

Dressing percentage = 200 kg x 100 = 0.5 x 100
 
400 kg
 

= 50%
 

Table 2.2 gives the approximate dressing percentages of various classes and 
grades of animals. Most animals slaughtered in the tropics and subtropics have 
lower amounts of fat compared to animals from temperate areas. This affects 
their dressing percentages and tends to lead to lower dressing percentages. 

SUMMARY 

Although an in-depth discussion of the principles of animal production is 
beyond the scope of this book, this chapter has presented some fundamental 
concepts relevant to animal husbandry. The major aspects of animal production 
- growth, reproduction, and lactation - have been introduced in order to 
provide the background needed for designing and conducting On-farm Animal 
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Table 2.2. Dressing percentages of livestock. 

Cattle (%) Sheep/Goats (%) Hogs (%) 

Steers & heifers 
Choice & prime 63 

Lambs/Kids 
Choice 50 

Barrows & gilts 
US No. 1 69 

Standard & select 60 Good 50 US No. 2 70 
Commercial 56 Fat ewes/does 51 US No. 3 & 4 72 

Thin ewes/does 46 US utility 67 
Cows 

Utility, cutter, Sows 70 
& canner 52 

Average 60 Average 50 Average 70 

Source: Higgs et al., 1981. 

Research (OFAR). It is thus necessary to understand the factors which affect 
animal production, namely, health, nutrition, and animal management, and the 
variety of methods which are available for improving animal performance. By 
recognizing the animal management practices being utilized by the small farmer 
and the inputs that are available on the small farm, new animal-production 
technologies can be introduced where they are most likely to have the best 
results. 
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CHAPTER 3 

ECONOMIC CONCEPTS 

PURPOSE
 

Basic concepts of economics must be understood to properly design and 
successfully analyze on-farm animal trials. Many of the tools that economists 
use to analyze the data produced by On-farm Animal Research (OFAR) can be 
learned by noneconomists. The concepts presented in this chapter are the 
building blocks for conducting simple economic analyses and can be applied to 
the real-life situations which occur on farms. 

OBJECTIVES 

After completing this chapter, the reader should be able to: 

* Describe how agricultural economics can be utilized during the three stages 
of testing a new technology in OFAR. 

* Explain how economics of production can be applied to farming decisions. 

ECONOMICS AND ON-FARM ANIMAL RESEARCH 

The key elements of economics are human wants, scarce resources, and 
techniques of production. OFAR deals with the human wants or goals of the 
farmer, the limited (scarce) resources of the farm, and the farmer's techniques 
of production, which can be used to combine resources in varying proportions 
to achieve the optimal output. 

Agricultural economics is an applied discipline - it applies economic theory 
to problems of agriculture. Often the agricultural economist has a strong 
background in one or more technical aspects of agriculture. In analyzing 
OFAR, the economist helps scientists estimate the economic profitability of a 
new technology, such as feed supplements, animal-drawn equipment, vaccines 
and medicines, and husbandry practices. 

The three stages of testing a new technology while conducting OFAR are 
screening, experimental design, and evaluation. Agricultural economics can be 
usefully applied at each of these stages. 
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Screening 

Before a new technology is chosen, the technologies that are available are
matched with the needs of the farm community. This is called screening. The
economist can conduct a simple analysis, such as a partial budget and a
benefit-cost analysis, to help screen technologies for different groups of
farmers. Similarly, the extension worker may wish to look at the technical data
and estimate basic economic relationships to be verified by further 
experimentation on the farm. 

Experimental Design 

Conducting OFAR requires planning, analysis, and financial resources; there
fore, the technology should be refined as much as possible at the research
station before it is tested on the farm. Research on animals is more difficult to
conduct than research on plants. A fertilizer, pesticide, or seed-placement trial 
may involve only an acre of land and a few other resources, and if the new
technology does not have significantly better results than the current practice,
the farmer will not lose much money by participating in the crop experiment.
The potential for financial loss from animal research is much greater. There
fore, economic analysis can be used to develop cost-effective designs for on
farm experimentation as well as to determine the optimal experimental design
based on the goals that are sought. If the objective isto verify the performance
of the technology at the farm level, then the number of farms on which the
technology is tested is less important than the types of farms and their
representation of the general situation. The on-farm experiment should be
designed within the framework of th, whole farm situation, including the
seasonal calendar and the farm plan, so that experiments will not conflict with
other farm goals and are scheduled for times when the farmer is able to 
participate. 

Evaluation 

Once the new technology requirements have been analyzed and suitable
technologies have been screened for on-farm testing, evaluation should be
deferred until animal scientists have had maximum time to test the technology.
The guiding principle here should be to observe and record "with and without"
effects or "before and after" effects of interventions. The results of the tests can
then be evaluated and analyzed to determine the economic value of the 
technology. 
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ECONOMICS AND FARMING DECISIONS 

Since resources of farms are limited (scarce), the ability of a society to produce 
goods and services is also limited. Therefore, all societies face decisions about 
what to produce, how to produce, for whom to produce, how to ration 
commodities over time, and how to provide for the maintenance and growth of 
the system (Salvatore, 1974). Similarly, a farmer must decide what crops to 
raise, what type of animal system to have, what type of machinery or 
equipment to buy, what amounts of fertilioers and chemicals to use, how to use 
credit, when to market animals and crops, and so on. Day-to-day decisions 
must be made as well as long-term plans (see figure 3.1). 

A small farmer faced with the problem of allocating resources (land, labor, and 
capital) to the production of crops and animals on the farm must ask four 
fundamental questions: 
* What should the farm produce? To answer this question, the farmer takes 

into account the family's subsistence requirements, opportunities for market
ing the surplus, the price situation, and availability of resources on the farm. 
Resources are the most critical factor because they determine what can 
realistically be produced. If labor is scarce, then crops or animals that require 
high labor input will not meet the farm's needs. 

* How should it be produced? This question relates to choice of production 
technology. Should animals be stall-fed or grazed in the pasture? What 
variety of crops should be grown and how many times should the fields be 
tilled? What kind of fertilizer should be used, a commercial brand or 
farmyard manure? The mere existence of a new technology does not make it 
superior to the farmer's traditional practice. The farmer normally wants to 
produce at the least cost and with as little deviation from traditional practices 
as possible. Therefore, when conducting OFAR, it is important to under
stand the farmer's considerations in deciding on a production method. 

* How much should be produced? This question concerns how land and labor 
are allocated to production, such as how many acres of corn to grow or how 
many sheep to keep. 

* How should it be marketed? Small farmers, in particular, must consider what 
to do with the final product. Is there a demand for the product in the local 
market or is it possible to transport the product to more distant markets? Is 
the market price dependent on the quality of the product or when it is 
produced? The market price for crop products (grains) can fluctuate: the 
price is low after harvest because the supply is high, but price will increase 
with time as the supply decreases. Animal and poultry markets can also be 
seasonal; for example, during the dry season, the supply of milk may be low 
so the price of milk will be high, and in Muslim countries the demand for 
sheep and goats is very high during the festival of Idul Adha. 
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ECONOMICS OF PRODUCTION 

There are physical and mathematical relationships between the level of inputs 
used and output received in a production process. Generally, given a level of 
fixed resources, higher levels of output can only be obtained by adding more 
variable resources. It is thus important to be able to identify the profitable 
levels of inputs to combine with a given level of fixed resources (Tan et al., 
1980). This section describes the concepts necessary to identify the profitable 
use of variable input in a production process. 

Production Relationships 

In a production process, several inputs (factors of production) are used and 
ultimately transformed into the final output (product) or outputs. The farmer 
must choose the levels of each input - seed, fertilizer, feeds - that will, when 
transformed by the production process, produce the quantities and qualities of 
outputs that best satisfy the farmer's goals. 
This relationship between factors of production and output can be expressed 

as: 

Y = f(X 1,X 2,X 3 ... X.), 

where Y isthe output that isobtained as a result of using inputs X1, X2, etc. In 
the above equation, Y is used to denote a quantity of output, such as bushels of 
grain, pounds of meat, or dozens of eggs, while Xi represents units of specific 
inputs, such as pounds of fertilizer or tons of hay. 

The quantities Xand Y are called variables because variations in one of these 
quantities are associated with variations in the other. The expression Y = f(X) 
means that Y is a function of X (that X affects Y). The production function is a 
mathematical statement about the relationship between X and Yonce these two 
variables are defined. 

Three basic relationships are studied in production economics: 

" factor-product relationship - output (product) isrelated to a single variable 
production input (factor) given a set of fixed inputs 

" factor-factor relationship - output (product) is related to two or more 
variable production inputs (factors) 

" product-product relationship - the relative quantity of two or more 
outputs (products) is related to a fixed quantity of inputs (factors) 
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Factor-ProductRelationship 

For the first relationship  where one input is varied and the levels of the otherinputs are kept constant - the relationship between variable input (factor) andoutput (product) can be expressed as: 
Y = f(Xt/X,X 3 ... X.),
where the bar (/)means that only one input (factor X1 ) is varied while all otherinputs (X2 to X) are held constant. The nature of the relationship between asingle input and output can be constant productivity, increasing productivity,or decreasing productivity. The following sections introduce several of theconcepts which apply to factor-product relationships. 

Marginal product. Marginal product is the change in the output (product) dueto a change in the variable input; or put another way, it is the rate at which thevariable input is transformed into output. The symbol "A", known as delta,indicates a change in a variable. Thus, AY means the change in output Y, AXmeans the change in input X, and AY/AX means the change in the amount ofY due to a specified change in the level of X. In economics, the concept ofmarginality is commonly used in decision-making. It is applied to productiondecisions about choosing an input, deciding what quantity of the input to use,and deciding how much output to produce. Decisions are based on the value ofan additional (marginal) quantity of output compared to the cost of theadditional input required to produce the marginal output. 

Constant marginal product. Under constant marginal productivity, for arange of input levels, the application of each additional unit of input (forexample, a certain amount of fertilizer per hectare of pasture land) yields equalincrements in output. This relationship is uncommon in agriculture; it is mostlikely to exist where the initial doses of variable resource are small. An exampleof constant marginal product is provided in table 3.1 and figure 3.2. 

Table 3.1. Constant marginal productivity of fertilizer. 

Fertilizer Total Product Marginal Product 

X AX Y AY AY/AX
(kg) (kg) (kg) (kg) 

10 1,444
10 108 10.820 1,552
10 108 10.830 1,660
10 108 
 10.840 1,768 
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Figure 3.2. Constant marginal productivity. 

Increasing marginal product. Occasionally there are instances in farming 
where, for a range of input levels, additional increments of input result in 
increasing increments of output. This type of relationship between input and 
output is possible when the fixed input is in excess in relation to the variable 
resource (see table 3.2 and figure 3.3). 
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Figure 3.3. Increasing marginal productivity. 
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Table 3.2. Increasing marginal productivity of feed. 

Feed Milk Marginal Product 

X 
(kg) 

AX 
(kg) 

Y 
(kg) 

AY 
(kg) 

AY/AX 

2 10 
2 20 10 

4 30 
2 30 15 

6 60 
2 40 20 

8 100 
2 50 25 

10 150 

Decreasing marginal product. Decreasing marginal product is the mosttypical factor-product relationship for the range of input levels of interest inagricultural production. In this relationship, the application of each additionalunit of input yields an incremental output which is less than that from theprevious increment in input (see table 3.3 and figure 3.4). 
Production may respond to increasing inputs with a combination of theproperties described above. The general classical production function combinesthe phases of increasing marginal productivity with decceasing marginal 

Table 3.3. Decreasing marginal productivity of concentrate feeding. 

Concentrate Milk of crossbred cow Marginal Product 

X AX Y AY AY/AX(kg) (kg) (kg) (kg) 

2 5.89 
2 3.52 1.76 

4 9.41 
2 3.00 1.50 

6 12.41 
2 2.62 1.31 

8 15.03 
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Figure 3.4. Decreasing marginalproductivity. 

productivity. In the production relationship illustrated by table 3.4 and figure 
3.5, increasing marginal product occurs with up to 5 units of input X. From 5 
to 8 units of input, decreasing marginal product prevails, with total output 
increasing at a decreasing rate. If more than 8 units of input are applied, total 
product decreases and marginal products are negative. 

Relationships among marginal products. The following relationships hold 
between marginal product and total product as the level of input increases (see 
figure 3.5): 
" when total product is increasing at an increasing rate, marginal product is 

positive and increasing 
* when total product is increasing at a decreasing rate, marginal product is 

positive but decreasing 
* when total product is maximum, marginal product is zero 
* when total product is decreasing, marginal product is negative 

Average product. This is the ratio of output to input; that is, Y/X, where Y is 
total output and X is total input. The following relationships exist between 
average product (AP) and marginal product (MP) (see figure 3.5): 
* when MP > AP, AP is increasing 
* when AP = MP, AP is at maximum 
* when MP < AP, AP is decreasing 

Average product measures the technical efficiency of a process. Therefore, 
when average product is increasing (AMP > AP), farmers should expand their 
input level because at this level of productivity, output will increase at an 
increasing rate. 
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Table 3.4. 	 Input-output relationship indicating increasing and
 
decreasing production.
 

Marginal AverageAmount of feed Total product product product 

X 	 AX y AY AY/AX Y/X 

0 0 0.0 
1 
 4 4
 

1 
 4 
 4.0 
1 
 6 6
 

2 
 10 
 5.0 
1 
 8 8
 

3 
 18 
 6.0 
1 
 9 9
 

4 
 27 
 6.8 
1 
 10 10
 

5 
 37 
 7.4
1 
 5 5
 

6 
 42 
 7.0 

7 
 46 2 
 6.612 
 2
 
8 
 48 
 6.0 

1 
 -2 -2 
9 	

J46 
 I 	 5.11 
 -4 -4 
10 
 42 
 4.2 

I - product increasing at increasing rate 
II - product increasing at decreasing rate 
III - product decreasing 
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Figure 3.5. Stages ofproduction and the relationshipsbetween MP and AP. 

Zones of factor-product relationships. The classical production relationship 
may be partitioned into three zones (see figure 3.5). These zones are important
because only one of them represents efficient use of the variable input to be 
used. Zones I and III are known as zones of irrational production. Irrational 
production is a situation in which resources could be rearranged to give either 
greater production from the same outlay or the same production from smaller 
aggregate outlay of fixed and variable resources. 
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Using resources in a way that restricts production to zone I is uneconomical. If 
the level of variable input causes production to occur in zone I, then the farmer 
is using too little of the variable resource given the level of fixed inputs that are 
available. It is necessary to increase the amount of input used at least up to the 
point of highest average product (AP); that is, up to the border between zones I 
and II. If the amount of the variable input available falls short of what is 
required to reach the border between zones I and II, more products can be 
obtained by shifting some of the fixed resources to other uses. Greater total 
output (the total of all possible products) can be realized by applying the 
variable input to a smaller set of fixed resources. 
It is similarly irrational to apply additional inputs beyond the point where 
production begins to decrease; that is, beyond the border between zones II and 
III. In zone III, the marginal product is negative - too much variable input is 
being used relative to the set of fixed inputs. It is possible to rearrange the 
resources so equal or greater output can be achieved with smaller aggregate
outlays of fixed and variable resources. Given the set of fixed inputs, what may
be done in this situation is to use less of the variable resource. 

Zone II is the zone of rational production. It is the area of economic relevance 
- to maximize economic returns, the variable resource should be combined 
with the fixed resources at a rate that causes production to be within this zone. 
To locate the precise economically efficient level of use for the variable resource 
within this zone, the rate of transformation of input to output (that is, the 
production function) must be known as well as the input-output price ratio or 
choice indicator. 

Maximum profit occurs when added return (AY x Py) equals added cost 
(AX X Px), and production is occurring within zone II of the production
relationship. Symbolically, this principle of profit maximization can be stated 
as follows: 
Profit is maximum when: AY x Py = AX x Px or AY/AX = Px/Py, 
where Py is the price of output, Px is the price of input, AY/AX is the 
marginal product, and Px/Py is the ratio of prices. If the added return 
(AY X Py) is greater than the added cost (AX X Px), it is profitable to increase 
the level of the variable resource to the point where added return is equal to 
added cost. Of course, if added cost exceeds added return, then it is profitable 
to decrease the use of the input. 
In a real farm situation, farmers frequently use lower levels of resources than 
are optimal for many reasons, such as: 
"The farmer does not understand the value of the resources or is unsure of the 

nature of the input-output relationship. 
* Future prices and yields are uncertain, so the farmer discounts future returns. 
* The farmer has too little capital to buy the level of inputs necessary to 

maximize profits. 
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Factor-FactorRelationship 

In the factor-product relationship discussed above, one input varies while all 
others are fixed. This section discusses the factor-factor relationship, which 
involves a number of variable inputs (factors). It can be expressed as follows: 

Y = f(X1,X2/X 3,X 4 ... X.), 

where at least two inputs, factors X, and X2, are variable. In a factor-factor 
situation, the most common objective is to obtain the least-cost combination of 
inputs to realize a required level of output. 

Isoproduct curves. A farmer can use different combinations of inputs to 
produce the same level of output. Table 3.5 lists examples of different 
combinations of two resources (XI and X2) that produce the same level of 
output (10 units per hectare). It must be remembered that there will be limits to 
the substitution of inputs. A given output level cannot be produced without 
some minimum level of inputs. Plotting the input levels on a graph produces an 
isoproduct curve (see figure 3.6). The isoproduct curve is also referred to as an 
isoquant or equal quantity curve. 

Table 3.5. Isoproduct schedule. 

Input combination 

X, X2 Output 

20.0 2.5 10 
15.0 5.0 10 
10.0 8.0 10 
5.0 13.0 10 

Factor substitution. Factor-factor maiginal relationships, like factor-product 
marginal relationships, can be increasing, constant, or decreasing. Paralleling
the reasoning used in the factor-product situation, logic will indicate that the 
only situation of economic interest is the case where the marginal rate of 
substitution between inputs is decreasing. In either of the other cases a 
minimum amount, usually none, of the more expensive input will be used. 

The situation where a given incremental amount of one input substitutes for 
fewer and fewer units of another is referred to as a diminishing marginal rate of 
substitution between inputs. Examples of decreasing rates of input (factor) 
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Figure 3.6. Isoproduct curve. 

substitution are common in agriculture. This relationship is demonstrated indairy feed rations (table 3.6 and figure 3.7), where various combinations of twoinputs, concentrate (XI) and berseem (X2), are used to produce 6.5
kilograms/day of milk from a crossbred cow.
 
Table 3.6. Decreasing marginal 
 rates of factor substitution. 

Amount of Amount of 
concentrate Totalberseem CostX, AX, X2 AX 2 -AX,/AX 2 Px2/Px I (Rs)(kg) (kg) 

6.32 5 0.1 341
-2.59 5 0.523.73 10 0.1 237
-0.96 5 0.192.77 15 0.1 214
-0.52 5 0.102.25 20 0.1 213 
-0.34 5 0.071.91 25 0.1 221 

*Given the price of concentrate, Px,, is Rs 50 per kilogram, and the price of berseem, Px2, is Rs 5 
per kilogram. 
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Figure 3.7. Decreasing rate of factor substitution. 

Least-cost combination of resources. The relative price differences of a variety
of inputs in an animal production system, and the output price of a final 
product, e.g., meat, hides, milk, will help the farmer to decide what amount of a 
particular input or combination of inputs will be required to produce a certain 
level of output. The farmer looks for 'e least-cost combination of input 
resources that can be used to produce a certain amount of output, e.g., milk or 
meat (Donaldson, 1984). In order to identify the least-cost combination of 
animal rations needed to produce a certain level of milk (from the data in 
table 3.6), two types of information are needed: 
* the marginal rate of factor substitution, -AXI/AX 2 
* the inverse ratio of the input prices, or the inverse factor price ratio, Px2/Px1 

The least-cost combination of inputs is obtained when the marginal rate of 
factor substitution is equal to the inverse factor price ratio, that is when: 
-AXI/AX 2 = Px2/Px1 or -AXIPxt = AX 2Px 2 
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When the value of the marginal input added (AX 2Px2) is equal to the value of
the marginal input reduced (AXIPx,), the resource mix is optimal. Graphi
cally, this condition is met when the slope of the isoproduct curve,
AXI/AX2 , is equal to the slope of the isocost line, Pxz/PxI, where the
isocost line is found by graphing PxXI + Px2X2 = C. Equal slopes are
obtained by moving the isocost line parallel until it touches the isoproduct 
curve (see figure 3.8). 
Using the marginal rate of factor substitution calculated in table 3.6 for various
levels of concentrate and berseem, and using input prices of Rs 50 per kilogram
for concentrate and Rs 5per kilogram for berseem, it ispossible to calculate the
least-cost combination of these inputs that would maximize profit for 6.5
kilograms/day of milk per cow. The application of the least-cost principle
indicates that this quantity of milk will be produced at minimum cost if the
animals are fed a ration of 2.77 to 2.25 kilograms of concentrate combined with 
15 to 20 kilograms of berseem. 
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Figure 3.8. Least-cost combination of two inputs. 

58 



More specifically, the principle of factor combination says that inputs should 
enter the farm plan as long as their expected contribution to net farm income 
exceeds the opportunity cost of the resources used. A common application of 
this important economic concept is the least-cost ration-formulation procedure 
used to develop rations for dairy herds, poultry farms, etc. The general 
principle can be extended to all types of production processes. 

Product-ProductRelationship 

In a product-product relationship two outputs (products) can be produced 
given a fixed quantity of inputs (factors). The major objective is to determine 
the optimal combination of outputs to produce for a given set of inputs. Since 
the total cost is fixed (because a fixed amount of inputs are used), the farmer 
will want to maximize total revenue from production of the two outputs. 
Marginal analysis is then used to decide on the best combination of outputs. 
Two outputs can be complementary, supplementary, or competing for 
resources. 

Product transformation curves. A farmer uses a fixed quantity of inputs with 
the goal of producing the greatest total revenue from two outputs. Table 3.7 
gives examples of different combinations of two outputs, Y, and Y2. Plotting 
these combinations of outputs on a graph produces a product transformation 
curve with a slope equal to AYI/AY2 (see figure 3.9). 

Table 3.7. Product-product relationship at fixed levels of inputs. 

Corn Soybeans Total Revenue 
Y, 
(bu) 

AY, Y2 
(bu) 

AY2 - AYI/AY 2 PY2P1yl* (US$) 

170 0 2 510 
-10 10 1.0 

160 10 2 540 
-15 10 1.5 

145 20 2 555 
-25 10 2.5 

120 30 2 540 

-35 10 3.5 
85 40 2 495 

-40 10 4.0 
45 50 2 435 

-45 10 4.5 
0 60 2 360 

*Given the price of corn, Pyl, is US$3.00 per bushel, and the price of soybeans, Py,, isUS$6.00 per 
bushel. 
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Figure 3.9. The optimum output combination. 

Isorevenue line. Different combinations of products generate differentamounts of revenue (see table 3.7). The total revenue can be determined by the
following equation: 
R = YjPyl + Y2PY2,
where R is total revenue, Yj is product I, Py, is the price of product 1, Y2 isproduct 2, and Py2 is the price of product 2. The unit price for each product isassumed to remain constant at different levels of output. The optimum outputcombination is attained when the ratio of the change in outputs is equal to theinverse product price ratio: 
-AYI/AY2 = PY2/PY1 or -AYlPyl = AY 2PY2 
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When the value of the additional output produced (AY 2Py2) is equal to the 
value of the incremental output given up (AYPy1),the product mix isoptimal. 
This occurs when the slope of the isorevenue line, PY2/PYI, isequal to the slope 
of the product transformation curve, AYI/AY2 (see figure 3.9). In the example 
used, the optimum combination of outputs approximately occurs when 
Y== 145 bushels of corn and Y2 = 20 bushels of soybeans, generating a total 
revenue of US$555.00 per hectare (see table 3.7). 

Supplements, complements, and competitive enterprises. Enterprises are 
complementary when increasing the production of one enterprise also increases 
the productivity of the other. This is illustrated by region A-B in figure 3.10, 
where both Y, and Y2 are increasing. Complementary relationships exist when 
one enterprise produces an element that is required in another enterprise. For 
instance, legume production is complementary to other crop production 
because it fixes nitrogen in the soil that can be used by another crop. Two 
enterprises are unlikely to remain complementary over the entire product 
transformation curve. This is due to the fact that this curve represents 
maximum efficiency of utilized inputs, and increasing utilization of one input 
prevents use of that same input for another farming activity. For example, 
increased use of land (input) for cattle grazing prevents the use of that land for 
crop production. 

A-B Complementary region 

B-C Supplementary region 

C-D Competitive region 

Isorevonue line 

Product, transformation curve 

D 

Figure 3.10. Hypothetical product transformation curve. 
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Two enterprises are supplementary when an increase in the level of one does 
not affect the production of the other; that is, the enterprises do not compete
with each other. This is depicted by region B-C in figure 3.10, where Y
increases withodt affecting the production of Y1. Supplementary enterprises

2 

use noncompetitive resources which are stated to be idle. For example, on a 
small farm, keeping one or two milk cows or a few chickens may be
supplementary to the main enterprises because the family labor that is used to
produce these items does not reduce the productivity of the major farm 
activities. However, it is unlikely for two enterprises to be supplementary over
the entire product transformation curve because, at some point, they will start 
to compete for resources. 

As long as both products have positive prices, it isnever economic to produce
in the range where two product are supplements or complements. In either 
case, production should be increased until the optimal point in the competitive 
range of the product transformation curve isreached. In figure 3.10 this would 
be the point in region C-D, where the isorevenue line istangent to the slope of 
the product transformation curve. 

Identifying Costs and Benefits 

Most of the analyst's time isspent identifying applicable costs and benefits of
the new treatment being tested on the farm. These costs and benefits must be 
confirmed through the on-farm tests. 

First, local input costs - labor rates, transportation costs, and marketing costs 
such as taxes - should be estimated. Costs of noncash inputs such as family
labor, forages, and household wastes are more difficult to estimate. An
important concept relevant to estimating input costs isthat of opportunity cost. 
The opportunity cost principle states that the cost of any choice (such as using 
some resource in a particular activity) isthe value of the best alternative that is
forgone. For example, if a farmer can'earn aprofit of US$75 from raising sheep
and US$95 from raising goats, the opportunity cost of raising sheep is US$95. 
Since this exceeds the potential profit from raising sheep, the farmer should 
raise goats. If the farmer persists in raising sheep, it should be with the 
realization that US$20 profit has been lost. In either case, the farmer makes 
money, but the earnings would be greater from raising goats. Of course, it isup
to the farmer to decide in what terms to measure opportunity cost - it could 
be measured in leisure, for instance, as easily as inmoney. However, each unit
of land, labor, and capital should be used where itwill have the greatest return,
in whatever way that return is measured. This principle of determining the
value of farm resources isextremely important in identifying relevant costs and,
hence, in working out an efficient farm organization. 
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An often confusing distinction in cost identification is between stocks and 
flows. A bathtub half full of water, with the faucet turned on and the plug 
removed, can be used to illustrate these two variables. The level of water in the 
tub is a stock - an amount that is just there. It could be expressed as so many 
gallons of water. The amount of water entering through the faucet and the 
amount leaving through the drain are both flows. Each of them could be 
expressed as so many gallons per minute or per hour. A flow always has a time 
dimension - there is so much flow per period of time. A stock does not have a 
time dimension - it is just so many tons or gallons, or, in a farming situation, 
so many sheep or goats. The cost of a stock is generally the opportunity cost 
associated with that stock. The cost of a herd, for example, might be the interest 
that would be earned on a sum of money equal to the market value of the herd 
since this would represent the opportunity cost of the herd. Flows, on the other 
hand, such as milk production during a certain time interval, are valued at their 
full market price. 

It is often difficult to determine the field price of inputs and outputs. It is 
important to know whether animals should be valued per kilogram of live 
weight or by the head based on physical inspection (which is often preferred). 
Therefore, the market must be analyzed before evaluating the technology. 
Similarly, care should be taken when costing inputs such as labor (Price, 1982). 
Often the marginal cost of an additional animal is negligible in terms of care 
and management, especially under traditional management systems. If a new 
technology requires treating the animal individually (for example, vaccination), 
the labor input should be valued at its opportunity cost. In addition, "leisure 
labor" activities such as watering, giving medicine, arranging for mating, and 
feeding should be differentiated from "hard labor" activities such as plowing, 
transporting grain, and transplanting seed (Amir and Knipscheer, 1987a). Hard 
labor requi~es more physical skill and energy; therefore, it is not appropriate to 
cost an hour spent in leisure labor at the same rate as an hour spent in hard 
labor. Labor wages should not be arbitrarily discriminated on the basis of the 
age or sex of the laborer. 
In raising small ruminants, the production characteristics that farmers consider 
most important include the animals' reproductive capacity, mortality, ability to 
gain weight, and milk production. These variables must be valued since farmers 
want to know how the new technology will influence them. Minor benefits, 
such as manure, must also be given a value. If a market price is not available, 
manure can be given a value equal to the reduced use of artificial fertilizer 
(including transportation charges). It is generally easier and perhaps more 
relevant to develop budgets for herds than to estimate cost per animal (Amir 
and Knipscheer, 1987a; Carkner et al., 1981). Tables 3.8 through 3.10 show the 
costs and benefits that must be considered in deriving partial budgets, gross 
margins, and cost-of-production estimates. Correct valuation of benefits is 
crucial since overestimating the value of benefits can lead to erroneous 
conclusions. 
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Table 3.8. Checklist of costs involved in producing ruminants and pigs. 

Type of cost 

PRIMARY COSTS 
VARIABLE COSTS
 

FEED COSTS
 
Concentrates 

Grass and hay 

Minerals/supplements 

Grain 

Water 

OTHER COSTS 
Medicines/vaccines 
Veterinary services 
Breeding fees 
Supplies 
Milk hauling/marketing 
Transportation 
Utilities 
Hired labor 
Other labor (family/exchange) 
Stock replacement 

FIXED COSTS 
Housing/bedding 
Beginning stock 
Land rent 
Depreciation 
Taxes, interest 

SECONDARY COSTS 
Destruction of crops 
Trampling of land 
Noise, disease 
Foul odor (animal and/or manure)
Threat to safety of small children 

Form of cost 

Cash 
Cash/noncash 
Cash 
Cash/noncash 
Cash/noncash 

Cash 
Cash 
Cash/noncash 
Cash 
Cash/noncash 
Cash/noncash 
Cash 
Cash 
Noncash 
Cash/noncash 

Cash/noncash 
Cash 
Cash/noncash 
Noncash 
Cash/noncash 

Cash/noncash 
Noncash 
Noncash 
Noncash 
Noncash 
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Table 3.9. Checklist of benefits of producing ruminants and pigs. 

Type of benefit 

PRIMARY BENEFIT 
Milk 
Meat 
Work (large ruminants)
Hides 
Manure 
Horn and/or hooves for feeds 
Horn and/or hooves for art 
Meat and milk by-products
Transport (large ruminants) 
Capital asset 
Reproduction 
SECONDARY BENEFIT 
Urine 
Weeding/grazing 
Aesthetic value 
Religious value 
Pet value 
Entertainment and sports 
Research 

Form of benefit 

Cash/noncash 
Cash/noncash 
Cash/noncash
Cash/noncash 
Cash/noncash 
Cash/noncash 
Cash/noncash 
Cash/noncash 
Cash/noncash 
Cash 
Cash/noncash 

Noncash 
Noncash 
Noncash 
Noncash 
Noncash 
Noncash 
Noncash 

Table 3.10. Checklist of benefits of producing ducks and chickens. 

Type of benefit 

PRIMARY BENEFIT 
Meat 
Eggs 
Feathers 
Manure 
Re roduction 
Bils and bones for feeds 
Sports (Vockfighting) 
SECONDARY BENEFIT 
Aesthetic value 
Pet value 
Research 

Form of benefit 

Cash/noncash 
Cash/noncash 
Cash/noncash 
Cash/noncash 
Cash/noncash 
Cash/noncash 
Cash/noncash 

Noncash 
Noncash 
Noncash 
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SUMMARY 

This chapter has introduced several economic concepts which can be used foranalyzing the results of OFAR. Not only can agricultural economics be appliedto the stages of new technology testing, it can also be applied to farmingdecisions, such as what animal system a farmer should have or what feedsupplements should be used. When applied to real-life farming situations,production economics can help farmers achieve maximum productivity.Although relationships on the small farm can be analyzed by using basiceconomic principles, care should be taken when making broad recommendations based on case studies or a few trials. In addition to the economic analysisof a new technology, close attention must also be paid to the farmer's responseto the new technology and acceptance of it. If a technology is not beingaccepted by a particular group of farmers, something fundamental may havebeen missed in the initial analysis. When determining costs, it is important tofind out whether the farmer agrees with the cost assessment and the valuesassigned to benefits. The key to any economic analysis is not to miss the bigpicture or the primary costs and benefits. 
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CHAPTER 4 

USING STATISTICS IN ON-FARM 
ANIMAL RESEARCH 

PURPOSE 

Statistical analysis of On-farm Animal Research (OFAR) involves the organi
zation and interpretation of data sets. Unfortunately, the experimental designs 
that produce the best statistical data are often too complicated to be practical 
when used during OFAR. Therefore, the debate on appropriate statistical 
methods for OFAR continues. Knowing certain fundamentals of the subject, 
however, can help in the selection of sample farms and animals, and understand
ing certain statistical concepts can improve the validity of research results. 

Since this chapter describes the steps used for selecting a sample, computing a 
statistical analysis, and testing a hypothesis, a basic knowledge of frequency 
distributions is assumed. 

OBJECTIVES 

After completing this chapter, the reader should be able to: 

* Describe the basic sampling techniques that are used in OFAR. 

* Compute simple statistics such as mean, median, mode, variance, and 
standard deviation, and utilize statisti:al tests for analyzing data. 

* Describe the steps used in hypothesis testing. 
* Apply the steps in testing a hypothesis to examples of OFAR. 

SOME STATISTICAL CONCEPTS 

Statistics is a branch of mathematics dealing with the collection, organization, 
and interpretation of sets of data according to well-defined procedures. 
Statistical evaluation is the tool whereby data can be systematically analyzed so 
that conclusions can be drawn. Since the statistical procedures are well defined, 
statistical analysis lends credibility to the conclusions drawn by researchers. 

Since practicality and the cooperation of farmers are often the greatest 
considerations in choosing experimental units, statistical evaluation does not 
receive enough attention in OFAR. Researchers, however, feel that a practical 
approach in choosing experimental units lacks a theoretical framework which 
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does not allow for standard statistical analysis in order to derive meaning fromexperimental data. Basic skills in using simple statistics such as mean, median,mode, variance, standard devintion, and hypothesis testing are essential for theserious researcher or extension worker involved with OFAR. 

Sampling 

In most cases, it is impossible to collect data from every member of the groupbeing tested (the population), either because of the group's large size or thehigh cost of gathering data. Statisticians remedy the problem by sampling.Sampling is the process or technique of choosing the sample. A sample is anumber of individual units (such as goats, cows, calves, roosters, or farms)selected from all those units that compose a particular population. Themembers of the sample must accurately reflect the variations within thepopulation so that the inferences made about the population based on what isobserved with the sample are valid and reliable.
 
Sampling isa hard job  it must be done systematically and scientifically with
the following considerations in mind: 
*purpose of the investigation 
*size of the population 
*cost of gathering statistical data 
* time available 
* nature of data to be gathered 

Nonrandom Sampling 

Nonrandom samples are chosen by purposely selecting units without the useof a population list. The usual nonrandom sampling method that applies toOFAR ispurposive sampling: the researcher establishes criteria that the units,such as farms or animals, must meet, and those units that meet the criteria arechosen. For example, a researcher may wish to study the effects of feeding amineral supplement to lactating native cows that are at least 5 years old. Sincenot many of the villagers raise cattle, few cows satisfy the age criterion.Therefore, the researcher chooses for the sample all farms that have cows that are at least 5years old until the desired quantity of experimental units has been 
reached. 

ProbabilitySampling 

In probability sampling, the sample is chosen in such a way that theprobability of a particular individual being included in the sample is known.Probability sampling includes random, systematic, stratified, and multistage 
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sampling procedures. The chief advantages of probability sampling are 1) the 
risk of sampling bias is minimized and 2) it is possible to make inferences 
about the population from which the sample was drawn. 

Random sampling. In random sampling, each member of the population has 
the same probability of being chosen. A list of the population is needed, and 
each member of the population is assigned an identification number. The 
random sample is then drawn by using a list of random numbers to choose 
individuals from the population. This method is easy to implement and 
appropriate if the population is concentrated in a small area. The method does 
not work well if it is difficult to obtain a population list or if the selected units 
are geographically dispersed and therefore expensive to reach. 

Systematic sampling. Systematic sampling involves working backward and 
forward through the population list from a random starting point and choosing 
individuals at a specified interval. Systematic sampling achieves similar results 
to random sampling, but utilizes the following equation: 

K = N/n, 

where K is the specified interval for choosing individuals rounded down to a 
whole number, N is the number in the population being sampled, and n is the 
required sample size. This technique is quicker and easier to use than random 
sampling which is an important consideration if samples are drawn in the field. 
However, if the population list is not in random order, and especially if there 
are periodic regularities in the list, systematic sampling can lead to bias. 

Stratified sampling. Stratified sampling can be used when the population to be 
sampled consists of groups with distinct characteristics. The population is 
grouped according to the chosen characteristics, and a sample is drawn from 
each group using either the random or the systematic method. For example, if a 
researcher wishes to compare milk-yield performances of cows, the farms can 
be grouped according to the breed of cows being raised, and from each group a 
random or systematic sample can be drawn. 

Multistage sampling. Multistage sampling involves at least two steps. First, a 
list of villages in the study area is obtained and is used to draw up a sample of 
villages. Then, a list of the farms within each chosen village is used to choose a 
sample of farms. When multistage sampling is based on geographical units, the 
savings in travel time and costs can be substantial. Furthermore, the entire 
potential population does not have to be researched. From the second stage on, 
only the population for the units that were selected at the earlier stage have to 
be identified. 

69 



Sample Survey 

The sample survey is used to identify the many farm settings in whichinferences about the larger population are required. In OFAR relatively smallnumbers of farmers are asked to participate in the survey for data collection.There are three important advantages to using sample surveys:
"Economy: The sample survey requires less time and money because only alimited number of farmers are included in the research survey.
" Accuracy: With smaller numbers of farmers included in the research project,more detailed information can be collected. 
* Adaptability: A wide variety of topics, particularly those involving detailed 

information, can be investigated. 

Measuring Central Tendency 

Central tendency is the degree to which experimental data or observationscluster near the center of a frequency distribution. Measures of centraltendency are used to 1) describe zhe performance of a group and 2) comparethe performances of more than one group. Simple measures of central tendencyused in the analysis of OFAR data include the mean, mode, and median. 
The mean is the value that is obtained by adding a series of terms and thendividing their sum by the value equal to the number of terms (Weinberg et al.,1981). The symbol for mean isX.For example, a study might be conducted ona flock of sheep that have the following ages: 8,9, 7,8, 8.To find the mean age,the terms are added together and divided by the number of terms: 

8+9+7+8+8 

5
 
=8
 

Since the mean is the most commonly used measure of central tendency, it is
often called the average.
 
The median is the value of the term for which one-half of the remaining termsare less and one-half are greater. The median thus divides the distribution of theterms into two equal parts. In the same example used above, the median isequalto 8,which is the middle value when the terms are arranged from smallest to 
largest:
 

78889 

When there is an even number of terms, the median is the mean of the two
middle values. 

70 



The mode is the value of the term that appears most frequently (Weinberg et 
al., 1981). In a grouped frequency distribution, the mode is the midpoint of the 
interval with the highest frequency. The mode in the example used above is 
equal to 8 since this is the value that occurs most often. Therefore, in the sheep 
study example, the mean, median, and mode all have the same value. 

Measuring Spread 

Measures of central tendency are concerned only with the center of a 
distribution of terms - not with the arrangement of the terms in relation to the 
center, known as the spread. The standard deviation and its square, the 
variance, are the most reliable measures of spread (other than taking into 
account every item in the distribution). 

Variance is a description of the degree of clustering about a central point. The 
formula for variance is: 

SD2' = (Xl -	 )2 
n-i 

where SD2 is the variance, X is the sum, Xi stands for each of the terms in 
the population, X isthe mean, and n is the number of observations in the study. 
The standard deviation is the square root of the variance: 
SD = V 

The variance and standard deviation of the previous example are determined as 
follows: 

Age (Xi) (X-X) 	 (Xa-XR) 2 

8 8-8= 0 	 02=0 

9 	 9-8= 1 12=1 

7 	 7-8=-i -12=1 

8 8-8= 0 	 02=0 

8 8-8= 0 	 02=0 

E=40 	 E=2 

Now, since n = 	5, X = 8, and E(Xi - X)2 = 2, the variance is: 
)2 

= E(X 1 -SD2 

n-1 
2 

5-1 

-0.5 
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And the standard deviation is: 

SD =Vk 
= V

= 0.71
 

An alternate approach utilizes the following equation:
 
SD' = I/n-1 [EX,2 - (EX,)2/n]
 

Using the same example above: 

Age (Xi) V 

8 64 
9 81 
7 49 
8 64 
8 64
 

E = 40 
 E = 322 

The variance is then: 
SD 2 

- 1/n-1 [EX 2 - (EXi)2/n]
 
= 1/4 (322 - (40)2/5)
 

= 0.5
 
And the standard deviation is: 
SD =V 

- 0.71 
The standard deviation and the variance are the only measures of spread thatcan be used for statistical inference. They can be treated mathematically andused for further analysis. When it is inconvenient to extract the square root, thevariance is the preferred measure. However, when the variance is so large thatfurther computations and analysis are inconvenient, the standard deviation is
preferred. 
The standard deviation is a measure of absolute variability in a set of items. Inmany situations, however, relative variability is a more significant measure. Themost commonly used measure of relative variability is the coefficient ofvariation (CV) which is the ratio of the standard deviation to the meanexpressed as a percentage (Neter et al., 1978): 
CV = (SD/X) x 100 
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HYPOTHESIS TESTING 

Hypothesis testing is another important aspect of statistical analysis which 
should be utilized in the evaluation of OFAR. A hypothesis is a tentative 
statement or explanation of certain observed facts that is used as a basis for 
further investigation or argument. Most hypotheses begin with a question 
about some practical problem. In searching for an answer, evidence is 
considered and guesses are made. These guesses narrow down to likely answers 
which become hypotheses; these hypotheses can then be tested. If they are 
found to be statistically true, they are accepted; if they are found to be false, 
they are rejected. 

The two kinds of hypotheses are the null hypothesis (H0) and the alternative 
hypothesis (H,). The null hypothesis states that there are no differences 
between the experimental and control situations; it is the starting point of the 
testing process. The null hypothesis is the working hypothesis and it is this 
hypothesis that is either accepted or rejected. The rejection of the null 
hypothesis implies acceptance of the alternative hypothesis, Ha. To summarize: 
* rejection of H0 implies acceptance of Ha 
* acceptance of H0 implies rejection of Ha 

Production System Modeling 

A prod-.-tion system model is the simplified representation of the production 
activities on a farm (such as the representation of a farming system in figure 1.2, 
Chapter t). The model is used to generate hypotheses in the context of a 
particular study. Before a hypothesis can be accepted or rejected because of the 
evidence supplied by a model, the mode' i:ust be determined to be valid and 
verifiable. Valid means that the model's re,, o .se and the real system's response 
are identical or a, least very similar. If the responses are not identical, it is clear 
that thc model must be reevaluated. All this suggests that the validation process 
must be conducted only on the farms of those producers who collaborate in the 
experiment and that the experiment station plays no role. That is, it is possible 
to have two valid mod 21s when the response they provide is similar to the one 
provided by a specific real system; however, if the system is modified and the 
response varies, either one model or both may fail to produce a response 
identical to the response of the new system. If such is the case, this would 
indicate errors in the conception or calculation of system components. 

Verifiable means that the response predicted by the model can be confirmed by 
testing. It is better to conduct verification at the experiment station than on the 
farm because of the many measurements involved. However, the final decision 
would depend on the degree of complexity of the model and the mechanism 
chosen to verify it. The verification of the model makes it possible to determine 
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the degree of reality of the internal mechanisms of the model. When a model is 
verified and validated, it can be used to predict the behavior of the system when 
the system is modified. This is not possible with only validation. 

Decision Errors 

There is always the risk of making an error when Jecisions about a proposed
hypothesis are based on sample data. The two types of decision errors are 
Type I and Type II errors. A Type I error (or alpha error) iscommitted when 
a null hypothesis is rejected that is true and an alternative hypothesis is 
accepted which is false. A Type II error (or beta error) is made when a null 
hypothesis is accepted that is false and the rejected alternative hypothesis is 
actually true. 

Significance Level 

The probability of making aType I error in a test - the maximum value of the 
probability of rejecting a null hypothesis that is actually true - is the 
significance level of the test. For tests that involve a statisti, -l decision, it is 
customary to use a significance level of 5%or 1%. A 5%significance level 
nieans that there are about 5 chances in 100 of rejecting the null hypothesis
when it should be accepted. Thus, a 5% significance level implies 95% 
confidence in the decision. A 1%significance level means that there is 1chance 
in 100 that the decision is wrong, or 99% confidence that the decision is right. 

Because of the high variability of observed values during OFAR (see table 1.2, 
Chapter 1), some OFAR researchers advocate the acceptance of a low 
significance level, such as 10% or 20%. These researchers are willing to accept
only a 90% or 80% confidence in their conclusions because they often have 
obtained additional information, not included in their data set, which supports
their decisions, such as the opinions or observations of farmers. Typically,
OFAR will yield much useful information of this type in addition to that 
contained in the trial data set. 

Statistical Tests for Analyzing Data 

The decision about whether the null hypothesis is true or false is based on the 
results of one of several tests used to analyze data. There are many statistical 
procedures and tests used to evaluate data, and the following are descriptions of 
the tests that are often used in OFAR. In order to fully understand the 
differences among each test, it is recommended that a handbook on statistics be 
consulted. 
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t-Test 

The t-test, or student t-test, is used to estimate the reliability of an experiment 
by determining how consistently the experiment will measure a given para
meter. Each parameter that is measured in OFAR is likely to be fairly close to 
its actual value, with the spread of observed values around an actual value 
yielding a probability distribution, or, in the case of a t-test, a t distribution. 
Results of a t-test performed on a set of data are compared with critical limits of 
standard t distributions, presented in most statistical handbooks as tabular 
values in a t distribution table. The critical limits of the t distribution depend on 
1) the significance level chosen for the test and 2) the degrees of freedom, 
defined as the number of observations in the data collection that are free to vary 
after the sample statistics have been calculated. The calculations involved when 
using the t-test are illustrated with the examples at the end of this chapter. 

Alternatives vs Controls 

An alternative group is designated as the group receiving the experimental 
treatment. The control group is then the group which is receiving no 
experimental treatment but is otherwise being treated similarly to the alterna
tive group. Comparison between alternatives and controls can be carried out on 
one farm or among several farms. In theory, any experimental treatment could 
be tested by dividing a herd into alternatives and controls. The main difficulty 
with this approach is that it does not allow for observation of the effects the 
treatment may have on the global performance of the system. However, it may 
be worthwhile to divide the herd when it is feasible to compare the results of 
the experimental treatment on the same farm, particularly when it is necessary 
to confirm that the results obtained at the experiment station can be duplicated 
under conditions having a wider variability. 

When a technology istested at several farms, the number of farms to be selected 
for the test depends on the extent of the differences to be demonstrated and the 
variability of parameters. A critical aspect in any statistical evaluation is the 
duration of the experiment. Since circumstances can vary from year to year, the 
effects of some treatments become evident only in the long term; therefore, the 
more time an experiment covers, the more reliable it should be. For the findings 
to be accurate, a study should last over the lifetime of the animal. Few projects 
are this long, for several reasons. Primarily, farmers do not like to let their 
farms be used as co-.trols for a long time when they can see that the alternative 
has been successful on other farms. Secondly, a farmer may adopt some 
technology during the study period that is different from the one being studied 
and thus invalidate the comparison. 
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Before and After Tests 

Sequential evaluations, or before and after tests, reduce the problem ofvariation between farms; however, they do not modify the effects of the timefactor and, in some cases, make it even more critical since they require afollow-up before the alternative to be evaluated can be introduced. Before andafter tests include the following variations. 

Sign test. The sign test is a nonparametric test that is easy to use and has greatintuitive appeal. As its name suggests, the sign test is based on the plus or minussigns of the response difference, D. The statistic utilized in the sign test isdenoted as S and has the following relationship:

S = number of pairs in which 
 = number of positive signs among thetreatment A has a higher Dresponse differences, D1, D2, ... 

response than treatment B 
When the two treatment effects are alike, the response difference, Di, for eachpair of data is as likely to be positive as it is to be negative. When it is assumedthat there will be no difference between pairs of data (the H0 hypothesis), thenumber of positive signs and negative signs is expected to be about equal. 
For example, an OFAR study may be conducted to determine whether feedingconcentrate to cattle affects the number of hours that the animals can work.The sample includes 24 head of cattle, and the cattle's number of working hoursare recorded weekly for 12 weeks. Treatment A is adding concentrate to thecattle's diet; treatment toB is not adding concentrate the diet. The two
hypotheses are: 
H0 : There is no difference in the number of hours that cattle work undertreatment A and treatment B; that is, for 12 pairs of data, S = 6.
Ha: There is a difference in the number of hours that cattle work under 

treatment A and treatment B; that is, for 12 pairs of data, S > 6 or S < 6.The following table of data was compiled (continues at top of next page). 

Treatment A Treatment B D,
(with concentrate) (without concentrate) Difference 

26.4 24.3 +2.1
10.3 9.8 +0.5
15.8 16.9 -1.1
16.5 17.2 -0.732.5 30.5 +2.0
8.3 7.9 +0.4 
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Treatment A Treatment B Di 
(with concentrate) (without concentrate) Difference 

22.1 22.4 -0.3 
30.1 28.6 +1.5 
12.9 13.1 -0.2 
12.6 11.6 +1.0 
27.3 25.5 +1.8 

9.4 8.6 +0.8 

Eight of the 12 terms in the differences column are positive (+); that is, S = 8. 
Therefore, since S > 6, H0 is rejected and Ha is accepted. 

Wilcoxon signed-ranks test. The Wilcoxon signed-ranks test is similar to the 
sign test except it measures the amount of change. In the Wilcoxon test, the 
differences between the pairs of terms are ranked disregarding their signs 
negative values are ranked as if they were positive. (Differences of zero are not 
ranked. For tied scores, the mean of their ranks is used for each score; for 
example, if there are two scores of 10 that fall at ranks 6 and 7, both scores of 10 
must be assigned the rank 6.5.) Then two sums are calculated: T', the sum of 
ranks associated with positive-difference scores, and T-, the sum of ranks of 
negative-difference scores. Drawing from the previous example, then, the terms 
are ranked accordingly: 
.nk: 1 2 3 4 5 6 7 8 9 10 11 12 

Term: 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.1 1.5 1.8 2.0 2.1 
Sign: - - + + - + + - + + + + 

T' = Sum of the ranks associated with positive observations 
= 3 + 4 + 6 + 7 + 9 + 10 + 11 + 12 
= 62 

T- = Sum of the ranks associated with negative observations 
1+2+5+8 

- 16 

If the null hypothesis of no difference in treatment effects is true, then the 
response differences for each pair of data, DI, D2, . .. D,, will constitute a 
random sample from a population that is symmetric about zero. On the other 
hand, if the alternative hypothesis that treatment A is better than treatment B is 
true, then the distribution is shifted from zero toward positive values. Under 
Ha, not only are more plus signs anticipated, but they are also likely to be 
associated with larger ranks. 
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Results Obtained vs Results Expected 

The results obtained vs results expected test involves predicting the behavior 
of the alternative and comparing this prediction with conditions on real farms
where the alternative has been introduced. This procedure eliminates the need 
to have control farms and makes it possible to shorten the test period. Accuracy 
can be increased if the expected solution isnot estimated in a general way for all
farms on which it is to be applied but, rather, on each farm where the 
evaluation is to be conducted. The behavior of the alternative is predicted on 
the basis of the production system model, and the test is conducted to detect 
the degree of correspondence between the model and the real system. 

Steps in Testing a Hypothesis 

The procedure for testing a hypothesis is as follows: 
1. 	 Formulate the null hypothesis (H0) that there are no significant differences 

between the items being compared and state the alternative hypothesis (H.)
that will be accepted if the null hypothesis is rejected. For example, in a 
study to deternine if native or crossbred cattle produce more milk, the 
hypotheses will be: 
H0: The mean milk yield of native cattle isequal to the mean milk yield of 

crossbred cattle. 
Ha: The mean milk yield of native cattle is not equal to the mean milk 

yield of crossbred cattle. 
2. 	 Choose a significance level. 

This value iEusually expressed as a decimal value; so for a significance level 
of 5%, the value used would be 0.05. 

3. 	 Describe the kind of statistical test to be made. 
4. 	 Obtain the tabular value for the statistical test from a distribution table ina 

statistical handbook. 

5. 	 Gather and analyze data. 
Using the same example described above, the following data will be 
gathered: 

Production of seven native cows in kilograms/day: 
10, 	 8, 7.5, 7, 6.5, 8, 8. 

Mean production: 

10 + 8 + 7.5 + 7 + 6.5 + 8 + 8 
- 7.86 

7 
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Production of seven crossbred cows in kilograms/day: 
10, 8.5, 10.5, 7.5, 8, 9, 10. 

Mean production: 

10 + 8.5 + 10.5 + 7.5 + 8 + 9 + 10 
- 9.07 

7 

6. Make a decision. 
a. Reject H0 if the absolute computed value is equal to or greater than the 

absolute tabular value. 
b. 	Accept H0 if the absolute computed value is less than the absolute 

tabular value. 

In the same example, the mean milk yield of native cows is 7.86 kilograms/ 
day, and the mean milk yield of crossbred cows is9.07 kilograms/day. The 
difference between the means is 1.21 kilograms/day. Since there is a 
statistical difference between the mean milk yield of native cattle and the 
mean milk yield of crossbred cattle, the null hypothesis (H0) should be 
rejected and the alternative hypothesis (Ha) should be accepted. 

APPLYING STATISTICS TO 

ON-FARM ANIMAL RESEARCH 

Experimental Design 

Procedures for designing animal experiments vary because the characteristics of 
different animal-production systems vary, as do management control, number 
of animals, and farmers' cooperation in the experiments. Animal experiments 
must be designed according to these factors as well as type of trial; availability 
of time, money, and experts (especially statisticians and economists); nature of 
farm; and level of generality desired (see figure 4.1). Animal-production studies 
and crop-production studies require greatly different methodologies. In a 
crop-production study, a field can easily be subdivided so treatments can be 
isolated for study. A herd of animals, on the other hand, is more difficult to 
manage. This isparticularly true on small farms, which often do not have pens 
or divided pastures. OFAR must be d- igned to use samples that are small 
enough to be manageable in terms of Lst and monitoring - 30 to 40 large 
ruminants, for example, or 80 to 100 small ruminants (see figure 4.2). Some 
guidelines for designing experiments involving large ruminants are shown in 
table 4.1. 
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RESEARCHER OR 
EXTENSION WORKER 

Figure 4.1. Choices in experimental design. 
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Money Transportation Manpower Equipment Institution 

Research SAMPLE E,.nsionObjctve 	 Objectives 

1. Describe and dlagnoee 1. Demonstrate anlmel-production
animal production and practices tfirough on-farm trials. 
marketing problems 

2. Design and test new cost. , 2. Measure adoption of technology. 
reducing technologies. 3. Assist farmers In diffusing 

3 	 Conduct technical and economic twchnlcally feasible and 
evaluations of new technologies. economlally viable technologies. 

4. Identify problems for further 
Investigation. 

Species 

Buffalo Cattle Goats Sheep Swine Poultry 

Figure 4.2. Factors that determine sample size. 
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Table 4.1. Guidelines in designing livestock experiments for large ruminants. 

Livestock Type of trial Number of Criteria for 
animals choice of 

animal 
Buffalo Draft power 40 * Breed 

New yoke * Age 
design * Sex 

Cattle Feeding 30 * Breed 
* Milk * Age 

production * Stage of 
lactation 

Factors affecting Selection of farmer
 
sample selection
 

* Difference in breed, age and * Farmers using 
sex may present variation in buffaloes for draft 
results. only. 

* If the effect of breed, age, * Farmers having at7" 
and sex is desired or least management
required, new yolk design practices.
should be tested against 
breed, age, and sex one at a
 
time.
 

* Researcher can utilize large 
sample size since buffaloes 
are used seasonally. 

* Different breeds of cattle * Farmers with similarproduce different amounts of milking practices.
 
milk.
 

* Age and stage of lactation 

can affect variation in milk 
yield. 



Experimental Error 

Sometimes, animals treated with the same technology do not have similar 
responses. This is called experimental error. Every experiment must be 
conducted in such a way that a measure of experimental error isavailable; that 
is, the test must be repeated, or replicated, and the results must be compared.
The desired degree of experimental control may be more difficult to achieve in 
an animal-production study. If, for example, a farmer notices that the 
experimental treatment (say, administering drugs against parasites) has a very
positive effect on growth, he may simply decide to give that treatment to the 
control group. This has proven to be the case on many occasions. 
To adequately replicate treatments on large ruminants, proper sampling 
techniques should be employed in order to obtain a representative number of 
animals that are similar in age, management, or breed. In the case of a single
intervention, different levels of the treatment should be replicated, with one to 
two animals on each farm serving as a control. The statistical means obtained 
from the experimental results can then be compared to test the significance of 
the treatments. A simple t-test or another of the statistic,.0 tests used to analyze 
data may be ..sed. This approach isjustified as farmers are more interested in 
comparing the performance of the new trials with their existing practices. The 
farmer is the final judge of the technology. Whereas researchers can only rely 
on the experimental results from a given instance in time (i.e., the duration of 
the experiment), the farmer knows the past history of the farm and its animals. 
Therefore, no matter how significant or nonsignificant the statistical results are, 
the farmer must see the technology perform. Since farmers have a different 
vantage point, they rarely measure productivity the same way that researchers 
do (Amir et al., 1985). 

Examples of Hypothesis Testing in On-farm Animal Research 

The following three examples illustrate the degree to which statistical analysis 
can be successfully applied to OFAR. 

Example 1 

Suppose an experiment isconducted to determine whether feeding molasses to 
oxen increases their weight during peak work periods. The six villages that have 
the most oxen are identified using a multistage sampling method. A purposive
sampling technique is used to select the farmers. Half of the oxen (15) are fed 
molasses, and half are controls. Their weights are checked once a month. 
1. 	 Formulate the null hypothesis (H0) and state the alternative 

hypothesis (Ha). 
H0 : Feeding molasses to oxen does not increase their weight during peak 

work periods. 
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Ha: Feeding molasses to oxen increases their weight during peak work 
periods. 

2. 	 Choose a significance level. 
0.05 

3. 	 Describe the kind of statistical test to be made.
 
t-test
 

4. 	 For the t-test, 
a. Compute the degree of freedom. 

df = n, + n2 - 2,
where n1 is the number of items in the first sample and n2 is the numberof items in the second sample.
 
df = 15 + 15 - 2
 

= 28
 
b. Obtain the tabular value for the statistical test from a distribution tablein a statistical handbook. From a t 	distribution table this value is: 

1.703 
5. 	 Gather and analyze data. Data are listed in the table below: 

Net weight gains, Net 	weight gains,oxen fed molasses oxen not fed molasses
(kg/year) (kg/year) 

X (X - 3) (X - A)2 Y (y -?) (y_ ?) 2 

45.00 -9.47 89.68 30.00 -6.33 40.0756.00 1.53 2.34 38.00 1.67 2.7929.00 -25.47 648.72 31.00 -5.33 28.4163.00 8.53 72.76 42.00 5.67 32.1578.00 23.53 553.66 52.00 15.67 245.5545.00 -9.47 89.68 38.00 1.67 2.7926.00 -28.47 810.54 33.00 -3.33 11.0954.00 -0.47 0.22 48.00 11.67 136.1944.00 -10.47 109.62 23.00 -13.33 177.6932.00 -22.47 504.90 18.00 -18.33 335.9977.00 22.53 507.60 36.00 -0.33 0.1155.00 0.53 0.28 48.00 11.67 136.1988.00 33.53 1124.26 37.00 0.67 0.4552.00 -2.47 6.10 46.00 9.67 93.5173.00 18.53 343.36 25.00 -11.33 128.37 
= 	 817.00 4863.72 545.00 1731.35 
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t 	 = t-test value 

= mean weight gain of oxen fed molasses 
= mean weight gain of oxen not fed molasses 

Xi 	 = sum of weight gains of oxen fed molasses 
Yj = sum of weight gains of oxen not fed molasses 
SDX2 = variance for oxen fed molasses 
SDY2 = variance for oxen not fed molasses 
n = population 

n, = population of oxen fed molasses 
n2 = population of oxen not fed molasses 

6. Perform the following calculations: 
a. Mean
 

X= Xi/n =Yi/n
 

= 817/15 -545/15 

= 54.47 	 - 36.33 

b. Variance 

E(X, - E(y. - Y)2
 
SD 2 = SD, 2 =
 

n-i n-1
 

4863.72 	 1371.35 

15 - 1 15 - 1 
- 347.41 - 97.95 

c. Standard deviation 

SDx =V -D,2 	 SD, = V' 2 

= 18.64 	 = 9.90 

d. Coefficient of variation 

CVx 	 = (SD,/R) x 100 CVy = (SDy/Y) X 100 

= (18.64/54.47) x 100 = (9.90/36.33) x 100 

= 34.22% 	 = 27.25% 
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e. t-test 

2nt- 1) SDx2 + (n2 - 1) SDY x (1 + 1)] 

(n,+ n2)- 2 n n 

54.47 - 36.33

V(15 
- 1) (347.41) + (15 -.,.1) (97.95) x (1 + 1) 
(15 	 + 15)- 2 15i-5 

Va 
18.14 

= 

86.+ 1371.3 x2
 
28 i5]
 

= 3.329
 

7. 	 Make a decision. 
Since the absolute computed value, 3.329, is greater than the tabular value 
1.701, the null hypothesis (Ho) is rejected and the alternative hypothesis
(H.) is accepted; that is, feeding molasses to oxen increases their weight
during peak work periods. 

Example 2 

Suppose an experiment is conducted to determine whether new milking
practices recommended by researchers produce more ,r less milk than farmers'
traditional milking practices. Multistage sampling is don- to locate the farms
that raise the most milk cows. Farms are selected using a purposive sampling
method. The result is that 30 native cows are chosen to be used in the 
experiment. 

1. 	 Formulate the null hypothesis (Ho) and state the alternative hypothesis 
(H.). 
H0: When farmers use recommended milking practices, their animals' 

milk yields are the same as if the farmers used traditional milking 
practices. 

Ha: When farmers use recommended milking practices, their animals' milk 
yields differ from yields that are 	produced by traditional practices. 

2. 	 Choose a significance level. 
0.05 

3. 	 Describe the kind of statistical test to be made. 
t-test 
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4. For the t-test, 
a. Compute the degree of freedom 

df = n1 + n2 - 2, 
where nj isthe number of items in the first sample and n2 isthe number 
of items in the second sample. 
df= 15 + 15 - 2 

= 28 
b. Obtain the tabular value for the statistical test from a distribution table 

in a statistical handbook. From a t distribution table this value is: 
1.701 

5. Gather and analyze data. Data are listed in the table below. 

Milk yield, Milk yield, 
traditional practice recommended practice 

(kg/day) (kg/day) 
X (X4-.) (X-)2 y (y ) (y0 )2 

4.10 -0.05 0.00 5.20 -0.09 0.014.30 0.15 0.02 5.00 -0.29 0.08 
3.80 -0.35 0.12 4.75 -0.54 0.29 
4.50 0.35 0.12 6.00 0.71 0.50 
3.75 -0.40 0.16 5.10 -0.19 0.04 
3.50 -0.65 0 42 4.00 -1.29 1.66 
4.60 0.45 0.20 6.00 0.71 0.50 
4.65 0.50 0.25 5.75 0.46 0.21 
4.70 0.55 0.30 6.00 0.71 0.50 
3.70 -0.45 0.20 5.20 -0.09 0.01 
3.75 -0.40 0.16 5.40 0.11 0.01 
3.65 -0.50 0.25 5.00 -0.29 0.08 
4.00 -0.15 0.02 5.75 0.46 0.21 
4.50 0.35 0.12 5.00 -0.29 0.08 
4.70 0.55 0.30 5.25 -0.04 0.00 

E = 62.20 2.64 79.40 4.18 

t = t-test value 
A = mean milk yield under traditional milking methods 
Y = mean milk yield under recommended milking methods 
Xi = sum of milk yields under traditional milking methods 
Yi = sum of milk yields under recommended milking methods 
SDX2 = variance for milk yield under traditional milking methods 
SDY2 = variance for milk yield under recommended milking methods 
n = population 
n, = population of cows milked under traditional methods 
n2 = population of cows milked under recommended methods 
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6. Perform the following calculations: 
a. Mean 

= Xi/n Y'= Y,/n 
= 62.2/15 = 79.4/15 
= 4.15 = 	5.29 

b. Variance 

SD,,2 E(X-n R) 211~rn-I 
D 2 = (y, _), 

nn-I 

2.64 4.18 
15- 1 15 - 1 

= 0.19 = 0.30 

c. Standard deviation 
SDx = 

= 
SV''2 
0V'6.19 

SD- V'3'2 
=- 0.v3-0 

= 0.44 = 0.55 

d. 	Coefficient of variation 
CVx = (SDx/R) x 100 CVy = (SDY/Y) x 100 

= (0.44/4.15) x 100 = (0.55/5.29) x 100 
= 10.6% = 	 10.4% 

e. 	t-test 

2n,- 1) SD 2 + (n2 - 1) SDY x (1 + 1)1 

(n, + n2)-2 n, n2 

4.15 - 5.29 

- 1) (0.19) + (15 - 1) (0.30) x ( + 1) 
(15 + 15)- 2 	 15 1 

-1.14

+4.20 x 21V[2.66
L 28 15] 
= 	 -6.31 
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7. 	 Make a decision. 
Since the absolute computed value, 6.31, isgreater than the tabular value,
1.701, the null hypothesis (H0) is rejected and the alternative hypothesis
(Ha) isaccepted; that is,when farmers use recommended milking practices,
their animals' milk yields differ from yields that are produced by tradi
tional practices. 

Example 3 

Suppose a researcher wants to determine whether milk cows in Karnal, India,
have different milk yields than milk cows in Faisalabad, Pakistan. For 2 
months, milk yields are measured daily for 20 native milk cows at each 
location, and the average (mean) daily milk yield is recorded. 

1. 	 Formulate the null hypothesis (H0) and state the alternative hypothesis 
(Ha). 
Ho: 	 The average daily milk yield of native cows in Karnal, India, is the 

same as the average daily milk yield of native cows in Faisalabad, 
Pakistan. 

H.: The average daily milk yield of native cows in Karnal, India, is 
different from the average daily milk yield of native cows in Faisa
labad, Pakistan. 

2. 	 Choose a significance level. 
0.05 

3. 	 Describe the kind of statistical. test to be made. 
t-test 

4. 	 For the t-test, 
a. Compute the degree of freedom 

df 	= n, + n2 - 2, 
where n, isthe number of items in the first sample and n2 is the number 
of items in the second sample. 
df = 10 + 10 - 2 

- 18 
b. Obtain the tabular value for the statistical test from a distribution table 

in a statistical handbook. From a t distribution table this value is: 
1.734 
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5. Gather and analyze data. Data are listed in the table below. 

Average daily 
milk yield, 

India 

Average daily 
milk yield, 

Pakistan 
(kg/day) (kg/day) 

X (X - 9,) (X -:R), y (Y _ Y) (Y_ ) 

1.00 -3.95 15.60 7.00 0.20 0.04 
8.00 3.05 9.30 5.00 -1.80 3.24 
6.00 1.05 1.10 6.00 -0.80 0.64 
1.00 -3.95 15.60 5.00 -1.80 3.24 
6.00 1.05 1.10 6.00 -0.80 0.64 
6.00 1.05 1.10 8.00 1.20 1.44 
3.50 -1.45 2.10 5.00 -1.80 3.24 
2.00 -2.95 8.70 10.00 3.20 10.24 
8.00 3.05 9.30 8.00 1.20 1.44 
8.00 3.05 9.30 8.00 1.20 1.44 

= 49.50 73.20 68.00 25.60 

t = t-test value 
= mean milk yield in Karnal, India 
= mean milk yield in Faisalabad, Pakistan 

Xi = sum of milk yields in Karnal, India 
Yi = sum of milk yields in Faisalabad, Pakistan 
SDx2 = variance for milk yield in Karnal, India 
SD 2 = variance for milk yield in Faisalabad, Pakistan 
n = population 
nj = population of cows milked under experiment in Karnal, India 
n2 = population of cows milked under experiment in Faisalabad, Pakistan 

6. Perform the following calculations: 
a. Mean 

= Xi/n Y = Y/n 
= 49.5/10 = 68.0/10 
= 4.95 = 6.80 
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b. Variance 

-SD 	2 -
SD 2 =E(X - R)2 


n-I n-I
 

73.2 	 25.6 

10 - 1 10 - 1 
- 8.13 - 2.84 

c. Standard deviation
 

SD.1 = 'V SDY = . 2
 

= 	 2.85 - 1.68 

d. Coefficient of variation 

CVI 	 = (SD/A) x 100 CVy = (SD/f?) x 100 

= (2.85/4.95) x 100 = (1.68/6.80) x 100 

= 57.6% 	 = 24.7% 

e. t-test 

I - 1) SD, 2 + (n2 -'1) SDY2 x (1 + 1)1 

(n, + n2)- 2 n, 2 

4.95 - 6.80 
U 10 - 1)(8.13) + (10 - 1)(2.84) x (1+ 1)] 

(10+ 	10) - 2 10 101 
-1.85 

x 21Ej3.17 	+ 25.56
L 1810
 

= -1.767
 

7. 	 Make a decision. 
Since the absolute computed value, 1.767, isgreater than the tabular value, 
1.734, the null hypothesis (H0) is rejected and the alternative hypothesis
(Ha) is accepted; that is, the iverage daily milk yield of native cows in 
Karnal, India, isdifferent from the average daily milk yield of native cows 
in Faisalabad, Pakistan. 
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SUMMARY 

The utilization of statistical analysis has become increasingly important whenevaluating OFAR. Although it is at times difcc, .ILto apply statistics to OFARdue to the complexity of experimental designs, certain basic concepts can andshould be employed. These include the selection of suitable sampling methodsas well as the determination of the central tendency and spread for a set of data.In addition, techniques needed to properly test a hypothesis are vital todetermining the success of OFAR and lending meaning to the results ofexperimental research. 
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CHAPTER 5 

SCREENING TECHNOLOGIES
 
FOR PROFITABILITY
 

PURPOSE 

This chapter examines the need to screen new animal technologies at the research 
station before they are tested on the farm. Factors that must be considered in 
the screening process are the economic feasibility of the new technology as well 
as the needs of the small farmer. In other words, a new technology must be 
deemed profitable, and the small farmer must be able to benefit from the 
increased profitability. Therefore, the improvements in productivity that are 
obtained through new technologies must be screened to insure that they are 
absolutely superior to the practices existing on the small farm. 

OBJECTIVES 

After completing this chapter, the reader should be able to: 
* Explain why technologies should be screened. 
* Describe the perspectives which should be taken when screening new 

technologies. 
* Describe some models which can be used to screen new technologies for 

economic feasibility. 
* State some ways in which the screening process can be improved. 

WHY TECHNOLOGIES SHOULD BE SCREENED 

The proper screening of new animal technologies is an important step in 
achieving success in On-farm Animal Research (OFAR). The complexity and 
high cost of developing new technology for OFAR have been responsible for 
the stagnation in productivity of the most common farm animals. Due to the 
limited resources for technology generation and on-farm testing, it is important
that animal experiment stations develop effective screening procedures. 

Consequently, animal scientists have argued for more extensive technology 
screening that takes into account whether the new technology meets the 
following criteria (Fitzhugh et al.; 1982): 
* ecological suitability of livestock for environmental conditions in the area, 

such as water, temperature, forages, and feedstuffs 
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* adaptability of the technology within the overall agricultural system 
* availability of services for livestock production, such as veterinary supplies,

minerals, feed supplements, and livestock market 
* profitability of the technology within an acceptable level of risk 
* realization of results at the farm level soon after implementation 
* productivity of land, labor, and capital under present constraints of the 

production systems 

PERSPECTIVES TO SCREENING 

Although standard procedures are not available for screening the technologies
used in research, screening at the research station should take into account 
types of production systems, types of agricultural practices, local resources, 
and the market situation. In addition, the feasibility of interregional transfer of 
technology should not be overlooked, especially for large ruminants such as 
buffalo. The complexity of the environment determines whether overall or 
only partial effects of the technology on the system will be studied. In addition, 
on-farm testing is deemed appropriate for verifying responses to technology on 
different types of farms. 

The Economic Perspective 

The future of OFAR is closely linked to the economic viability of new 
technologies, but animal scientists rarely are trained to analyze how economic 
variables influence the supply and demand of new technology. Rather, they 
tend to generate technology within narrowly defined research scenarios. They 
then concentrate on promoting the new practice, believing that if it is good, it 
will work. This approach to screening is not acceptable. Before on-farm testing 
begins researchers should determine whether the increased produce generated
by the new technology will be consumed on the farm or sold. The need to 
include economic analysis to identify feed by-products for animals at an early 
stage has been stressed by Potts (1982). Similar arguments have been made 
about crop technology development (Harrington, 1984; Byerlee and Collinson, 
1980). In other words, the market potential of the technology must be defined 
and the profitability of the new technology must be determined. 

The economic perspective to technology screening requires a farm-manage
ment approach to screening technology. That is, the following questions must 
be answered: 
* What should be produced? 
* How should it be produced? 
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" How much should be produced? 
* How should it be marketed? 

If the new technology is expected to increase animal productivity and the 
product has to be marketed, the farmers' decision to experiment with the 
technology must rest on market demand for the increased output and feasibility
of marketing the increased production. The answers to the above questions 
differ significantly on small farms. 

The results of testing at the research station should always be analyzed from an 
economic perspective before on-farm testing proceeds. Unless economics are 
considered at the experiment station, testing a technology on the farm will reap
little benefit. Since livestock economists usually are not available at research 
stations, animal scientists in developing countries must be trained in the basic 
techniques of data evaluation, or they must be ready to hire economists to help 
with the analysis. 

The Small-farm Perspective 

Many animal technologies that are tested at the farm were not conceived with 
any particular client group in mind, and animal research conducted in 
developing countries often lacks a small-farm perspective. Even when the 
research results are deemed useful by certain decision-makers, the results often 
fail to focus on the broader needs of the farm community (often the small and 
resource-poor farmers). New animal-production technologies are designed to 
increase yield, which is an appropriate goal for some clients, particularly 
commercial and semicommercial farmers, but higher-productivity systems that 
use inputs that are not available in rural areas or are difficult to administer are 
inappropriate for the small farmer. However, since many of these new inputs 
are effective at the research station, they become candidates for on-farm testing. 

More attention must be paid to developing better animal-production technol
ogies while keeping the perspective of the small farm in mind. In developing
countries most research institutes that deal with animals offer information and 
services in veterinary medicine, stock improvement, and husbandry practices.
These services are often not available to resource-poor farmers living in remote 
areas, and clients of these services are usually semicommercial farmers who 
benefit from such investment based on market potential. Inaddition to this, the 
beneficiaries of new animal-production technology are mostly commercial or 
semicommercial farmers who live near the cities. An increase in animal 
productivity either benefits the urban population or the farmers residing near 
the city who take advantage of the market. 

Previous studies indicate that poor understanding of animal production 
systems decreases effective participation in OFAR. When animal specialists are 
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part of the farming systems team, their input is often disciplinary rather than 
focused on actual farm needs. This bias is partly responsible for the current lack 
of participation and interest among animal scientists in OFAR. The result is 
that animal productivity on small farms tends to remain unchanged, even 
though it has been clearly demonstrated that sound animal husbandry practices 
can double the productivity of farm animals (NDRI, 1984). 

If animal research is to address the needs of small farmers, its focus must 
change. It would be inappropriate (and probably undesirable) for animal 
research centers to develop only technology for small farms. Rather, it is 
recommended that a variety of technologies (both imported and locally 
developed) be screened to match different sets of clients. Suitability and need 
can then be determined through Farming Systems Research (FSR) and exten
sion. 

For example, suppose three new feeds are targeted for on-farm testing ill the 
Philippines. Feed A is expensive but can improve milk yields up to 30% and 
bring in an additional P200 per month. This technology requires heavy fixed 
investment in grinders and storage and, therefore, a higher initial cost. Feed B 
improves yields about 20%, costs little, and brings in an extra P160 per month. 
Feed C improves yields 40% with a net return of P125 per month. Feed A 
probably is not suitable for small farmers who are short of cash, have poor 
means of obtaining inputs, and face difficulty in marketing the produce. Feeds 
B and C have lower net returns but are widely available and inexpensive; 
therefore, they are more suitable for use on small farms than feed A. 

A conceptual model for screening animal technclogies is presented in figure 
5.1. Although this model is independent of the approaches used to gather 
descriptive information from the farm (that is, rapid rural appraisal or formal 
farm survey), it recognizes the need to pay attention to the farm as a unit - the 
animal component can be isolated if its interactions with the rest of the farm are 
understood. The model emphasizes identifying the clients of new technology 
and analyzing the priorities of their needs. 

ECONOMIC ANALYSIS AS A SCREENING TOOL 

Simple economic concepts can be used to screen technologies for different 
client groups. The objective should be to obtain valid information on treatment 
responses at different input levels in order to estimate appropriate economic 
parameters. Potential factor substitution (see Chapter 3) can then be investi
gated in the light of the new technology. Only after the technology can be 
categorized for different groups (based on market potential, resource endow
ments, etc.), should research tesults be tested at the farm level. 
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Figure .5.1. A model for screening animal technologies. (Source: Amir, P. and H.C. Knipscheer, 1987 a.) 



Although the need to develop bioeconomic models to screen new technologies
has been stressed (Fitzhugh, 1978), data are so limited that such complex
models can be developed only in advanced countries - they become mere
academic exercises when applied to developing-country situations. Even
though they can guide research and identify weaknesses in a production
system, such models have rarely been used to evaluate new technology.
Considering the shortage of money and labor at animal research stations,simple procedures for screening technology for profitability appear to be more 
appropriate. 

Several researchers have used the demonstration farm model established at
research stations to screen technology. The demonstration farm simulates
real-life situations. In India, this approach has helped determine the economic
value of new dairy technology for different sizes of farms (Patel, 1981). The
clear bias in this approach is the tendency to include crop management
practices at the optimal level. Not only is the best cropping pattern utilized, the
farmer working on the station has access to other technologies that may
undermine the real potential of the practice being tested. However, if the
objective is to study the response to new inputs at the farm, this model can be 
useful. 

Another approach utilizes the yield-gap model (see figure 5.2). The yield gap isthe difference between the yields that are technically and economically possible
and the actual yields of the majority of farmers. The yield-gap model presented
by Gomez and Santos (1981) has been widely used to explain differences in
performances of crop technology at the farm and research station. This model 
can also help illustrate the gaps in animal productivity. The factors that explain
differences in the potential performance and the actual performance in the
yield-gap model are management of inputs, such as labor and feed, socio
economic constraints, such as costs and risk preference, and biological differ
ences, such as genetic variability and nutrition. The realistic comparison of the
potential yield with the actual yield should be judged against the performance
of the new technology on improved farms. However, the inherent difficulties
 
in crop and animal research can limit the way potential yield can be realistically

measured.
 

Profitability of a new technology should be verified through economic analysis
of the data. Special attention should be paid to identifying the costs and benefits
of the technology. In the preliminary stage, profitability should be estimated at
the optimal input levels, with appropriate discont for risk. In addition,
farmers should be consulted to identify the inputs, such as cash, experimental
animals, and labor, that play a part in the decision to experiment with a new
technology since they often view some inputs differently than researchers
(particularly leisure labor input such as feeding, watering, and mating animals).
An evaluation that takes into account only the cash inputs (such as gross
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Figtmre 5.2. 	 Yield-gap model applied to livestock. 
(Source: Gomez and Santos, 1981.) 
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Table 5.1. Choice of analytical technique for screening animal technology. 

TechnologySpecies to be 
screened 

Draft Effects of 

cattle and 
 new yoke 

buffalo design 
on 

draft power

Dairy Effects of 

cattle feeding

and practices

buffalo 
 on milk 

production 

Beef Health 

cattle 
 related 
Goats and Breeding
sheep management 
Swine Effects of feed 

supplementation 
on weight 

*Identified through review of literature. 

Farmers' 
criteria 

Weight, 
durability 

Changes in 
milk yield 

Litter 
size 
Physical 
appearance, 
weight 

Tools of 
analysis* 

Benefit-cost 
analysis 

1. 	 Marginal
 
analysis
 

2. 	 Production
 
function
 

3. 	 Linear 
programming

Benefit-cost 
analysis 
Gross-margin 
analysis 
1. 	 Partial 

budgeting 
2. 	 Financial 

analysis 

margin analysis) may be appropriate for certain types of treatments. Categorizing such treatments is often desirable, and table 5.1 shows how economictools can be matched to treatments. 
Equally important in the economic analysis of a new technology is themeasurement of variables and identification of indicators that are used byfarmers in judging the technology. The application of these tools is discussed inlater chapters. 

IMPROVING THE SCREENING PROCESS
If a technology is to be successful, farmers must accept it; but acceptance is 
seldom a screening criterion. Modeling how small farmers make economic 
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decisions about raising animals can help experiment station researchers better 
serve resource-poor farmers. Research in Indonesia indicates that animal 
researchers can learn a lot about how farmers view and evaluate technology by 
meeting with the farmers regularly (Knipscheer and Suradisastra, 1986). India 
has used technology screening effectively because strong economics and 
extension support is available at the research institutes. Similarly, it may be 
useful to invite farmers to visit the research station before on-farm research 
begins. 

Animal researchers should involve economists in designing the experiments so 
the data that are collected can be analyzed quickly and effectively. The 
economic implications of a new technology should be considered before an 
experiment is set up, especially for experiment stations in developing countries, 
which often have far too few financial resources and experimental animals. This 
approach can pay off in reduced research costs, thereby releasing resources for 
testing more technologies. 

SUMMARY 

The traditional bias of animal research stations to produce and promote 
technologies appropriate for commercial or semicommercial farms has kept the 
resource-poor farmer from receiving the benefits of animal research. Just as 
crop productivity has been improved by varietal breeding, animal productivity 
is being increased through stock improvement - an approach that is biased 
against the small farmer. To realistically address animal problems of the small 
farm, existing and new technologies that are available for commercial farms 
need to be adjusted to meet the needs of the small farm. Screening animal 
technologies according to economic feasibility is an important step in designing 
cost-effective technologies that can be utilized on the small farm. 
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CHAPTER 6 

GUIDELINES FOR CONDUCTING 
ON-FARM ANIMAL RESEARCH 

PURPOSE
 

Anumber of choices must be made when designing On-farm Animal Research 
(OFAR). The researcher or extension worker must decide on the type of 
technology to be tested and the degree of experimental control as well as the 
trial site and the variables which will be measured. Factors which affect the 
outcome of OFAR, such as the practicality of the experiment, the costs 
involved, and the objectives of the research, must also be considered during the 
design of OFAR trials. This chapter presents the guidelines which can be 
followed during the decision-making process and the factors which should be 
considered in the development of effective OFAR trials. 

OBJECTIVES 

After completing this chapter, the reader should be able to:
 
0 List the advantages of conducting crop and animal research simultaneously.
 
* Describe some of the possible objectives of an OFAR trial. 
* Identify the decisions which must made during the design of OFAR. 

CROP-ANIMAL TRIALS 

In many Asian farming system programs, researchers working with crops are 
becoming more interested in the role of crops as feed for animals. The effects 
on animals of a crop intervention - introducing a fertilizer, pesticide, 
agronomic practice, or machine - need to be analyzed. A crop variety may be 
high yielding, but if it requires practices that are too different from traditional 
practices , r affects other components of the system in a negative way, farmers 
may reject it. The following is an example of how lack of consideration of the 
animal component resulted in the eventual failure of a crop trial. 

IR-6, a high yielding variety of rice, produces about 100% more grain than the 
Basmati rice that is traditionally grown in Pakistan. When IR-6 was first 
introduced in the Punjab area of Pakistan in the late 1960s, farmers rapidly 
adopted it. In fact, it captured almost 40% of the total area under rice 
cultivation. However, within 2 to 3 years, the farmers were again planting 
Basmati, even though growing IR-6 was shown to be more profitable. A key 
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reason that farmers reverted to growing Basmati was that animals found thestraw of IR-6 unpalatable. The variety was good when viewed only as a crop,but it was not an effective component of the farming system. The plant breedershould have tested the palatability of the straw before recommending thevariety. A few simple trials at the research station and some on-farm testing
would have revealed the problem. 

Collaborative research on crops and animals is currently being conducted bythe Asian Farming Systems Program of the International Rice ResearchInstitute (IRRI) in the Philippines. It consists of on-station research at IRRIand the University of the Philippines Institute of Animal Science and on-farmresearch in Santa Barbara, Pangasinan, Philippines; Batumarta, South Sumatra,Indonesia; Pumdi Bhumdi, Kaski, Nepal; and Ban Phai, Khon Kaen, Thailand.The work at IRRI concentrates on food-and-forage cropping systems,forage-crop management, and dual-purpose crops. The Institute of AnimalScience works on feed technology and pesticide residues. 
There are several advantages to conducting crop and animal research at thesame time. Primarily, costs can be reduced if trials can be synchronized.Multidisciplinary teams of scientists can be developed, offsetting some of theeffects of the shortage of skilled labor, while multiple reser.rch/extensionobjectives can be met. In addition, the effects on the whole farm system due tochanges within the crop or livestock component can be seen, leading to an indepth understanding of the interrelationships between the crop and animal 
components of the farming system. 

OBJECTIVES OF AN ON-FARM
 
ANIMAL RESEARCH TRIAL
 
The research objective is the first thing to consider when designing anexperiment. Only when the objective is set can decisions be made about howmany treatments and replications are needed to derive useful results. In thedesign of an OFAR trial the objectives may be the following:
* To verify the performance of a technology or practice that is new to local 

farmers. 
* To demonstrate techniques that have been successful elsewhere, such as oncommercial farms inor other countries that have comparable animal

production systems. 
* To achieve results as part of a broader system, such as in a crop-livestock

trial. 
0 To provide a field laboratory for monitoring the flow of information from 

the field to the research station. 
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DESIGNING ON-FARM ANIMAL RESEARCH 

Several practical guidelines can be followed when designing OFAR (Olson et 
al., 1986). If animal trials are to be replicated over several years, reports should 
be produced each year. These can then be used as input in the following year. 
Care should be taken that old research trials are not duplicated. If it is already 
well established that digestion, feed intake, and weight will increase when 
animals are fed a particular supplement, there is little need to repeat the trial. 
Furthermore, technical, economic, and social effects are inseparable and should 
be studied tngether. 

Complicated experimental designs and equipment should be used for 
on-station research, not for OFAR. It is usually appropriate to simulate farm 
conditions at the research station instead of conducting research on the farm 
when trials require the use of complex equipment. At the station it is easier to 
keep good records, evaluate multiple technologies, and control the variables. 
Data analysis should be kept simple (basic averages, partial budgets, benefit
cost analysis), and research results should be expressed in simple economic 
terms to be of benefit to other researchers, extension workers, farmers, and 
policymakers. 

The choices which must be made when designing OFAR were first introduced 
in Chapter 4 (see figure 4.1). The following sections elaborate on each of these 
choices while describing the factors which must be considered during the 
decision-making process. 

Choosing the Type of Trial 

The purpose of the extension trial is to demonstrate to farmers the superiority 
of a new technique over the farmers' current practice. Often a researcher and an 
extension worker design a trial together to identify the best-performing 
technology from a set of practices. The results of these trials are used to modify 
the current practice and to identify supporting components of the technology. 
Trials should be conducted at several farms to bring out variations due to 
factors such as farm size and management style. Although the researcher is 
more interested in learning how the technology performs under farm condi
tions, the success of each trial can actually be measured by how many farmers 
adopt the new technology. 

Some trials are managed by the researcher and some are managed by the farmer. 
In a researcher-managed trial, the researcher usually provides the test animals 
and all trial-associated inputs. The researcher then works closely with the 
farmer, guiding all aspects of the experiment. Sometimes a field assistant is 
posted in the area to monitor the trial. In farmer-managed trials the farmer's 
animals are frequently used, but the treatment inputs (such as supplements, 
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new forages, equipment, and medicines) are provided by the researcher. 
Farmer-managed trials tend to be more realistic than researcher-managed trials 
but they often lack the control necessary to derive accurate results. Still, these 
trials are useful for extension purposes and, in practice, are suitable for OFAR. 
Most OFAR depends on the involvement of the farmer, especially in caring for 
the animals, and more farmer control becomes necessary as the technology gets
closer to the extension stage. As the degree of farmer control increases, 
however, the inherent statistical variability in OFAR increases (see table 1.2, 
Chapter 1). This variability augments the need for replication at each site; 
therefore, sample size and total trial cost will go up with increasing farmer 
control. Since OFAR may require that more care be taken during experimental
design (Gryseels, 1988), farmer-managed trials must be planned carefully to 
avoid errors in execution or interpretation that may invalidate the results. 

Choosing the Type of Technology 

Deciding on the type of technology upon which to conduct research trials 
depends on a number of factors. Primarily, the cooperation of farmers is 
essential. If the farmer does not understand the objectives of the new 
technology or is not deeply committed to following the experiment through,
the success of the project can be jeopardized. Therefore, the needs of the 
farmers must be identified through informal or formal interviews and prior
studies, and their commitment to the project must be secured. 

In conjunction with assessing the needs of the farmers, the nature of the farm 
problem must be correctly identified. This can be done through review of 
preliminary surveys, secondary information, and informal discussions with the 
farmers. Priorities can be assigned to the problems faced in a particular farming 
system; specific technology components can then be singled out for testing.
Examples of animal problems include low weight gains, disease, reproductive
problems, and poor nutrition. 

Availability of inputs is another deciding factoz when choosing a new 
technology for research testing since the inputs that were utilized at the 
research station, such as feed supplements, medicines, animal-traction imple
ments, grasses, and fodders, may not be available at the farm level. 

Availability of time and resources should also be taken into account. More time 
is needed before the results of a new animal-production technology become 
evident, as opposed to the results of a new crop-production technology. For 
example, the effects of fertilizers can be evaluated within a few months, but the 
performance of a hybrid ram takes years to evaluate. In addition, the 
availability of human, financial, and institutional resources (including skilled 
technicians to record data) can be deciding factors when planning a new 
technology. OFAR can be expensive, but costs can often be reduced by 
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conducting trials in an area where other research activity is under way.
Opportunities for marketing should also be considered when deciding on a 
new technology, and when economically feasible, the private sector should be 
encouraged to participate in the trial. 

Choosing Sites 

Several factors should be considered when determining the site for an on-farm 
trial (Van Eys et al., 1985). The site should be representative of specific
agroecological conditions. It should also accurately represent the production 
system of the target population. The attitudes and cooperativeness of farmers 
are important when deciding on a site location. In addition, costs, accessibility,
potential to control and supervise the trial, and cooperation of institutions such 
as the extension service are other factors which will help to de:ermine the site 
location. Often, choosing a site is a subjective rather than objective decision. 
Problems related to willingness of farmers to cooperate, suitability of farms,
and relevance of the research problem to the farmer may make it impossible to 
choose a truly random sample. 

Choosing Farms 

When farms are chosen by predetermined criteria (purposive sampling) rather 
than random selection, the target population has a few elements in common. 
Those farms that are representative if the majority of farms in the area should 
be selected. For example, when sampling small farms with buffalo, farms 
should be chosen where the buffalo is of the typical breed and health status of 
buffalo at neighboring farms. 

Several factors will affect a farmer's willingness to cooperate in an OFAR trial. 
These include: 
* levels of education, interest, and experience with animals 
"goals in farming 
* whether farm requires full-time or part-time work 
* number of family members supported by farm 
* farm size and accessibility of market 
* attitude of farmer (progressive or conservative) and willingness to experiment

with animals 
" political and social position of farmer in the community 
In addition, the demands and arrangements participating farmers must meet 
during the trial period and the marketability of the new technology will also 
affect the farmers' willingness to participate in research trials. 
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Choosing Experimental Animals 

Decisions in selecting animals will depend on factors such as the availability offarm animals, herd structure, species, and age composition. Usually there arenot enough animals on one farm to evaluate different feeding treatments or theperformances of several different breeds. In practice, a farmer may prefer thatcertain animals undergo a treatment, such as feeding nutritional supplements toweak livestock in order to improve their health. In other cases, the farmer mayprefer to withhold treatment from certain animals; for example, the farmer maynot want to use the healthier of two pair of bullocks to test a new implement
for fear that the animals will be injured. 

Control in executing the treatment is determined by the facilities (water, laborsupply, etc.) available on the farm. Several other tactics can be employed inorder to execute control over the experimental animals. For example, whenconducting experiments affecting the weight of poultry, the birds should bechecked for disease before the trial begins, and poultry trials should be limitedto four to six weeks. When testing a new vaccine, some farm animals should beinjected with the vaccine and others with an innocuous solution, so the farmerdoes not know which animals receive the true vaccine. 

Choosing Variables to Measure 

Some variables that can be measured at the research station cannot be measuredadequately on the farm. Therefore, it is important to examine only variablesthat are appropriate for study on the farm, such as the variables listed here and
in table 6.1 (Fitzhugh et al., 1982): 
* health -- incidence and causes of morbidity and mortality
* number of animals per birth, interval between deliveries, and number of

litters per life cycle 
* size and growth  weight at birth, maturity, and slaughter and preweaning

and postweaning growth rates 
* lactation - daily milk production and duration of lactation 
* production variables - number and weight of eggs, quantity and quality ofsheared wool, and type and quantity of animal traction used 
* duration of grazing cycle 

It is also possible to draw blood samples and to measure rectal temperature andpulse rate at the farm level. However, variables should be chosen that arerealistic to measure, and it should be kept in mind that there are somelimitations regarding use of equipment in the field, including nonrandom errors
caused by transporting equipment. 
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Table 6.1. Choice of variables to be measured in an OFAR trial. 

Species Technology
to be screened 

Main variable(s) 
to be measured 

Draft cattle and 
buffalo 

Effects of new yoke 
design on draft power 

Stamina, temperature, 
pulse rate, physiological 
changes 

Dairy cattle and 
buffalo 

Effects of feeding 
practices on milk 

Lactation, daily milk 
yield, length of lactation, 

production milk composition, feed 
intake, feed use, weight 

Beef cattle Health related Fitness, incidence and 
causes of morbidity and 
mortality 

Goats and sheep Breeding management Age at first calving, 
fertility, kidding interval, 
no. born per parturition, 
no. of parturitions per 
lifetime 

Swine Effects of feed Growth and size; weight 
supplementation on 
weight 

at birth, maturity, 
slaughter; pre- and post
weaning growth rate; 
height; girth 

MONITORING ON-FARM ANIMAL RESEARCH 

Animals must be monitored regularly, and data about their performance must 
be recorded. The frequency of monitoring is often determined by the avail
ability of funds and transportation and the scope of the experiment. Frequency
also depends on the type and purpose of the trial (see table 6.2). The following 
are general principles for setting up a monitoring program: 
* The degree of control available on each farm unit must be identified. The 

treatment must be administered regularly. If the treatment is going to be 
administered by the farmer, it is necessary to determine if a research assistant 
should be present. 
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* Farms that are difficult to reach should not be included in the trial. Maximum 
representation of a typical farming system (cropping pattern, soil type, farm 
size, animal mix, and labor availability) should be obtained. 

"The need for heavy measuring devices should be avoided. If such equipment 
is essential, arrangements should be made to leave it with the village head. 

* Important members of the village, such as the village head and the local 
extension officer, should be consulted early in the trial period. The objective
of the trial should be explained to them, and no promises should be made that 
cannot be fulfilled. 

* Charges for the treatment should be clearly allocated. If the treatment is a
mineral supplement or a new concentrate, the researcher or extension worker 
usually provides the material free of charge. When benefits of the treatment 
begin to be apparent, farmers should be encouraged to share the cost of the 
treatment, no matter how small the contribution may be. If the benefits are 
clear, the farmer will eventually pay for all of the treatment, otherwise it is 
not a sustainable improvement. 

Table 6.2. Monitoring schedules for different types and purposes of OFAR. 

Type Purpose Frequencyof visits 
Approximate
durationof trial 

Feeding Testing new feeds 15 days 4-12 months 
Testing new 15 days 4-12 months 
supplements 

Animal traction Testing implements - 2 weeks 
on draft power 

Animal health Testing new monthly 4-6 months 
management 
practices 

Disease control Testing new daily 2-4 months 
medicines 
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RECORD-KEEPING SYSTEMS 

Research is based on making and recording observations. In OFAR record
keeping systems are based on a number of repeated observations made over the 
lifetime of a research project. Records should be continuous without interrup
tions and/or redesigns due to budgetary or labor problems. In determining the 
appropriate record-keeping system to utilize, the following factors should be 
considered: 1) minimum research objectives, 2) turn-around time, 3) number 
of variables, and 4) frequency of data collection. These factors are discussed in 
the following sections. 

Minimum Research Objectives 

Record keeping requires resources. Many examples of Farming Systems 
Research (FSR) projects exist wherein researchers have been overcome with 
vast amounts of data that cannot be processed due to lack of available staff and 
equipment. It is better to have a small reliable data set than a huge quantity of 
data that is beyond the control of the researcher. It is therefore important to 
determine the minimum data set that can be collected by defining the research 
objectives of the study. The most simple animal management studies involve 
periodic recording of rep'-oduction, mating, weight gains, and health care. The 
need for additional records depends very much on the type of research 
undertaken, such as the measurement of milk, carcass quality, labor input, or 
draft power. 

Turn-around Time 

Long delays between the time of data collection and the actual data reporting 
can make data recording expensive and inefficient. The record-keeping system 
should therefore be as accurate as possible and performed in a timely fashion. 

Number of Variables 

The number of variables, or in the case of OFAR, the number of traits, that will 
be measured depends on the management system to be observed. Any trait that 
will be measured must undergo enough variation to be of value in a record
keeping system and must have some economic value connected to it. If, because 
of resource constraints, the number of observed variables needs to be limited, 
the variables which have the greatest economic impact should be recorded. 

Frequency of Data Collection 

The frequency of data collection should be determined carefully since this will 
have a direct impact on the cost of the animal trial. Not all data needs to be 
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recorded with the same frequency. The extent of animal monitoring (see 
MONITORING ON-FARM ANIMAL RESEARCH) and the frequency of 
data collection will determine the type of record-keeping system that is needed 
for an OFAR trial. 

SUMMARY 

In order to achieve successful results, an OFAR trial must be properly 
designed. Above all, the objective of the trial should be clearly defined and 
emphasized to insure that the experimental design will achieve the required
results. This chapter has presented the many decisions facing the researcher or 
extension worker conducting OFAR and the subsequent factors that affect 
each decision. If careful consideration is given to each of these factors, 
particularly the practicality and cost of an experiment, then the successful 
outcome of an OFAR trial can be expected. 
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CHAPTER 7
 

TECHNIQUES FOR ECONOMIC ANALYSIS
 

PURPOSE 

This chapter briefly describes and illustrates methods which can be used for the 
economic analysis of On-farm Animal Research (OFAR). The various tech
niques which are introduced, such as partial-budget analysis, break-even 
analysis, gross-margin analysis, and benefit-cost analysis, are useful, easy to 
learn, and require only limited data. Although these analytical tools do not 
reveal the interactions of a technology with other components of the farming 
system, they do indicate the profitability of a technology and thus serve an 
important purpose when screening new technologies for OFAR. 
Since the information presented in this chapter may be unfamiliar to the 
noneconomist, Chapter 3 is recommended as a review. 

OBJECTIVES 

After completing this chapter, the reader should be able to: 
* Define the term budgeting. 
* Perform partial-farm analysis using partial-budget analysis, gross-margin 

analysis, break-even analysis, and generalized cost of production. 
* Evaluate input-output budgets using benefit-cost analysis. 
* With the aid of a computer, interpret results of simple production-function 

analysis. 
* Perform whole-farm analysis using costs and returns and financial analysis. 

BUDGETING 

The techniques for evaluating new farming technologies are numerous. The 
cheapest and most frequently used is intuition, often in association with 
internal discussions. A more detailed and structured form of evaluation is 
budgeting. Budgeting is perhaps the simplest tool available for deriving
preliminary estimates of profitability of single interventions. It allows the 
analyst to compare and weigh different plans against each other and provides a 
rationale for choosing one plan over all the others. 
Budgeting can be defined as the tabulation of gains and losses of an operation, 
such as a farming operation. Gains and losses can be measured in any type of 
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unit. Monetary units are commonly used, as this allows easy computation of
total gains and total losses. However, nutritional budgets for households,
measured in calories or crude protein, may also be used. Another alternative is 
energy budgets, measured in energy units for whole farms. Budgeting assumes 
the following: 
Divisibility All factors are perfectly divisible, that is, labor can be used 

for a fraction of an hour and draft power can be used in 
fractional units. 

Linearity or All inputs have a linear relationship with constant marginal
additivity physical product. This means that each additional unit of 

input to the production process results in the same contri
bution to the output as the previous unit. 

Perfect The decision-maker has perfect foresight of the inputs and
knowledge outputs required to produce a given activity, and all 

coefficients are known with certainty. 
Nonnegativity None of the activities can be produced in negative amounts 

nor can resources be used in negative quantities. 
Some of the techniques used for the economic analysis of new farm technolo
gies are based upon the formulation of budgets. Budgeting analysis offers an
organized listing of the quantities of resources used (inputs) and products
generated (outputs). Once these technical input-output relations have been
specified, socioeconomic values can be tagged to these inputs and outputs.
Returns to individual resources or the total resources of the farm are then 
calculated. 

QUANTIFYING ECONOMIC BENEFITS 

Several approaches are available to quantify the economic benefits of new
animal technologies. In general, these can be grouped under the following

headings:
 
* Partial-farm analysis: includes partial-budget analysis, gross-margin analysis,

parametric budgeting, break-even analysis, and generalized cost of produc
tion. 

* Input-output budgeting: includes marginal analysis (refer to Chapter 3) and 
benefit-cost analysis. 

• Production-function analysis: utilizes regression coefficients for the estima
tion of marginal products and optimal input combinations (see Chapter 3),
and various elasticities (see Chapter 8). (Although these techniques are useful
for policy analysis, a detailed description of each is outside the scope of this 
manual.) 
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SWhole-farm analysis: includes costs and returns and financial analysis. 

The strengths, weaknesses, and uses of each of these techniques are discussed in 
the following sections. 

Partial-farm Analysis 

The term partial indicates that the change only occurs in one component of the 
farm and implies that no major change in farmers' resources or overall farming 
plan will occur. One of the most popular types of budgeting in Farming 
Systems Research (FSR) is partial budgeting. 

Partial-budgetAnalysis 

A partial budget, also known as a partial-profit budget, is the tabulation of 
expected gains and losses due to a relatively minor change in farming method, 
e.g., replacing one crop variety by a new one, the introduction of fertilizer, or 
the use of a new tractor. It is a method of balancing and examining the total 
gains (benefits) and losses (costs) that will result if achange is made in a part of 
the farming system. 

Among the general types of budgeting, partial budgeting is widely used to 
determine the profitability of a single intervention. Partial budgeting is used in 
two ways. When new technology is still in development, it is used to provide 
the scientist with a measure of how attractive this new technology will be for 
the target group of farmers. During the validation and extension phase of 
OFAR, partial budgeting can be used to determine if it is economically feasible 
to adapt the new technology. 

Partial-budget analysis is simple to use and provides information about changes 
in costs and benefits caused by following a given practice. It requires minimal 
information about changes in variable costs and benefits; however, yield and 
price information must clearly reflect farm conditions. (The general tendency is 
to overestimate benefits and underestimate costs.) Since partial-budget analysis 
is relevant only for component technology, it is not suitable for answering 
questions in which several factors determine the contribution of a treatment. In 
the case of livestock, the true effect of the treatment on milk yield or changes in 
animal weight should be estimated carefully. Erroneous production coefficients 
may result in misleading conclusions. At times, it is more appropriate to 
develop partial budgets for a whole herd than for a single animal. 

Performing partial-budget analysis. A good start to any economic analysis of 
new technologies is to clearly define the objectives of the farmers, especially as 
these relate to a given farm enterprise. For example, farming households might 
grow a number of food crops mainly for home consumption. In this case, the 
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farmers might have a target foodcrop production in mind and will try to reachthat target with minimal cost. Their objective might be to reach this targetproduction and keep the maximum quantity of resources available for otherfarm operations (or off-farm jobs). Another example is the keeping oflivestock. It has been argued that many farmers keep a few sheep and goats as abuffer (insurance) against bad times. Just as insurance owners try to keep theprice of insurance low, farmers might try to keep their animals with minimalinput (e.g., scavenging). In both of the above cases, the partial analysis of anewtechnology might lead to the wrong conclusions. Determining the farmers'goals is thus a good beginning in any economic analysis. 
The second step is a detailed description of the change (new technology)proposed. Based on this description, it must be determined which factors willremain the same, and which factors are expected to change. 
After the changes are made, they are tabulated ineither gains or losses columns.These two columns are subdivided into two categories. The gains column willinclude added returns (any additional income that is expected) and reducedcosts (any costs that are saved). The losses column includes any added costs(additional expenses) and reduced returns (foregone revenues such as opportunity costs). The difference between gains and losses is the net benefits (orlosses) resulting from the change under consideration. In simpler terms: 
Added returns Added costs Profit+  +
Reduced costs - or

Reduced returns Loss 
The above equation may be set into a form that allows detailed itemization as
follows: 

Gains (A) Losses (B) 

Added returns Added costs
 
Reduced costs 
 Reduced returns
 
Total A 
 Total B 
Difference (A - B) = Profit or Loss 

The following example shows how this format can be used to solve a problem. 
In a study comparing the profitability of raising native Malaysian ducks withthat of raising hybrid-strain ducks, research has produced the following data: 

116 



Gain-loss components 

Additional we;-lht of hybrid ducks 
Additional feedbags (resale) 
Manure 
Additional feed required by hybrid ducks 
Additional labor for hybrid ducks 
Additional water required 

Quantity Price 
(M$) 

235.73 kg 3.25/kg 
21 1.15/bag 
31% of body weight 0.05/kg 
873.05 kg 0.83/kg 

10.80 
3.00 

The following partial budget shows the gains and losses associated with raising 

hybrid 6icks rather than native ducks: 

Gains (A) 

Added returns (M$) 
Weight gain 
Feedbags 

Manure 

Subtotal 
Reduced costs 
Total A 
Difference (A - B) = 

766.12 
24.15 


3.65 
793.92 
-

M$793.92 
M$55.49 profit 

Losses (B) 

Added costs (M$) 
Feed 724.63 
Labor 10.80
 
Water 3.00 

Subtotal 738.43 
Reduced returns 
Total B M$738.43 

The next example is a partial budget analysis of a new Lechnology used on oil 
palm estates in Malaysia. Earlier studies indicated that the productivity of the 
harvesters could be increased by using buffalo to transport fresh fruit branches 
within estates. The following partial budget summarizes the economics of using
buffalo to haul the branches instead of having the harvesters carry the branches 
in baskets. In this table of data the losses are listed below the gains rather than 
side-by-side (table of data continues 

Gain-loss components 

GAINS 
Added returns 

Weight gain 
Reduced costs 

Decreased labor for harvesting 
Decreased weeding required 
Baskets 

Subtotal of gains 

on next page). 

M$ if animals kept for: 

I year 2 years 3 years 

0.7560 0.6406 0.4294 

1.3200 1.3200 1.3200 
0.5500 0.5500 0.5500 
0.0307 0.0307 0.0307 

2.6567 2.5413 2.3301 
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Gain-loss components MS if animals kept for: 

1 year 2 years 3years 

LOSSES 
Added costs 

Interest on buffalo purchase 0.0998 0.0998 0.0998Health care of buffalo 0.0235 0.0206 0.0196Insurance 
 0.0470 0.0470 0.0470Cart depreciation 0.0939 0.0939 0.0939Cart maintenance 0.0587 0.0587 0.0587Training buffalo 0.0396 0.0198 0.0132Path construction 0.0733 0.0733 0.0733 
Reduced returns 
Subtotal of losses 0.4358 0.4131 0.4055 
PROFIT (per acre per month) 2.2209 2.1282 1.9246 

Source: MARDI, 1984. 

The profits (or net differential benefits) per acre per month compared to theformer system were M$2.22 (1yr), M$2.13 (2yr), and M$1.92 (3yr). This samestudy showed that the average productivity and income of the harvesters usingbuffalo increased by 30% over those using the traditional system. This enabledthe estate to save M$0.066 per acre/person-day or M$1.32 per acre/month onharvesting. An average daily gain (ADG) of 0.55 kilogram was attained by thebuffalo. This suggests it is profitable for Malaysian oil palm estates to keep
buffalo for both draft and meat. 

As indicated by the two examples given above, the four types of data requiredfor partial-budget analysis are 1) physical input and output data, 2) price datafor inputs and outputs, 3) resource input requirements (land, labor, and
capital), and 4) the resource basis of the farm. 

A last step in partial-budget analysis isobtainin 3 a list of all important noncashconsiderations that are relevant to the farmers' choice. For example, if thechange in input requirements is large, a special note on cash-flow should beadded. For herbicide applications, a note should be included about the risk ofhazards to family members in case of careless use or storage. Other examplesate changes involving as afarm inputs that are not always available, suchtechnology involving high management skills or a technology involving
subsidized prices. 
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Interpretation of partial-budget analysis. Although a partial budget is easy to 
interpret, it is rarely presented with a statement of farmers' objectives, farmers' 
resource base, and important noncash considerations. Therefore, care should 
be taken in the interpretation of partial budgets. A first consideration should be 
whether the best profit criterion has been used. Evaluation of technologies 
using gross margin per hectare imply that it is in the farmers' interest to 
maximize the benefits to land. Often, this is not the case. The following 
example of a mixed crop-livestock farming system serves to illustrate this point. 

Table 7.1 gives indices for different management systems in Indonesia. This 
table also illustrates that performance ranking of the various management 
systems and breeds differs by performance criteria. Using the doe productivity 
criteria (DP = DRI x average weight of weaned kids, where DP is the doe 
productivity and DRI is the doe reproduction index), the first three manage
ment systems perform nearly equally well. However, when expressed in DP 
per kg doe maintained (DP/doe), the advantage of the smaller breed emerges. 
Assuming that the market price per kilogram live weight for young and old 
animals is about the same, the DP/doe index is a good index for the economic 
returns to capital input. 

Earlier the role of livestock for farm liquidity was discussed. A herd or flock 
represents a quantity that can be readily exchanged for cash. Flock yields, 
therefore, can be interpreted as cash yields, which again implies returns to cash 
resources. The socioeconomic scientist, therefore, can borrow flock pro
ductivity parameters from his biological colleagues such as doe/ewe reproduc
tion indices and doe/ewe productivity indices. 

Table 7.1. Doe Reproduction Index (DRI)* and Doe Productivity Index 
' (DP)** under different management systems in West Java, 

Indonesia. 

Management system DRI DP DP/doe*** 

On-station (Kacang breed) 2.39 30.80 1.16 
On-station (Ettawah breed) 1.39 18.20 0.76 
Specialized farmers (cross) 1.78 19.76 0.79 
Village (cross) 1.39 11.18 0.51 

*DRI = litter size x kid survival rate per doe per year
**DP = DRI x average weight weaned kids 
***DP/doe = DP per kg doe 
Source: Knipscheer, Kusnadi, and De Boer, 1984. 
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When evaluating economic returns to labor, rankings of management systemsmay differ substantially. Taking as an example, West Java, Indonesia, where thecut-and-carry system isdominant, table 7.2 illustrates the appropriate rankingsusing two performance criteria: returns to capital (second column) and returnsto labor (third column). Economic goat productivity measurement thus differsaccording to the economic criteria used for evaluation. In this example, returnsto land are not calculated. In the cut-and-carry system, grasses are cut frompublic, communal, and other fallow land and brought to confined animals. 
Labor is therefore a major constraint. 

Table 7.2. 	 Economic returns to goat farmers in two West Javanese villages 
(1981-1982). 

Village DRI* Returns to capital Returns to labor 
(Income/doe**) (Income/hour"*) 

Cirebon 1.31 21,498 44
 
Bogor 1.47 
 16,171 	 56 

*See table 7.1.
" Expressed in Indonesian rupiahs, US$1.00 = Rp 625 in 1981-1982.
 

Source: Knipscheer, Kusnadi, and De Boer, 1984 (BPT/SR-CRSP Survey 1981-1982),
 

Many of these considerations are also valid for other types of budget analysissuch as gross-margin analysis. The reader should thus be aware of the
assumptions underlying numerous budget presentations. 

Advantages and disadvantages of partial-budget analysis. Partial-budget
analysis has several advantages. Primarily, it issimple. It can be performed with a hand calculator or with pencil and paper. In addition, it is easy to learn and can readily be taught to extension workers or farmers. Since it examines onlynet changes in costs and benefits, partial-budgeting iseffective for assessing theeconomic viability of single-intervention technologies. It implies a minorchange in the farmers' whole farm operation, and this is usually the wayfarmers adopt new technologies: stepwise and partial rath than by shocks or 
revolutions. 

Partial-budget analysis requires less data than whole-farm budgeting sinceaspects of the operation that remain constant are not examined. Nearly anyother form of economic analysis involves collecting at least the same informa
tion as one needs for conducting a partial-budget analysis. In many cases, firmconclusions about the adaptability of new technologies can be drawn after only 
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a partial analysis without going into more cumbersome details of whole-farm 
analysis. 

The greatest danger of using partial budgeting is neglecting the limited 
resources of the farmers. Technologies are often analyzed without the econo
mist realizing the effect on the farmers' resource base. There are two reasons 
why this mistake is made. First, nearly all new technologies involve an increase 
in purchased inputs by farmers. The availability of cash, however, is a 
notorious constraint to smallholders. Secondly, land-intensive technologies are 
promoted which generally require a higher labor input per land unit (hectare). 
It ;s often wrongly assumed that labor is readily available or can be diverted 
from other tasks (farming, household, and off-farm activities) to the farming 
system component under consideration. 

Another disadvantage with partial-budget analysis is the lack of understanding 
of the farmers' objectives. It is now well understood that farmers behave very 
rationally. However, this does not necessarily mean that they are concerned 
with maximizing the returns of one given crop enterprise. For example, it may 
be possible to demonstrate to farmers the increase in benefits by applying 
fertilizer to their cassava fields. They even can be provided credit for the 
purchase of fertilizer. Nevertheless, they may apply it to their rice crop as this 
crop is more important to them, or they may sell it to their neighbors to buy 
medicine for their families. The key point is that the partial view of a farming 
system might obscure the secondary character of a given farm component. 

Another limitation is the lack of a time analysis. During the process of 
tabulation, all factors are arranged as occurring during the same time period. 
Timeliness of farm activities, however, is an important aspect. In order to 
realize how adoption of a new technology affects other farm operations, it is 
important to know if labor required will occur during one peak period, such as 
one week, or be spread out over a longer time frame, such as three months. 
Similarly, the time for various farming activities (planting, weeding, and 
harvesting) is limited. It is necessary to know at what time and for what 
duration resources are required. By the same token, the problem of cash-flow 
tends to be overlooked. The longer the period between investments and 
returns, the less likely that farmers will be attracted to a new technology. 

Using small-scale input/output data for a larger scale operation assumes 
linearity of the factors involved. Thus, it may be assumed that farmers can grow 
three times as much grass on 3 hectares as they can grow on 1 hectare. These 
kinds of assumptions are often not true because of differences in timing, quality 
of land, or increase in danger of diseases or even problem in marketing the 
products. The assumption that an expansion of a unit of resource (e.g., animal) 
will increase the profit proportionally is therefore in many cases questionable. 
Similarly, the increase in management skill required by many new technologies 
often fails to be considered. 
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Although a partial budget gives an indication of what "better" is, it does notindicate what is "the best. For example, feeding 5 kilograms of soybean mealto a cow on a daily basis will be better (more profitable) than feeding nosupplement at all. However, the goal isto determine the rate of feeding (3,4,5,6, etc., kilograms/cow/day) at which farmers will maximize their profits. Inother words, what daily rate of feeding is the best? Partial-budget analysis istherefore useful for the following types of trials:
* where a single component must be analyzed (for example, a feed supplement,

forage, or medication) 
*where inputs and outputs are measurable and easy to price* where animals' yields vary little between farms (for example, when farms usethe same species and similar breeds and have equal access to the market)*where profitability isthe major concern rather than issues such as equity and

income distribution 
* where fixed costs do not change 
In the above cases the new technology affects only one of the components ofthe farming system and the anticipated change is a minor change from thepresent system. In many such cases a number of factors (resource base,resource requirement) can be assumed to be fixed and therefore excluded fromthe analysis. Thus, partial-budget analysis is most appropriate for cases whereonly crops or products requiring similar noncash resources and similar
investment resources compared.are 
Partial budgeting is also appropriate for conducting an economic evaluation ofnew technologies which are not yet well developed. In this case, a technology isnot yet well defined and only a general notion about the feasibility of such atechnology isuseful. The merit of the partial budget lies more in the tabulation
of the factors that would be affected by the technology, rather than the values

(prices) attached to these factors.
 

Gross-margin Analysis 

Traditionally, farmers make management decisions by intuition and somecalculations. In the future, however, intuition will not be enough. For theirfarms to survive, farmers must formulate plans that are technically feasible andeconomically efficient. Gross-margin analysis is one technique that can helpfarmers calculate the profitability of alternative plans.
Gross margin isthe difference between the gross income of a farm activity andits variable costs; that is,it is the estimate of returns above variable costs for agiven activity. Total gross margin isthe sum of the gross margins of all of thefarm's activities. Gross margins are usually expressed inunits of some commonresource; for example, gross margin per head is used to measure the efficiency
of animal-production activities (see figure 7.1). 
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The gross margin is the farm's returns above variable costs: 

GROSS minus - VARIABLE a GROSS
 
INCOME I COSTS equals MARGIN
 

Ifthe farm has more than one activity: 

GROSS GROSS GROSS TOTAL 
MARGIN 
FROM 

GOATS 
plus+ 

MARGIN 
FROM 
BEEF

CATTLE 

us + 
p 

MARGIN 
FROM 

CROPS 

equals GROSS 
MARGIN 

The gross margin for an activity divided by the units of that activity 
gives the per unit gross margin: 

GROSS divided by NUMBER 
MARGIN did b OF HEAD equals - MARGIN 

M LIVESTOCK per head 

To get Net Farm Income, fixed or 'overhead' costs are subtracted from 
Total Gross Margin: 

TOTAL FIXED NET 
GROSS minus - OR equals, FARM 
MARGIN OVERHEAD INCOME

Lb COSTS Lb 

Figure 7.1. Steps in gross margin analysis. 
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Gross-margin analysis is similar to partial-budget analysis in many ways. It iscalculated as total gains over variable costs. Variable costs are the expenses that vary directly because of the technology applied, e.g., feed costs, medicines,
transportation costs, equipment repair, etc. Total gains generally are the total
values of the animal products or other farm products. 

Performing gross-margin analysis. The examplefollowing illustrates
gross-margin analysis. A sheep operation in Syria maintains a stocking rate of20 ewes per hectare for 31 days. The sheep receive the following diets inrotation: barley/fallow, barley/barley, barley/vetch, and barley/lathyrus. 

The gross margins are as follows: 

Rotation 

Barley/ Barley/ Barley/ Barley/ 
fallow barley vetch lathyrus 

Gross revenue (S£/ha):
 
Barley 
 743 1542 1271 1271 
Milk from increased forage

production 0 0 1393 1286 
Total 743 1542 2664 2557
 
Variable costs (SE/ha):


Barley 
 291 900 877 877 
Forages 0 0 754 747 

Total 
 291 900 
 1631 1624
 
Gross margin (SE/ha) 452 642 1033 933
 
Gross margin (US$/ha) 116 
 165 265 239 

Source: Thomsom, E. F., R. Jaubert, and M. Oglah, 1985. 

Interpretations of gross-margin analysis. In using gross-margin analysis, it istempting to conclude that farm profit can always be increased by expanding the
enterprises that have high gross margins per unit at the expense of those thathave lower returns. This may not be true because of resource and otherconstraints. If the number of animals with high per-unit gross margins isincreased without regard to the constraints, fixed expenses probably willincrease, perhaps to the point that the increase in total gross margins is more 
than offset. 
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Linearity in gross income and variable expenses should not be assumed. Since 
the format inherent in gross-margin analysis does not consider nonlinearities, 
when such nonlinearities are obvious, partial-budget analysis is more appro
priate (Dillon and Hardaker, 1980). 

Advantages and disadvantages of gross-margin analysis. One of the advan
tages of this method is that gross-margin analysis can be easily used in the 
ranking of more than one technology. It lends itself to the analysis of the results 
of different treatments in research trials. By comparing the gross margin for 
each treatment, the most promising treatments can be selected, i.e., the 
treatments (technologies) with the highest gross margin. When combined with 
a break-even analysis, conclusions can be drawn about the significance of 
differences between treatments. Treatments can be ranked and scientists might
focus further research on the most profitable treatments. 

The disadvantages of gross-margin analysis are the same as those of partial
budgeting. However, the danger of inappropriate use is greater. Because 
gross-margin analysis issuch an easy method of giving an economic meaning to 
experimental results, it is more often used witiiout farmers' perspectives, i.e.,
without reference to farmers' objectives or resources. Using experimental
input/output data will usually result ;,- the use of inflated production levels, 
i.e., the estimated benefits will be unrealistically high. 

Break-even Analysis 

In partial budgets, or in any other budget, there are always a few key factors 
which affect the balance of gains and losses. Parametric budgeting is used to 
analyze the consequence of any change (fluctuation or variation) in the 
quantity or quality of these key factors. A common application of parametric
budgeting is the break-even analysis, which determines the level at which the 
gains and losses are equal. This level of values and quantities is known as the 
break-even point. Generally, break-even analysis isdone by manipulating the 
m'st uncertain key factor. 

An example of break-even analysis isthe determination of timing for culling of 
dairy herds. In this case, the farmer estimates at what point in the life of a cow 
the maintenance cost of the cow will be equal to the value of the products from 
the cow. As with all livestock, productivity generally decreases with age, and 
the break-even point signifies the time at which a farmer should sell the animal. 
A similar analysis exists for farm equipment. Maintenance and operation costs 
for equipment will increase over time, while benefits derived from equipment 
usage will decrease. Above the break-even point, benefits are higher than the 
costs, and at the break-even point they are equal. Below the break-even point, 
costs will be higher than revenues and the use of the equipment becomes 
economically unfeasible. 
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Break-even analysis is used to trace the effect of a change in assumptions. If arelatively small change in yield of a given technology results in a zero balancebetween added benefits and losses, these technologies can be considered nearlyequal in profitability. The choice of technology in that case is rather irrelevantto the farmers, and it is very likely that the farmer will maintain his existing
operation. 

Break-even analysis can also be used to compare gross margins (total benefits
minus variable costs per crop enterprise). The break-even analysis can be usedto measure how sensitive the results of the gross-margin analysis are to changes
in some of the critical assumptions. 

Performing break-even analysis. In small crop-livestock farming systems,farmers want as much information as possible about the profitability of variousfarm activities or enterprises. Break-even analysis offers two types of information: break-even price and break-even output. Break-even price is the price atwhich the farm's given level of output, if sold, would enable the farmer to atleast recover costs. Break-even output is the level of production that wouldenable the farmer to recover costs if the products were sold at the given orprevailing price. As break-even analysis is a variation of gross-margin orpartial-budget analysis, the same set of data is required. However, for thebreak-even analysis, the FSR practitioner might try to obtain historic, Idata onthe variability of prices and/or the yields of crops or farm products. Thesechanges can be compared with the current yields and prices by break-even 
analysis. 

Break-even analysis involves all the steps for conducting partial analysis. Inaddition, it is useful to make an explicit list of assumptions and identify the
most critical ones. The final step is the calculation of a series of gross margins

assuming various values for these critical factors.
 

Interpretation of break-even analysis. Break-even analysis in association withpartial budgeting or gross-margin analysis can be used as a measure of risk. Theanalysis yields the minimum or maximum value of a critical factor at which anew technology is expected to become or stop being beneficial to the farmer.The following is an example of the break-even analysis of a commercial broiler 
enterprise in India. 

An Indian extension worker wanted to determine the break-even price ofraising 10 broiler chickens. He knows that the total cost of production(including the farmer's labor) is Rs 198 and feels fairly sure that totalproduction will reach 10 kilograms. The price that the raiser must get for thechickens in order to break even is determined by the following. 
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Since break-even price is the price at which sold output will equal total cost of 
production, 
Total cost of production = Rs 198 = sold output
Sold output = break-even price X total production
Rs 	 198 = break-even price x 10 kg
Break-even price = Rs 198/10 kg = Rs 19.8/kg 
Aprice of Rs 19.8/kg will assure the farmer full recovery of the costs incurred 
in producing the broilers. Any price the farmer can get that is higher than 
Rs 19.8/kg is profit. 

Advantages and disadvantages of break-even analysis. One of the advantages
of break-even analysis isthat instead of calculating a fixed value, the results of a 
budget analysis can be assessed in terms of probabilities. In other words, an 
estimate is made of the probability that an actual value will be above or below 
the established break-even level. Thus, one can assess the possibility of the 
proposed change being profitable, assuming all other budget components can 
fairly well be predicted. In addition, it is usually easier to assess the probability
of an uncertain coefficient exceeding or falling below a specified value than it is 
to assess an expected value for that coefficient. If the break-even value is very 
high or very low, conclusions can be made about the profitability of the change
with a high degree of confidence. Limitations to the use of break-even analysis 
are similar to those of partial budgeting and gross-margin analysis. 

Generalized Cost of Production 

The generalized cost of production (GCP) summarizes a crop, livestock, or 
poultry enterprise for a specific period of time, usually a season or year. While 
the title only suggests the cost aspects of production, the returns are also 
considered. 

Performing GCP. The steps in using GCP are as follows: 
1. 	 All of the relevant variable costs associated with the production of a 

commodity are identified and valued at the nominal market price (not
corrected for inflation). This implies that the GCP method is closer to 
accounting than economics. 

2. 	 Land, labor, capital, and management are valued at existing rates. Cost of 
capital should include a depreciation allowance as well as credit charges on 
loaned capital. 

3. 	 Cash and noncash returns received by the farmer are valued at market 
prices. 

4. 	 Profit is calculated by subtracting costs from returns. Returns minus costs 
provides an estimate of "accounting profit." Other ratios can be used to 
express returns to different factors of production, such as returns to 
animal, returns to land, or returns to labor. 
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Advantages and DisadvAntages of GCP. GCP is simple and used extensively
in developing countries to estimate profitability. It is useful for identifying
costs and returns on the farm; hence, it is a starting point for the farm manager
in formulating a farm plan. Government agencies use GCP year to year to
review price and input-subsidy policy. Moreover, GCP can be applied at
different levels of sophistication - some use the concept without getting
involved with calculations of rates of depreciation or with valuing in-kind 
payments. 

GCP is restrictive in that it derives cost-of-production estimates for a specific
farm and managerial level. Since no two farms are alike it becomes difficult to 
compare profitability among farms. Moreover as input and output prices
change, the estimates have to be revised. 

Tables 7.3, 7.4, 7.5, and 7.6 illustrate GCP. In table 7.3, returns to animal are
used as selection criteria. In table 7.4, accounting profit is calculated. Tables 7.5
and 7.6 compare the costs of keeping female cows and buffalo until repro
ductive age. 

A similar concept - costs-and-returns analysis - is presented later in this
chapter. The main difference between the two techniques is in their treatment 
of depreciation allowance, valuing managerial services, etc. 

Input-output Budgeting 

Animal experiments generate a great deal of data about the relationships
between inputs and outputs, especially for inputs such as feed, medicine, labor,
and equipment. Animal-feeding experiments often generate data relating feed
inputs or stocking rates to animal output. The input-output alternatives that are 
compared usually are related to the different treatments used in an experiment 
or set of comparable experiments. However, data on differing input-output
combinations may be available from farm surveys, and such data may also be 
appraised by input-output budget analysis. 
Under whole-farm analysis, discussed later in this chapter, procedures are
outlined for estimating and performing econonz analysis of input-output
relationships (production functions). Less elaborate and direct economic 
appraisal of data for farmer recommendations are presented here. Partial
budgeting is known as input-output analysis when it is applied to the analysis
of input-output data (Dillon and Hardaker, 1980). 
The aim of input-output budget analysis is to derive farm recommendations 
that are consistent with the farmers' desires to increase income, avoid undue
risk, and make the best possible use of scarce investment funds. Input-output
budget analysis has four specific techniques: 1) net benefits and marginal
analysis, 2) minimum returns analysis, 3) price variability and sensitivity 
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Table 7.3. 	 Average cost of maintenance per day and per liter of milk for cattle 
and buffalo (in Indian rupees). 

Purebred Purebred Crossbred Murrah 
Cost component zebu cattle exotic cattle cattle buffalo 

Per Per Per Per Per Per Per Per 
day liter day liter day liter day liter 

Feed 4.86 0.90 5.98 0.78 8.07 0.83 4.83 1.21 
Labor 2.97 0.55 3.03 0.39 3.02 0.31 2.77 0.69 
Supervision 0.20 0.04 0.20 0.03 0.20 0.02 0.20 0.05 
Replacement 0.89 0.16 1.09 0.14 1.20 0.12 1.45 0.36 
Vet. care and 

medicine 0.21 0.04 0.53 0.07 0.31 0.03 0.12 0.03 
Misc. 0.84 0.15 0.87 0.11 0.85 0.09 0.84 0.21 
Gross cost 9.97 1.84 11.70 1.52 13.65 1.40 10.21 2.55 
Net cost 9.74 1.80 11.42 1.84 13.37 1.37 9.91 2.48 
Average yield 

per cow 
per day 5.42 7.70 9.76 4.00 

Source: Cost of milk production at NDRI Farm, Karnal, India, 1985. NDRI Publication No. 175. 

Table 7.4. 	 Estimated cost of turkey production and profit at 16 weeks 
(per single bird). 

Input 	 Output 

Fixed costs (US$) Average wt.: 4.48 kg 
Price of poultry 3.70 Sale price to 
Electricity and water 0.50 supermarket: US$3.50/kg
Housing depreciation 0.10 Sale proceeds: US$15.68 
Equipment depreciation 0.05 
Labor 0.10 
Dressing and packaging 0.20 

Variable costs (US$) 
Feed 6.08 
Vaccination/medication 0.10 

Total Costs 	(US$) 10.83 

Note: From the above figures, based on the mortality rate of 8%, the average cost isUS$10.85 per
bird; hence, net profit is US$4.83 per bird. 

Source: Rearing of turkeys in plantations. In: Proc. of Seminar on Integration of Animals with 
Plantation Crops, 1978. 
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Table 7.5. Estimated cost of rearing one female breeding buffalo to maturity 
in Pakistan. 

Cost components 

Value of calf at birth 
@Rs 5/kg live weight 
Milk given to calf 
Green fodder 
Dry fodder 

Concentrates 

Shed expenses 
Vet. expenses 
Labor 

Death losses @ 10% & 3% 

Gross costs 
Income from hides 
Value of farmyard manure 

0-1 yr % of 1-3.55 % of Overall 
age the yr, age the cost 
(Rs) total (Rs) total (Rs) 

200.001. 11.17 - - 200.00 
763.20 42.65 - - 763.20 
305.50 17.07 1817.71 40.17 2123.21 

64.42 3.6v 383.29 8.47 447.71 
25.42 1.43 151.24 3.34 176.66 
69.72 3.89 414.83 9.17 484.55 
4.56 0.26 27.13 0.60 31.69 

268.41 15.00 1597.03 35.29 1865.44 
88.12 4.93 133.71 2.95 221.83 

1789.35 100.00 4524.94 100.00 6314.29 
3.10 1.05 4.15 

41.06 95.81 136.87 
Net cost 1745.19 4428.08 6173.27 

No. of heifers = 127
 
Average at maturity (yrs.) = 3.55
 
(1st fruitful service)
 
Ave. cost at maturity (Rs) = 6173.27
 

Note: Data collected from the village livestock keepers of nine districts of canal-irrigated areas in
the Punjab and based on the sample survey conducted during the year 1982-83. 

Source: Zafar, 1985. 
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Table 7.6. Estimated cost of rearing one breeding cow to maturity in 
Pakistan. 

0-1 yr % of 1-2.58 % of Overall 
Cost components age the yr age the cost 

(Rs) total (Rs) total (Rs) 

Value of calf at birth 
@Rs 5/kg live weight 100.00 9.04 - - 100.00 
Milk given to calf 504.90 45.62 - - 504.90 
Green fodder 174.57 15.77 643.58 37.78 818.15 
Dry fodder 36.81 3.32 135.71 7.97 172.52 
Concentrates 14.53 1.31 53.55 3.14 68.08 
Shed expenses 69.72 6.30 256.60 15.05 326.32 
Vet. expenses 4.56 0.41 16.81 0.99 21.37 
Labor 153.38 13.86 565.45 33.20 718.83 
Death losses @ 8% & 2% 48.32 4.37 31.95 1.87 80.27 

Gross costs 1106.79 100.00 1703.65 100.00 2810.44 
Income from hides 0.90 1.20 2.10 
Value of farmyard manure 23.46 57.29 80.75 

Net cost 1082.43 1645.16 2727.59 
No. of heifers = 16 
Average at maturity (yrs.) = 2.58 
(1st fruitful service) 
Ave. cost at maturity (Rs) = 2727.59 

Note: Data collected from the village livestock keepers of nine districts of canal-irrigated areas in 
the Punjab and based on the sample survey conducted during the year 1982-83. 

Source: Zafar, 1985. 

analysis, and 4) benefit-cost analysis. This discussion will focus on the last 
technique, benefit-cost analysis. 

Benefit-cost analysis is a form of input-output analysis that is useful for on
farm trials. It is very similar to gross-margin analysis, except that cash and 
noncash costs and benefits are used to derive the appropriate benefit-cost ratio. 
As seen in figure 7.2, benefit-cost analysis uses four measures of profitability: 
* total net benefits - overall farm profit, or total benefits minus total costs 
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* net cash benefits  cash benefits minus cash costs* benefit-cost ratio - total benefits divided by total costs* returns to capital - cash benefits divided by cash costs
Benefit-cost analysis ispotentially valuable for assessing the impact of on-farmtechnologies. It can be used at different levels of sophistication, letting theresearcher or extension worker incorporate the subjective judgments of thefarmer. In quantifying the benefit or cost of a technology, values must beassigned to marginal improvements in income and the change in welfare. An 

TOTAL NET BENEFITS: 

F1
 1

INEI equals TOTAgL mius- TOTALBENERT 
 BENEFITS COST 

""HE CASH BENEFITS 

TO s equals -plus + 

CASH COSTS 

TO ~equals. ls 

Figure 7.2. Benefit-cost analysis usedfor measures of profitability. 
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important criterion in this type of quantification is the farmer's willingness to 
pay for the technology component. Often it is difficult for the farmer to 
respond directly to this question. First, the farmer usually does not know about 
the market price or availability of the technology. Second, it is difficult to 
attribute marginal changes in pioductivity to a single factor when a number of 
interventions are being tested simultaneously. When a single intervention is 
tested, the farmer can provide insight into the value of that intervention to the 
overall resource allocation and value system. 

For example, in many developing countries, veterinary services are subsidized 
or free, especially at government-operated facilities, for artificial insemination, 

NET CASH BENEFITS: 

CASH minus CASHCASH e 
COSTSBENEFITS BENEFITS 

BENEFIT-COST RATIO: TOTAL BENEFITS] 

BENEFIT- equals - divided by 

TOSTS i 

RETURNS TO CAPITAL: CASH BENEFITSp 

RETURNS equals - divided by 
TO CAPITAL L I 

- CASHCOSTS 

Figure 7.2. continued 
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vaccination, and castration. When animal health treatments require costlymedicines, farmers share the costs. In conducting benefit-cost analysis, the realprice of new health practices must be determined carefully because farmersonly adopt preventive measures when they are faced with drastic reductions inproductivity or with the potential death of their animals. 
The following example illustrates benefit-cost analysis. Two feeding technologies for fattening hogs in the Philippines are being compared. Under thecurrent practice, the farmer feeds the hogs kitchen refuse. The technology usedfor comparison isfeeding the hogs commercial feed. Research has produced the
following data: 

Farmer's practice New technology 

TECHNICAL DATA
Breed type XB XBFeeding system Tethering TroughFeeds Kitchen refuse Commercial feedQuantity 850 kg 720 kgNo. of head 3/yr 3/yr
Labor requirement 43 days 59 days
Fattened live weight 50 kg 65 kgManure collected 158 kg 163 kg 

ECONOMIC DATA 
Price of stock (XB) P200/head
Price of commercial feeds P3.50/kg
Value of kitchen refuse P1.50/kg
Wage rate P15/dayValue of manure P0.45/kgPrice/kg fattened live weight P30/kg 

This analysis of benefits and costs can be compiled (continues next page): 

Farmer's practice New technology 

Item Quantity Value Quantity Value 
(P) (P) 

BENEFITS 
Cash

Liveweight sales 
Noncash

Manure 
TOTAL BENEFITS 

150 kg 

158 kg 

4,500 

71 
4,571 

195 kg 

163 kg 

5,850 

73 
5,923 
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Farmer's practice New technology 

Item Quantity Value Quantity Value 
() () 

COSTS 
Cash 

Stock 3 hd 600 3 hd 600 
Commercial feed - - 720 kg 2,520 

Noncash 
Feed (kitchen refuse) 850 kg 1,275 - -
Labor 43 days 645 59 days 885 

TOTAL COSTS 2,520 4,005 
TOTAL NET BENEFITSa 2,051 1,918 
NET CASH BENEFITSb 3,900 2,730 

BENEFIT-COST RATIOc 1.81 1.48 
RETURN TO CAPITALd 7.50 1.88 

aTotal net benefits = total benefits minus total costs 
bNet cash benefits = cash benefits minus cash costs 
'Benefit-cost ratio = total benefits divided by total costs 
'Return to capital = cash bene~its divided by cash costs 

The above is a typical example of benefit-cost analysis. Total net benefits under 
both technologies are approximately the same, but the return to capital (cash 
input) under the traditional technology (farmer's practice) is superior to that 
under the new technology. Therefore, although total benefits increase under 
the new practice, given the scarcity of cash, farmers will not adopt this new 
technology. 

Production-function Analysis 

Small farmers generally have little control over the climatic, economic, and 
social environment in which they work. Nevertheless, they must decide what 
products to produce, how to produce them, and how much to produce. 
Production-function analysis is a method of making production decisions by 
estimating and analyzing the range of possible combinations of input factors, 
such as land, labor, and capital, that may be changed to reach a specific output 
level. Dillon and Hardaker (1980) define a production function as a function 
that shows the quantitative relationship between inputs and outputs for some 
production process. 
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The production-function approach can be used to study the economic profitability of a technology. Conceptually, the objective of production-functionanalysis is to study the marginal contribution of each variable input to the totalproduct. With the introduction of a new technology, the analyst tries toestimate the shift in the production function. A typical single input-singleoutput production function is illustrated in figure 7.3. In this case, the value ofthe shaded area would be studied and attributed to the new technology.Regression coefficients are then used to measure the extent of the impact ofeach of the inputs (the so-called independent variables) on the output or yield(the dependent variable). 

Performing Production-functionAnalysis 

An example of a multifactor production function is expressed mathematically 
as follows: 
Y = f[fodder, concentrates, management level, breed, age,


lactation, udder disease, pregnancy status] + e,
 

Output 

2New 
technology 

Y1 
Local technology 

Input 

Figure 7.3. A typical single input-single output productionfunction. 
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where Y is the milk yield in liters/day; fodder is the green and dry fodder 
intake, measured in total digestible nutrients (TDN) or kilogram weight; 
concentrates include mineral supplements, measured in TDN; breed is equal to 
1 if cross, 0 if indigenous; lactation is equal to the stage of lactation; udder 
disease is equal to 0 if present, I if absent; pregnancy status is equal to I if 
pregnant, 0 if not pregnant; and e is the error margin. 

Production-function analysis can be conducted on 40 to 50 farms at different 
levels of treatment with researcher-managed experimental control. The data 
must be organized for standard multiple regression, and the relevant pro
duction-function parameters, such as marginal 	 product, values of marginal 
product, input demand, and supply elasticities, must be estimated. The 
estimated marginal value products can be compared to the price of the product 
to determine the efficient level of input use. 

The following example uses regression results from a study conducted on 
Indian and Pakistan milk animals. Data were collected in 1986 by surveying 100 
farmers from two districts in the Indian and Pakistan Punjab provinces. Table 
7.7 shows that the present milk yield of buffalo in the Karnal area is influenced 
by animal age, stage of lactation, early milk yield, number of large animals in 
the herd, amount of fodder fed, and amount of labor used per animal. 

Table 7.7. Estimated milk production function for Indian buffalo. 

Variables 	 Regression 
coefficients t-value 

Dependent variable = Present milk yield of buffalo 
Constant -6.78 
Independent variables 

Animal age (years) +0.60 (6.60) 
Stage of lactation (early = 1; late = 0) -0.64 (14.0) 
Early milk yield (kg/day) +0.74 (9.37) 
No. of large animals +0.68 (4.62) 
Amt. of fodder per animal (kg/day) +1.28 (1.95) 
Amt. of labor per animal (hrs/day) +0.86 (5.73) 

Rg2 	 0.97 

Note: t-Values greater than 2 imply significant coefficients. 
Source: Amir et al., 1987. 
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The magnitudes of the regression coefficients indicate the extent to whichspecific independent variables increase or decrease milk yield. The variables
that increase milk yield the most are amount of fodder fed to the animal (1.28),labor input (0.86), early milk yield (0.74), and animal age (0.60). The signs ofthe regression coefficients indicate the direction of the effects of the independent variables on the dependent variable. The variables that are positively
correlated with present milk yield are animal age, early milk yield, number oflarge animals in the herd, amount of fodder fed per animal, and amount of laborinput per animal. This means that increases inmilk yields can be expected fromanimals that are older, better cared for, and better fed. The only variable that isnegatively correlated with milk yield isstage of lactation. This means that milkyield increases in the early stages of lactation, but decreases in the later stages. 

Advantages and Disadvantages of Production-functionAnalysis 

Production-function analysis isappropriate for experiment station data, such asscreening new technologies by comparing growth curves of animal herds undervarious types of management. Although this approach has limited value foranalyzing farm data, since it isdifficult to aggregate farm inputs and outputs, it can help identify patterns of resource allocation on farms and diagnose theweaknesses of farm systems by defining the contributions of inputs to total 
output. 

Production-function analysis can only be carried out with computer support.
Standard programs are available for microcomputers that will estimate the necessary statistical parameters. Therefore, this approach is recommended inthose situations where there is access to the services of an economist. 
Dillon and Hardaker (1980) point out several cautions in the use of production
function analysis. The production function is a physical relationship. Takingaccount of all the input factors that influence output (such as feed, climate, andlabor), it defines the production possibilities open to the farmer. In an idealworld the farmer could combine this information with information on prices
and opportunity costs to 1) judge what combination of inputs would be best to use and 2) study the effects on production and input use of alternativegovernment policies influencing prices and the quantity of resources available. 
Information from production-function analysis can never be perfect because: 
* There will always be uncertainty about the effects of uncontrolled factors 

such as weather and disease. 
* The production function must be estimated statistically from data that may

be inadequate. 
* The estimated production function can be interpreted only as an average

relationship across some set of observations. 
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* Prices and opportunity costs may not be known with certainty. 
* Every farm and farmer is unique. Resource qualities and amounts vary

between farms. Farmers vary in their managerial skill, their assessments of 
opportunity costs and uncertainty, and their preferences about the possibili
ties open to them. 

For the above reasons, information based on production-function analysis 
must be interpreted cautiously. It can be useful for extension and policy 
purposes, especially when supplemented with macroeconomic and other 
microeconomic analyses. It is usually inappropriate for small farms involving a 
subsistence component and where farmers have to operate in a delicate balance 
with their physical, economic, and social environment. 

Whole-farm Analysis 

In whole-farm economic analysis, the farm is considered as a complete entity.
The whole crop-and-animal production program is reviewed, and the overall 
use of farm resources is considered. The analyst is concerned with evaluating 
consequences of changes in the farm's organization or methods of production.
Sometimes the changes are minor, such as using a new pasture type, or the 
changes can be radical, as when land of little agricultural value is brought into 
intensive production (Dillon and Hardaker, 1980). Whereas in partial-farm
analysis, some aspects of the production system are taken as given and the 
budget analysis considers only the aspects of the operation that are directly
affected by the proposed change, profit budgets prepared in whole-farm 
analysis take account of all farm income and expense items. Whole-farm 
analysis includes costs and returns and financial analysis. 

Costs and Returns 

The costs-and-returns table is a common approach to constructing a whole
farm budget (see table 7.8). Whole-farm budgets are drawn up to show the 
anticipated consequences of a proposed farm plan. The budget is constructed 
for the whole farm to allow for calculation of overall performance measures. 
Cost-and-returns analysis accounts for both cash and noncash costs and fixed 
and variable costs (unlike partial budgets, which do not include fixed costs). 

FinancialAnalysis 

Financial analysis is a form of evaluation that emphasizes the time value of 
money for on-farm animal trials. Its use is justified since money is a scarce 
resource and financial analysis considers the present value of money as higher
than its future value. This consideration is rationalized because most people 
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Table 7.8. 	 A cost-and-returns analysis for different types of animal 

technologies (in Indonesian rupiahs). 

Item 	 Assumption Traditionala Low cost b High costC 

Fixed costs 
Building 
Equipmentd 

8 years 
p.m. 

5,000 
0 

15,625 
0 

15,625 
0 

Animalse 4% 7,500 7,500 7,500 
Variable costs 

Feed and other 
Minerals/month 

0 
250 

750 
0 

0 
12,000 

21,000 
33,168 

Medicine/month 200 0 14,400 20,400 
Noncash costs 

Labor 25 mi/day/head 
Total cash costs 13,250 49,525 97,693 
Returns 

Young stock' 0.9 1.1 1.7 
Value of weight gaing 85,750 145,000 217,800 

Note: US$1 00 = Rp 1100 in 1985. 
'Assumes meat production of 52 kg.
bAssumes meat production of 88 kg.
 
'Assumes meat production of 132 kg based on data provided by RIAP, Sei Putih, per animal cost of
 
Rp 3902/year.
 

dSome minor expenses for drenching equipment.
 
'Animals will keep their value against inflation. Assumes cost replacement stock equals value called
 
stock.
 

'Surviving kid/lamb per parturition.
 
1Ten month interval average weight gain/day/head multiplied by Rp 1650 per kg.
 
Source: Research Institute for Animal Production, Ciawi (Bogor), Indonesia.
 

would prefer to receive money now rather than later, or a larger sum of money 
is expected as a reward for waiting. 

Just as it is iriportant to know the interest that can be earned on cash, similarly,
in agricultural undertakings, it is important to know whether the initial 
investments will earn a return in the future. Establishing an animal enterprise is 
usually costly, and income is not generated until later. The economic feasibility
of such projects is determined by discounting all costs and benefits for the 
projected duration of the activity. Discounting costs and benefits permits the 
determination of the value today of an amount of money received sometime in 
the future, i.e., at the end of the project. Present values can then be readily 
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compared, letting the farmer identify the best use of available capital. This 
method is most suited to analyzing animal-breeding experiments and other 
long-term animal research. However, because of its financial nature, non
marketable inputs and outputs are excluded from the analysis. 

The most important consideration in any discounting exercise is to select an 
appropriate interest rate; for example, to get the present value of US$100 to be 
repaid in 1 year at an interest rate of 12%, the following formula should be 
used: 

FV = PV(1 + r)t or PV - FV , 

(1 + r) 
where FV is the future value, PV is the present value, r is the interest rate 
(expressed in decimal form), and t equals the time horizon for discounting (for 
example, t = 1 for 1 yr and t = 2 for 2 yrs). 

If, for example, an analyst wanted to determine the profitability of a small-scale 
sheep enterprise planned for 3 years of operation, financial analysis could be 
performed, with discounting, using a 10% interest rate as follows: 

Gross Gross Discount Discounted Discounted 
returns costs factor returns costs 

1 2 3 1x3 2X3 
Year 

1 2,000 5,000 0.909 1,818 4,545 
2 4,000 2,500 0.826 3,304 2,065 
3 6,000 2,500 0.751 4,506 1,877 

TOTALS: 12,000 10,000 9,628 8,487 
Net present value = total discounted returns - total discounted costs 

= 9,628 - 8,487 
= 1,141 

Benefit-cost ratio = total discounted returns + total discounted costs 
= 9,628 + 8,487 
= 1.13 

Looking at the nondiscounted costs and returns of the sheep enterprise, the 
estimated net returns are 12,000 - 10,000 = 2,000. However, the discounted 
net returns (net present value) are only 1,141. The net present value is lower 
than net returns be,.ause the opportunity cost of investing the money was 
accounted for as a cost. 
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The benefit-cost ratio in financial analysis is the ratio of discounted returns todiscounted costs. Its value indicates that for every unit of cost incurred, therewill be a corresponding 1.13 units of return. The internal rate of return is theinterest rate at which net present value is zero. By trial and error, it wasdetermined to be approximately 37% foi this example. When net present valueis zero, total discounted returns equal total discounted costs. This implies theinternal rate of return is the rate of return on investment provided by theenterprise. Stated another way the internal rate of return is the maximuminterest that the farmer can pay for the inputs used if the farmer is to recover hisinvestment and operating expenses and still break even (Gittinger, 1982). 

SUMMARY 

This chapter has been a survey of the various techniques available foreconomic analysis of new technologies. These can be used for screeningtechnologies for profitability at the resech station or for determining thebenefits resulting from a new on-farm trial. The strengths and weaknesses ofeach technique have been discussed. These should be kept in mind when theresearcher or analyst isperforming an economic analysis so that the appropriatetechnique is chosen based on the economic data that is availabie, the scope ofthe research, and the results which are desired. By having a variety of analysistechniques which can be utilized, the results of an OFAR trial can accurately be 
determined. 
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CHAPTER 8 

MARKETING 

PURPOSE 

Because farmers' production decisions are based mostly on market considera
tions, researchers and extension workers concerned with animal production 
must be knowledgeable about marketing issues. Often, farmers ignore new 
technology - even when it appears to be better than their current practices 
due to market limitations. Production and marketing should be considered 
together, so that one becomes an incentive to enhance and promote the other. 
By examining and analyzing the costs associated with marketing animals, the 
gains resulting from new animal-production technology can be determined. 

OBJECTIVES 

After completing this chapter, the reader should be able to: 
* Define market, marketing, and marketing system. 
" Explain demand and supply elasticities. 
* Determine equilibrium price for animals and animal products by graphing a 

supply-and-demand schedule. 
" Define and describe the different costs and margins involved in the marketing 

system. 

THE MARKET 

A market is a place where buyers and sellers meet to trade. It may be local, 
regional, national, or international. In developing countries, many animal 
markets are literally no more than a patch of open ground. A perimeter fence is 
sometimes built to confine the animals if convenience justifies the expense. 
Pens are provided for pigs and other small stock. In more developed marketing 
systems, there may be a watering-point, shelter for farmers and animals, 
loading ramps, scales, and other amenities. Marketplaces are usually owned and 
controlled by the local public authority. Capital costs of market installations 
and costs of running the market (such as water supplies, maintenance, and 
supervision) are recovered through a market fee assessed on the animals that are 
sold. These fees will vary according to the services provided by the market 
authority. 
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A good market for livestock is a place where a producer can take or send
animals and be reasonably sure of receiving offers from a number of buyers. A
trader views a market as a place where stock can be bought in a short time
without having to travel long distances to many producers. The basic function
of the market is thus to bring together sellers and buyers to trade under
convenient conditions at a prearranged time and place. Ifthere are any official
controls over prices, quality, or terms of sale, they can be more easily exercised 
at such a center. If the market is not regulated, prices tend to reflect supply and
demand conditions prevailing, in the marketing system. 
The place where animal producers can sell their animals or by-products should
be considered when designing On-farm Animal Research (OFAR). Partici
pating in the research involves risk. A farmer who owns only one cow, for
example, accepts a big risk by participating. First, the cow's life may be at stake
since the effects of the new technology on the cow are not certain. Second, if
the technology improves the cow's production, it may be difficult to market
the extra goods. For instance, if the new technology increases the cow's milk
production, the farmer may not find a market for additional milk. Therefore,
researchers must know that there is or will be a ready market for the produce.
This information can then be used to encourage farmers to cooperate actively in 
OFAR. 

Marketing 

Marketing includes all the activities performed in moving commodities from
the producer to the consumer. It also includes all the exchange activities of
buying and selling; all the physical activities performed to give the commodity
increased utility; and all the auxiliary activities such as financing, risk-bearing,
and disseminating information to participants in the marketing process.
Marketing is thus a result of specialization and trade in the economic system. 
Marketing has the following three basic functions: 
Exchange function 	 Involves the transfer of ownership of products

through buying, selling, pricing, and renting. This 
usually includes price negotiations and product
valuation. For example, an animal wholesaler who 
goes to a farm and negotiates the purchase of a hog
is performing the exchange function. 

Physical function Involves physical movement as well as transforma
tion of the commodity into more usable forms 
through transportation, handling, storage, pro
cessing, and packaging. Thus, a trucker who buys
cattle and transports it to a wholesaler or butcher is 
performing a physical function. 
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Facilitating function 	 Makes possible the efficient performance of the 
exchange and physical functions through financing, 
risk-bearing, marketing information, issuing grades 
and standards, advertising (demand creation), and 
research. Often, the facilitating function is 
supported and performed by government agencies 
to increase the efficiency of the overall marketing 
system. When a government finances the storage of 
hog carcasses until they are needed, it is performing 
a facilitating function. 

In developing countries, village marketing is very informal. In some cases, 
marketing is still primitive; that is,farmers barter by exchanging one product 
for another. (Products may even be bartered for services.) Valuation of 
products depends greatly on sociological factors such as brotherhood and 
religion. Farmers usually lack information about where and when to market 
their products efficiently. Their small-scale operations result in an inability to 
offer aggregate amounts of a product for sale to large metropolitan areas. Since 
farmers do not know competitive prices for their products, and often have to 
sell under a ceiling price set by a marketing board, they often get low prices for 
their goods. Farmers who are unable to transport their animals to the 
marketplace are also likely to get low prices. 

Marketing System 

A marketing system includes all activities involved in the flow of goods from 
the point of initial production to the ultimate consumer (see figuce 8.1). It 
involves processing raw materials into final products and then distributing 
them to the consumer. Thus, it includes the exchange activities associated with 
transferring property rights to commodities, physically purchasing and allocat
ing resources, handling products, disseminating information to participants, 
and making institutional arrangements for facilitating these activities. A 
comparison of animal and crop marketing is shown in table 8.1. 

The marketing system acts as a communication channel by which the demands 
of the consumers are transmitted to the producers through the pricing 
mechanism. Prices signal producers, intermediaries, and consumers to buy or 
sell a commodity and what quantities to buy or sell. The dynamics of an animal 
marketing system can be viewed as follows: Animal production isthe result of 
the farm household's application of energy and skill, purchased Ind non
purchased resources, and available technology. Through the efforts of the 
household, surplus products enter the marketing system. At the other end of 
the two-way path of influence is the consumer, whose desires dictate to a major 
extent the activities of the marketing system. 
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Figure 8.1. Movement of products from producers to consumers. 



Table 8.1. Comparison of characteristics of animal and crop marketing. 

Factors Animals Crops 

Valuation of product 
Grading system 

Difficult 
Less standardized 

Relatively easy 
More standardized 

Market organization Less organized Organized 

Marketing channels are routes through which products pass as they are moved 
from the farm to the consumer. For example, in the Philippines chickens pass
through five channels: assembler-wholesalers, wholesalers, wholesaler
retailers, cooperatives, and retailers. On the other hand, cattle marketing in 
Cebu, Philippines, involves only wholesaler, intermediary, and retailer. In this 
city, 50% of the producers sell zheir cattle to wholesalers, 30% to inter
mediaries, and 20% to retailers. The wholesalers transport their cattle to the 
city in their locality for slaughter or ship them live to Manila. Two-thirds of 
the retailers take their cattle to the city for slaughter. Three-fourths of the 
intermediaries sell their cattle to local buyers and wholesalers, and one-fourth 
sell their cattle to retailers. 

Animal Marketing System 

From a single animal, a farmer can produce and market many products, such as 
meat, milk, traction, power, manure, and hides (see table 8.2). As animal
marketing systems develop, the need for marketing skills and operations 
increases.
 

Table 8.2. Marketable animal products. 

Animal Marketable product 

Sheep Milk, hides, hooves, meat, wool 
Poultry Meat, feathers, eggs, manure 
Horses and donkeys Power, manure 
Goats Meat, milk, butter, ghee, skin, hooves, manure, 

mohair 
Rabbits Meat, fur, mohair 
Cattle and buffalo Meat, milk, power, manure, horns, hides, hooves 
Hogs Meat, lard 
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In some cases, several functions may be carried out by one person or company
acting as a market integrator, such as a meat processor/wholesaler. Market 
integration can help reduce the risks associated with fluctuations in the price of 
animals and retail cuts of meat. In addition, it is easier for the larger firms 
resulting from market integration to provide specialized management and the 
capital necessary for investments in plant and equipment, which can reduce the 
cost of marketing the product. In some cases, producer cooperatives can supply 
a broader base for raising capital while providing several marketing functions. 
In addition, market facilities are needed as a point of assembly for animals. At 
the collector's facilities, auctions are often used to set prices and facilitate 
exchange; however, this is not necessary if grade standards have been estab
lished and market news services are available. Under these circumstances 
producers can sell and deliver directly to the slaughterhouse since the 
slaughterhouse buyer has a sufficient description of the animal from grade and 
weight specifications and information on price conditions to make a bid. Selling 
animals at markets is advantageous to producers when there are several buyers 
at the market. Competitive bidding among buyers assures the producer of 
getting the best price for each animal. In areas where there is no animal market 
or producers' association, farmers can sell directly to butcher-retailers on a 
live-weight or carcass-weight basis or to shippers on a live-weight basis. 

Meat Marketing System 

Meat marketing begins with the sale of the live animal for slaughter. In some 
countries, animals are fed grains for growth and finishing. In other countries, 
animals consume roughage, household wastes, or other feeds that are not 
directly usable as human food. 

The finished animal is transported to the slaughterhouse for processing. When 
transportation facilities are limited, slaughtering operations may be centralized 
near large urban centers, and small operations may sell fresh meat to local 
consumers. In processing animals for meat, regulations concerning cleanliness 
of facilities and control of disease are essential for providing consumers with 
quality products.. 

Live animals and carcasses are graded according to the tastes of the consumer. 
The grade influences the price consumers are willing to pay for the product. 
Grading systems usually classify carcasses at the point of slaughter since meat is 
often marketed as whole or split carcasses. Table 8.3 shows common bases for 
grading animal carcasses and products. 

Cooperative Marketing 

Cooperative marketing is based on the premise that a group of producers can 
achieve better results by combining their efforts and resources than by 
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Table 8.3. Bases for grading animal carcasses and products. 

Product Basis for grading 

Cattle carcass Weight 
Sheep carcass Male or female 
Buffalo carcass Color 
Goat carcass Maturity, amount of fat tissue 
Milk Color, odor, source (cow, buffalo, goat) 
Eggs Size, color, weight, shell 
Hide or skin Weight, leather, size 

operating separately. Their bargaining power is increased through control of a 
larger volume of supplies, especially if that volume represents a major part of 
the total supplies in the area. The aim of a cooperative marketing system is thus 
to secure better market outlets, obtain higher prices, and perform at a lower 
cost of operation. A corollary aim is to take over some profitable marketing
functions, especially if the scale of operations permits investment in facilities 
and equipment. Hence, for animals, it is sometimes beneficial for cooperatives 
to go beyond selling and develop cooperative arrangements for slaughtering, 
wholesaling, and retailing meat. In the Philippines, backyard buffalo farmers 
get low prices for their products. If they could organize into a cooperative or 
association, they could create enough volume of animals to sell directly to 
processors. This would eliminate dealing with intermediaries and should enable 
the farmers to get better prices for their goods. Thcre is a drawback to 
cooperative marketing, however. The estimation of the value of animals is not 
easy and, as one who has visited a livestock market knows, subject to heated 
discussion. Such debates will also take place within marketing cooperatives and 
may make cooperative management difficult. 

PRICES 

Market prices are determined by a complex and dynamic interaction between 
demand and supply. Prices are the mechanism by which products are allocated 
among different groups of consumers based on their ability to pay. 

Demand 

Demand is the quantity of a commodity that buyers will purchase in a given 
market, in a given period, and at a given price. The inverse relationship between 
price of a commodity and quantity demanded is called the law of demand. 
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Demand can refer to a schedule or a curve. A demand schedule lists the
different quantities of a commodity that consumers will purchase during a
certain period if the corresponding price iscff*tLive (see table 8.4). A demand 
curve is a demand schedule plotted on a graph, with price plotted on the
vertical axis and quantity on the horizontal axis (see figure 8.2). Demand for a
commodity is affected by factors other than price, such as the following:
0 Food habits of the population. These are based on convention, taste

preferences, climate, religious beliefs, and other motives. For example, in 
Muslim communities, demand for pork is low. 

* Income. As income increases, the demand for certain commodities, e.g., red 
meat, also tends to increase. 

* Population. Normally, population and demand have a positive correlation: as 
the number of consuming units increases, demand also increases. 

" Perishability of the product. Because animal products, such as meat and milk,
spoil quickly, sellers often drop their prices as their products age. A decrease
in the price of a commodity normally increases consumption of it. 

* Current price of alternative products. Demand isparticularly affected by the 
current availability and price of alternative products. If the price of cow's
milk increases, consumers tend to substitute buffalo or goat milk; therefore,
the demand for buffalo and goat milk increases as the demand for cow's milk 
decreases. 

Table 8.4. Demand schedule for pork. 

Price per kilogram 
(Philippine pesos) 

Quantity 
(kilograms) 

Total revenue 
(price x quantity) 

20.50 18 369.00 
30.50 15 457.50 
40.50 13 526.50 
50.50 12 606.00 

Price Elasticity of Demand 

Price elasticity of demand is the responsiveness of demand to changes in price.
As the price of a good changes, consumers respond by changing the amount of
the good they purchase. Deermining demand elasticity is important to sellers
because it lets them predict the amount of revenue they can earn from selling
different quantities of goods at varying prices. Total revenue depends on the 
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Figure 8.2. Demand curve. 

increase in quantity of goods sold in response to a given price decrease. Price 
elasticity of demand is determined by dividing the percentage change in 
quantity demanded by the percentage change in price. And so: 
Ed =Percentage change in quantity 

Percentage change in price 

(Q2 - Q) (P 2 - P,) 

(Q2 + Q,) (P2 + PO, 
where Ed is the price elasticity of demand, Q, is quantity 1, Q2 is quantity 2, P1
is price of quantity 1,and P2 is price of quantity 2. The computed value for Ed 
will always be negative, due to the inverse relation between price and quantity.
Thus, if there is a positive change (increase) in price, there will be a negative 
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change (decrease) in 	the quantity demanded; if there is a negative 	change(decrease) in price; there will be a positive change (increase) in the quantitydemanded. The absolute (non-negative) value of Ed is used when classifying
demand. 

Demand curves can be classified in three ways depending on their elasticity:
Inelastic demand The percentage change in quantity is less than the 

percentage change in price; thus, the absolute value of
the elasticity is greater than or equal to zero and less
than or equal to one (0 < Ed < 1.0). If demand for aproduct isinelastic, a decrease in its price decreases total 
revenue because the percentage decrease in price is
greater than the percentage increase in quantity
demanded. An increase in price has the opposite effect
and will increase total revenue.

Elastic demand The percentage change in quantity is more than the 
percentage change in price; thus, absolute value of theelasticity isgreater than one (Ed > 1.0). If demand for aproduct is elastic, a decrease in its price increases total 
revenue, and an increase in its price decreases total 
revenue. 

Unit elasticity 	 The percentage change in quantity isexactly the same as
the percentage change in price; thus, the absolute value
of the elasticity equals one (Ed 1.0). If demand for aproduct has unit elasticity, an 

= 

increase or decrease in
price leaves total revenue unchanged.
 

The demand schedule for pork given in table 8.4 serves 
as an illustration ofinelasticity of demand. Since the percentage decrease in quantity demanded isless than the percentage increase in price, an increase in the price of pork causesan increase in total revenue, and the absolute value of Ed will be less than one. 
The following example illustrates the price elasticity of demand. The price ofpork in 1984 averaged P43.00 per kilogram with per capita consumption ofpork at 24 kilograms. In 1985 the price of pork increased to P46.00 perkilogram with per capita consumption at 20 kilograms. The price elasticity ofdemand for pork is determined in the following manner: 

Ed = (Q2 - Q) (P2 - P) 
(Q2 + Qi) (P2 + Pl) 
(20 - 24) (46 - 43) 

(20 + 24) (46 + 43)
 
= -4/44 + 3/89
 
= -2.70 
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Thus, the absolute (non-negative) value of the price elasticity of demand for 
pork is 2.70. Since this value is greater than 1, pork has elastic demand. Thus, 
whenever the price of pork increases 1%, the quantity purchased decreases 
2.70%, and total revenue decreases. When the price of pork decreases 1%, the 
quantity purchased increases 2.70%, and total revenue increases. 

Income Elasticity of Demand 

Income elasticity of demand is the responsiveness, of demand to changes in 
income. It is equal to the percentage change in quantity demanded divided by 
the percentage change in income. And so: 

Percentage change in quantity 

Percentage change in income 

(Q2 - Q1) (Y2 - Y,) 

(Q2 + Q1) (Y2 + Y) 
where Y, is the income elasticity of demand, Q1 is quantity 1, Q2 is quantity 2, 
Y, is income in period 1, and Y2 is income in period 2. 

When income elasticity is negative, the commodity is identified as an inferior 
good; when it is positive, the commodity is considered a normal good. A 
normal good is usually considered a superior good if its income elasticity is 
greater than one. Income elasticity for a good is likely to vary considerably, 
depending on the level of the consumer's income. Thus, a good may be 
superior at low levels of income, normal at intermediate levels of income, and 
inferior at high levels of income. The following is an example of how to 
determine the income elasticity of demand. 

A farmer's disposable income in April 1986 was P1,000, with a pork 
consumption of 1 kilogram. In May 1986, the farmer's income increased to 
P1,200 and his pork consumption increased to 1.5, kilogram. The farmer's 
income elasticity of demand for pork can be determined in the following way: 

Y. (Q2 - Q0 (Y2 - Y1) 
(Q2 + Q,) (Y2 + YI) 

(1.5 - 1.0) (1200 - 1000) 

(1.5 + 1.0) (1200 + 1000) 

= 0.5/2.5 + 200/2,200 

= 2.20 
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Thus, the income elasticity of demand for pork is2.20, which means that when
the farmer's income increases by 1%, the quantity of pork the farmer demands
increases by 2.2%, and when the farmer's income decreases by 1%, the
quantity of pork the farmer demands decreases by 2.2%, assuming all other 
market conditions remain the same. 

Supply 

Supply is the quantity of a commodity offered for sale in a given market, in agiven period, and at a given price. The quantity of meat placed on the market 
varies directly with price. The direct relationship between price and quantity
supplied is called the law of supply. 
Supply can refer to a schedule or a curve. A supply schedule lists the different
quantities of a commodity that producers will offer for sale during a certain
period if the corresponding price isacceptable (see table 8.5). A supply curve is 
a supply schedule plotted on a graph, with price plotted on the vertical axis and
quantity on the horizontal axis (see figure 8.3). In addition to price, supply of a 
commodity is affected by the following factors: 
* Cost of production. For example, feeds constitute 70% of the total cost of

producing chicken meat in the Philippines. A 1%increase in the price of
feeds reduces the quantity of chicken produced by 0.18%. 

* Delayed output responses. For example, if farmers reduce the total number of
breeding cows, they are cutting back production of slaughterstock for several 
years to come. 

* Production cycles. Sheep, goats, and pigs have shorter reproductive cycles
than the larger ruminants, so their period of output adjustment is shorter. 

* Seasonal factors. In some countries grazing isdifficult in certain seasons, such 
as winter or the severe dry season. During these periods, animal owners tend 
to sell more of their stock, causing marked seasonal increases in supply. 

Table 8.5. Supply schedule for pork. 

Price per kilogram Quantity
(Philippine pesos) (kilograms) 

20.50 10 
30.50 12 
40.50 13 
50.50 15 
60.50 18 
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Figure 8.3. Supply curve. 

0 Meat production from draft and dairy animals. In areas where cattle and 
buffalo are kept primarily as draft anima s, the supply of beef in the market 
depends on the number of retired draft animals that are available. 

0 Disease and drought. Disease and drought seriously reduce the breeding 
stock population, eventually leading to reductions in supply. 

Elasticity of supply indicates the responsiveness of quantity supplied to 
changes in price. When a percentage change in price causes little or no 
percentage change in quantity supplied for a commodity, supply of the 
commodity is inelastic. When a percentage change in price causes a large 
percentage change in quantity supplied for a commodity, supply is elastic for 
that commodity. The greater the elasticity of supply, the greater is the 
proportionate change in quantity and the less the proportionate change in price 
caused by any shift in the demand curve. The formula for price elasticity of 
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supply 	is the same as for price elasticity of demand. Since the relationshipbetween price and quantity is direct, however, the computed value of E, will
always be positive. 

Percentage change in quantity 

Percentage change in price
 

(Q2 - Q) (P, - PI)
 

(Q2 + Q1) (P2 + P,) 
 ,
where E, is elasticity of supply, Q, isquantity 1, Q2 is quantity 2, P, is price of
quantity 1, and P2 is price of quantity 2. 
The following example illustrates the calculation of the elasticity of supply. 
The price per head of cattle in an Indian village in April 1986 was Rs 950.Twenty head were marketed in April 1986. The price per head was Rs 1,000 inMay 1986. Thirty head were marketed in May. The elasticity of supply can then
be determined as follows: 

Es 	 (Q2 -Q) (P2 - P)
 
(Q2 + Q) (P2 + PI)
 
(30 - 20) (1000 - 950)
 

(30 + 20) (1000 + 950)
 
= 10/50 + 50/1950
 

= 7.80
 
Thus, the price elasticity of supply for cattle in this Indian village is 7.80. Thismeans that when the price of cattle increases 1%, the quantity suppliedincreases 7.80%, and when the price of cattle decreases 1%, the quantity

supplied decreases 7.80%.
 

Law 	of Supply and Demand 

The law of supply and demand determines market price. A supply-and-demandschedule is shown in table 8.6. Plotting these points on a graph 	reveals thesupply 	and demand curves. 	The point where the downward-sloping demandcurve intersects the upward-sloping supply curve is the equilibrium of priceand quantity (see figure 8.4). Price is determined at this equilibrium point. Ifsupply exceeds demand, more quantity is in the market than can be sold; hence,there is a surplus of goods in the market. To increase the quantity demandedand clear the market of the surplus, the price will need to be reduced. If demandexceeds supply, there is an insufficient quantity of goods in the market; that is,there is a shortage. An increased demand for the good will therefore drive up 
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Table 8.6. Supply-and-demand schedule for pork. 

Pr;ce per kilogram Quantity supplied Quantity demanded 
(Philippine pesos) (kilograms) (kilograms) 

20.50 1,000 8,000 
30.50 2,000 6,500 
40.50 3,000 5,200 
50.50 5,000 2,500 
60.50 8,000 1,000 
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Figure 8.4. The law of supply and demand. 
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the price. As buyers and sellers interact, prices tend to move toward 
equilibrium. 

COSTS AND MARGINS 

Costs and margins of marketing animals reflect the efficiency of a marketingsystem. Since the costs of marketing are affected by the marketing channelsused and the marketing services received (see table 8.7), knowing costs andmargins helps animal producers determine the most efficient way to market 
their products. 

Table 8.7. Typical costs in marketing animals. 

Cost category How incurred 

Labor Feeding, picking up, delivering, and slaughtering ani
mals 

Transportation Gasoline and oil, vehicle rental 
Storage Electricity
 
Certain risks and Risk of animals dying in loans
transit, interest tofinance costs purchase livestock, interest on commodity trading 

contracts
 
Other 
 Feeds during transport; marketing fees; slaughtering

fees; taxes, licenses, permits; facilitator's fees; repairs
and maintenance; costs of hauling equipment, costs of 
water and other materials (for example, ropes and 
wrappers) 

The Costs of Intermediaries in the Market 

The significance of the number of intermediaries operating in a market isoften
misunderstood. The general misconception is that the presence of manyintermediaries causes consumers to pay high prices and farmers to get lowprices. According to this view, the fewer intermediaries, the more efficient the
market. This view is often incorrect. 
Intermediaries usually cannot affect prices significantly. If they try to widenthe margins by charging more than their services are worth, the demand fortheir services will decrease. Moreover, iffarmers distributed their produce oneby one to each consumer, without the use of intermediaries, the market would 
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be exceedingly inefficient. A group of farmers could hire one trucker to haul all 
their produce at a fraction of what it would cost for all of them to haul their 
own produce. Moreover, a retailer could sell to consumers the loads brought in 
by several truckers more efficiently than the truckers could sell their loads 
separately. Therefore, in some cases, using intermediaries lowers marketing 
costs. 

Marketing Margins 

A marketing margin is the difference between prices at different levels of the 
marketing system. The margin between farm and retail is the difference 
between what the consumer pays and what the producer receives for the 
agricultural produce. It is expressed as the following: 
Marketing margin = P1,P2 
where P2 is price at one level in the market (such as the retail level) and P, is 
price at another level in the market (such as the farm level). 
Based on this definition, a marketing margin is the difference between the
 
primary and derived demand curves for a particular product. Primary demand
 
isdetermined by the response of the consumers and isbased on retail price and
 
final quantities purchased. Derived demand, on the other hand, is based on the
 
relation between price and quantity at the point where products leave the farm
 
or at intermediate points where they are purchased by wholesalers or
 
processors.
 

The concepts of primary and derived supply are analogous to those of demand.
 
Primary supply, however, refers to the relationship at the producer, or farm
 
level. Derived supply is the relation between price and quantity at the
 
consumer level.
 

The retail price isestablished at the point where the primary demand curve and
 
the derived supply curve intersect. The farm-level price, on the other hand, is
 
based on the point where the derived demand curve and the primary supply
 
curve intersect. The resulting difference in the two prices is the marketing

margin (see figure 8.5).
 

To illustrate, if the retail price of beef isP50.00 per kilogram, and the marketing

margin isP40.00 per kilogram, then the farm price of beef can be determined
 
by:
 
Marketing Margin = P1,
P2 -
P1 = P2 - Marketing Margin 

= P50.00 - P40.00 
= P10.00 per kilogram 
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Figure 8.5. The marketing margin, (P, - Pf) 

A marketing margin may also be defined as the price of a collection of services,
such as collecting, processing, transporting, and retailing. This price is a 
function of supply and demand for all such services. A particular marketing
margin would thus depend on the particular demand-and-supply relation for 
services. Margins of products differ because marketing services vary. 
There are several types of margins and methods of calculating them. Some of 
the more common margins are the wholesale margin and the retail margin. The 
wholesale margin is the difference between what the processor or wholesale 
agent pays the producer (producer's price) and what the retailer pays the 
processor or wholesaler (processor's or wholesaler's price). The retail margin
is the difference between what the retailer pays the processor or wholesaler 
(processor's or wholesaler's price) and what the consumer pays the retailer 
(retailer's price). When the margin is expressed in dollars and cents, it is called 
the price spread. The percentage margin is the price spread between two levels 
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in the market divided by the buying price, expressed as apercent. The mark-up
is the price spread between two levels inthe market divided by the selling price,
expressed as a percent. The following example illustrates how these values can 
be obtained. 

A dairy farmer sells 12 kilograms of milk for P2.50 per kilogram to aprocessor.
The processor sells the packaged milk to a retailer for P3.00 per kilogram
(P36.00 total). The consumer pays P4.00 per kilogram (P48.00 total). The 
wholesale margin is determined by: 
Wholesale margin = Processor's price - Producer's price 

= P3.00 - P2.50
 
= PO.50
 

The retail margin is determined by: 
Retail margin 	= Retailer's price - Processor's price 

= P4.00 - P3.00 

= P1.00 

The total price spread between the farm and retail levels is then equal to the 
sum of the retail and wholesale margins: 
Total price spread = P0.50 + P1.00 

= P1.50 
The percentage margin between the wholesale and retail levels is: 

Price spread 
Percentage margin = X 100 

Buying price 
= (PO.50/P3.00) x 100 
= 16.7% 

The mark-up at the retail level is then determined by:
Price spread 

Mark-up = x 100 
Selling price 

= (P1.00/P4.00) x 100 

= 25% 

Transportation Costs 

One of the highest costs involved in marketing animals istransportation. Since 
total transportation costs increase with distance, transportation costs create a 
geographic limit for each market. Therdfore, there is a certain distance from a 
market at which it is no longer profitable to transport goods. As a result, poor
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quality products are often consumed in the immediate area of production since 
their lower value makes transportation to distant markets unprofitable. 
The distance from a market at which transportation is profitable is called the 
market area. The radius of the market area is determined by the following
equation: 

Profit per head of livestockRadius --
Transportation cost per head per kilometer 

The farther from the market area that the animals are produced, the higher is 
the transportation cost to the market, and the lower isthe producer's profit. In 
addition, a price increase or decrease at the center of the market affects 
producers who live near the market less than those who live in outlying areas. 
Although the absolute price change is the same for all producers, the relative 
price change differs due to the transportation costs incurred by those who live 
further from the market area. 
Not only does transportation cost determine the market area for a given
market, it also affects the movement of goods between markets, or intermarket 
relationships. Prices in two markets for the same good should differ by no 
more than the transportation cost between the two markets. The dividing line 
at which producers do not prefer one market over another isthe point at which 
the producer receives equal net prices by shipping to either market. 

SUMMARY 

Unless the results of increased animal production can be marketed successfully, 
anew animal-production technology will not be useful at the farm level. This is 
because farmers tend to view production in terms of the costs and labor needed 
to sell their goods. Consequently, researchers and extension workers must not 
lose sight of the final step in a production process; that is, marketing the 
product. The complexities of the market system and the relationships between 
supply and demand must be carefully examined before promoting a new 
production technology. Therefore, within the context of OFAR, successful 
animal-production technologies are those that increase production and increase 
profits. 
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CHAPTER 9 

RISK 

PURPOSE 

Risk is the possibility of incurring injury, damage, or loss. In On-farm Animal 
Research (OFAR) it is the possibility of making a decision that may not to be in 
the farmer's best interest, resulting in losses or damage. Animal production 
involves risks associated with health, pricing, and input availability. These risks 
affect the farmer's decision about whether to choose a new technology. A 
technology that offers great potential profit may also have great risk associated 
with it. The researcher or extension worker must therefore try to identify the 
risks involved with a new technology and make the farmer aware of the 
potential gains and losses. 

OBJECTIVES 

After completing this chapter, the reader should be able to:
 
" Define risk and describe some of the risks associated with animal research.
 
* Use the beta coefficient in assessing risk. 
* Perform expected value analysis. 

DEFINING RISK 

In the simplest terms, risk is the chance of some favorable or unfavorable event 
occurring. For example, a farmer bears the risk that there may be too little rain 
to support crops, or that prices may rise or fall in a way that makes the crop 
planted today unprofitable at harvest time (see figure 9.1). Events that take 
place in the future and that are governed by chance (probability) may be 
considered risky. Risk can usually be determined from evidence or experience. 

Uncertainty is the state in which the probability of the occurrence of an event 
cannot be determined. Uncertainty defies planning or forecasting. For example, 
a farmer can usually determine if a farm activity will increase the chances of an 
animal incurring injury by assessing the risks involved, but a farmer cannot 
predict the chances of his donkey breaking his leg accidentally and having to be 
destroyed. Uncertainty is the worst problem faced by farmers. It creates 
frustration and insecurity, and makes it difficult for the farmer to adopt new 
technologies. 
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Risk is universal and cannot be avoided, but attitudes toward risk vary among 
cultures. In Muslim societies, betting and risk taking are considered unethical; 
other societies believe that all events are predestined. Over the last two decades, 
many researchers have tried to understand the risk behavior of farmers in Asian 
countries. However, the models used by these researchers tend to be so 
sophisticated and mathematically oriented that they are difficult to use for 
developing applicable recommendations. Moreover, it is difficult to generalize 
about risk attitudes for a large number of farmers. Studies that do so use such 
narrow criteria they become invalid as soon as the environment (economic
geophysical-biological) changes. 

For the purpose of on-farm research, the presence of risk should be acknow
ledged. Interest is then directed toward those technologies that are stable under 
farm conditions and that bear low risk - their performance does not deviate 
much from the average under normal conditions. 

RISKS ASSOCIATED WITH ANIMAL RESEARCH 

When farmers agree to allow experimentation on their animals, they face a 
variety of risks. Some farmers resist participating in on-farm research more 
strongly than others, depending on their financial positions, their expectations 
for the new technology, and their general attitudes toward risk. Traditional 
farmers are conservative and respond to new technology cautiously. However, 
assurances that any loss will be reimbursed and selective use of incentives often 
win their cooperation. Progressive farmers are looking for new opportunities 
and usually are willing to experiment with new technology. These farmers are 
often more suitable for extension trials, which may have greater chances for 
failure. 

The two main categories of risks are yield risks and price risks. Yield risks are 
the risks associated with unexpected variations in yields due to such conditions 
as weather or pests. Price risks are the risks associated with unexpected 
fluctuations in price because of changes in supply and demand or a change in 
government price policy. 

Researchers and extension workers conducting on-farm research should be 
sensitive to the risks associated with each treatment used during research trials. 
A technology may be technically and economically acceptable; but if it carries 
considerable risk of failure, farmers will be reluctant to experiment with it. For 
example, introducing purebred cows on small farms in Asia has generally been 
a failure. Although their milk yields are often three to four times higher than 
those of indigenous cows, the purebred cows adapt poorly to local conditions. 
Poor tolerance of unsanitary conditions, low resistance to heat, and several 
other stress factors make them unsuitable for most small-farm situations. 
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Another example is anew vaccine that shows an 80% to 90% success rate at theresearch station. It causes a reaction in 10% to 15% of the animals that receiveit, and the reaction can be controlled only by clinical procedures. The vaccinemay be a good investment for a large farmer who can afford the services of aveterinarian, but small, isolated farmers are likely to lose any animals thatdevelop a reaction. This suggests that the risk isdirectly related to the possiblegains and losses that can be attributed to a new technology. 
Each new technology is associated with a different type of risk. These risksshould be discussed with farmers before experimenting with their animals. Theexpected gains and potential losses should be described along with theirchances of occurrence. 

CONSIDERING RISK IN ANALYZING RESULTS 
Risks should be assessed when screening and testing a new technology. Thiscan be done in a variety of ways. Yield data can be revised downward to reflectdifficulties in duplicating research station results at the farm. Similarly,problems of variability inmarket prices, losses due to spoilage of milk or meat,and potential loss of animal health should be assumed at levels that realisticallyrepresent farm conditions. Sensitivity analysis of the experimental data shouldtake into account risks associated with credit availability, weather, price, anddisease, and this analysis should be used to revise yield and cost estimates forthe treatments. Farmers should be asked to identify risks associated with thetreatment, and their subjective judgments should be recorded and considered inanalyzing results. If traditional insurance schemes or arrangements for dealingin futures markets are availabl,. to farmers, they should be recorded during thediagnostic phase and included in the evaluation of a technology. 

The Beta Coefficient 

The beta coefficient (or beta ratio) is defined as the ratio of the farmer'swillingness to pay for a new technology over its actual cost. It is considered tobe a crude measure of the risk each farmer associates with a new technology. Ifthe absolute value of the beta coefficient after adjustment for cost of thetechnology remains gicater than 1, the technology stands a good chance ofbeing accepted. However, if the value of the beta coefficient falls below 1,thetechnology probably will not be accepted. This type of simple measurementcan be useful in getting an indication of how farmers value a technology. Betterprocedures for evaluating risk aie available, but often they are too difficult touse in applied research. The following example illustrates the utility of the beta
coefficient. 
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Researchers have been testing livestock improvement technology on several 
Indonesian farms over the past 2 to 3 years. A preliminary analysis was 
conducted to get the farmers' reactions to the trials. Farmers were asked how 
much would they be willing to pay for the technology (at the time of the 
interviews, farmers were receiving the technology free). The three components 
of the new technology were 1) an anthelminthic drench, 2) a mineral supple
ment mix, and 3) a pedigreed ram. 

On the average, farmers reported that they would be willing to pay Rp 112 for 
the drench, Rp 525 for the mineral supplement, and Rp 39,722 for the ram. At 
1985 prices the actual cost of the drench was Rp 200, the mineral supplement 
was Rp 250, and the ram was Rp 40,000. Beta coefficients were plotted for the 
14 farmers participating in the trial (see figure 9.2). To improve realism and 
account for additional costs (market costs, researchers' time, etc.), the cost 
figures were increased, which directly reduced the value of the ratio. Therefore, 
with all the additional costs accounted for, many of the beta coefficients had a 
value less than one. The technology thus stands a good chance of not being 
accepted, and more research is to be done before this technology can be 
released. 

Expected Value Analysis 

Another approach to risk assessment utilizes expected value analysis, which is
 
the expected value of an experiment or new technology. This analysis is based
 
on acts, choices, states, and probability. Acts are the relevant actions available
 
to the decision-maker. Choices are the options available to the decision-maker,
 
with one option being to do nothing. States are the possible states of nature,
 
including the situation that may exist at a future date. For example, in one year
 
the state of the market for live goats will either be good, fair, or poor.
 
Probability is the chance of an occurrence. The value of probability associated
 
with an outcome cannot be negative, nor can it exceed 1 since the sum of all
 
probabilities associated with a set of outcomes relevant to a decision must equal 1.
 

The expected value of a new technology is determined by the following
 
equation:
 
EV = CY[(PS x PG) - (PF x PL)],
 
where EV is the expected value, CY is the current yield, PS is the probability of
 
success, PG is the percentage gain, PF is the probability of failure, and PL is the
 
percentage loss.
 

To illustrate, a farmer is invited to participate in vaccination trials being
 
organized by the Department of Extension. The vaccine helps increase the
 
animal's uptake of urea and can increase milk production. Its chance of being
 
successful is 70%, with an increased milk yield of 15%. However, some of the
 
animals vaccinated in past trials have also experienced a drop in milk
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Figure 9.2. Graphof betacoefficientsfora livestock improvementtechnology. 

production of 40%. The price of milk is Rp 6/kilogram. The farmer has twocows that could be volunteered for the experiment. The first cow gives anaverage of 56 kilograms/week of milk; the second cow yields 43 kilograms/week. The farmer has a lot to gain if the trial is successful. Here is how the risks
should be evaluated: 
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The variables are given the following values:
 
CYcow , = 56 kg/wk
 
CYcow 2 = 43 kg/wk
 
PS = 70%.
 
PG = 15%.
 
PF = 30%.
 
PL = 40%.
 

The expected value of the experiment can then be calculated:
 
Cow 1:
 
EV = CY[(PS x PG) - (PF x PL)]
 

= 56 kg/wk [(0.70 x 0.15) - (0.30 x 0.40)]
 
= 56 kg/wk (0.105 - 0.12)
 
= 56 kg/wk x -0.015
 
= -0.84 kg/wk
 

Cow 2: 
EV = CY[(PS x PG) - (PF x PL)] 

= 43 kg/wk [(0.70 X 0.15) - (0.30 X 0.40)] 
= 43 kg/wk (0.105 - 0.12) 
= 43 kg/wk x -0.015 
= -0.645 kg/wk 

The expected value expressed in monetary terms issimply EV multiplied by the 
price of milk, or: 
Cow 1: 
Monetary value = Rp 6/kg x -0.84 kg/wk 

= Rp -5.04/wk 

Cow 2: 
Monetary value = Rp 6/kg x -0.645 kg/wk 

= Rp -3.87/wk 
The values of EV for both cows are negative, indicating a potential for loss. The 
farmer would probably allow the use of the second cow for the experiment 
since the potential for loss when using this cow isthe lower of the two, and, in 
this example, the farmer would try to minimize loss. 
Another example involves farmers in duck-feeding research trials. To deter
mine optimal sample size it is necessary to work out the risks associated with 
the trial. On-station experiments have revealed the following: 
" Ducks not receiving feed supplement = 130 grams/week gain 
" Ducks receiving feed supplement = 185 grams/week gain 
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The following statistical information (see Chapter 4) is also available:
 
Ducks not receiving feed supplement:
 
CV = 67%
 
SD2 
= 0.456 

Ducks receiving fecd supplement: 
CV = 18%
 
SD2 
= 0.256 
Price of duck = Rp 13/kg = Rp 0.013/gram 

Several conclusions can be drawn with regard to the risk involved in this study.First, after comparing the two coefficients of variation (CV), it isrevealed thatthe ducks receiving the feed supplement show less variability amongexperimental units. This partial criterion implies stability of response to thetreatment. Similar information is reflected by the variance (SD2). The lowvariance for the improved technology indicates that the sample size does not
have to be large. 

Assuming that the expected value in this example is equal to the current yieldand the dressing weight conversion is 70%, then the monetary value is:
 
Ducks without supplem'?nt:
 
Monetary value = 130 grams/week X 0.70 X Rp 0.0 13/gram
 

= Rp 1.18/week 

Ducks with supplement:
 
Monetary value = 185 grams/week X 0.70 X Rp 0.013/gram
 

= Rp 1.68/week
 
Difference = Rp 0.50/week
 

The difference can be perceived as the benefit of administering the feedsupplement to the ducks. However, economic analysis will also consider thecost side. Therefore, assuming the cost per week for I duck on supplement is
Rp 0.15, the net benefit is Rp 0.35/week per duck. 
By combining the statistical information with the economic information, theexpected value would indicate that the research should be followed up at thefarm level. Some additional risks which affect the expected value of the new 
technology are: 
* Farm animal response: what type of response can be expected with the 

farmer's ducks? 
0 Time constraints: how will the farmer value the time needed to bring the feed 

supplement from town since it is not available at the village? 

170 



a Market considerations: can the farmer sell the ducks? Is the farmer keeping 
th4 ducks for home consumption? 

* Price fluctuations: what are the tastes and preferences of consumers buying 
ducks? Do they buy live ducks on a weight basis or do they buy ducks 
through a middleman? 

0 Resource investments: how much does the new practice deviate from the 
farmer's practice? Is any fixed investment needed for feeding pens? 

These and similar considerations should all be assessed when determining the 
expected value of a new technology and the farmer's subsequent acceptance of 
it. 

SUMMARY 

The risks pertaining to any new technology must be assessed before intro
ducing that technology at the farm level. Although many new technologies 
have the potential for increasing farmers' profits, each technology also has 
inherent risks. These risks may be associated with fluctuations in market prices 
or with variations in the climate. In some cases, the risks involved with a new 
technology may be so great that the potential benefits cannot be rationalized. 
The farmer's perception of risk can be assessed by utilizing the techniques 
demonstrated in this chapter, including the determination of beta coefficients 
and expected values. Since the success of OFAR ultimately depends on its 
acceptance at the farm level, the ultimate objective is to minimize all potential 
risks associated with a new technology. 
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CHAPTER 10 

INSTITUTIONAL CONSTRAINTS IN ASIA 

PURPOSE
 

Several Asian livestock-development programs have a genuine interest in 
strengthening On-farm Animal Research (OFAR). Traditionally, however, 
only commercial producers have participated in animal-improvement pro
grams. The commercial sector isconsidered easier to work with than the farm 
sector since the entrepreneurs themselves are in search of new technology and 
can afford the capital investment and potential risks that are involved. The 
small farmer, on the other hand, has limited funds and less access to market 
facilities. However, as this manual has demonstrated, there isclearly a need for 
animal research that is directed toward the goals of the small farmer. Previous 
chapters have given this need an historical and theoretical perspective while 
addressing the applications, such as economic and statistical analysis, that are 
involved. As a conclusion to this manual, this final chapter describes the 
practical considerations for initiating OFAR in Asian countries. OFAR 
scientists will function better if they have an understanding of the institutional 
constraints which their directors face. 

OBU'.CTIVES 

After completing this chapter, the r,.d-r should be able to: 
* Explain why, in the past, OFAR h.,not been directed toward the production 

needs of ,he small farmer. 
* Evaluate the potential of government, semi-government, and private agencies 

to participate in OFAR. 
* Describe the leadership requirements that are needed in order to successfully 

conduct research trials on farms. 
*Describe the types of incentives that can be offered to encourage researchers 

to participate in OFAR. 

ANIMAL RESEARCH IN ASIAN COUNTRIES 

In mort Asian countries, animal production is administered by a livestock 
department, which either is a part of the ministry of agriculture or is a separate 
ministry. The crop and livestock departments often compete with each other, 

n I *f.,.0,lot. , 
'173 

173 

A.. 4i'~~ It 



and they generally communicate poorly. With the development of national
agricultural research systems, the coordination of research has been facilitated.
Presently, national research systems in Asia include: 
* Agency for Agricultural Research and Development, Indonesia 
* Bangladesh Agricultural Reseach Council 
* Indian Council of Agricultural Research 
* Malaysian Agricultural Research and Development Institute 
* Pakistan Agricultural Research Council 
* Philippine Council for Agricultural and Resources Research and Develop

ment 
These organizations play a dominant role in planning, coordinating, financing,and, to a limited extent, conducting agricultural research. They also work
closely with provincial programs. For instance, India and Pakistan have
nationally coordinated programs for all major commodities. In otherdeveloping countries, such as Nepal and Sri Lanka, the departments ofagriculture and livestock often coordinate research and extension work. All of
these institutions have some involvement in farm-oriented research and
development, but most such research to date has concerned crops, not animals. 
Usually, availability of new technology is not a problem. Animal-production
programs (which include traditional disciplines such as nutrition, animal
husbandry, breeding and genetics, physiology, and clinical medicine) pool their 
resources to extend services to a limited group of farms. However, it is notalways resources that are lacking but purpose and direction in applied research
and development programs. Certainly, farmers of limited means cannot benefit
from present nutrition research since they cannot afford the cost of new inputs,
such as imported hybrid cows and modern medicines. The result is that the
small and isolated farmers do not share these benefits, despite the presence of adiverse set of technologies. Some of the blame belongs to the extension services.
Shortages of funds, transport facilities, infrastructures, appropriate technologies, and technical personnel are decried at every national planning meeting and 
international workshop. 
The issues, then, are applicability and cost effectiveness for a diverse group of
farmers. Since the clients of experiment-station research are commercialproducers, the technology that isdeveloped hurts the small farmer by reducing
product prices through increased supply; this is particularly true when the
small farmer cannot adopt the improved technology due to increased input
costs. This is a tradeoff between equity and efficiency based on short-term
goals. Although animal operations on small farms are not as efficient ascommercial operations, if selected practices are packaged in an economic 
manner, small farmers can take advantage of low-cost labor and on-farm
residues to improve farm incomes. Moreover, improving small farm animal 

174 



productivity indirectly improves health, land, draft power, use of excess labor, 
risk-bearing ability, and cash flows. These gains cannot be measured in terms of 
profit, but they are strong contributors to stability and sustainability on the 
farm. 

In summary, to address the problems of small farmers, technology has to be 
designed for their participation and for application on their farms. Existing 
agricultural research systems do not seem to be designing technology in this 
way. The goal should be to encourage animal scientists to support and adopt 
farm-oriented research and development. While most animal scientists and 
planners agree with the need for increased small farmer participation in 
improving the animal component of farming systems, few countries have 
initiated any coordinated effort. An exception to this situation may be found in 
an Indian dairy project. 
India has a clear policy on generating dairy technology that addresses a diverse 
group of farmers. All aspects of production, marketing, and processing are 
viewed from the perspective of different groups of farmers. Achievement of 
this goal has been stressed at all levels of the government. While efficiency or 
profitability are general goals, equal attention is being given to equity and 
balanced growth among different farm groups. To achieve similar objectives,
national programs must develop mechanisms for on-farm testing of new animal 
technologies that are replicable to a diverse set of farm conditions and clients. 
Since animal research takes much longer than crop research, the questions of 
financial support for and continuity of the program become critically impor
tant. 

MAKING THE NEEDS KNOWN 

To improve OFAR, a conscientious effort must be made to persuade research 
managers and policymakers to invest in conducting research and designing 
technology that meet small farmers' needs. This concern can and should be 
voiced at different levels. 

Academia 

Undergraduate and graduate courses offered in developing countries often lack 
a pragmatic perspective on animal production; in fact, course subjects often 
have little relevance to the countries in which they are taught. They tend to be 
biased in favor of production, with the result that the lessons seldom can be 
used on resource-poor farms. This situation needs to change. Both domesti
cally and internationally trained graduate students need to be provided with 
more administrative training because these graduates often get promoted out of 
these specialty areas into administrative positions. Students at all levels of 
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training need to know how to teach by the demonstration method and to be
able to set up and manage research and education programs. 

Thailand is an excellent example of a country that has worked hard to involve
faculty and students in applied farm research. The three major agricultural
universities in Thailand sponsor multidisciplinary research, help build institu
tions, and develop courses that cater to the needs of applied researchers.
Agricultural universities in the Philippines and India also participate in on-farm
research, but on a more limited scale. At present, on-station animal research is
usually less expensive than on-farm research, but the costs of on-farm research
would decline sharply if more students became involved in it, particularly if
faculty and staff from different specialties worked together. The payoff of this 
type of research is that it provides a continuum for diagnosing, designing,
testing, and evaluating new technologies. 

Government Farms 

Many outreach government farms provide extension facilities for nearby
farmers. Currently, only influential farmers have access to these facilities. If
these farms were given resources to test new technologies and develop
recommendations based on economic and technical feasibility, a larger segment
of the population would benefit. Sometimes costs and bureaucratic procedures
prevent average farmers from using these and other services, such as animal 
clinics set up in villages. 

National Development Projects 

Perhaps the easiest way to initiate on-farm trials is through ongoing projects,
especially farming systems programs. Although most of these programs are
biased toward the crop component of a mixed-farming system, an animal 
component could be added to them at reduced cost. Indonesia and Nepal are
developing strong programs focused on the animal component. While specific
development projects, such as a dairy-development program, use selective
incentives to promote a technology, they seldom cover a large group of
farmers. Since technologies often are not adequately tested and refined for a
given area, researchers and extension workers may wish to carry out on-farm
trials to verify the value of new practices before disseminating them. 

Private Sector 

In some developing countries private sector initiative has demonstrated its
effectiveness by providing comprehensive technology packages to small 
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farmers. These technology packages include soil testing, on-farm demonstra
tions of fertilizer application, provision of credit and other inputs, as well as 
dissemination of market information. In many cases, private companies 
support the testing of their products at the farm level. This arrangement 
alleviates the cost of OFAR and brings the farmer, researcher, and extension 
worker into direct contact with the sponsor institution. In several instances, 
where new inputs are imported at a high cost, testing them rarely produces 
more than a research report. If the private sector is involved, it can develop an 
appropriate market strategy to promote the product when it receives good 
response. 

A note of caution needs to be mentioned relative to the potential impact of the 
private sector on small farmers engaged in agriculture for domestic consump
tion. While the private sector can remove many constraints on agricultural 
production improvements, they generally limit themselves to cash crop or 
export-oriented operations and are not concerned with food crops for domestic 
consumption. 

Farmer Associations 

Farmer associations can be invited to participate in on-farm research. They can 
provide the needed infrastructure at the village level and promote advertise
ment of the research through newspapers, radio talks, and other communica
tion media. These farmer associations can be organized to provide inputs for 
increased productivity, to focus research attention of relevant farm problems, 
and to serve as a lobbying group for improved agricultural policies. 

PROVIDING LEADERSHIP 

How can institutional leadership be developed for OFAR? The answer to this 
question will be different in each country and situation, but the essential 
leadership requirements and functions fall into the following three categories. 

Senior Research Management 

Senior managers should appraise overall goals of farm development. They 
should pose questions about targeting groups of farmers, choosing regions and 
species to develop, and budgeting resources. At the ministerial level, a clear 
commitment is needed to shift from a narrow disciplinary focus to a broader 
development focus. Senior managers also must make tough decisions about 
shifting limited human resources to share the responsibility of on-farm 
research, which is hard, lengthy and, to some, professionally less rewarding. 
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Middle Management 

Middle managers tend to be scientists and senior extension officers whocoordinate rather than perform research. They must arrange opportunities forfield practitioners to share experiences, exchange materials, and identifytraining opportunities with colleagues from other parts of the world. 

Research and Extension Officers 

The people who actually perform the research often like working in multidisciplinary teams and enjoy farm work. They take pride in seeing thingshappen. They are strongly motivated, capable, and dedicated,accomplishments are measurable in terms 
and their

of changed output. However, inmany countries the role of the extension worker istoo often regulatory and of adata gathering nature. Thus, the education and training component of their jobreceives little attention. This situation perpetuates the often weak link betweenresearchers and farmers which the extension worker should be strengthening.
In addition, there has been a general failure to involve women in extensionprograms directed toward increased production. Most extension training forwomen, both as agents and recipients of extension services, relegates them tonon-agricultural activities, such as homemaking skills. The important rolewomen play in agricultural production, particularly as small farm producers, isclearly recognized but has yet to attract sufficient attention from nationaldevelopment planners and agricultural policymakers. 

OFFERING INCENTIVES 

Within its limitations, each organization must provide incentives to motivate its
workers. Incentive structures tend to vary between nations and cultures, but
the following elements usually are 
 important in some way. 

Financial 

Money is perhaps the most common incentive used to encourage participation.Many countries provide special hardship allowances to junior scientists andfield staff; but, while this incentive may get people out into the field, it does notguarantee the quality of their work. For instance, when one project leader gotper diem bonuses for junior scientists who went on field trips, many peoplevolunteered to participate in the weekly visits to monitor the trials and collectdata. However, after the trials were completed, none of the junior scientistswould put in the extra hours needed to process the data or write the reportbecause they did not receive overtime pay for working at the station. 
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Training 

Most donor-assisted projects include a training component that makes it 
possible to motivate young scientists to develop careers in applied research. For 
example, compensations may be offered, such as graduate training and 
opportunities to participate in national and international workshops. While this 
type of incentive is limited to projects that have strong financial backing,
national institutions can create policies to reserve slots in such programs for 
scientists who are interested in multidisciplinary or applied research on animal 
production. 

It is important that both junior and senior scientists take pride in their work 
and have equal opportunities to participate in professional activities. Local 
courses can be organized to give the staff further training, and the project staff 
should be encouraged to serve as trainers for other projects when appropriate. 

Recognition 

In nearly all countries, scientists take great pride in symbolic recognition. On
farm researchers should therefore have access to promotions equal to their 
counterparts. In the initial development of on-farm programs, applied re
searchers should perhaps be given honors and increased recognition as an
 
incentive to undertake their field of research.
 

Opportunities for Publication 

During the last few years, professional journals have changed their policies
toward accepting papers on applied research. An article dealing with a properly
conducted on-farm experiment with an acceptable degree of control stands a far 
better chance of being published today than 10 years ago. Moreover, several 
national journals and bulletin series encourage publication of applied research. 

SOURCES OF INFORMATION 

Since OFAR is relatively new, it has little documentation and support in 
developing countries. However. the situation has improved considerably in 
recent years. First, a series of woi kshops has been held to document experience
around the world. Second, sev( .4 international centers have initiated farming
systems courses that include tranling in the animal component. Most technical
assistance agencies carry information to assist with training and financial 
support. The USDA's Office of International Cooperation and Development
annually organizes courses that address the needs of developing-country 
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practitioners. Many U.S., European, and Asian universities have initiated 
courses in farming systems research to cater to the needs of developing
countries. In the United States, many universities have active international 
programs, such as Colorado State University, Cornell University, Kansas State
University, Michigan State University, University of Arkansas, and University
of Florida. Within Asia, this training is available at the Bogor Agricultural
University in Indonesia; University of Agriculture, Faisalabad in Pakistan;
Chiang Mai University, Khon Kaen University, and Kasetsart University in
Thailand; and the University of the Philippines at Los Bafios and Visayas State
College of Agriculture in the Philippines. European universities with relevant 
programs are the University of Reading and East Anglia University, both inEnglanc,, and Wageningen Agricultural University in the Netherlands. 

SUMMARY 

This chapter has outlined the various agencies and incentive programs that can
be utilized to overcome the constraints involved in conducting OFAR. It is
clear that the design and implementation of new technologies must begin to
address the problems of the small farmer. In addition, researchers, extension
workers, and animal scientists should be encouraged by both public and private
organizations to support and adopt farm-oriented research and development.
As on-farm research continues to improve the animal component of the small
farm, the benefits to the small farmer, the area villages, and the general
economy will become apparent. Once this pattern has been established, then 
OFAR can be considered a success. 
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GLOSSARY
 

Abortion: The expulsion or delivery of a fetus before it is able to survive. Young that are born dead 
before term are considered abortions. 

Absorption: The passage of liquid and digested (soluble) food across the gut wall, 
Activity budget: A summary of the technical and economic characteristics of a farm activity. 

Activity gross income: The value of the output of a farm activity over some accounting period
(usually a year), whether that output is sold or not. 

Activity gross margin: Activity gross income minus the variable expenses attributed to that 

activity. 

Acts: The relevant actions available to the decision-maker. 

Afterbirth: The placenta and other membranes expelled after delivery of the fetus or young. 
Aftermath: Any feed material that is left in the field after harvesting a crop, such as barley or wheat 

stubble. 
Agricultural economics: An applied discipline wherein economic theory is applied to the 

problems of agriculture. 

Agroecological analogues: See Environmental complex. 

Agroeconomic zones: Zones that are defined in terms of common features; may involve such 
dimensions as climate, soil resources, land use, ethnic groupings, and market access. 

Agronomic cooperators: Farmers who agree to have trials conducted on their farms.
 

Agrosystem: A system composed of farming systems, market and credit 
 systems, and non
agricultural systems. 

Alternative group: The group receiving the experimental treatment. 

Alternative hypothesis (H.): The alternative to the null hypothesis. Expresses the idea of 
difference or of significance of difference, in contrast to the null hypothesis. 

Alpha error: See Type I error. 

Amputation: The removal of a limb. 

Anabolic: A constructive or building-up process. 

Androgen: A male sex hormone. 

Antibiotic: A substance -... ,.ed by living organisms such as yeast that destroys or inhibits the 
growth of other o,, ,as. especially bacteria. 

Antibody: A chemical substance in circulating fluids, colostrum, and milk that contributes to 
immunity against a disease or infection. 

Antigen: A substance that, when introduced into the blood or tissues, causes the formation of 
antibodies. Antigens may be toxins or native proteins. 
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Appetite: Expressed as the weight of dry matter consumed as a percentage of live weight. 
Area-segment sampling: Sampling method that divides the project area into segments withboundaries that follow features that can be readily identified in the field. These segments are

used as the sampling base. 
Area-time equivalency ratio: The ratio of the number of hectare-days required in monoculture(sole cropping) to the number of hectare-days used in intercropping (multiple cropping) toproduce identical quantities of each of the components. 
Artificial insemination: The introduction of semen into the reproductive tract (usually the cervix 

or uterus) of the female by a technician.
 
Assimilation: The process of trasforming food into living tissue.
 
Average: See Mean. 
Average annual net benefit per marka of investment: Net benefit per marka of investment 

divided by project life, in years. 
Average product: The ratio of output to input; Y/X, where Y is total output and X is total input. 
Baby beef: Young slaughter beef animals that weigh approximately 1000 pounds and are well 

finished at about one year of age. 
Backcross: Mating a crossbred animal back to one of the parental breeds. 
Backward-linkage effect: Indirect effect of aproject that causes changes in activities that provide

inputs needed by the project. 
Balanced ration: The daily food that provides all required nutrients in proper proportion fornormal health, growth, rep.oduction, lactation, maintenance, or work. 
Barrel: The trunk or middle part of the animal body between the forelegs and the hind legs. 
Barter: A form of marketing in which products or services are exchanged for other products or

services. 

Basal concentrates: See Low protein concentrates. 
Basal metabolism: The chemical changes that occur in an animal's body when the animal is in athermoneutral environment, resting, and in apostabsorptive state. It is usually determinedby measuring oxygen consumption and carbon dioxide production. 
Base practices: Management practices that generally represent practices of farmers in a givenrecommendation domain. These practices are a reference for comparing potentiallyimproved technologies against farmers' present technology in on-farm experiments. 
Baseline data: Data collected before aproject begins (for example, on fields, labor input, or marketprices) against which a project's results can be evaluated. 
Beef: The meat from bovine species other than calves (The meat from calves is called veal.)
Before and after test: Statistical test which reduces the problem of variation between farms. 
Benefit-cost analysis: A form of input-output analysis which uses cash and noncash costs and 

benefits to derive the appropriate benefit-cost ratio. 
Benefit-cost ratio: A ratio of discounted returns to discounted costs. 
Best-bet components: Components that result from the screening process that promise significantincreases in incomes at reasonable levels of risks within the resources available to farmers. 
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Beta coefficient: A mathematical ratio used to measure the risk each farmer associates with a new 
technology, determined by dividing the farmer's willingness to pay for a new technology 
over its actual cost. 

Beta error: See Type II error. 

Beta ratio: See Beta coefficient. 

Biological factors: Factors such as plant and animal characteristics and pest problems that influence 
the health and vitality of plants and animals and the quality of harvested products. 

Biological feasibility: An action or project that isbiologically practical based on current knowledge 
of the attributes of the plants or animals. 

Biological system: A crop or livestock system. 

Blemish: A defect or injury that mars the appearance of but does not impair the usefulness of an 
animal. 

Block sampling: Sampling method that divides the project area into a grid system of square blocks. 

Bloom: Healthy, glossy, attractive appearance shown by the animals that are doing well on feed. 

Boar: A male swine of breeding age. 

Boss cows: Individual cows that are stronger than the others with them and keep the weaker ones 
from the feed. 

Bovine: Pertaining to or derived from ox, cow, or heifer. Hollow-horned animals. 

Break: Weakness in wool fiber produced by animals that have suffered from sickness or overeating. 

Break-even budget: A budget (usually apartial-profit budget) drawn up to establish the value of a 
selected planning coefficient for which gains and losses are equal. 

Break-even output: The level of production that would enable the farmer to recover costs if the 
products were sold at the given or prevailing prices. 

Break-even point: In budget analysis, the level of values and quantities at which the gains and 
losses are equal. 

Break-even price: The price at which the farm's given level of output, if sold, would enable the 
farmer to recover costs. 

Breeding diseases: The venereal diseases of cattle, such as vibriosis, trichomoniasis, and epivaginitis
(epididymitis of bulls), and abortion caused by sexual contact or other means. All adversely
affect fertility. (Other noninfective conditions may reduce fertility, such as inadequate 
nutrition.) 

Broiler: A young chicken of either sex (usually 9 to 12 weeks of age) that has tender meat, 
smooth-textured skin, and flexible breastbone cartilage. 

Broken mouthed: A condition describing aged animals that have lost one or more teeth. 

Broodiness: The desire of a female bird to sit on eggs (incubate). 

Browse: Woody or bushy plants. 

Browsing: Eating the tender shoots or twigs of browse. 

Buck: A male sheep, goat, or rabbit of breeding age. 
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Budget: The sum of all expected products (or increased inventories) times their respective prices
less the costs of all items used in production. (Bradford and Johnson, 1953.)

Budgetary control: The process of matching the recorded progress of selected aspects of farm 

production against a budget. 

Budgeting: The tabulation of gains and losses of an operation. 

Bulky feeds: Feeds that have a large amount of fiber. 

Bulling heifer: A heifer of an age for service. 
By-products: Materials produced as wastes in some industrial or food-preparation process that 

may be used as feed. 

Calf: A young male or female bovine animal. 
Calorie: The amount of heat required to raise one kilogram of water I degree Celsius or one pound

of water approximately 4 degrees Fahrenheit. 
Calving interval: The period between births of two successive calves from one cow. 
Capital: Wealth in any form, such as money or property, that can be used to produce more wealth. 
Capital-equivalency ratio- The resource-equivalency ratio for capital, computed by using either

the value of farm capital (at standardized prices) or the total cash used in the total 
production of crop(s) as the resource base.
 

Carbohydrates: Nutrients present in most plant feeds that supply energy to animals.
 
Carcass merit: The value of a carcass for consumption. 
Carrying capacity: The number of hectares (or acres) that will carry one mature stock unit. 

Casein: The major protein of milk. 
Cash-flow budget: A statement of projected payments and receipts associated with a particular

farm plan. 

Castrate: Removing the testicles of a male animal. 
Catabolic: A destructive process, such as the destruction of molecules in the animal's body. 
Cattle, European: Humpless cattle, although a distinct crest may occur on bulls, especially beef 

breeds; generally Bos taurus, except for a few breeds of humpless cattle in West Africa. 
Cattle, Zebu: Humped cattle, Bos indicus, probably originating in Southwest Asia, now spread

widely through the tropics and introduced to America and Australia. 

Central tendency: The degree to which experimental data or observations cluster near the center of 
a frequency distribution. 

Chick: A young chicken of either sex. 

Choice criterion: A measure adopted as abasis for comparing the consequences of alternative acts. 

Choices: The options available to the decision-maker. 

Climatic analysis: The analysis of data, over time, on such factors as precipitation, maximum and 
minimum temperatures, relative humidity, wind, and radiation. 

Closebreeding: Mating a dam and son, sire and daughter, or brother and sister. 
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Cluster sampling: A form of multistage sampling in which all the individuals at the last stage are 

sampled. 

Clutch: Eggs laid by a hen on consecutive days. 

Cockerel: A young male chicken from about 10 weeks to 8 months of age. 

Coefficient ofin-breeding: A coefficient showing the relationship ofthe parents of an individual to 
one another; a measure of the amount of homozygosity created in the offspring by mating
animals with related parents. 

Coefficient of multiple determination (R'): A statistic measuring the proportion of the variation
in a set of data which is associated with the least-squares regression equation describing the 
data. 

Coefficient of variation: A statistic used to measure relative variability; the ratio of the standard 
deviation to the mean, expressed as a percentage. 

Cold-stressed weight (CSW): The weight of a carcass after being dressed (removing the entrails,
head, feet, etc.) and after allowing for the drying that occurs in the first 12 to 24 hours of 
cold storage. (See Dressing percentage.) 

Collaborating farmers: Farmers chosen or who have volunteered to cooperate with an FSR 
project by allowing researchers to conduct experiments on their farms or agreeing to test 
and evaluate new technologies themselves. 

Colostrum: The first milk given by a female following delivery of her young. It is high in the 
antibodies that give the young protection from invading microorganisms. 

Combining ability: The ability of animals of a population or line to produce superior or inferior 
offspring when combined with other populatiohs or lines. 

Commercial farming. Farming in which the majority of the output is sold, usually also involving 
appreciable use of purchased inputs. 

Commodity specialists: Researchers who have been trained to work with a specific crop or animal. 

Commodity-oriented research: The focusing of research on one or more crops or animals by
studying them in detail. Commodities should be selected on the basis of investigations that 
have demonstrated their importance to the farming system. 

Comparative advantage: See Principle of comparative advantage. 

Comparative analysis: Comparison of the performance of a particular farm with some standard,
such as the average performance of a group of broadly similar farms. 

Compensatory growth: Increased growth rate in response to an austerity, such as restriction in 
feed intake, that %' nimal has recently experienced. 

Complete budget: Budget that includes all costs and benefits for the farm as a whole. 
Component technology: The cultural techniques used in the management of a cropping pattern.

These include choice of variety, times and methods of village and crop establishment,
fertilization, field-level water management, pest management, and harvest. 

Concentrates: Grains or feeds that are low in crude fiber and moisture content but high in 

digestible nutrients. 

Conception: Union of ovum and sperm and implantation of the zygote to begin pregnancy. 
Condition: The state of health and well being of an animal, or the fatness of an animal. 
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Conditioning: The treatment of internal and external parasites of animals, or immunization against
certain diseases before sending animals to the feedlot. 

Constant marginal product: Occurs when the application of each additional unit of input yields
equal increments in output. 

Consumption unit: In FSR, the household. For small farms, may be synonymous with the 
production unit (farm). 

Contingency allowance: Funds set aside to cover likely but unspecified events that might increase 
project costs. 

Control group: The group that is receiving no experimental treatment but is otherwise being
treated similarly to the alternative group. 

Controlled grazing: Controlling the period and incidence of gazing by moving livestock
different parts of the area in 

to 
a prescribed sequence.
 

Cost analysis: See Principle of cost analysis.
 

Cow: A sexually mature female bovine animal.
 

Crop: Plants that are planted and managed for economic purposes, producing a physical product
for the farm's use or sale. 

Cropping system: Crop-production activity of a farm, comprising all componenti required for theproduction of the set of crops and the relationship between them and the environment.These components include physical and biological factors, technology, labor, and manage
ment. 

Cropping systems research: Research concentrating on crops; cropping patterns; and interactionsbetween crops, between crops and other enterprises, and between the household andenvironmental factors beyond the household's control. 
Crop-production strategy: A subset of the farm-production strat,.gy that involves only crops as 

its components. 

Cull: To selectively remove an animal due to its inferior quality, 
Cultural practices: Farmers' techniques for activities such as land preparation, seed selection, crop


establishment, and fertilization.
 

DRI: Doe teproductive index. 

Dam: A female parent. 

Debt-servicing capacity: Farm net cash flow less cash needed for family living expenses. 
Decision analysis: A procedure for ensuring that aperson's decisions are consistent with personal

beliefs about the risks being faced. 

Decreasing marginal product: Occurs when the application of each additional unit of input yieldsan incremental output which is less than that from the previous increment in input. 
Degrees of freedom: The number of observations in the data collection that are free to vary after 

the sample statistics have been calculated. 
Delta: The symbol "A", used to denote a change in the value of a 

variable. 
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Demand: The quantity of a commodity that buyers will purchase in agiven market, in agiven 

period, at a given price. 

Demand curve: A demand schedule plotted on a graph. 
Demand schedule: A list of the different quantities of a commodity that consumers will purchase 

during a certain period if the corresponding price is effective. 
Demonstration farm: Farm which simulates real-life farming situations. 
Determinants of cropping patterns: Environmental factors that influence the performance of 

cropping patterns and are not readily modifiable by changes in cultural techniques of crop
production. 

Development budget: Abudget used when planning changes in farm methods or organization that 
will take some time to implement.

Development program: Aschedule used in a development budget which shows anticipated inputs 

and outputs in dated sequence. 

Development target: The selected end position for a development budget. 
Digestible energy (DE): The absorbed portion of the gross energy of a feed, equal to the gross 

energy (GE) minus the energy lost in feces (EfJ¢): 
DE = GE - Ef 

Digestion coefficient: The percentage of a nutrient that is absorbed from the digestive system. 
Diminishing returns: See Principle of diminishing physical and economic returns, 
Disciplinary research: The process of approaching the object of study from the perspective of a 

particular discipline, such as econcmics or agronomy. 
Disciplinary specialists: Researchers who have been trained in a particular field of study such as 

agronomy, animal husb,,ndry, agricultural economics, or rural sociology. 
Discount factor: The value by which a future cash flow must be multiplied to calculate its present 

value. 

Discount rate: The interest rate assumed for discounting.
 
Discounting: Process of determining the present value of future costs and benefits.
 

Dock: To cut off the tail.
 

Doe: A female goat, deer, or rabbit. 

Dominance: The tendency for one gene to exert its influence over its partner after conception 
occurs and genes are in pairs. There are varying degrees of dominance, from partial to 
complete to overdominance. 

Downstream FSR programs: FSR programs that identify and test possible innovations that can be 
easily integrated into existing farming systems by focusing on close interaction with farmers 
via on-farm trials; also known as site-specific FSR programs. 

Drench: To give liquid medicine to animals by pouring down the throat. 
Dressing percentage: The percentage of the live animal that becomes the carcass at slaughter, also 

known as the yield. It is determined by subtracting the losses due to removal of blood, hide,
and intestines from live weight, dividing that quantity by live weight, and multiplying by
100. (See Cold-stressed weight.) 

187 



Dry cow: A cow that is not currently producing milk.
 
Dry period: The time from drying off to recalving. The usual aim is 2 months for a cow and
 

3 months for first calvers. 

Dry roughages: Roughages that have low moisture content, in contrast to succulent roughages. 

Dual-purpose cattle: Breeds of cattle with two productive outlets; for example, females that are 
good milk producers and males that are good beef animals. Also, although less frequently,
breeds of cattle which combine draft and beef or draft and milk qualities. 

Dung: Feces (manure) of farm animals. 

Earmark: An identifying mark on an anim l's ear. 

Economic analysis: Analysis of project benefits and costs from the viewpoint of the economy. 

Economic cooperators: Farmers who agree to supply agronomic and economic data about their 
farming practices. 

Economic environmental factors: Factors such as (1) the availability of credit, (2) marketing
potential and prices of farm products, (3)cost of hired labor, (4) costs of seeds, agricultural
chemicals, and farm equipment, and (5) land ownership and tenant characteristics. 

Economic feasibility: The potenti-.l of an activity to produce benefits in excess of costs. 

Economics: The social relationships or organizations involved in allocating scarce resources among
human wants and in using those resources to satisfy wants as fully as possible (Leftwich, 
1979). 

Elasticity of supply: The responsiveness of quantity supplied to changes in price. 

Embryonic period: Period of prenatal growth during which the fertilized egg grows rapidly, cell 
differentiation occurs, and tissues, organs, and major systems are formed. 

Energy: The force, or power, that is used to drive a wide variety of systems. 

Energy value: Calculated by multiplying the fat content of a feed by 2.25. 

Energy-efficiency index: Measures the rate at which the use of energy inputs generates outputs; 
comparable to the economic-efficiency index. 

Enterprise: Activity undertaken to produce an output that contributes to total production or 
income of the farm family. Enterprises in FSR typically concern crops, livestock,
processing, or upgrading agricultural commodities produced on the farm; productive non
agricultural activities carried out on the farm (such as handicrafts); and productive off-farm 
activities carried out by the household members. 

Enterprise gross income: The value of the output ofa farm enterprise over some accounting period
(usually a year) whether that output is sold or not. 

Enterprise gross margin: Enterprise gross income minus the variable expenses attributable to that 
enterprise. 

Environment: External factors affecting production that the farmer finds difficult to modify (for
example, rainfall, soil properties, and government agricultural policies). 

Environmental complex: A union of locations that share the same values for those physical
cropping-pattern determinants that have been identified. Synonymous with agroecological 
analogues. 
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Environmental factors: Factors over which the farmer has little direct control, including the 
physical, biological, and socioeconomic aspects of the farmer's setting. 

Equity ratio: Farm equity capital divided by total farm capital. A measure of indebtedness, usually 
expressed as a percentage. 

Estrus: A regularly recurrent period of ovulation and sexual excitement that occurs in all female 
mammals, e,;cept for humans. 

Ether extract: The fat content of feeds. Because fat and fat-like substances are soluble in ether, fat 
is analyzed by using ether to extract fat content. 

Ewe: A sexually maturc fema!c sheep. 

Excreta: Waste matter such as urine, feces, and sweat expelled by the body of an animal. 

Expected value analysis: The determination of the expected value of an experiment or new 
technology. 

Experimental error: The error in an experiment that leads to differing responses resulting from the 
same experimental treatment. 

Experimental variables: Variables in an experiment that the researcher tests. 

Exploratory survey: A process by which the researchers traverse the target regions and informally 
interview farmers and other persons knowledgeable of agriculture to arrive at a tentative 
understanding of farmers' existing production technologies and constraints to farmers' 
production and income. 

Extension trial: Trial with the purpose to demonstrate to farmers the superiority of a new 
technique over the farmer's current practice. 

Extension worker: An employee of the extension service. Those who specialize in FSR are 
members of various FSR teams and are liaisons between research and extension. 

Extensive production: An animal-production management style wherein land is substituted for 
labor, and animals are maintained with lower levels of input costs. 

External scale effect: Indirect effect of aproject that causes changes in per-unit costs or benefits to 
persons who are not directly associated with the project. 

Extrapolation area: The domain of adaption of a cropping pattern composed of the land types to 
which the cropping pattern is adapted. 

FSR: See Farming Systems Research. 

FSR sensu stricto: A category of FSR that studies farming systems as they exist through a 
technically and socioeconomically in-depth analysis. 

Factor-factor relationship: The relationship among the several factors (inputs) used to produce a 
given amount of product. 

Factor-product relationship: The relationship between the several factors (inputs) used to 
produce a particular product and the amount of the product that is produced. 

Family attivity: A method of producing a crop or operating a livestock enterprise. 

Family earnings: Net farm earnings plus other household income; represents the total income 
available to the farm family for all purposes. 

Farm: An organized decision-making unit within which crop and livestock production is carried 
out for the purpose of satisfying the farmer's goals. 
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Farm budget: An arithmetic projection of the costs and benefits for a typical farm situation. 
Farm case study: The detailed study of an individual farm.
Farm cash surplus: Farm net cash flow adjusted for loans received and interest and principal paid;represents the amount of cash generated by the farm and available for household use.Farm census: Collection of selected information from all the farms comprising some population.
Farm development budget: See Development budget.
 
Farm equity capital: Total farm capital less farm borrowings.

Farm management: Ascience that deals with the proper combination and operation of production
factors (including land, labor, and capital) and the choice of crop and livestock enterprises tobring about a maximum and continuous return to the most elementary operation units offarming. It concerns the sound organization and skillful operation of a farm business for thepurpose of maximizing continuous benefits consistent with the objectives of the farmoperator or farm household. 
Farm net cash flow: Farm receipts minus farm payments. 
Farm net worth: See Farm equity capital.

Farm payments: Cash paid for goods and services purchased for farm 
use.

Farm receipts: The value of cash received from sale of agricultural outputs.

Farm survey: Data collection 
 from a sample of farms from a given population.Farmer-managed trial: On-farm experiment managed by the farmer to learn how farmersimplement suggested improvements.
Farmer's circumstances: Factors that affect a farmer's decisions about using a crop technology,including natural factors, such as rainfall and soils, and economic factors, such as markets,the farmer's goals, and resource constraints.Farmer's environment: In FSR the conditions under which the farmer operates, including

physical, biological, economic, and sociocultural conditions.Farming: An activity carried out by households on holdings that represent managerial unitsorganized for the economic production of crops and livestock.Farming enterprises: Production activities on a farm (for example, crop production or animal
production).

Farming system: A unique and reasonably stable arrangement of farming enterprises that ahousehold manages according to well-defined practices in response to physical, biological,and socioeconomic factors and in accordance with household goals, preferences, andresources (Van Der Veen, 1986).

Farming systems research (FSR): An approach to agricultural research and development that
1) views the whole farm as a system, 2) focuses on the interdependencies among thecomponents under the control of members of the farm household and how thesecomponents interact with the physical, biological, and socioeconomic factors not under thehousehold's control, and 3) aims at enhancing the efficiency of farming systems byimproving the focus of agricultural research in order to generate and test better technology(Shaner et al., 1982). The approach involves selecting target areas and farmers, identifyingprobiems and opportunities, designing and executing on-farm research, and evaluating andimplementing the results. In the process, opportunities for improving public policies andsupport systems affecting the target farmers are also considered. 
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Farming systems simulation: Mimicking of the operation of a farm via sor: type of model.
 

Farrow: To give birth to pigs.
 

Fat: A class of nutrients which represents the most potent energy source in rations. Normally

composed of glycerol and three fatty acids, fat contains the elements carbon, hydrogen, and 
oxygen, with hydrogen present in much higher proportions than in carbohydrates. 

Fat-corrected milk (FCM): An attempt to relate the energy required to produce milks of different 
fat contents by adjusting the yield to that of a 4% butterfat milk with the use of Gaines' 
formula: 

FCM = 0.4 M + 15F,
 

where M is milk yield and F is butterfat yield.
 

Fattening: Feeding heavily enough so that animals accumulate fat. 

Fecundity: Fertility or prolificacy. A female animal is said to be fecund or prolific if she breeds 
regularly. 

Feed bunk: A manger for providing feed, usually hay or silage, to cattle, sheep, goats, or horses. 

Feed conditions: Conditions under which animals are being fed; sometimes used to designate the 
level of feeding. 

Feed efficiency: The amount of feed required to produce aunit of gain inweight; for poultry, this 
term can also denote the amount of feed required to produce a given quantity of eggs. Can 
also be expressed as the amount of gain made per unit of feed. 

Feeder calf: A calf that is purchased to go directly into the feedlot. 

Feeding standards: Numerical expressions of the amounts of nutrients necessary for the 
maintenance of animals sich as horses, buffalo, cattle, and milking animals. 

Feedlot: A lot in which animals on a finishing ration are kept. 

Fetal period: Period of prenatal growth which lasts from the time that major features of the animal 
are recognizable until the animal's birth. 

Fiber: The tough part of a feed that is not very digestible. 

Field: A contiguous unit of land which is used for the cultivation of the same crop. 

Field or area sampling: Sampling methods in which a field ischosen randomly and the cultivator 
of the field is interviewed. Fields may be chosen by randomly locating coordinates on amap 
of scale 1:50,000. 

Field price (of an input): The total value that must be given up to bring an additional unit of input 
onto the field. 

Field price (of an output): The value to the farmer of an additional unit of production in the field 
before harvest. 

Field study: Informal study of a particular area or problem. 

Field teams: Groups that work with farmers in their fields. Such teams often consist of 
agronomists, economists, and supporfing technicians. Where livestock is important, an 
animal scientist should be part of the team; and in areas where women are responsible for 
growing important crops or performing critical operations, field teams should include 
women. 
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Fill: The amount of feed in an animal's digestive system. 
Finance budget: A budget constructed to show the extent ofnecessaiy borrowings and the manner 

in which interest and principal payments on loans are to he met. 
Financial feasibility: A condition that is met when -5h resources are sufficient to meet cash 

requirements both in amounts and timing. 
Finish: The degree of fatness of an animal. 
Fixed costs: See Fixed expenses. 
Fixed expenses: Components of total farm expenses that are not variable.
 
Fleshing: The physical condition of an animal or its amount of fatness.
 
Flow: In cost identification, an amount that has a time dimension.
 
Fodder: Feed for livestock.
 
Formal survey: A survey of randomly chosen farmers who are interviewed by traired personnel

using a written questionnaire to provide quantitative data on a farmers' circumstances. 
Foster mother: A cow used to suckle one or more calves that are not her own. 
Free choice: The condition that exists when feed isavailable to animals so that they can choose the

proportions they prefer. 
Frequency distribution: A table or graph indicating the frequency of occurrence of particular

values of a variable. 
Frequent-interview survey: A type of survey involving the collection of data from a limited 

number of farms on a regular basis. 

Freshen: To give birth to young. 
Gaunt: A description of an animal's appearance meaning empty or hollow-sided. 
General herd: Herd composed ofall the animals in the farm; bucks, castrated males, dry does, and

weanlings. 
General-purpose table: A table constructed to present a summary overview or to present a largeamount of primary data in a convenient form. 
Generation interval: The average age of the parents when their offspring are born. (Cattle 

5 years; sheep  4 years; swine - 2.5 years.) 
G.notype: The genetic makeup of an animal; a list of genes carried by the animal for one or several 

traits. 
Gestation: The period between fertilization and delivery of young; also called pregnancy. 
Goal trade-off: See Principle of goal trade-off. 
Grading: The mating of an improved breed with an ordinary strain of farm animal for the purpose 

of producing stock approaching the merits of the superior breed. 
Graph: A figure drawn on two axes representing two variables with points representing paired

values of the variables connected by a line or curve. 
Grazing: Eating any kind of vegetation by domestic livestock or wild animals. Sometimes limited 

to eating herbage, in contrast to browsing. 
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Grazing capacity: The maximum grazing rate possible without causing long-term damage to 
vegetation or related resources. Usually expressed as the number of animals or cow 
equivalents per unit area. 

Grazing incidence: The amount of grazing in an area expressed as a number of animals or cow 
equivalents per unit area. 

Green fodder: A form of succulent roughage that includes leguminous and nonleguminous fodder.
 

Gross costs: Total costs of a project including investment costs and operating costs.
 

Gross farm income: The value of the total output of a farm over some accounting period (usually a
 
year), whether that output is sold or not. 

Gross field benefit: Net yield times field price for all products produced in a given period. 

Gross margin: The difference between the gross income of a farm activity and its variable costs. 

Gross-margin budget: A partial budget drawn up using enterprise gross margins. 

Gross-margin planning: A version of simplified programming in which activities are selected on 
the basis of only one key constraint: land. 

Gummers: Aged animals that have lost all their teeth. 

Half-sib: A half-brother or half-sister. Animals that are half-sibs usually have the same sire but 
different dams. 

Hay: Forage crops such as grasses, legumes, or cereals that have been cut and dried. 

Heart girth or chest girth: The distance around the chest just behind the front leg.
 

Heat: Estrus, season, or bulling; the time when a female is receptive to the male.
 

Heifer: Bovine female from birth (heifer calf) to calving.
 

Hen: An adult young female domestic fowl, such as a chicken or turkey.
 

Herd: A group of animials kept together.
 

High protein concentrates: Concentrates that have a high protein content; may be of plant or 
animal origin. 

Homiothermal animals: Warm-blooded animals that have a constant body temperature which is 
not influenced by most changes in the environment. 

Homogeneous farmer groups: Those who farm under similar conditions and in similar ways; 
recommendations for changes in technology will likely be accepted by the majority of them. 
(See Recommendation domain.) 

Household: The farmer and other members of the family who form a consuming and producing 
unit and a social organization. Households are often under the management of a single 
person but sometimes operate collectively. Members normally live and sleep in the same 
place, share meals, and divide household duties. 

Household goals: Aspirations the farm family sets for, such as increased income, adequate 
education, and improved quality of life, which may vary from one family to another. 

Household net cash income: Farm cash surplus plus other household receipts; represents the cash 
available to the farm family for all payments not relating to the farm. 

Human wants: One of the key elements of economics; OFAR deals with the human wants of the 
farmer. 
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Hutch: A pen for small animals such as rabbits. 
Hybrid vigor: The tendency of crossbred offspring to perform better in certain traits than the 

average of their parents.
Hypothesis: A tentative statement or explanation of certain observed facts that is used as a basis for 

further investigation or argument. 

Inbreeding: Mating individuals of close blood relationships, usually within a breed. 
Income elasticity of demand: The responsiveness of demand to changes in income. 
Income-equivalent ratio (IER): The ratio of the area needed under sole cropping to produce the same gross income as I hectare of multiple cropping at the same management level. IER isthe conversion of land-equivalent ratio (LER) into economic returns. 
Increasing marginal product: Occurs when equal increments of input result in increasing

increments of output. 
Incubation period: The time during which a hen sits on a clutch of eggs until the young are 

hatched. 
Informal farmer interviews: Interviews with farmers usually conducted by researchers themselves

without a fixed questionnaire and with minimal use of pen and paper. The interview isstructured according to a checklist of information but with flexibility to explore certain
practices or problems in more depth depending on the farmers' responses. 

Informal surveys: Surveys undertaken without formal sampling procedures, pretested question
naires, and other means that permit statistical analysis of the data.
 

Infrastructure: The supportive features of an economy 
 often provided by government but
sometimes provided by private industry such as transportation, electricity, water, com
munication, and governmental organizations. 

Inheritance: The transmission of genes and genetic traits from parents to offspring. 
Innovative approach to OFAR: An approach to OFAR which is based on the underlying belief 

that farmers should be full partners in the process of technology development.
 
Input: A factor of production.
 

Input-output analysis: Partial 
 budgeting applied to the analysis of input-output data. 
Input-output coefficient: Technical coefficient specifying the quantity of some input per unit ofoutput or the amount of output produced per unit of input. 
Input-output data: Data relating the level of crop or livestock output to level of input use. 
Intangibles: A part of costs and benefits that cannot be assigned any nominal value. 
Intensive production: An animal-production management style wherein labor is substituted for 

land, and livestock are raised in confinement facilities with high levels of input costs. 
Interdisci.plinary: A term describing frequent interactions among those from different disciplineswho work on common tasks. Interdisciplinary activities tend to have better results than if 

those involved had worked independently. 

Internal rate of return: A rate of interest at which tie net present value of an investment is zero. 
Investment appraisal! Evaluation of the profitability of some investment. Commonly involves net 

present value or internal rate of return calculations. 
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Investment capital: Value of inputs (purchased or owned) that are allocated to an enterprise with 
the expectation of a return at a later point in time. 

Investment cost: The value of resources spent on physical productive facilities that are expected to 
last for more than one production period. 

Isocline equation: An equation describing all combinations of factors that yield a given quantity of 
output. 

Isoquant equation: See Isocline equation. 

Iterative process: An approach that involves repeating activities and calculations to arrive at 
improved solutions through a series of successively better approximations. 

Key constraints: Constraints which have a potentially large impact on the choice of a farm plan. 

Labor budget: A budget comparing labor requirements with labor availability, usually constructed 
seasonally. 

Labor 	chart: A form of labor budget constructed as a figure with a calendar of working days 
recorded on the horizontal axis and the number of workers recorded on the vertical axis; 
shows the number of workers assigned to each task and the duration of that task. 

Labor day: A unit of labor input or requirement, usually assumed to represent the work 
accomplished in 8 hours. 

Labor profile: The seasonal pattern of labor requirements for a given farm activity. 

Labor-equivalency ratio: The resource-equivalency ratio for labor, computed by using the 
amount of total available labor or the total labor used for the cropping patterns as the 
resource base. Results are interpreted differently when variables are measured as either a 
stock variable or a flow variable. 

Lactation: The production of milk by the mammary glands. Usually milk isproduced for 305 days 
from the date of calving, or from and including the fifth day after calving. 

Lamb: A young male or female sheep, usually an individual less than 10 months old. 

Land-equivalency ratio (LER): The area needed under sole cropping to give as much produce as 
I hectare of multiple cropping or mixed cropp;ng at the same management level, expressed 
as a ratio. 

Law of demand: The inverse relationship between price of a commodity and quantity demanded. 

Law of supply: The direct relationship between price of a commodity and quantity supplied. 

Least-squares regression: The standard statistical method for fitting continuous functions 
involving a single dependent and one or more independent variables; used in production
function analysis. 

Leguminous fodder: Consists of the stems and leaves of legume plants. 

Let-down: The release of milk from the udders by the lactating female (also called milk ejection). 

Limiting factors: Agronomic factors such as weeds and pests that limit productivity. Most are 
related to characteristics of farmers' natural and economic circumstances (for example, the 
presence of weeds may reflect lack of labor availability). 

Linear programming (LP): A computer-based procedure used to solve allocation problems such 
as farm planning and formulation of livestock diets. 
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Linebreeding: Mating cousins. 
Live weight (LW): The weight of a live animal. With ruminants, this is difficult to obtain

accurately because of the varying amounts of fodder and water consumed each day. Daily
variations may be extreme. To be comparable, animals should be weighed at the same time
of day on each occasion and preferably outside grazing peaks, and weighing should be 
repeated on three successive days. 

Live weight gain (LWG): An animal's rate of gain expressed on a daily basis. 

Livestock: Animals raised for home use or profit.
 

Livestock feed budget: A budget comparing feed 
 requirements of farm livestock with feed 
available from crops and pastures; usually drawn up seasonally. 

Livestock gross income: The value of livestock production in the form of animals and produce,
adjusted for inventory changes. 

Livestock patterns: The animal species raised by a farm family over some period. 
Livestock systems: Subsystems within the farming system made up ofa set of one or more animals

and comprising all components required for their production, including the interactions 
among the animals, other household enterprises, and the physical, biological, and socio
economic environments. 

Livestock systems research A process similar to cropping systems research but with procedures
that reflect the inhe-ent differences between cropping and livestock systems. 

Long-term cash-flow budget: A cash-flow budget constructed for a planning horizon of 10 years
or more with intermediate cash balances, normally calculated at annual intervals. 

Low protein concentrates: Concentrates that are rich in carbohydrates and low in protein content; 
include all grains and some grain by-products. 

Macroeconomics: The study of the economic system as a whole. Macroeconomics is concerned
with issues of employment, taxation, interest rates, credit, and development policy. 

Maintenance: A condition in which body weight does not i icrease or decrease and no production 
or work is done. 

Maintenance energy (Eain): The energy needed for basal metabolism, wherein the animal's
tissues are neither gaining nor losing energy. Used only for the growth of young stock. 

Management factors: Factors the farmer can control through management decisions including
such variables as cropping and lisestock patterns; crop varieties; field cultural practices,
fertilization; pest control; irrigation management; harvest; sale of crop or animal products; 
use of labor, animal, or mechanical power; and postharvest losses. 

Management practice: The use of a technological component defined by the type, amount, and 
timing of the component. 

Marbling: The distribution of fat in muscle tissue. 

Mare: A sexually mature female horse. 

Margin: The difference between the cost of a given quantity of feeder cattle and the selling price of
the same animals as fat cattle. For example, if a load of feeder cattle were purchased for $8.00 
per hundredweight, then fed out and sold as fat cattle at $10.00 per hundredweight, the 
margin would be $2.00. 
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Marginal cost: The increase in variable cost that occurs in changing from one production 
alternative to another; often measured relative to adding a marginal unit of input. 

Marginal net benefit: The increase in net benefit that can be obtained by changing from one 
production alternative to another; often measured relative to adding a marginal unit of 
input. 

Marginal opportunity cost: The value of including a marginal unit of a given farm activity in the 
farm plan. 

Marginal product: The change in output arising from using an additional unit of the input. 

Marginal rate of return: The marginal net benefit divided by the marginal costs, 

Marginal value product (MVP): The opportunity cost of a marginal unit of a resource, 

Market: A place where buyers and sellers meet to trade. 

Market area: The distance from a market at which transportation of goods to the market is 
profitable. 

Market class: Animals grouped according to the use to which they will be put, such as slaughter, 
feeder, or stocker. 

Market grade: Animals grouped within a market class according to their value. 

Market integrator: The individual who carries out several marketing functions. 

Marketing: The performance of activities that will result in moving commodities from the 
producer to the consumer. 

Marketing channels: Routes through which products pass as they are moved from the farm to the 
consumer. 

Marketing margin: The difference between prices at different levels of the marketing system. 

Marketing system: All activities involved inthe flow of goods from the point of initial production 
to the ultimate consumer. 

Mark-up: The priL,- spread between two levels in the market divided by the selling price, expressed 
as a percent. 

Mastitis: An inflammation of the mammary gland. 

Mature stock unit (MSU): Also known as livestock unit (LSU) or animal unit (AU). Ameans of 
calculating the grazing load of a herd by comparing age groups, using acow as unity. For 
example: 
Adult bull 1.2 
Cow 1.0 
Cow in-milk 1.1 
Growing cattle over 2 years old 1.0 
Yearling 1-2 years old 0.5 
Weaners 6-9 months old 0.25 
Calves under 6 months old 0.125 

The literature also provides different conversion ratios depending on the breed and location 
of the animals. 
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Mean: The value obtained by adding aseries of terms and then dividing their sum by the value
equal to the number of terms. 

Median: In aseries of terms, the value of the term for which one-half of the remaining terms are
less and one-half are greater. 

Medium-term cash-flow budget: A cash-flow budget extending over 3 or 4 years with theintermediate cash balances calculated at quarterly or half-yearly intervals. 
Metabolic energy (ME): The energy from a feed that can be metabolized in the body formaintenance, growth, production, and activity. May be estimated by subtracting the energylost as combustible gases and urine (Ega,,...) from the digestible energy (DE): 

ME = DE - Eg ..
 
Microeconomics: The study of the economic activities of units such 
as consumers, resourceowners, and business firms. Microeconomics is concerned with the flow of goods andservices from business firms to consumers, the composition of the flow, and the evaluationor pricing of the component parts of the flow. It is also concerned with the flow ofproductive resources (or their services) from resource owners to business firms, with theirevaluation, and with their allocation among alternative uses (Leftwich, 1979). OFAR isconcerned with the microeconomic implications of new practices at the farm level. 
Minimum-return analysis: A process carried out with each production alternative that featuresexamining net returns to the individual treatments and selecting the alternative whose lowestreturn or whose lowest average return ishighest among the alternatives being considered. 
Mixed farming system: Farms with integrated crop and livestock activities. 
Mixed systems research: A process si.nilar ,o that for cropping systems research, except that theprocedures reflect the inherent differences between cropping and livestock systems. Also,the researchers focus their attention directly on the interactions between crops and 

livestock. 
Mode: In a series of terms, the value of the term that appears most frequently. 
Model: A simplified representation of reality built to reflect those features of afarm, enterprise, or 

process that are of most importance in the context of a particular study.
Money field price (of an input): The market price of a unit of product minus harvest, storage,transportation, and marketing costs and quality discounts. 
Monogastric: See Nonruminant. 
Multidisciplinary: A combination of disciplines involved in an assignment but not necessarily

working in an integrated or coordinated manner. 
Multilocational testing: The process whereby new technologies developed in aresearch area aretested at other Iocations within the target area to learn what adjustments, if any, are neededbefore diffusing the technologies more broadly and intensively. 
Multiphase sampling: A sampling scheme involving collection of different categories or informa

tion from different subsamples. 
Multiple-cropping index (MCI): The sum of the area planted to different crops harvested duringthe year divided by the total cultivated area. 
Multiple-cropping specialist: A person engaged in the research, design, and production of cropsarranged in patterns that obtain optimum use of a farmer's resources with the goal ofmaximizing the return to the farmer in cash income, better nutrition, or general welfare. 
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Multiple-cropping system: A system in which more than one crop is grown on the same plot of 
land in I year. 

Multiplier effect: The widely diffused chain of increases in incomes and expenditures, beyond the 
direct impact on benefits and costs, that is generated by a project. 

Multistage sampling: Amethod of probability sampling that involves at least two sampling steps. 

Multivariable pioduction function: A production function involving several variable inputs. 

Musty: Unpleasant odor of feeds that have spoiled slightly or have been improperly stored. 

Net benefit curve: A curve showing the relationship between variable costs of alternatives and 
their expected net benefits. 

Net benefits: The value of the benefits less the value of the things given up in achieving the 
benefits; for example, total gross fields benefit minus total variable costs. 

Net cash flow: See Farm net cash flow. 

Net energy (NE): The most difficult energy evaluation of feeds but the most accurate for ration 
formulation. To determine net energy, measurements must be made of the energy in the 
feed, feces, gases, urine, and heat produced. The net energy is the energy remaining after 
subtracting the heat loss due to fermentation and metabolism from metabolic energy (ME): 

NE = ME - heat 

Net energy for gain (NE,): The net energy required, in addition to that needed for body
maintenance, for body tissue gain. Used only for the growth of young stock. 

Net energy for lactation (NEI): The total net energy needed for maintenance plus the last 2 
months' gestation for dry, pregnant cows, also known as the net energy for producing milk 
(NEak). 

Net energy for production (NEp): The net energy which can be transformed into products, 
obtained by subtracting the maintenance energy (E...) from the net energy (NE): 

NEV = NE - En,... 

Net farm earnings: Net farm income less interest paid on borrowed capital; represents the return 
to all family-owned resources used in farm production. 

Net farm income: Gross farm income minus total farm enterprise; the return to the farm family for 
their labor and management together with the return on all the capital invested in the farm, 
whether borrowed or not 

Net present value (NPV): The net total of the discounted values of the payments and receipts 
associated with a given project or farm plan. 

Net returns: See Net benefits. 

Net worth: See Farm equity capital. 

Net yield: The measured yield per hectare (or acre) in the field minus harvest losses and storage 
losses where appropriate. 

New farming systems development: A category of FSR that starts with the view that many
tropical farming systems are so unproductive that radical restructuring rather than stepwise 
change is necessary; the objective is to invent, test, and exploit new systems. 

199 



New technological components: Practices or inputs that are yet to be developed or whoseperformance under farmers' conditions cannot be predicted with confidence. Examples arevarietits yet to be created or new herbicides with which researchers have little or no 
experiencr. 

Nitrogen-free extract (NFE): The more soluble part of carbohydrates that includes starch and 
sugars. 

Noncommercial farms: Family-owned and operated farms, often associated with low cash-input 
farming a,tivities. 

Nonexperimental variables: Variables in an experiment that the researcher is not testing, dividedinto those that the researcher cannot control (such as weather) and those that the researcher 
can control (such as farming operations). 

Nonleguminous fodder: Consists of the stems and leaves of nonlegume plants; usually contains 
less nitrogen than leguminous fodder.
 

Nonrandom sampling: 
 Method of sampling in which individuals are chosen by purposely
selecting units without the use of a population list.
 

Nonreturns: Females that do not go into heat and 
are regarded as pregnant.
 
Nonruminant: Animal that does not have 
a functional rumen. Sometimes called a monogastric. 
Null hypothesis (Ho): The working hypothesis; expresses the idea of no difference or of 

nonsignificance of difference. 
Nutritive ratio: The ratio of digestible protein to digestible nonnitrogenous nutrients (including 

fat) multiplied by 2.25. 
OFAR: See On-farm Animal Research. 

Off feed: Condition in which animals get sick from overeating or improper eating and therefore 
scour and stop eating. 

Oil meal: Feed materials that are by-products in the manufacture of several oils and are used as
livestock feeds mainly to supply protein. 

On feed: Condition in which animals get accustomed to a diet and are able to eat a full feed of it and
 
do well.
 

On-farm Animal Research (OFAR): On-farm research theof animal production that hasfollowing goals: I) to describe the animal component at the farm level, 2) to systematicallyscreen on-station technologies that can help alleviate production constraints at the farmlevel, 3) to test screened technologies at the farm level, and 4) to support the implications of 
crop interventions. 

On-farm experiments: Experiments conducted in farmers' fields, usually with the immediate aim
of developing technological recommendations. On-farm experiments may be managed by

researchers, farmers, or both.
 

On-farm research: Research in farmers' fields with farmers oriented toward formulating improvedtechnologies. Typically involves two types of interrelated activities: surveys of farmer 
circumstances and experiments. 

On-farm research with a farming systems perspective: A category of FSR that is a practical
extension of agricultural research based on the assumption that only the farmer's experience
can reveal to the researcher what farmers really need. 
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Opportunity cost principle: The economic principle that the cost of any choice ismeasured by the 
value of the best alternative that is forgone; thus, the opportunity cost of a resource is its 
value in the best alternative use. 

Opportunity field price (of an input): The value of the input in its best alternative use. 

Opportunity field price (of an output): The money price the farm family would have to pay to 
acquire an additional unit of the product for consumption. 

Outbreeding: Mating animals distinctly unrelated, usually with diverse type or production traits.
 
Varies in degree, depending on degree of divergence in type or production traits.
 

Outcrossing: Breeding animals of the same breed showing no relationship within the first four or
 
six generations. 

Output: The product. 

Output-parity index: Measures the parity of energy output to energy input. It combines economic 
and energetic approaches. Operationally, it is the ratio of the price per unit of energy output 
to the price per unit of energy input. 

Overgrazing: Grazing that isso heavy it impairs future forage production and causes deterioration 
through damage to plants, soil, or both. 

Ox: A castrated male bovine. This word is normally used when the animal is kept for draft 
purposes. (Steer is used to denote meat animals.) 

Palatable feed: Feed that animals appear to like. 

Parametric budget: A budget (usually a partial-profit budget) drawn up using algebraic symbols
for selected planning coefficients and used to appraise the consequences of variations in 
those coefficients. 

Parametric programming: Aform of linear programming in which selected coefficients are varied 
over some chosen range. 

Partial: A term used to indicate that the change only occurs in one component of the farm. 

Partial budget: See Partial-profit budget. 

Partial cash-flow budget: A cash-flow budget showing only those cash flows that would be 
changed as a consequence of some proposed change in the farm plan. 

Partial-budget analysis: Aform of marginal (incremental) analysis designed to show, not profit or 
loss for the farm as a whole, but the net farm income resulting from the proposed changes. 

Partial-profit budget: A tabulation of expected gains and losses due to arelatively minor change in 
farming method, affecting only part of the farm. 

Par,urition: Giving birth (calving, lambing or farrowing). 

Pasture: Area where animals can graze. 

Payments: See Farm payments. 

Percentage margin: The price spread between two levels in the market divided by the buying 
price, expressed as a percent. 

Performance testing: Accumulation of performance data under uniform environmental condi
tions, upon which the selection of the individuals on the test will be based after appropriate 
statistical treatment. 
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Period of the ovum: Period of prenatal growth which lasts from the time the ovum (egg) isfertilized until the fertilized egg attaches itself to the uterine wall. 
Physical factors: The more important attributes of the climate, water, and land. 
Pilot production program: A program designed to test how agricultural policies and support

systems function when new technologies are introduced into an area on a large scale.Poikilothermal animals: Cold-blooded animals whose body temperatures change according to the 
environment. 

Postnatal growth: Growth that takes place following the birth of the animal. 
Postweaning phase: Period of postnatal growth that occurs after the animal no longer relies on its

mother's milk for nourishment.
 

Premature: Live young born 
 before term. 
Prenatal growth: Growth that takes place from the time of fertilization of the ovum (egg) until the 

birth of the animal. 
Present value: The current value of a monetary amount or cash flow to be paid or received in thefuture, adjusted for differences in the value ofmoney over time arising from the opportunity

cost of capital. 
Preweaning phase: Period of postnatal growth during which the young mammal is nourished on 

milk from its mother.
 
Price elasticity of demand: The responsiveness of demand to changes in price.
 
Price risks: The risks associated with unexpected fluctuations in price because of changes in supplyand demand or a change in government price policy. 
Price spread: The wholesale or retail margin expressed in dollars and cents.
 
Primary benefits: The value of the goods and 
 services resulting from the project and otherproductive activities associated with it. 
Primary costs: The value of the goods and services used for the installation, maintenance, and 

operation of the project and other productive activities associated with it. 
Primary information: Data collected specifically for the current activity.
 
Principle of comparative advantage: Economic principle which states that various crops and
livestock should be produced in areas where physical and other resource 
 are best suited to


their production.
 
Principle of cost analysis: Principle whereby costs are divided into fixed costs and variable costs.
 
Principle of diminishing physical and economic returns: Principle which states that variable
resources should be added to fixed resources as long as the added return expected from the
last unit of variable resource used is just sufficient to cover the added costs of that unit.
 
Principle of enterprise choice: Principle which states that enterprises can enter the farm plan aslong as their expected contribution to net farm income exceeds the opportunity cost of the 

resources they use. 
Principle of goal trade-off: Principle which states that a farmer can trade off competing goals aslong as the gain in satisfaction from the goal receiving increased emphasis is greater than theloss in satisfaction incurred by decreasing emphasis on the other goal or goals. 
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Principal of marginality: Principle which states that choices about the use of resources should be 
made so that the marginal gain from the slightest possible change in resource use isequal to 
the marginal loss implied by the change. 

Principle of substitution: Principle which states that in substituting one production method for 
another, the savings incurred from replacing one method must be greater than the cost of the 
new method added. 

Probability: The chance of an occurrence. 

Probability distribution: The spread of observed values around an actual value. 

Probability sampling: A method of sampling in which the probability of a particular individual 
being included in the sample is known or can be estimated with reasonable precision. 

Production function: A function that shows the quantitative relationship between inputs and 
outputs for some production process. 

Production system model: The simplified representation of the production activities on a farm. 

Production unit: In FSR, the farm. For small farms, may be synonymous with the consumption 
unit (household). 

Production-function analysis: A method of making a production decision by estimating and 
analyzing production functions. 

Product-product relationship: The relationship among the various products (outputs) based on 
which combination makes the most profitable use of available resources. 

Profit budget: A budget drawn up in terms of some measure of farm profit, such as net farm 
earnings. 

Profitability: Excess of revenues over costs. 

Program approach: An approach to FSR that involves institutionalizing it into the country's 
existing agricultural research and development programs through either coordinated efforts 
between all organizations that are most concerned with small-farm production or through 
one organization assuming primary responsibility for implementing the program. 

Proindustry index (prosubsistence index): Measures the magnitude of output used as raw 
materials for industrial processing to support industrial workers or for direct home 
consumption. Comparable to the index of commercialization. 

Project approach: An approach to FSR involving initiating one or more projects that incorporate 
FSR procedures. Projects tend to have specific scopes of work to be completed by a certain 
time and are disbanded upon the project's completion. 

Prolific: Term describing an animal that is capable of having many offspring or large litters. 

Promodernity index: Measures the extent to which energy input to the farm production procesb 
comes from goods developed through the use of modern technology or manufacturing 
processes, such as machinery, manufactured fertilizer, insecticides, and other agrochemicals. 
Since manufactured goods are normally those that farmers have to purchase, the index is 
comparable to the index of monetization. 

Proportional cost: Costs that vary directly and proportionally with yield. 

Prototype solutions: Solutions generated by upstream FSR programs which lead to major shifts in 
the potential productivity of farming systems in general, but are not yet fine-tuned for 
immediate adaptation by individual farmers. 
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Purposivc sampling: Amethod of nonrandom sampling inwhich asample is drawn to illustrate or 
represent some particular characteristics in the population. 

Rainfed farming: Growing crops or animals under conditions of natural rainfall. Water may be
stored inthe field by bunding, as with lowland rainfed rice, but no water is available from 
permanent water-storage areas. 

Random mating: Allowing selected animals to mate at random. 
Random sampling: A method of probability sampling in which every unit in the population or 

subpopulation has an equal probability of being selected. 
Rate of technical substitution of factor i for factor j (RTSII): The amount by which factor i must 

be increased if factor j is reduced by one unit if the level of production is to remain 
uncha, ged. 

Ration: The feed given to an animal in 24 hours, whether it is fed at one time or in portions at 
different times. 

Recommendation (crop production): Advice on operations, times, equipment, and materials for 
crop production that is presented as worthy of acceptance. 

Recommendation domain: A group of roughly homogeneous farmers with similar circumstances 
for whom the same recommendation can be made. Recommendation domains may be 
defined interms of natural factors (such as rainfall) and economic factors (such as farm size). 

Reconnaissance survey: A field survey method of data collection that usually comes after 
secondary data collection. 

Relative crop intensity index (RCII): A derivative from the cropping intensity index that 
measures the role of individual crops or groups within the available area-time and relative to 
ill crops cultivated by a farmer. 

Relative reproduction rate (RRR): The ratio of proportion of species I in the harvest mixture to 
the proportion of species I in the seed mixture divided by the ratio of the proportion of
species 2 in the harvest mixture to the proportion of species 2 in the seeded mixture. 

Relative-yield total ratio (RYTR): The sum of the relative yields of all species grown simul
taneously. Relative yield is the ratio of the yields of all species in a mixture to the yield of 
that species in pure stand. 

Repeatability: The tendency of animals to repeat themselves in certain performance traits in 
successive seasons, pregnancies, or lactations. 

Representativeness: A source of bias in probability elicitation whereby too much weight is 
attached to the extent to which a particular event is representative of a particular class of 
events. 

Researcher-managed trials: On-farm to newexperiments managed by researchers develop 
technologies under farmers' conditions. 

Resource endowments: The amount and quality of resources (inthe forms of land, labor, etc.)
available in a particular region or to a particular group of farms or to an individual farm. 

Resource feasibility: The practicality of an action or project in terms of available resources such as 
land, labor, capital, and management. 

Resources: The means available for producing goods that are used to satisfy human wants,
including labor of all kinds, land, machinery, buildings, semifinished materials, fuel, power,
and transportation (Leftwich, 1979). Land, labor, and capital are common resources. 
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Results obtained vs results expected test: Statistical test which involves predicting the behavior of 
the alternative and comparing this prediction with conditions on real farms where the 
alternative has been introduced. 

Retail margin: The difference between what the retailer pays the processor and what the consumer 
pays the retailer. 

Return to family labor: Net farm earnings less an imputed interest charge on farm equity capital. 

Return to farm equity capital: Net farm earnings minus the value of family labor used on the 
farm, usually expressed as a percentage of farm equity capital. 

Return to total capital: Net farm earnings minus the value of family labor used on the farm, 
usually expressed as a percentage of total farm capital (farm equity capital plus borrowed 
capital). 

Risk: The chance of some favorable or unfavorable event occurring; occurrences that can be 
quantified on the basis of probability analysis. 

Rotational grazing: Moving cattle methodically from one paddock to another in a rotation of 
paddocks, resting each in turn; the opposite of set-stocking. 

Roughages: Feeds that are low indigestible energy and high infiber such as hay, straw, roots, and 
silage. 

Ruminant: An animal with a functional rumen compartment in the stomach, plus three other 
compartments. 

Rural development: General development of the rural community in terms of such attributes as 
income, health, education, culture, and infrastructure. 

R-value: Percentage of time for which land is actually cropped in a complete crop-fallow cycle: 
R = crop years/(crop years + fallow years) x 100 

Sample: A number of individual units selected from all those units that compose a particular 
population. 

Sample survey: Used to identify the many farm settings in which inferences about the larger 
population are required. 

Sampling: The process or technique of choosing the sample. 

Sampling frame: A list of the members of a population from whom a sample is to be drawn. 

Scarce resources: One of the key elements of economics; OFAR deals with the limited, or scarce, 
resources of the farm. 

Scatter diagram: Afigure drawn on two axes representing two variables with paired values of the 
two variables plotted to show the distribution of observations. 

Scouring: Extreme looseness of the bowels or water feces. 

Screening: The process of choosing, from among many potential technologies, a few technologies 
for on-farm experimentation that address critical problems and that are feasible given 
farmers' circumstances. 

Seasonal grazing: Grazing an area only during certain time(s) of the year, roughly corresponding 
to one or more of the seasons. 

Seasonal labor profile: See Labor profile. 
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Secondary information: Information obtained from published and unpublished sources such as censuses, government reports, and research publications. 
Semisubsistence farming: Farming in which both domestic use and sale account for significant

proportions of the farm output. 
Sensitivity analysis: A process that features changing a planning coefficient within reasonablebounds of the original estimate to determine whether the original ranking of alternatives is

affected. 

Sequential evaluation: See Before and after test.
 
Set-stocking: Keeping the same animals in one area at all times; the opposite of rotational grazing.
 
Shadow price: The price that would prevail in the economy if it were in equilibrium under

conditions of perfect competition. 
Short-term cash-flow budget: A cash-flow budget normally constructed over a 12-monthplanning horizon with the intermediate cash balances calculated at monthly or bimonthly

intervals. 
Shrinkage: Weight loss occurring inlivestock during shipping or when kept from feed and water. 
Sib: Brothers or sisters. 
Significance level: The maximum value of the probability of rejecting a null hypothesis that isactually true; the probability of committing a Type I error. 
Silage: A form of succulent roughage that has been cured and stored in a silo. 
Simplified programming (SP): A method of selecting a farm plan in which the required

calculations are performed without a computer. 
Sire: A male parent. 
Site-specific FSP programs: See Downstream FSR programs. 
Slippage: The difference between technical possibilities and actual on-farm results. 
Small farms: Farms which are family-owned and characterized by low cash inputs and arelatively

high portion of total farm output going for subsistence of the family.

Soilage: Green forage crops that are cut and fed fresh to animals.
 
Spread: The arrangement of experimental data or observations in relation to the center of a

frequency distribution.
 
Springing: The signs shown by 
a cow indicating the approach of calving. 
S-shaped growth curve: The curve that results when weight isplotted over time, which isa resultof the rate at which an animal grows. 
Standard deviation: The square root of the variance. 
Standing hay: Grass that has matured and dried out while still standing. The nutritional valuevaries roughly in inverse ratio to rainfall but standing hay isnever as good as properly made 

hay. 
Starch: Carbohydrate nutrient material that supplies energy to animals. 
Starch-equivalent value: The quantity of starch that will yield as much energy to the body abovemaintenance needs as would 100 pounds of the feed in question. 
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States: The possible states of nature. 

Statistics: A branch of mathematics dealing with the collection, organization, and interpretation of 
sets of data according to well-defined procedures. 

Steaming up: Feeding a cow or heifer before calving to increase her subsequent lactation.
 

Sterile: Condition describing an animal that cannot reproduce its kind.
 

Stock: In cost identification, an amount that is always present.
 

Stock equivalents: Units used in budgeting livestock feed whereby the energy needs of different
 
categories ot livestock are expressed in terms of a single type of livestock. (See Mature stock 
unit.) 

Stover: What remains of the corn plant after the ears are removed. 

Stratification: A process of dividing a population into homogeneous subgroup:: to increase 
sampling efficiency. Stratification follows as closely as possible the definition of recommen
dation domains. 

Stratified sampling: A method of probability sampling in which the population is first divided into 
groups on the basis of one or more characteristics of interest. 

Straw: Plant material that has been dried and from which the flowers or fruits have been removed. 

Student t-test: See t-Test. 

Succulent roughages: Roughages that have a high moisture content, as opposed to dry roughages. 

Superimposed trials: Experiments composed of a small set of treatments that evaluate the 
performance of alternative component technology for a cropping pattern. The treatments 
are superimposed, generally without replication, on four or more similar cropping-pattern 
trial fields. 

Supplement: Anything that is added to a feed. 

Supply: The quantity of a commodity offered for sale in a given market, in a given period, at a 
given price. 

Supply curve: A supply schedule plotted on a graph. 

Supply schedule: A list of the different quantities of a commodity that producers will offer for sale 
during a certain period if the corresponding price is acceptable. 

Survey: See Farm survey. 

System: A conceptual artifice that includes a collection of interdependent and interactive elements 
that act together to accomplish a given task; an assemblage ofobjects and activities united by 
some form of regular interaction or interdependence. 

Systematic sampling: A method of probability sampling involving the selection of every K-th 
member Crom a list, working backward and forward from a random starting point. 

Target crop: A crop that is currently, or has potential to be, a major crop in the system and for 
which there are technologies that have potential to increase farm production and income. 

Target region: A homogeneous region chosen for an on-farm research program. The choice of the 
region may depend on crop-production potential, government goals for income distribu
tion, and the infrastructure for doing research in the region. On-farm research procedures 
are most efficiently implemented when focused on a homogeneous region or group of 
farmers. 
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Technical feasibility: The potential of a new technology to result in higher yielding animals or 
crops. 

Techniques of production: One of the key elements of economics; OFAR deals with the farmer's
techniques of productions, which can be used to combine resources in varying proportions
to achieve optimal output. 

Technological components: A specific part of a technology such as variety, fertilizer, or herbicide. 
Technology: The combination of all the management practices used for producing or storing a 

crop or crop mixture. 

Total digestible nutrients (TDN): Sum of all the digestible organic nutrients (protein, fiber,
nitrogen, fat), calculated by the following formula: 

TDN = [CP + CF + (EE x 2.25) + NFE x 100], 
where CP is digestible crude protein, CF is digestible crude fiber, EE is digestible ether 
extract, and NFE is digestible nitrogen-free extract. 

Total farm capital: The total value of the farm's assets. 

Total farm expenses: The value of all inputs used in farm production.
 
Total field costs: The sum 
of field costs for all inputs that are affected by a choice; also called 

Variable costs. 

Total gross margin: The sum of the gross margins of all the farm's activities. 
Traditional approach to OFAR: A methodological approach to OFAR that hinges on conven

tional analysis, such as replicate trials on farmers' fields, data gathering, and evaluation. 
t-Test: Statistical test used to estimate the reliability of an experiment by determining how 

consistently the experiment will measure a given parameter. 
Turn-around time: The number of days between harvesting one crop and planting the next crop. 
Two-phase sampling: A form of multiphase sampling involving data collection from two 

subsamples. 

Two-stage sampling: A sampling procedure in which subpopulations such as villages are selected
first, then units such as farmer groups are chosen within each selected subpopulation. 

Type I error: The error that iscommitted when a null hypothesis is rejected that is true and an
 
alternative hypothesis is accepted which is false.
 

Type II error: The error that is committed when a null hypothesis is accepted that is false and the
 
rejected alternative hypothesis is actually true.
 

Udder: Organ in the female animal that secretes milk. 

Uncertainty: The state in which the probability of the occurrence of an event cannot be 
determined. 

Unit value: The cost of the quantity of the material capable of supplying 1%plant nutrient in I tonof the material; determined by dividing the cost per ton by the percentage of nutrient 
Upstream FSR programs: FSR programs that generate prototype solutions leading to maior shifts

in the potentol productivity of farming systems in general. 
Valid: A descriptive term for a system model, meaning that the model's response and the real

system's response are identical or very similar. 
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Value added: The total value of production less the value of intermediate inputs. 

Variable: A symbol representing a quantity that is capable of assuming a number of different 
values. 

Variable costs: See Total field costs. 

Variable expenses: Components of total farm expenses that are specific to a particular crop or 
livestock enterprise and that vary more or less in direct proportion to the scale of the 
enterprise. 

Variable input: An input in a production process the level of which isvariable; often the level used 
can be chosen by the decision-maker. 

Variance: A description of the degree of clustering about a central point. 

Verifiable: A descriptive term for a system model, meaning that the response predicted by the 
model can be confirmed by testing. 

Village studies: A form of data collection in which some information is gathered from the full 
village and other information is obtained from i sample of village households. 

Water-balance budget: Abudget of the irrigation water needs of a crop or combination of crops. 

Whole-farm budget: A budget drawn up to show the anticipated consequences, in terms of 
selected measures of performance, of some actual or proposed farm plan. 

Whole-farm planning: Planning which involves consideration of the farm system as a whole, as 
distinct from partial budgeting. 

Whole-farm production function: A function relating total farm output to the use of land, labor, 
and capital on a whole-farm basis. 

Wholesale margin: The difference between what the processor pays the producer and what the 
retailer pays the processor. 

Working capital: Capital needed for the month-to-month running of a farm, distinct from 
lor.ger-term investment capital. 

Yearling: An animal of either sex of 12 to 20 months of age. 

Yield: An amount of production, such as the dressing percentage of a slaughtered animal, the 
volume of milk produced per day or per lactation, the pounds of wool clipped per ewe, or 
the percentage of clean wool after scourging. 

Yield gap: The difference between actual farm yields and either potential farm yields or 
experiment-station yields. 

Yield risks: The risks associated with unexpected variations in yields due to such conditions as 
weather or pests. 

Zero grazing: Asystem of management under which all feed ishauled to animals that are confined 
to a yard or shed. 

Zones of irrational production: On agraph of factor-product relationships, the areas that indicate 
inefficient use of the variable input. 

Zones of rational production: On a graph of factor-product relationships, the areas that indicate 
efficient use of the variable input; the area of economic relevance. 
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EXERCISES 

CHAPTER 1 
ANIMAL RESEARCH WITHIN FARMING SYSTEMS RESEARCH 

1. 	 What are the four stages of Farming Systems Research (FSR)? Why is it 
important to have farmers involved in discussions of field results during the 
verification stage of On-farm Animal Research (OFAR)? 

2. 	 What are the pros and cons for taking a "traditional approach" to OFAR 
rather than an "innovative approach" to OFAR? 

3. 	 A study to investigate low productivity of pigs is being conducted in an 
intensive crop-growing region. Document the steps that need to be taken 
that would involve the local agricultural research station and the farmers in 
the investigation. 

CHAPTER 2 

ANIMAL PRODUCTION CONCEPTS 

1. 	 List the important contributions of livestock on farms in your country. 
2. 	 Describe the phases of growth for mammals and poultry. 

3. 	 List the important types of animal feeds. 
4. 	 A concentrate mixture is to contain 12% CP, with soybean meal (40% CP) 

as one component and grain (8%CP) as the second component. Using the 
Pearson Square, determine the proportions of soybean meal and grain that 
should be used in the concentrate mixture. Check the answer with an 
algebraic determination. 

Solution 
4. 	 Feed CP Parts Percentage 

Soybean Meal 40 4 12.5 
Grain 8 28 87.5 
Concentrate 	 12 32 100.0 
The 	algebraic determination is as follows:
 

40(a) + 8 (1 - a) = 12
 
40(a) + 8 - 8(a) = 12
 
32(a) = 4
 
a = 0.125 = 12.5%
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CHAPTER 3 

ECONOMIC CONCEPTS 

1. 	 From the data presented in table 3.3, decide how much concentrate a 
farmer should purchase for his dairy cows if the price of milk is US$0.20/
kg and the price of concentrate is US$0.30/kg. 

2. 	 Based on data in table 3.6, decide on the least-cost combination of 
concentrate and berseem a farmer should use to obtain 6.5 kilograms of 
milk if the price of concentrate is Rs 31/kilogram and the price of berseem 
is Rs 15/kilogram. 

3. 	 The prices of corn and soybeans are US$2.00/bushel and US$6.00/bushel, 
respectively. Recalculate the total revenue and determine the optimum
combination of corn and soybeans based on the data in table 3.7. Do 
marginal conditions hold? 

Solutions 
1. 	 Use the principle of profit maximization: 

AY/AX = PX/PY 
AY/AX = US$0.30/US$0.20 

AY/AX = 1.50 

From data in table 3.3, the farmer could purchase from 4 to 6 kilograms of 
concentrate and produce from 9.41 to 12.41 kilograms of milk. 

2. 	 Use the equation for least-cost combination of inputs: 
- AXI/AX2 = P. 2/Px1 
- AX1/AX 2 = Rs 15/Rs 31 
- AXI/AX 2 = 0.48 

The combination of concentrate and berseem would be approximately 3.73 
kilograms and 10 kilograms respectively. 
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3. The following data will be obtained: 

Corn 
Y,

(bu) 
AYt 

Soybeans 
Y2 
(bu) 

AY2 -AY/AY 2 Py2/Pyl* 
Total 

Revenue
(US$) 

170 

160 

145 

120 

85 

45 
0 

-10 

-15 

-25 

-35 

-40 

-45 

0 

10 

20 

30 

40 

50 
60 

10 

10 

10 

10 

'10 

10 

1.0 

1.5 

2.5 

3.5 

4.0 

4.5 

3 

3 

3 

3 

3 

3 
3 

340 

380 

410 

420 

410 

390 

360 

*Given the price of corn, Ps,, isUS$2.00 per bushel, and the price of soybeans, Py2, 
is US$6.0O per bushel. 

The 	equation for the optimum combination of outputs should then be 
used:
 

- AY1/AY 2 = Py2/Pyl
 

- AY1/AY 2 = 6.00/2.00
 
- AYI/AY2 = 3.0
 

Marginal conditions do hold with the optimum combination of outputs 
equal to 120 bushels of corn and 30 bushels of soybeans. 

CHAPTER 4 

USING STATISTICS IN ON-FARM ANIMAL RESEARCH 

1. 	 A study is being conducted to determine whether adding a mineral 
supplement to buffalo's diet will increase their weight. Ten buffalo of the 
same breed are divided into two groups. The first group is given a mineral 
supplement; the second group is the control. The total weight gain for each 
group 	is calculated weekly. The results are as follows: 

First group Secon group 
15 	 25 
50 20
 
20 25
 
35 40
 
40 50
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(a) State the null hypothesis (H.). 
(b) State the alternative hypothesis (H.). 

To determine whether the mineral supplement is causing greater weight 
gains, 
(c) Compute the means for the weight gains of each group. 
(d) 	Using the weight-gain results and the hypotheses, state your decision. 

2. 	 Research is being conducted to determine whether breed differences affect 
the number of eggs chickens lay in their peak egg-laying month. The study
is designed using two breeds of chickens: layers and natives. A total of 100 
chickens is used in the trial: 50 of each breed. The results are shown in the 
following table. 
(a) Find the t value. 
(b) At a significance level of 0.05, is there a difference in egg production 

between the two breeds? 

Egg production, layers Egg production, natives 

x (X-X) (X:YR y (Y-Y) (Y-Y) 2 

29.00 1.24 1.54 12.00 -4.56 20.79 
30.00 2.24 5.02 15.00 -1.56 2.43 
30.00 2.24 5.02 15.00 -1.56 2.43 
28.00 0.24 0.06 21.00 4.44 19.71 
30.00 2.24 5.02 14.00 -2.56 6.55 
28.00 0.24 0.06 13.00 -3.56 12.67 
27.00 -0.76 0.58 12.00 -4.56 20.79 
29.00 1.24 1.54 15.00 -1.56 2.43 
30.00 2.24 5.02 14.00 -2.56 6.55 
29.00 1.24 1.54 13.00 -3.56 12.67 
30.00 2.24 5.02 14.00 -2.56 6.55 
30.00 2.24 5.02 14.00 -2.56 6.55 
28.00 0.24 0.06 12.00 -4.56 20.79 
27.00 -0.76 0.58 15.00 -1.56 2.43 
26.00 -1.76 3.10 18.00 1.44 2.07 
25.00 -2.76 7.62 15.00 -1.56 2.43 
26.00 -1.76 3.10 17.00 0.44 0.19 
28.00 0.24 0.06 11.00 -5.56 30.91 
30.00 2.24 5.02 18.00 1.44 2.07 
29.00 1.24 1.54 19.00 2.44 5.95 
29.00 1.24 1.54 20.00 3.44 11.83 
28.00 0.24 0.06 20.00 3.44 11.83 
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Egg production, layers 	 Egg production, natives 

x (X - X) (X - ) Y (Y -Y) (Y -Y)2 

29.00 1.24 1.54 16.00 -0.56 0.31 
25.00 -2.76 7.62 20.00 3.44 11.83 
20.00 -7.76 60.22 15.00 -1.56 2.43 
22.00 -5.76 33.18 14.00 -2.56 6.55 
23.00 -4.76 22.66 12.00 -4.56 20.79 
25.00 -2.76 7.62 14.00 -2.56 6.55 
29.00 1.24 1.54, 17.00 0.44 0.19 
30.00 2.24 5.02 20.00 3.44 11.83 
29.00 1.24 1.54 17.00 0.44 0.19 
28.00 0.24 0.06 20.00 3.44 11.83 
28.00 0.24 0.06 23.00 6.44 41.47 
28.00 0.24 0.06 22.00 5.44 29.59 
27.00 -0.76 0.58 21.00 4.44 19.71 
27.00 -0.76 0.58 19.00 2.44 5.95 
28.00 0.24 0.06 20.00 3.44 11.83 
29.00 1.24 1.54 20.00 3.44 11.83 
28.00 0.24 0.06 17.00 0.44 0.19 
29.00 1.24 1.54 17.00 0.44 0.19 
26.00 -1.76 3.10 12.00 -4.56 20.79 
27.00 -0.76 0.58 16.00 -0.56 0.31 
29.00 1.24 1.54 14.00 -2.56 6.55 
27.00 -0.76 0.58 13.00 -3.56 12.67 
28.00 0.24 0.06 16.00 -0.56 0.31 
29.00 1.24 1.54 20.00 3.44 11.83 
30.00 2.24 5.02 17.00 0.44 0.19 
25.00 -2.76 7.62 20.00 3.44 11.83 
28.00 0.24 0.06 19.00 2.44 5.95 
29.00 1.24 1.54 20.00 3.44 11.83 

3. 	 It is necessary to determine the effect of commercial feed on the egg 
production of native-breed chickens. A study is designed using 100 
native-breed chickens: 50 receive commercial feed, and 50 do not receive 
commercial feed. The results are shown in the following table. 

(a) 	 Find the t value. 
(b) 	At a significance level of 0.05, is there a difference in egg production 

between chickens that receive commercial feed and those that do not? 
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Egg production, chickens Egg production, chickens 

eating commercial feed not eating commercial feed 

X (X - X) )2(X- Y (y -) (Y - ) 2 

30.00 4.00 16.00 23.00 5.56 30.9125.00 -1.00 1.00 17.00 -0.44 0.19
28.00 2.00 4.00 19.00 1.56 2.43
27.00 1.00 1.00 16.00 -1.44 2.07
28.00 2.00 4.00 15.00 -2.44 5.95
30.00 4.00 16.00 14.00 -3.44 11.83
26.00 0.00 0.00 12.00 -5.44 29.59
26.00 0.00 0.00 15.00 -2.44 5.9525.00 -1.00 1.00 19.00 1.56 2.43
27.00 1.00 1.00 18.00 0.56 0.31
25.00 -1.00 1.00 19.00 1.56 2.43
26.00 0.00 0.00 20.00 2.56 6.55
27.00 1.00 1.00 15.00 -2.44 5.95
28.00 2.00 4.00 14.00 -3.44 11.83
29.00 3.00 9.00, 14.00 -3.44 11.83
27.00 1.00 1.00 18.00 0.56 0.31
27.00 1.00 1.00 19.00 1.56 2.43
24.00 -2.00 4.00 14.00 -3.44 11.83
23.00 -3.00 9.00 18.00 0.56 0.31
24.00 -2.00 4.00 16.00 -1.44 2.07
29.00 3.00 9.00 16.00 -1.44 2.07
27.00 1.00 1.00 13.00 -4.44 19.71
28.00 2.00 4.00 20.00 2.56 6.55
28 O0 2.00 4.00 18.00 0.56 0.3122.00 -4.00 16.00 19.00 1.56 2.43
21.00 -5.00 25.00 14.00 -3.44 11.83
20.00 -6.00 36.00 15.00 -2.44 5.9522.00 -4.00 16.00 20.00 2.56 6.55
28.00 2.00 4.00 18.00 0.56 0.31
29.00 3.00 9.00 16.00 -1.44 2.07
29.00 3.00 9.00 20.00 2.56 6.55
28.00 2.00 4.00 20.00 2.56 6.5530.00 4.00 16.00 19.00 1.56 2.43
29.00 3.00 9.00 20.00 2.56 6.5528.00 2.00 4.00 20.00 2.56 6.55
27.00 1.00 1.00 19.00 1.56 2.4327.00 1.00 1.00 18.00 0.56 0.31
29.00 3.00 9.00 17.00 -0.44 0.19
25.00 -1.00 1.00 19.00 1.56 2.43 
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Egg production, chickens Egg production, chickens 

eating commercial feed not eating commercial feed 

x (X -X) (X -X)2 Y (Y -Y) (y -y) 2 

23.00 -3.00 9.00 20.00 2.56 6.55 
20.OD -6.00 36.00 12.00 -5.44 29.59 
21.00 -5.00 25.00 15.00 -2.44 5.95 
28.00 2.00 4.00 19.0n 1.56 2.43 

24.00 -2.00 4.00 19.00 1.56 2.43 

20.00 -6.00 36.00 19.00 1.56 2.43 
23.00 -3.00 9.00 17.00 -0.44 0.19 
29.00 3.00 9.00 17.00 -0.44 0.19 
27.00 1.00 1.00 18.00 0.56 0.31 
25.00 -1.00 1.00 20.00 2.56 6.55 
22.00 -4.00 16.00 20.00 2.56 6.55 

Solutions 
1. a. 	 H.: There is no difference between the two groups of animals. 

b. Ha: 	There is a weight difference between the two groups. 
c. 	first group: X = 32 

second group: Y = 32 
d. Ho 	 is accepted. 

2. 	 a. Compute the degrees of freedom. 
df = n, + n2 - number of :;amples = 50 + 50 - 2 = 98 
From a statistical handbook the t-value can be found. The test value at a 
significance level of 10% is 1.282 (t.I0 = 1.282). At asignificance level of 
5% the t-value is 1.645 (t05 = 1.645). 
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b. Means: X = 27.76 Y = 16.56 
Variances: SD2x _ (X, -

n 
)2 

n-I 
SD2 

YSD-
r -

nn-i 1 
2 

225.24 486.14 

49 49 
= 4.60 = 9.92 

tm 
(49 

27.76 - 16.56 
4.60) + (49 X 9.92) 2 

98 9J 

11.20 

225.40 + 486.08 
2.]

L 	 8998 

11.20 

0.54 
= 20.74 

As 20.74 is greater than t.0s (1.645) the H. (no difference between breeds) isrejected. The conclusion is that the difference in egg production between thetwo breeds is statistically significant. 

3. 	 (a) t os = 1.645 
t.1o = 1.282 

(b) means: X = 26.00 Y = 17.44 
variances: SD2. = 8.29 SD2 

r = 6.17 
8.56t 85 

0.54 
= 15.85 

t is greater than 1.645. The conclusion is that the difference between 
the two 	samples is statistically different. 
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CHAPTER 5 

SCREENING TECHNOLOGIES FOR PROFITABILITY 

1. 	 Compare the priorities of small farmers with those of commercial 
farmers. Focus on inputs, outputs, economic risks, and management styles 
of each group. 

2. 	 Why is it necessary to assess the marketing potential of products generated 
from new technologies before conducting OFAR? What important vari
ables need to be measured in this assessment? 

3. 	 If a significant difference exists in the yield-gap for a technology, what 
steps could be taken to identify reasons for this difference? 

4. 	 Describe how new crop and livestock technologies are chosen for testing at 
the farm levl in your country. 

5. 	 For each of the following species, list six technologies that must be 
screened at the research station before they are tested on farms. 
(a) 	 Goats and sheep 

(b) Cattle and buffalo 
(c) 	Pigs 

(d) 	Chickens and ducks 

6. 	 Why are client and market so important in screening technology? 

7. 	 Agree or disagree with the following statement: 

"Higher yields and higher net returns are the best criteria for screening 
new practices." Discuss. 

CHAPTER 6 

GUIDELINES FOR CONDUCTING ON-FARM ANIMAL RESEARCH 

1. 	 Suppose sites must be chosen for testing three new yokes that have been 
developed at the research station for use on small farms. How can 
representative farms be selected? How many farms should be chosen? 
What are the disadvantages of testing several types of yokes at one time? 

2. 	 Suppose a farming systems program in Indonesia has found that protein 
deficiency is limiting the productivity of small ruminants. Trials need to be 
designed for the four to five promising protein supplements recommended 
by the provincial livestock center. What are the objectives of the research? 
What procedure should be used? List several impediments which may be 
encountered when testing the treatments. 
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3. 	 A study is being conducted to determine the feasibility of introducing
dairy cattle into a region of the People's Republic of China. What steps
should be taken to investigate the existing crop-livestock system? 

Solutions 
1. 	 First, the type of yoke most commonly used by small farmers in this areashould be determined. Since the yoke's performance will be affected by thehealth of the animals, cropping pattern, and soil type, farms should bechosen where each of these variables is in keeping with the norm for the area. Adequate representation can be achieved by selecting 30 to 40 farmersfrom 2 to 3 villages. This means a lot of yokes will be needed, which maymake the project too expensive. If so, only one type of yoke could be tested on each farm or the sample size could be reduced. Another possibility isstaggering the experiment over time so that the same yoke can be used on more than one farm. However, this may prove to be time consuming. 

2. The objectives are to find out which protein supplement(s) 1)increases theproductivity of small ruminants, 2) is technically feasible for use .derlocal conditions, and 3) is economically appropriate to the farming s)stem. 
Therefore, changes in weight must be compared between animals thatreceive a supplement and animals that do not. If the focus is exclusively onthe small farm group, farmers should be divided based on representative
criteria. This experiment can be carried out in two villages with 15 to 20farmers. The important variable determining the choic. of the sample sizeand site is the frequency of weighing the animals. Since this involvesconsiderable expense and monitoring to ensure that the treatment is beingadministered properly, the time horizon will be relatively long (one year)to evaluate the interseasonal performance with the supplements. A oneyear time horizon is not really adequate to measure interseasonal variation
since year effects will be confounded with seasonal effects. 

3. 	 Undertaking a feasibility study regarding the introduction of dairy cattlerequires an in-depth analysis of the existing cropping system in order to:1) determine the allocation of the farmer's time to crop activities and other
livestock enterprises, 2) evaluate the availability of crop products and byproducts for feeding the livestock throughout the calendar year, 3) deter
mine the special linkages between crop and animal components of thefarming system, and 4) evaluate the impacts of introducing dairy produc
tion on the total farming system. 
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CHAPTER 7 

TECHNIQUES FOR ECONOMIC ANALYSIS 

1. 	 Researchers in India are testing the feasibility of raising cobb-strain 
broilers for nine weeks instead of six weeks. The on-farm experiment 
yielded the following results: 

Quantities (kg) 

6 Weeks 9 Weeks 

Inputs 
Feed 	 1746 2619
 

Weight gain 	 471.46 707.19 
Manure 	 144 216 

The price of feed was Rs 0.83/kilogram. Labor rates were Rs 3.60/week. 
Water costs amounted to Rs 1.0/week. Resale value for feedbags (without 
feed) was Rs 1.15/bag. The 6-week study utilized 42 bags of feed, and the 
9-week study used 63 feedbags. The price for manure was Rs 0.05/kilo
gram. The price of the broilers was Rs 3.25/kilogram. 
(a) 	 Identify costs and returns and calculate the amounts under each 

treatment (6-week or 9-week production cycle). 

(b) Develop a table showing the differences in quantities and values for 
input and output between the two treatments. 

(c) 	 Develop a partial budget for each treatment. What is the net benefit to 
the farmer for each treatment? 

(d) 	 What is the change in income? 
(e) 	What is the return on investment? 

(f) 	 What can be concluded? 
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2.. Researchers and extension workers conducted on-farm trials to determinethe :omparative profitability of using draft cattle vs. buffalos in Pakistan.
Technical and economic data are provided below. 

Data 

TECHNICAL DATA 
Roughage requirement 
Concentrate requirement 
Labor requirement 

raising the animal 
training 
milking and collecting dung 

Work capacity of animal 
on-farm 
off-farm 

Milk yield 
Dung collected for 1 year 

Buffalo Cattle 

5400 kg 5400 kg 
43 kg 43 kg 

56 days 58 days 
(40) (40) 
( 9) (11) 
( 7) ( 7) 
84 days 112 days 
(57) (65) 
(27) (47) 
187 liters (L) 
359 kg 370 kg 

ECONOMIC DATA (Prices in Pakistan rupees) 
Roughage = 0.20/kg Milk - 10/liter
Concentrate = 1/kg Dung = 0.40/kg
Wage rate = 18/day Interest = 30
 
Animal wage = 
18/day Depreciation = 35 

(a) Based on this information, develop a gross margin table (includeincome, variable costs, gross margins, and gross margins per head).
(b) Which draft system should be recommended and why? 
(c) Give any additional comments. 

3. An Indian farmer isinterested in raising chickens in his backyard in orderto augment his farm income. The market price of broilers is Rs 20/kilogram, and the total cost of production for 10 chickens is Rs 200. 
(a) Determine the minimum production he should obtain in order to break 

even. 
(b) How should the result be interpreted? 
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4. 	 A smallholder rice farmer is also engaged in a 2-cow dairy enterprise. 
During an on-farm trial on his and other similar farms, various quantities 
of feed concentrates were fed among a large number of cows. From this 
feed supplementation trial, the following data were obtained. 

Average costs of barn and equipment: US$15.00
 
Costs of concentrate feed: US$ 2.00/kg
 
Farm price of milk: US$ 0.50/liter
 

Quantity 

Input(X) 	 0 1 2 3 4 5 6 7 8
 
(kg concentrate/day)
 

Output (Y) 32 35 40 47 53 56 57 57 55
 
(liter milk/day)
 

(a) 	 What level of input should be recommended to the farmer? Try to use 
marginal analysis from Chapter 3. Include any additional comments. 

(b) 	 If fixed costs (barn and equipment) turn out to be US$30.00, which 
input should be recommended? 

5. 	 A production function for milk was estimated by Drs. R. N. Pandey and 
P. S. Kumar to determine the economic efficiency of feed resources in milk 
production under a mixed farming system. The authors estimated the 
following function: 
Milk per day = 0.08176 + 0.04755 GF + 0.1385 DF + 0.03557 CON, 

(7.44) (0.0503) (9.36)
 
R2 
= 0.596 

where GF is green fodder in kg/day, DF is dry fodder in kg/day, CON is 
concentrate in kg/day, and milk is also measured in kg/day. 

(a) 	 What does the R2 mean? What are the figures before GF, DF, and 
CON? What are the figures in parentheses? 

(b) 	Interpret this production function and give any comments. 
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Solutions 
1. (a) The following table can be constructed. 

Item 6 Weeks 9 Weeks 

COSTS: Quantity Value Quantity Value
(in Indian (A) (B) (C) (D)
rupees) 

Feed 
0.83/kg 1746 kg 1449.18 
 2619:kg 2173.77
 

Labor 
3.60/wk 6 weeks 21.60 9 weeks 32.40 

Water
 
1.0/wk 6 weeks 6.00 9 weeks 


Total variable 
cost: 1476.78 2215.17 

RETURNS:
 
(in Indian
 
rupees)
 

Weight gain
 
3.25/kg 471.46 kg 1532.25 
 70719 'kg 2298.37 

Feedbags 
1.15/bag 42 bags 48.30 63 bags 72.45
 

Manure 
0.05/kg 144 kg 7.20 216 kg 10.80 

Total returns: 1587.75 2381.62 

9.00 
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(b)The following table can be constructed. 

Difference 

Quantity Value (in Indian rupees) 
(C - A) (D - B) 

COSTS: 
Feeds 873 kg 724.59 additional 
Labor 3 weeks 10.80 additional 
Water 3 weeks 3.00 additional 

RETURNS: 
Weight gain 235.73 kg 766.12 additional 
Feedbags 21 bags 24.15 additional 
Manure 72 kg 3.60 additional 

(c) The following partial budget can be developed. 

PARTIAL BUDGET
 
Nine-week old vs. six-week old cobb-strain broilers
 

December 1985 - February 1986
 

A B
 

Added returns Added costs
 

Weight gain Rs 766.12 Feed Rs 724.59
 
Feedbags 24.15 Labor 10.80 
Manure 3.60 Water 3.00 

Sub-total Rs 793.87 Sub-total Rs 73839 

Reduced costs Reduced returns 

None None 

Total A Rs 793.87 Tot-., B Rs 738.39 

Change (A - B) = Rs 55.48 

The partial budget is completed by computing the net benefit 
for each treatment: 
Net benefit = Benefits (Returns) - Costs 

Net benefit (6-wk treatment) = Rs 1587.75 - Rs 1476.78 = Rs 110.97 
Net benefit (9-wk treatment) = Rs 2381.62 - Rs 2215.17 = Rs 166.45 
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(d) The change in income is determined by:
 
Change in income 
= Net benefits from new practice - Net benefits 

from old practice 
- Rs 166.45 - Rs 110.97 = Rs 55.48 

(e) The return on investment is determined by: 
Return 	on investment = Change in income/Change in costs 

= Rs 55.48/Rs 738.39 
= 0.075 = 7.5% 

(f) 	Since the change in the income ispositive (Rs 55.48), the partial-budget
analysis shows that it ismore profitable to raise cobb-strain broilers for
9 weeks rather than 6weeks. However, since the return on investment 
is low, it is very likely the farmer will prefer to use the available cash
for other farm or household activities. It should also be noted that the 
net income the farmer receives over 18 weeks isessentially equal for the 
two treatments: 

6-week treatment: 3 x Rs 110.97 = Rs 332.91 
9-week treatment: 2 x Rs 166.45 = Rs 332.90 

2. 	 (a) The following Gross Margin Table can be developed (continues next 
page). 

Item Farmer's animal Cattle 
(Buffalo) 

Quantity Value Quantity Value 
(Rs) (Rs) 

a. INCOME
 
Value of animal
 

work 84 days 1512 112 days 2016 
Milk 187 L 1870 - -
Dung 359 kg i44 370 kg 
 148
 
GROSS 
INCOME 	 3526 2164 
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Item Farmer's animal Cattle 
(Buffalo) 

Quantity Value 
(Rs) 

Quantity Value 
(Rs) 

b. VARIABLE 
COSTS 

Roughage 
Concentrate 
Labor 
Interest 

5400 kg 
43 kg 
56 days 

1080 
43 

1008 
30 

5400 kg 
43 kg 
58 days 

1080 
43 

1044 
30 

Depreciation 35 35 
TOTAL 

VARIABLE 
COSTS 2196 2232 

c. GROSS 
MARGIN 1330 -68 

d. GROSS 
MARGIN 
PER HEAD 1330 -68 

(b) The Gross Margin table indicates that the draft system utilizing buffalo 
is more profitable. 

(c) The reproductive cycle of cattle is generally shorter than that of 
buffalo. However, no data have been collected, or no estimates have 
been made, to take reproduction (and, hence, meat production) into 
consideration. 

3. (a) The break-even 	output is determined with the following: 
Break-even 	 output = Cost of production/Price per kilogram 

Rs 200 

Rs 20/kg 
= 10 kg 

(b) 	If the market price of liveweight broilers is 20 Rs/kilogram, and the 
farmer is able to produce 10 kilograms from his 10 chickens, then he 
will earn just enough to recover the Rs 200 he spent for raising the 
chickens. However, producing 10 kilograms does not allow the farmer 
to earn any profit from his investment, nor any returns for his labor. 
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4. (a) The following table can be constructed using marginal analysis. 

X Total Total NetAX MC Y AY MP Costs Revenue Revenue(USs) (USs) (USS) (USS) (USS) 

0 32 15 16.0 1.0 
1 2.00 3 1.50 

1 35 17 17.5 0.5 
1 2.00 5 2.50

2 40 19 20.0 1.0 
1 2.00 7 3.50

3 47 21 23.5 2.5 
1 2.00 6 3.00 

4 53 23 26.5 3.5 
1 2.00 3 1.505 56 25 28.0 3.0 
1 2.00 1 0.50 

6 57 27 28.5 1.5 
1 2.00 0 0.00 

7 57 29 28.5 -0.5 
1 2.00 -2 -1.00

8 55 31 27.5 -3.5 

The recommended level of input is 4 kg/day because at that level net revenue is maximized (US$3.5/day net revenue). Since the figures inthe above table are based on average yields across farmers, anyindividual farmer should carefully monitor the milk yield of his owncows before determining the best level of input for his two dairy cows.
(b) The increase in fixed cost has no bearing on the farmer's decision asthese costs have already occurred. It is assumed that the barn and 

equipment cannot be re-sold. 
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5. 	 (a) The R2 is the regression coefficient. The figures before GF, DF, and 
CON are also regression coefficients. The numbers in parentheses are 
t-values. 

(b) The function states that milk yield is determined by the amount of 
green fodder, dry fodder, and concentrate fed to buffalos. The 
coefficient preceding each variable (e.g., the value 0.04755 for green 
fodder) can be interpreted as the contribution to per day milk 
production by feeding one kilogram of that variable. The green fodder 
variable is statistically significant since it has a t-value greater than 2.0. 
Similarly, concentrate is a statistically significant variable (t-value = 
9.36) while dry fodder is a statistically nonsignificant variable (t-value 
= 0.0503). This regression explains about 60% of the variability in 
daily milk yield, as the R2 = 0.596. This implies that the authors have 
not included several other important variables that influence milk 
yield. 

The estimation of the function shows the importance of green fodder 
and concentrate availability on milk production. Too many other 
factors are deleted, however, such as whether the season is wet or dry. 
In addition, the example should have included the number of farms 
from which the data for this estimation were collected in order to 
establish the degrees of freedom. 

CHAPTER 8 

MARKETING 

1. 	 Based on the demand schedule for pork given in table 8.4, calculate the 
elasticity of the demand if the price increases from P30.50 to P40.50. 
What is the nature of the elasticity? 

2. 	 The retail price of beef is P50.00 per kilogram in the central market place. 
The processor sells directly to retail merchants at P40.00 per kilogram. 
What is the marketing margin between the processor and retail market 
levels? Calculate the percentage margin at the retail level. If the retail price 
falls by P3.00 per kilogram, what are the absolute price and the relative 
price decreases at the processor level if the margin remains unchanged? 

3. 	 The price of buffalo milk is P12.50 per kilogram in the center of a given 
market. The cost of producing milk averages P9.00 per kilogram. If the 
transportation cost is P0.15 per kilometer, what is the radius of the 
market area in kilometers? Up to what distance can the farmer transport 
milk for sale while still earning a profit? 

237 



4. If the price of buffalo milk in exercise 3 increases tc P13.50 per kilogramin the center of the market, what are the absolute and relative net increases 
for: 
(a) 	 producers 10 km from the center? 
(b) 	producers 20 km from the center? 

5. The price of No. I hogs is P40.00 per kilogram. The price of No. 2 hogs isP35.00 per kilogram. The cost of transporting hogs is P0.02 for eachkilogram that is moved 1 kilometer. Assuming a total production cost ofP30.00 per kilogram, what is the profitable market area for: 
(a) 	 No. 1 hogs? 
(b) 	 No. 2 hogs? 

6. 	 What is marketing? 
7. 	 What are the three basic functions of a marketing system? What activities 

are included in each? 
8. 	 Describe the animal-marketing system in your area or country. 
9. 	 Describe the meat-marketing system. 

10. How can a marketing cooperative help animal producers? 
11. Define demand. 
12. What factors can cause a change in demand? 
13. Define supply. 
14. What factors can cause a change in supply? 
15. What is a marketing margin? 
16. What are the types of marketing margins? 
17. What is the relationship between transportation cost and distance? 
Solutions 
1. 	 Use the equation for determining price elasticity of demand: 

E 	 (Q2 - Q1) (A, - PI) 
(Q2 + Q) (P2 + PI)
 
(13 - 15) (40.50 - 30.50)
 
(13 + 15) (40.50 + 30.50)
 

= -2/28 + 10/71 

= -0.51 
Since the absolute (nonnegative) value of Ed is used (0.51), the value forelasticity is less than one. Therefore, pork shows an inelastic demand, andtotal revenue will increase with an increase in price. 
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2. Use the equation for determining marketing margin: 
Retail 	margin = Retailer's price - Producer's price
 

= P50.00 - P40.00
 
= P10.00
 

This is the price spread at the retail level.
 
The percentage margin at the retail level is determined by:


Price spread x10
 
Percentage margin at retail level = Prcerspre x 100
 

Producer's price 
- PIO.00/P40.00 x 100 
- 25% 

If the retail price falls by P3.00, the absolute price decrease at the producer 
level is P3.00 per kilogram. The relative price decrease at the producer level 
is: 
Relative price decrease 	= P3.00/P40.00 X 100%
 

= 7.5%
 

3. The steps 	involved in solving this exercise are as follows: 
First, the profit for the producer located at the center of the market area is 
found: 
Profit = Retail price of milk - Cost of producing milk 

= P12.50 - P9.00
 

= P3.50
 
Second, the radius of the market area is determined:
 

Profit
Radius = Transportation cost per kilometer 

P3.50 

P0.15/km 
= 23.33 kilometers 

At 23.33 kilometers from the center of the market the farmer's profit is 
zero. Therefore, the farmer can profitably transport milk for sale up to 
23.33 kilometers. 
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4. 	 (a) Since production cost remains the same, the absolute increase in profitis found by subtracting the old price from the new price:
Absolute increase = New price - Old price 

= P13.50 - P12.50 
= P1.00

The relative increase in profit is determined by taking the differencebetween the old relative profit and the new relative profit and dividingby the old relative profit. This value isthen multiplied by 100 to give a 
percentage. 
Old relative profi, = Old absolute profit
 

- (transportation cost 
 x distance) 
= P3.50 - (P0.15/km x 10 km) 
= P3.50 - P1.50 
= P2.00 

New relative profit = New absolute profit 
- (transportation cost X distance) 

= P4.50 - (P0.15/km - 10 km) 
= P4.50 - P1.50 
= P3.00 

Relative increase = New relative profit Old relative profit-
Old relative profit 

P3.00 - P2.00 
x 100

P2.00 
- PI.00/P2.00 x 100 
= 50%

(b) Absolute increase in profit is the same no matter how far the produceris from the center of the market. 
The relative increase in profit is determined by taking the differencebetween the old relative profit and the new relative profit and dividingby the old relative profit. This value is then multiplied by 100 to give a
percentage. 
Old relative profit = Old absolute profit 

- (transportation cost x distance) 
= P3.50 - (P0.15/km x 20 km) 
= P3.50 - P3.00 
= PO.50 
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New relative profit = New absolute profit 
- (transportation cost x distance) 

= P4.50 - (P0.15/km x 20 kin) 

= P4.50 - P3.00 
= P1.50 

Relative increase New relative profit - Old relative profit x 100 

Old relative profit 

PI.50 - PO.50 
= 	 x 100 

PO.50 
= Pl.00/PO.50 x 100 
= 200% 

5. 	 Determine profit per kilogram by subtracting production cost per kilo
gram from price per kilogram. The radius of the market area is determined 
by dividing profit per kilogram by transportation cost per kilogram. 

(a) 	 Profit = Price/kg - Production cost/kg
 

= P40.00/kg - P30.00/kg
 

= P10.00/kg
 
Profit/kg

= areaMarket 
Transportation cost/kg 

P10.00/kg 

P0.02/kg/km 
= 500 km 

(b) 	Profit = Price/kg - Production cost/kg
 

= P35.00/kg - P30.00/kg
 
= P5.00/kg
 

Profit/kg
= 

Market area 
Transportation cost/kg 

P5.00/kg 

P0.02/kg/km 
= 250 km 
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CHAPTER 9 

RISK 
1. 	 List 5 types of risky and uncertain events an animal farmer in your area 

would face. 
2. 	 The effects of crossbreeding a new breed of goat with the local breed ofgoat is being researched. The new goat breed gives an average of 2.3 kids asrecorded at the research station over a period of 8 years. Under farmconditions an average of 0.97 kids is recorded for local goats. The tablebelow shows the results of some on-farm trials with goats conducted in

three villages (A, B, C). 

Village A Village B Village C 

Farm Kids Does Ratio Kids Does Ratio Kids Does Ratio 

1 
2 
3 

13 
10 
8 

6 
5 
3 

2.17 
2.00 
2.67 

7 
3 
2 

11 
5 
3 

0.64 
0.60 
0.67 

5 
8 
9 

3 
12 
4 

1.67 
0.67 
2.25 

Total 31 14 6.84 12 19 1.91 22 19 4.59 
Weighted 

average 2.22 0.64 

What conclusions can be drawn from this experiment? How should risk 
concerns be incorporated? 

3. A farmer is encouraged to participate in a vaccination trial being organizedby the department of extension. This vaccine helps increase animal uptakeof urea and can result in increase in milk production. The chance of thisvaccine being successful is60% with an increase of 30% in yield. However,
a 40% decrease inmilk production is expected ifthe trial fails. The price ofmilk is Rp 5.5 per kilogram. The farmer has two cows. The first cow givesan average of 73 kilograms/week of milk; the second cow gives an averageof 44 kilograms/week. Which cow should the farmer volunteer for the 
experiment? 

1.53 
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4. 	 Farmers are being involved in a poultry-feeding trial and risk problems 
associated with the trial are being worked out in order to determine 
optimal sample size. Some information from the on-station experiments 
are as follows: 

Average weight of ducks without feed supplement = 126 grams/week 

Average weight of ducks with feed supplement = 174 grams/week 

CV(1) = 58% CV(2) = 31% 
Variance(1) = 0.53 Variance(2) = 0.29
 
Price of duck = Rs 18 per kg (use dressing weight conversion of 68%)
 
What conclusions about risk can be drawn?
 

Solutions 

2. 	 There are strong indications that some farmers are able to manage the new 
goats well and obtain results similar to those at the research station. The 
new goats in village B however perform below the average of the local 
breed (0.97). See also the second farmer of village C. Why? It is quite 
possible that there is a risk involved in the adaptation of these new goats. 
Further research should focus on villages B and C. The reasons for the low 
performance of the new goats (disease, fced shortages, abortions, labor 
shortage, etc.) should be explored. 

3. Probability of success (PS): 60% 
Probability of failure (PF): 40% 

Probability of gain (PG): 30% 
Probability of losses (PL): 40% 

Current yields (CY): Cow A = 73 kg/week 

Cow B = 44 kg/week 

Expected 	value (EV) = CY [(PS x PG) - (PF x PL)] 

Cow A: EV = 14.60 kg/week 
Cow B: EV = 8.80 kg/week 

Even if the expected value is positive, the farmer will think twice before 
volunteering his best cow, or any cow at all. A 40% chance of failure is 
quite large. A risk avert farmer with a small herd will discuss with the 
researcher an insurance provision in their collaborative agreement. 
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4. 	 The monetary value of the ducks are:
 
Without supplement: 
 126 X 0.68 X Rs 0.018 = Rs 1.54/week/duck
With supplement: 174 X 0.68 X Rs 0.018 = Rs 2.13/week/duck 
The difference in 	 monetary benefits between the two treatments is
substantial. The final decision of the farmer will depend on the cost figure.
If cost-benefit analysis shows higher profits for ducks which are 	fed a
supplement, farmers will be inclined to adopt this management strategy as 
at the same time the yield risk (expressed in the CV percentage) is lower.
Note however that the farmer will also consider the price risks - not only
the price fluctuations of the ducks, but also those of the feed supplement. 

CHAPTER 10 

INSTITUTIONAL CONSTRAINTS IN ASIA 

1. 	 What are the differences between efficiency and equity when discussing 
program goals for animal agriculture for different farm sizes. How should 
animal research topics be prioritized? 

2. 	 What are common administrativ\' constraints to conducting on-farm 
research? Develop recommendatio ,s on how these constraints could be 
removed. 

3. 	 List strategies for encouraging recently trained scientists to become 
involved in OFAR. 
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