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PREFACE

In recent years, policy makers have been paying
more attention to the problems of small farmers in
developing countries with the idea of increasing their pro
duction and standard of living. The policy makers' objec
tives are twofold: (1) to help those whose welfare is
materially below the rest of society, and (2) to help a coun
try increase its agricultural production. With adequate
agricultural policies, these two objectives are mutually
reinforcing. For example, increased food production gives
farm households additional food for consumption and
surpluses for sale. Farmers can then use the money from
these sales to buy items they do not produce, and the
buyers of farm products benefit from the increased sup
plies.

By focusing on these two objectives, leaders in
developing countries work toward other national objec
tives. For example, increasing production on small farms
may (I) improve a nation's self-sufficiency in food produc
tion, (2) supply more raw materials for industry, and 13)
improve the nation's foreign exchange po.sition. Improving
small farmers' production should narrow the range of in
comes among groups in the country, reduce political in
stability, slow rural-to-urban migration, lessen the need
for food relief, and so on.

In developing countries, farmers with limited
resources often do not adopt new technologies because (I)
their conditions are not like those where the technologies
were developed, (2) they do not have resources to purchase
the required inputs, (3) the technologies do not apply to
the crops grown or the livestock raised on their farms or
the way they operate, or (4) they do not know about the
new technologies. For whatever reason, development of
new technologies sometimes leaves small farmers worse
off than before. This happens when large farmers adopt
new technologies and small farmers do not.

But conditions are changing. Recently, more na
tional and international research organizations are direct-

ing their attention to the conditions and problems of
small farmers. As a result, small farmers and their en
vironments are better understood; more research is applied
to solving small farmers' problems; and the extension ser
vice works with better technologies. An approach now be
ing applied more widely to make research relevant for
small farmers is called farming systems research and
development (FSR&D) or sometimes simply farming
systems research (FSR).

With more countries interested in FSR&D, the
United States Agency for International Development
(USAID) contracted with the Consortium for International
Development (CID) to write a set of guidelines on FSR&D
methodology. CID made Colorado State University (CSU)
the lead university, entered into agreements with other
CID schools, and subcontracted part of the work to the
University of Hawaii.

The result is this set of guidelines for those in the
developing countries who wish to learn about FSR&D and
who might apply the procedures. In keeping with this em
phasis, the contract required the writers to synthesize

1/••• a set of integrated, multidisciplinary farming
systems R&D methodologies adapted to the person
nel and financial constraints of the LDC's, packaged
for easy delivery in the form of a comprehensive
handbook or handbooks to LDC institutions. III

These methodologies refer to ways for gathering data
on farming systems and farmers' environments, identify
ing problems and opportunities for improvement, develop
ing research data for farmer and experimental plot condi
tions, generating alternative farming systems, diffusing
improved technologies, and receiving feedback for further
improvements.

To produce these guidelines, we synthesized data on
FSR&D and related practices from documents and

lUSAID. 1978. Farming systems R&D methodology contract. USAID, Washington, D.C.
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meetings with individuals and representatives of organiza
tions throughout the world. Because the published
literature includes few documents on farming systems
concepts and procedures, we relied heavily on visits to
organizations with agricultural research programs for
small farmers. Early in our study, we identified issues in
FSR&D and discussed them at a workshop that a group of
internationally recognized practitioners in FSR&D at
tended.

The review process entailed critiques of three
preliminary drafts of the guidelines. Our first draft was re
viewed during a two-day workshop in June 1980 attended
by a small group of FSR&D practitioners and the project
team. Our second draft was pretested at a two-week ses
sion in August 1980 attended by a group from the develop
ing countries, the project team, and observers. We
distributed the third draft worldwide in December 1980,
and received comments from more than 30 reviewers. In
Appendix P-A we provide further comments on these ac-

tivities and the names of contributing individuals and
organizations.

To conclude, we stress that FSR&D concepts and
procedures are evolving rapidly. Moreover, the early con
centration on crops is giving way somewhat to allow more
consideration of livestock- either as pure livestock
systems or in combination with crops. Furthermore, we
anticipate other topics will be integrated into the FSR&D
approach such as mathematical and ecological modeling,
agro-forestry, and soil and water conservation. Conse
quently, this book of guidelines will require updating as
more is learned and better procedures become available.
With this in mind, we welcome your suggestions.

W. W. Shaner
P. F. Philipp

W. R. Schmehl

Fort Collins, Colorado
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SUMMARY



This book provides guidelines for farming systems
research and development IFSR&D) as applied to condi
tions in developing countries. The purpose of the
guidelines is to assist national governments interested in
helping poor farmers-primarily small-scale farmers with
limited resources. Therefore, the guidelines discuss the
nature of FSR&D, processes and methodologies ap
propriate for various conditions, and alternative means for
implementation. Because most of the applied work in
FSR&D has been with cropping systems, this book of
guidelines emphasizes cropping systems research. By syn
thesizing implemented and successful approaches, these
guidelines have a strongly applied orientation.

As a synopsis of the principal features of the
guidelines, this executive summary is intended for those
who wish a quick review of FSR&D's principal features.
This summary contains brief sections on the background
of FSR&D, its nature and activities, issues of implementa
tion, and the contents of this book.

1.1. BACKGROUND

Considerable attention is currently being- given to
improving the lot of small farmers in developing coun
tries. An important way of helping them is through
agricultural research, extension, and related programs
specific to their needs. A better approach for such efforts
became necessary because farmers' conditions were not
improving adequately. Research and development pro
grams had often been undertaken without having small
famters in mind or without knowing much about them. In
contrast, the FSR&D approach starts and ends with small
farmers and thereby focuses specifically on their condi
tions and aspirations.

While much of FSR&D has been directed toward
farmers with limited resources, the approach has
relevance for improving agricultural research and develop
ment in general. Some argue FSR&D is simply a modified
version of farm management that has been widely prac
ticed in the United States during the 20th century. While
this claim has merit, the general feeling among those ac
tively engaged in FSR&D is -that FSR&D is new-at least
as applied to the needs of small farmers in developing
countries. The accomplishments of some national and in
ternational research organizations support the contention
that improved technologies can be designed for and will be
adopted by small farmers.

1.2. NATURE OF FSR&D

A common thread among alternative approaches to
FSR&D is the selection of relatively uniform sets of condi
tions for conducting research and implementing change.
FSR&D allows researchers to II) both intensively in
vestigate the individual conditions of small farmers and
(2) make an impact on large numbers of farmers. This
result is accomplished by selecting reasonably uniform
physical, biological, and socioeconomic environments,
where farmers' cropping and livestock patterns and
management practices are similar. Improved technologies
developed for farmers in these research areas are expected
to be applicable to farmers operating elsewhere under
similar conditions.

The FSR&D approach typically uses inter
disciplinary teams, whose composition varies according to
the task. Field teams conduct on-farm research and are aid
ed by (1) disciplinary specialists in the physical,
biological, and social sciences who may operate out of
regional or national headquarters or experiment stations,
(2) extension specialists, and (3) others concerned with
agricultural production.

Together, they study

• physical conditions such as rainfall, temperatures,
and land forms

• biological factors such as production potential and
pest problems

• socioeconomic conditions such as the size and
nature of landholdings, farmer and community
customs, markets, and local services

• the farming system.

The farming system is the complex arrangement of
soils, water sources, crops, livestock, labor, and other
resources and characteristics within an environmental set
ting that the farm family manages in accordance with its
preferences, capabilities, and available technologies.
Farmers manage the household's resources involved in the
production of crops, livestock, and nonagricultural com
modities (e.g., handicrafts), and may also earn income off
the farm.

Farms are classified according to major character
istics-e.g., grazing systems, permanent cultivation on
rain-fed land, or irrigated farming-and the environ
ment-e.g., agroclimatic zone, soils, and terrain. Re-

3
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searchers classify farms according to the area, the needs of
the study, and the available information.

FSR&D focuses on the interdependencies among the
components under the farmers' control, and between these
components and the physical, .biological, and socio
economic environments. Also, FSR&D identifies and
generates improved technologies and adapts, tests, and
promotes them.

The various production activities are subsystems of
the whole farming system. For example, crop production
is a subsystem of the whole farm and is, in tum, made up
of individual cropping activities. The study of a cropping
system comprises everything required for the production
of one or more crops, including interactions between dif
ferent crops. More specifically, research on cropping
systems concentrates on

• crops and cropping patterns
• alternative management practices in different en-

vironments
• interactions between crops
• interactions between crops and other enterprises
• interactions between the household and en

vironmental factors beyond the household's control.

A similar description could be given for livestock systems
research.

Thus, FSR&D can be summarized as being farmer
based, problem solving, comprehensive, interdisciplinary,
complementary, iterative, dynamic, and responsible to
society. The approach is

• farmer-based because FSR&D teams pay attention to
farmers' conditions and integrate farmers into the
research and development process

• problem solving in that FSR&D teams seek research
able problems and opportunities to guide research
and to identify ways for making local services and
national policies more attuned to the farmers' needs

• comprehensive in that FSR&.D teams consider the
whole farming activity (consumption as well as pro
duction) to learn how to improve the farmers' output
and welfare, to identify the flexibilities for change in
the environment, and to evaluate the results in
terms of both farmers' and society's interests

• interdisciplinary in that researchers and extension
staff with different disciplinary .backgrounds work
with farmers in identifying problems and oppor
tunities, searching for solutions, and implementing
the results

• complementary because it offers a means for using
the outputs of other research and development
organizations and for giving direction to others' work

• iterative in that FSR&D teams use the results from
research to improve their understanding of the
system and to design subsequent research and im
plementation approaches

• dynamic in that oftentimes FSR&D teams introduce
reiatively modest changes in the farmers' conditions
first and the favorable results encourage more sig
nificant changes later

• responsible to society in that FSR&D teams keep the
long-run interests of the general public - both pres
ent and future-in mind, as well as those of the
farming groups immediately affected.

While much of the above is true of other forms of
agricultural research and development programs, the com
bination of these factors distinguishes FSR&D from other
approaches. Even more, FSR&D is systems oriented in
that the researchers study the farmers' conditions at the
outset, ke'ep these conditions in mind during research and
implementation, and use their knowledge of these condi
tions in evaluating the results. In this sense, FSR&D
departs from reductionism, which is an approach that
breaks the whole into parts and studies them more or less
independently. Furthermore, FSR&D uses acceptance by
the whole family as its key measure of success, rather than
some abstract or narrowly defined criteria of effectiveness.

1.3. FSR&D ACTMTIES

The approach to FSR&D varies according to the
organization's mandate, which may be for certain com
modities or which may be localized, countrywide, or inter
national. Approaches also vary by the physical, biological,
and socioeconomic characteristics of the target areas and



groups, as·· well as by the preferences of FSR&.D ad
mini'strators and researchers. Some approaches are com
prehensive, taking many factors as variable, including
public policy; but more frequently, FSR&.D works within
existing conditions or assumes only modest changes in the
existing conditions.

The basic FSR&.D activities are target and research
area selection, problem identification and development of
a research base, planning on-farm research, on-farm
research and analysis, and extension of results. Each of
these is summarized below.

1.3.1. TARGET AND RESEARCH AREA SELECTION

Using national and regional objectives, key decision
makers - including those from the FSR&.D team- select
one or more target areas. Then, the FSR&.D team divides
the target area into subareas with relatively uniform
characteristics and selects a research area representative of
the select~d subareas. The team continues by choosing the
target group-farmers who have comlllon environments
and common· production patterns and farming practices.
This group of farmers might be <those with a particular
cropping, livestock, or mixed (e.g., crops and livestock)
pattern; alternatively, the· approach could be based more
on environmental conditions. Such classificatio~s are
usually adequate for identifying proble~s and oppor
tunities of sufficient magnitude to justify the research ef
fort. Where practical, the FSR&.D team tries to apply th~

research results to farmers operating under similar condi
tions beyond the target area.

1.3.2~ PROBLEM IDENTIFICATION AND
DEVELOPMENT OF A RESEARCH BASE

The FSR&.D team identifies and ranks problems and
opportunities according to such criteria as the short-run
and long-run significance to the farmers and society,
availability of suitable or potentially suitable tech
nologies, and ease of implementation. Besides ideas arising
out of the previous activity, the team commonly iden
tifies problems and opportunities through quick recon
naissance surveys of the area. The study of livestock
syst~ms tends to take longer and may involve aerial
photography, satellite imagery of rangelands, and monitor
ing of development programs to learn how herding
societies function over time. A subject· with considerable
and yet untapped potential is research on mixed farming
systems in which the researchers consider the influence of
crops and livestock on each other.

In the process of identifying problems and oppor
tunities, the team gains considerable knowledge about the
area. This knowledge and the collected data form the ini
tial research base for developing improved technologies for
the area's small farmers.

1.3.3. PLANNING ON-FARM RESEARCH

Once the FSR&.D team has· identified and ranked
problems and opportunities, gathered preliminaiy data,
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and set out hypotheses, it plans the on-farm research ac
tivities. Early in the process, the team needs to decide the
extent to which the.farmers' environment can be changed.
For the most part, the team takes resource availability,
support services, and government policy about as they are.
But, an important part of FSR&.D is to identify where and
how much change.of this tYpe is po~sible. Given an under..
standing of this, the team then considers·opportunities ~or

improving farmers' conditions..
On-farm research emphasizes altern~tive cropping

and livestock patterns, managementpractices, and other
activities of the farm househol4: The team incorporates
the farmers' conditions into tIle design pro·cedures by
working closely with farmers. The team meets with
farmers in their fields and learns farmers' terms such as
those for farmers' activities and units of measure. Re
searchers also learn how the farm household divides itsac
tivities, which members perform which activities~who

has responsibility for the ~ifferent family decisions, who
controls which resources, how members tend the family's
crops and livestock, and how they market their surplus
production. Farmers, in tum, take part in the research ex
periments and evaluate the results. this collaborative
style calls for integration of experiment station and other
research and development personnel who are specialists in
(1) disciplines such as entomology, economics, and soil
conservation;· (2) commodity topics, such as plant
breeding and cattle production; and (3) extension.. ,
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Furthermore, the team designs record keeping
systems, special studies, climatic monitoring, and surveys
to provide additional information about the farmers and
their environment. Often the team initiates recording of
farmers' activities early in the FSR&D process to develop a
continuing base of information on farmers' productive ac
tivities throughout the cropping and livestock seasons.
The team uses special studies of selected topics, such as
cultivation practices, to help fill in gaps in its knowledge
about the area. The team needs information on the en
vironment, including climatic data, to help design
research and interpret the results from crop and animal ex
periments. Also, the team uses long-run studies of farm
households, local conditions, and related topics to provide
a sound basis for understanding the situation and im
plementing change.

Before finalizing the research plan, the team
evaluates the proposed technological changes. It does this
to learn if the results are biologically feasible and in the in
terests of the farmers and society. Finally, the team
assesses the extent to which local support systems and na
tional policies will accommodate the new technologies.

1.3.4. ON-FARM RESEARCH AND ANALYSIS

Most national FSR&D programs emphasize applied
research by conducting much of the research on farmers'
fields. Three types of biological production experiments
are common: researcher-managed trials to experiment
under farmers' conditions where control of the experiment
is importantj farmer-managed tests to learn how farmers
respond to the suggested improvementsj and super
imposed trials to apply relatively simple researcher
managed experiments across a range of farmer-managed
conditions.

The researchers initiate experiments, studies and
other activities, and gather data. Then, they analyze the
results in terms of the statistical meaning of biological per
formance, actual resource requirements, economic and
financial feasibility, and sociocultural acceptability. They
estimate the overall impacts on both farmers and society.
Researchers study the acceptability of the experiments to
farmers through observations of farmers' actions, talking
with farmers, and in other ways. Finally, the researchers
examine the opportunities for improving support services
and government policies.

1.3.5. EXTENSION OF RESULTS

Throughout the research process, the FSR&D team
maintains contact with support organizations in the area.
Extension plays an especially important role in the pro
cess. Inputs from extension should occur at all levels of
FSR&D-from initially identifying areas to the broad im
plementation of results. FSR&D practitioners generally
recommend that the extension staff be trained in FSR&D
and become regular members of the field and regional
teams.

Extending the results involves multi-Iocational
testing-an activity that spreads the improved tech~

nologies more broadly than the previous on-farm trials and
tests. Multi-Iocational testing helps define the specific
conditions by applying the results on a broad scale. In this
process, extension agents learn the details of the technolo
gies and how to apply them.

Another means of extending research results is
through pilot production programs-an activity that ap
plies the improved technologies on a scale large enough to
effectively test the area's support systems. This activity
provides further insight into the needs for modifying the
technology, altering the support system, or both. How
ever, the concept of FSR&D is that the derived technol
ogies should fit the farmers' and environmental conditions
sufficiently well so that few adjustments are needed at this
stage.

Once these steps have been taken, the country can
broadly apply the new technologies among the groups for
which they have been designed.

1.4. ISSUES OF FSR&D IMPLEMENTATION

Some of the issues concerning FSR&D implementa
tion relate to the time required to obtain results, organiza
tional flexibility, staffing requirements, training, FSR&D
costs, and governmental support.

1.4.1. TIMING

The general approach to FSR&D is rapid initiation of
on-farm experiments combined with adjustments in the
program's direction as results provide feedback. With ade
quate planning, researchers often start experiments
without missing a cropping season. Sometimes they try
exploratory experiments to learn how farmers respond to
new opportunitiesj at other times, researchers conduct
trials to screen locally available technologies for their ap
plicability to specific farmers' conditions. Under favorable
conditions, some research results may be ready for
widespread diffusion to farmers within a few seasons.
However, more fundamental changes in farmers' cropping
patterns and management practices normally take longer.

The approach being developed for livestock systems
is an exception. For larger animals such as cattle, the en
vironment, livestock systems, and growth stages often re
quire more careful study than most crops or small
animals.

1.4.2. ORGANIZATIONAL FLEXIBILITY

FSR&D is primarily a modification of existing
research and extension methodsj therefore, the approach is
adaptable to a variety of situations, as illustrated by the
following possibilities. A country can implement FSR&D
through a semiautonomous government corporation that
has more flexibility in operations, budgeting, and person
nel management than ministerial research and develop
ment organizations. A country can implement FSR&D
through a ministry of agriculture if the ministry is respon
sible for research and extension. A country can apply
FSR&D to the activities of an experiment station in which
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one or more teams trained in FSR&D methods work close
ly with experiment station staff. Or, a country can build
FSR&D into a project to increase production; in such a
case, FSR&D methods can improve the efficiency of the
overall project. .

Each approach has its advantages and disadvantages,
so the approach selected depends on the situation. Here,
we emphasize that FSR&D, whether in whole or in part,
can be and has been implemented in a variety of ways.

1.4.3. STAFFING REQUIREMENTS

FSR&D strongly emphasizes working with farmers
in their fields. To the extent that this emphasis is new,
those currently at research stations or at regional or na
tional headquarters will require some reorientation. This
reorientation includes research methodology as applied to
field conditions and methods for working with the whole
farm family-male and female, young and old. Where ap
propriate, females may need to be added to the research
and extension staff.

However, FSR&D does not replace existing research
or extension; rather, it builds on the existing base. Conse
quently, experienced researchers and extension specialists
usually remain in their existing organizations and much of
the field staff consists of young professionals trained
specifically for FSR&D's purposes. Enough senior staff
members will be needed-whether nationals or expatri
ates-to guide the younger members of the staff until they
gain adequate experience.

One approach is to begin FSR&D activities in one or
two regions and, after several years of experience, to
choose leaders from these teams when moving to new
areas. Heads of FSR&D programs must also train staff to
replace those who periodically leave the program.

1.4.4. TRAINING

An early activity when implementing an FSR&D ap
proach is to train the staff about the objectives, processes,
and methodologies of FSR&D. Training materials will
need to be collected from ongoing programs elsewhere and
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augmented by new materials appropriate for the country.
During this early stage, the International Agricultural
Research Centers (lARCs) and organizations with similar
activities can be especially helpful.

The principal objectives of the training are to

• acquaint team members with on-farm techniques
• give them guidance and experience working as an in

terdisciplinary team
• instill in the team members an enlightened apprecia

tion of· small farmers as a useful source of informa
tion and as valuable partners in the research and im
plementation process.

Where members of the FSR&D team are recent graduates,
in-service field training under the guidance of experienced
staff is needed.

Initially, program leaders may want to take advan
tage of production and farming systems training at one or
more of the lARCs and any regional center specializing in
applied agricultural research. With such training as a base,
in-country training programs for both research and exten
sion personnel can then be developed and implemented.
Some staff members may be selected and sent abroad for
further academic training. .

In training, as well as in other aspects of FSR&D pro
grams, national governments may want to consider using
expatriate staff experienced in FSR&D. As the program
matures, the expatriates can be phased out gradually. In
one case, this occurred about six years after the program
began.

1.4.5. FSR&.D COSTS

A discussion on the relative costs of FSR&D centers
on expenditures, rates of adoption, and breadth of
coverage. This discussion must be general since carefully
quantified appraisal of FSR&D's costs, relative to other
research and development approaches, has not, to our
knowledge, been made. While firm estimates are not
available, those closely associated with FSR&D generally
feel that the approach is cost effective. The reasoning
follows.

The first of the three issues concerns expenditures
for facilities and operating costs. To the extent that
FSR&D reduces experiment station activity, costs of ex
panded installations, operations, and the accompanying
staff will be lowered. In its place will be more work on
farmers' fields by generally less expensive staff. However,
the field work requires increased expenditures for vehicle
purchase and maintenance, field equipment, per diem, and
incentives. Overall, the combined initial and recurring
costs of FSR&D appear to be less than the costs of com
parable levels of activities on experiment stations, when
administrators consider the costs of building, staffing, and
equipping the stations. However, such comparisons are of
limited value since FSR&D replaces only a portion of ex-

. periment station activities.
The second issue concerns the generation of new

technologies acceptable to farmers. This too is not a
straightforward issue, because the target group for FSR&D
is sometimes different from that of general agricultural
research. Proponents of FSR&D, however, point to the
high levels of adoption of improved technologies by small
farmers targeted by the FSR&D process.

The third issue centers on the range of applicability
of research results. Opinion differs about how widely
FSR&D can be applied. Traditional research, by its nature,
often has general and wide applicability. FSR&D is design
ed to be more specific, but it may also be applied broadly if
the team can identify environmental conditions sufficient
ly wide ranging and target groups in sufficiently large
numbers. FSR&D practitioners expect work in categoriz
ing research areas to eventually make it easier to locate
situations in which the new technologies generated by
FSR&D will have broad applicability. Eventually, the
study of environmental gradients will permit a better
understanding of the relationship between research results
and the conditions leading to these results, but this latter
possibility, especially when speaking of national pro
grams, lies in the future.

1.4.6. GOVERNMENTAL SUPPORT

Because FSR&D concentrates on field activities, the
government will need to take steps to allow team
members to effectively carry out this work. Mate:dals for
conducting experiments need to be available at appropriate
times, otherwise the experiments may not be completed.
Reliable transportation is essential, especially where the
terrain and weather conditions make travel difficult. The
FSR&D team needs adequate servicing and spare parts for
its vehicles. Finally, incentives are often required to at
tract and hold qualified staff. Incentives such as the
recognition of team accomplishments will be needed to
overcome the uncertainties of working in a new and dif
ferent program and the hardships of living and working in
remote areas.

FSR&D does not place great demands on the govern
ment, but these demands must be met to create and main
tain the momentum necessary to sustain an effective
FSR&D effort. Where the central or regional organization
cannot meet some of the above requirements, the orga
nization should give the field teams adequate local auton
omy.

1.5. WHAT THIS BOOK OFFERS

To repeat, this book of guidelines describes an ap
proach to agricultural research and development for
governments of developing countries interested in improv
ing the output and welfare of small farmers. We present
the FSR&D activities, methods, and illustrations of
various approaches in the main body of this book and '
elaborate on these points in the appendixes. We emphasize
cropping systems research because most experience lies
here; however, we include materials on livestock systems.
Systems concepts are included, but few analytical tools for
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systems analysis such as simulation or linear program
ming are included because we found few examples of their
use in national FSR&.D programs.

This book of guidelines is for those in the developing
countries who must decide whether to accept FSR&.D and
bear the responsibility for its implementation. This book
is also for the expatriate who aids in this process.

In designing FSR&.D activities, administrators must
decide on the approach, methods, organization, staffing, I

training, and ways to secure technical assistance and
funds. The book should aid such individuals in making
reasoned decisions on these topics. Because of the diver
sity of conditions and the wisdom of allowing those in a

country to make their own decisions, the book does not
prescribe how a country should implement FSR&.D ac
tivities. Instead, the book presents general concepts, offers
alternatives that have worked in different countries, and
provides the reader with sources of additional information.

In conclusion, undertaking an FSR&.D approach that
modifies a more traditionar--approach to agricultural
research presents a considerable challenge to any country.
Existing institutions and individuals may feel threatened
by the change. False starts are possible. Still, if the en
thusiasm of those who have been most active in the
FSR&D movement is any indication of its validity, the ef
fort is justified.
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During the past decade, considerable attention has
been focused on the plight of the rural poor in the develop
ing countries. One aspect of this emphasis has been to
direct agricultural research specifically to the needs and
aspirations of farmers with limited resources. Historically,
these have been small farmers who have not adequately
benefited from agricultural research because the research
was not specific enough for their needs. Instead, research
in the less developed countries has typically been under
taken for farmers who have more resources and who often
produced for export.

Generally, technologies offered to the small farmers
have come from a top-down approach. By that, we mean
the research would be largely initiated and conducted on
experiment stations and then offered to small farmers to
accept or reject. As a result, farmers rejected many of the
proposed changes because the suggested improvements
were unprofitable or too risky, or the farmers lacked ade
quate inputs or suitable markets. In short, the
technologies were not suitable because the researchers did
not know or consider the conditions of small farmers.

Therefore, research, extension, and other programs
are needed to correct these deficiencies, if small farmers in
developing countries are to be helped. One approach that
considers farmers' conditions specifically is called farming
systems research and development [FSR&D), or simply
farming systems research (FSRJ. In this book we use the
term FSR&D to emphasize the integration of research and
the development of technology for dissemination through
extension and by other means. The FSR&D approach pro
vides a means for dealing with the close interaction of the
many on-farm activities that characterize subsistence
farming.

This book of guidelines was written for those with
national programs in developing countries who wish to
orient part of their research efforts toward benefiting small
farmers. These guidelines concern FSR&D processes and
procedures and include examples from specific situations.
This chapter covers the purposes and definition of FSR&D,
additional definitions and comments, characteristics of
FSR&D, objectives and users of these guidelines, the
guidelines' scope, and the approach and contents of the
guidelines.

2.1. PURPOSES OF FSR&D

As with other national approaches to agricultural
research and extension, FSR&D's purpose is to generate

more appropriate technologies for farmers and, where
possible, to improve policies and support services for farm
production, to raise farm families' welfare, and to enhance
society's goals. But more specifically, FSR&D aims at in
creasing the productivity of farming systems by generating
technologies for particular groups of farmers and by
developing greater insight into which technologies fit
where and why. This latter purpose concerns using scien
tific methods for generating hypotheses and then, by
deduction, determining which technologies to use in a"par
ticular farm setting. Such an approach contrasts with an
empirical approach that through trial and error arrives at
suitable technologies for the conditions of specific farmers
(Harwood, personal communication).

We include the farm family in the above description
because the collective interests of the family are impor
tant, not just the interests of the head of the household.
Furthermore, we include agricultural production because
FSR&D concentrates on increasing crop and livestock
yields and overall farm output. And we include family
welfare because improved welfare is the ultimate goal of
individual families just as societal interests are the
ultimate concern of an enlightened government.

2.2. DEFINITION OF FSR&D

FSR&D is an approach to agricultural research and
development that

• views the whole farm as a system
• focuses on (1) the interdependencies between the

components under the control of members of the
farm household and (2) how these components
interact with the physical, biological, and
socioeconomic factors not under the household's
control.

Farming systems are defined by their physical, biological,
and socioeconomic setting and by the farm families' goals
and other attributes, access to resources, choices of pro
ductive activities (enterprises), and management prac
tices.

The systems approach applied to on-farm research
considers farmers' systems as a whole, which means

1) studying the many facets of the farm household and
its setting through close and frequent contact with
household members on their farms
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2) considering problems and opportunities as they in
fluence the whole farm

3} setting priorities accordingly
4) recognizing the linkages of subsystems within the

farming system and considering them when dealing
with any part of the system

5) evaluating research and development results in
terms of the whole farming system and the interests
of society.

The FSR&D team implements the FSR&D process
by

I} selecting areas and groups of farmers with
reasonably similar characteristics as targets for
research and development

2) identifying and ranking problems and opportunities
and setting forth hypotheses for alternative solutions

3) planning experiments, studies, and procedures for
data collection

4) undertaking experiments on farmers' fields, in con
junction with other research, to identify or generate
improved technologies suitable for farmers' condi
tions

5) coordinating the on-farm experiments and studies
with commodity and disciplinary-oriented research

6) evaluating the acceptability of the results of these
experiments to the targeted farmers and society

7} extending the results widely to farmers within and
outside the target area

8) focusing attention on ways to improve public policy
and support services to assist both the targeted
farmers and those operating under similar condi
tions.

The distinction between FSR&D and "con
ventional"1 research can be summarized in the follow
ing way. FSR&D looks at the interactions taking place
within the whole farm setting and measures the results in
terms of farmers' and society's goals. Traditionally, con-

IThe authors encountered differences of opinion as to the meaning of conventional research, consequently, the use of the quotation
marks.



ventional research separates tasks into progressively nar
rower subject areas to be studied more or less independent
ly and then evaluates results by standards within the
discipline, not by their contribution to the whole (Dillon,
1976). Furthermore, FSR&.D places relatively more impor
tance, than in the past, on integrating the social sciences
into the research and development process. This is ac
complished by considering such factors as farmers'
preferences, community norms, markets, public policies,
and support services (Norman, personal communication).

FSR&.D's comprehensiveness can be illustrated by
discussing the differences between FSR&.D's results and
those of a single disciplinary approach: For example, a
breeder may seek to obtain the highest physical yield for a
single·crop through variety and fertilizer trials. In contrast,
an FSR&.D approach integrates the breeder's work by con
sidering more objectives and means of improvement. For
example:

• An earlier maturing variety might be sought that
allows time for planting a second crop, even though
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the yield from such a variety is less than from other
varieties.

• Net profits from fertilizer application could be in
creased by reducing the application rate to a lower
level than is needed to produce the maximum
biological yield.

• Recognizing farmers' aversion to risk could suggest a
less profitable crop whose yields are more stable dur
ing unfavorable growing conditions.

• Social and cultural study could explain why some
farmers accept improvements and others do not, so
that the resulting technologies could be applied to
more farmers.

• Integrating the extension service into the FSR&.D
process could result in the extension staff suggesting
modifications to the technologies; these changes, in
tum, could help the extension service serve farmers
more effectively.

Not all aspects of a farming system must be ad
dressed for the process to be considered FSR&.D. Crop-
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ping and livestock systems and even commodity research
may qualify. What is needed is for the research on sub
systems-e.g., cropping systems-to be taken within
the context of the whole farm. Such an approach for crop
ping systems requires a study of the farming system to
verify

• that research into cropping systems is justified
• that the research on the subsystems and the

resulting recommendations fit within the overall
system

• that the final evaluation is within the whole farm
context.

Finally, some improvements in farmers' conditions
may not result from breakthroughs in agricultural
technologies; instead, the improvements may result from
identifying and implementing more suitable agricultural
policies and support services.

2.3. ADDITIONAL DEFINITIONS AND COMMENTS

To help clarify the above concepts, we will now
define additional terms used in this book. They are farm
ing, households, small-scale farming, enterprises, farming
systems, cropping and livestock systems, mixed systems,
cropping systems research, livestock and mixed systems
research, and commodity-oriented research.

2.3.1. FARMING

Farming is an activity carried out by households on
holdings that represent managerial units organized for the
economic production of crops and livestock (Ruthenberg,
1971).

2.3.2. HOUSEHOLDS

The household is a social organization in which
members normally live and sleep in the same place and
share their meals. They mayor may not be a joint family.
A joint family is one consisting of two or more lineally
related kinfolk, their spouses, and offspring.

Women may be heads of households in various
ways, as (I) recognized heads of households such as when
they are widowed or divorced, (2) acting heads such as
when their husbands are away for extended periods, or (3)
informal heads such as when they have command over
resources and make decisions on their initiative. Even
when they are not heads of households, women usually
have a recognized and important role through their con
tribution of labor, management, marketing, and owner
ship of resources. At times, individuality among males
and females leads to competition within the households as
when· husbands sell firewood to their wives (Venema,
1978) or when wives and husbands lend each other money
with interest (Robertson, 1975-76).

Most farm households in developing countries strive
to produce a dependable and continuous food supply and
many of their other needs such as clothing and shelter, and

surpluses for sale. To do this, the members of the
household engage in several on-farm enterprises using
primarily their labor. Furthermore they are cautious about
adopting changes that threaten their ability to maintain a
reliable food supply. Members customarily have duties
within the household according to sex, age, and relation
ship that are dictated by custom and practical considera
tions.

2.3.3. SMALL-SCALE FARMING

In this book of guidelines, we emphasize small-scale
operations in which the farmers frequently have difficulty
obtaining sufficient inputs to allow them to adequately
use the available technology as would medium-scale and
large-scale commercial farmers. Small does not necessar
ily refer to the area of land held because some farmers that
meet our definition of small-scale farming have access to
considerable amounts of land-as do pastoralists and shift
ing cultivators. Such small-scale farmers are unable to
easily raise their levels of production because of limited
resources and technologies suitable for their needs.

2.3.4. ENTERPRISES

Enterprises mean activities undertaken to produce
an output that contributes to total production or income of
the farm family. Enterprises in FSR&D typically concern
crops, livestock, processing or otherwise upgrading
agricultural commodities produced on the farm, produc
tive nonagricultural activities carried out on the farm such
as handicrafts, and productive off-farm activities of the
household members.

2.3.5. FARMING SYSTEMS

For this book of guidelines, we consider a farming
system as a unique and reasonably stable arrangement of
farming enterprises that the household manages according
to well-defined practices in response to the physical,
biological, and socioeconomic environments and in accor
dance with the household's goals, preferences, and
resources. These factors combine to influence output and
production methods. More commonality is found within
the system than between systems. The farming system is
part of larger systems'-e.g., the local community-and
can be divided into subsystems-e.g., cropping systems.

Decisions as to classification depend on the needs
for analysis and decision-making. A system with a greater
cash income-e.g., when off-farm employment or sale of
handicrafts is possible - is different from one with lesser
cash income. Even though the same crops, patterns, and
management practices may be followed, farmers' reactions
to change will vary because of different capabilities, at
titudes, and other factors (Harwood, 1979).

2.3.6. CROPPING AND LIVESTOCK SYSTEMS

These are subsystems within the farming system. A
cropping system, a set of one or more crops, comprises all
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components required for production, including the in
teractions between other household enterprises, and the
physical, biological, and socioeconomic environments.·
Livestock systems can be defined similarly.

2.3.7. MIXED SYSTEMS

Cropping, livestock, and possibly other enterprises
are present within the farming system.

2.3.8. CROPPING SYSTEMS RESEARCH

Research on cropping systems concentrates on crops
and cropping patterns, alternative management practices
in different environments and interactions between crops,
between crops and other enterprises, and between the
household and environmental factors beyond the
household's control. The procedures are similar to farming
systems research, but the breadth of cropping systems
research is generally less. However, when the initial

analysis considers the whole farm situation and then
focuses on cropping systems as the best area for research,
the differences between the approaches of cropping
systems research and of FSR&D are few.

2.3.9. LIVESTOCK AND MIXED SYSTEMS RESEARCH

The approach to livestock systems research and
mixed systems research follows a process similar to crop
ping systems research except for the procedures that
reflect the inherent differences between cropping and
livestock systems - e.g., fewer numbers of animals than
plants. In mixed systems research, the team focuses
directly on the interactions between crops, livestock, and
possibly other enterprises.

2.3.10. COMMODITY-ORIENTED RESEARCH

Commodity-oriented research focuses on one or
more crops or animals by studying them in detail. Com-
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modities selected for emphasis should be the result of
prior investigation demonstrating their importance to the
farming system. While often conducted along disciplinary
lines such as breeding, physiology, and pathology,
commodity-oriented research supports FSR&D best when
it keeps the needs of the whole system in mind and takes
advantage of FSR&D results as a source of information for
making its programs more relevant to the farmers' cir
cumstances. Commodity-oriented research organizations
such as the International Maize and Wheat Improvement
Center (CIMMYT), International Rice Research Institute
(IRRI) , and International Center for Tropical Agriculture
(CIAT) work mainly with farmers and research organiza
tions in those areas of their specialties that offer the best
potential for improving the farming system.

2.4. CHARACTERISTICS OF FSR&D

Further comments on the nature of FSR&D should
help in understanding the emphasis placed on this ap-

proach. FSR&D considers the farmers and their problems
in a comprehensive manner using an interdisciplinary ap
proach that complements existing research and develop
ment activities, and is iterative, dynamic, and responsive
to society. Many of .these characteristics have their origin
in farm management that has been practiced in the United
States since the early 1900's. However, the emphasis on a
systems approach that considers the whole in terms of the
parts and evaluates results in terms of farmers' and
society's goals is relatively new in developing countries.
Moreover, the new emphasis in developing countries is on
research on farmers' fields using interdisciplinary teams.

In time, fornlal reference to FSR&D may fade away
as the process and procedures are absorbed into
agricultural research and development programs. But, in
the meantime, considerable opportunity remains for im
proving FSR&D concepts, developing FSR&D procedures,
and expanding the FSR&D approach into areas such as
livestock and mixed-farming where experience and
literature are limited.



2.4.1. FARMER BASED

FSR&.D starts with farmers and learns about their
environments, resources, methods of production, pro
blems and opportunities, aspirations, and how they react
to change. The FSR&.D team designs experiments with
these factors in mind, carries out studies in farmers' fields,
and judges the results by farmers' standards. While other
factors enter into the process, FSR&.D strongly emphasizes
obtaining a clear picture of farmers and their en
vironments. Much can be learned by literally "walking in
the farmers' footsteps." Farmers may not have accurate
technical explanations of their problems nor know the
range of opportunities for improving their conditions, but
learning more about farmers helps the researchers produce
better technologies and extension workers promote
FSR&.D's results more effectively.

Because the farm household both consumes and pro
duces, the values of the marketplace and the farm
household are mixed. Farmers tend to be cautious about
change - especially involving their subsistence crops - but
they will change when suitable opportunities arise. They
have multiple goals and the community's norms influence
farmers in varying degrees. FSR&.D practitioners consider
farmers rational according to the farmers' values and
perceptions of alternatives. But, individual farmers have
different values, perceptions, skills, and resources. Thus,
some farmers produce more and accept change more read
ily than other farmers.

2.4.2. PROBLEM SOLVING

While some farming systems research applies broad
ly and is long-run, a national FSR&.D program tends to be
applied to specific, short-run objectives, as when adapting
available technologies. FSR&.D identifies problems on
farms and introduces improvements that frequently re
quire little governmental support. The approach identifies
farmers' constraints and distinguishes between those con
straints that are within and those that are beyond their
control. For example, farmers can often implement
changes in varieties, planting distances, methods of apply
ing fertilizers, and time of weeding, but may have difficul
ty if a solution calls for more rapid plowing requiring oxen
that are either not available or too costly. In the first case,
we can look internally at ways to introduce change to the
farmers.' In the second case, we must look externally to
changes that will make oxen available or else redesign the
technology.

2.4.3. COMPREHENSIVE

FSR&.D studies the whole farm setting to identify
problems and opportunities, notes their interrelation
ships, sets research priorities responsive to farmer and
societal goals, carries out experiments, proposes changes
in light of this comprehensive perspective, measures
results in terms of impacts on the farmers and society,
observes farmer acceptance of change, and transfers accep
table research results to implementing organizations. The
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FSR&.D team uses a whole-farm perspective to identify the
most relevant problems and to evaluate the acceptability
of results.

Even though FSR&.D views the farming system and
its environment comprehensively, some aspects may not
be researched or considered for change-for example,
farmers' values and social customs or the level of support
services. As part of FSR&.D's strategy, the FSR&.D team
decides which areas offer the greatest potential for change
and are the most suitable for research and development
[Sec. 3.4. in Chapter 3).

2.4.4. INTERDISCIPLINARY

Because of the comprehensive approach and interac
tions of many technical and human factors, FSR&.D teams
should be interdisciplinary. By interdisciplinary, we mean
frequent interactions among those from different
disciplines who work on common tasks and come up with
better results than had they worked independently. As a
minimum, both technical and social sciences should be
represented on a team with leadership strong enough to in
tegrate the disciplines and direct their efforts toward team
objectives. Moreover, where cultures discourage com
munication between unrelated men and women, field
teams may have to have members from both sexes if they
are to adequately communicate with male and female
farmers (Staudt, personal communication).

2.4.5. COMPLEMENTARY

FSR&.D replaces neither commodity nor disciplinary
research nor extension. On the contrary, FSR&.D requires
a continuing inflow of improvements from such research
and close contact with farmers through extension. For ex
ample, if a shorter season variety is needed to overcome a
problem associated with planting time, researchers will
have more reason to believe that success in identifying a
suitable variety will lead to its acceptance. Or, if extension
is having difficulty introducing change to its clientele,
FSR&.D provides a means for bringing farmers' problems to
researchers. In view of these advantages, the direction that
FSR&.D gives to commodity and disciplinary research,
coupled with FSR&.D's influence on extension, is as im
portant as improvements introduced to farmers par
ticipating directly in FSR&.D experiments.

2.4.6. ITERATIVE AND DYNAMIC

The FSR&.D approach calls for a conceptual
understanding of the farming system and its environment
from the very beginning. This framework provides the
basis for gathering data and directing the course of the
research and development effort. Initially, the system may
not be well understood, but the conceptualization im
proves as the FSR&.D team gathers data and gains ex
perience.

FSR&.D's iterative nature is shown by the process by
which the team begins by acting on partial information,
gains insight through studies and experimentation, and
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modifies its actions. This process continues until research
and extension staff are satisfied that changes can be
broadly implemented. Such an approach encourages the
FSR&.D team to begin working within a whole farm
framework from the outset, rather than working
haphazardly or waiting for excessive precision before in
itiating on-farm research. In this way, FSR&.D seeks to
provide better solutions to farmers' conditions, but not
necessarily the best solutions.

Solutions to one set of problems usually generate op
portunities for further research. FSR&.D is dynamic in that
objectives and approaches for future work can be adjusted
in light of the accomplishments. For example, FSR&D
might initially work with only slight modifications in
farmers' existing cropping and livestock patterns. After the
farmers grow accustomed to change, greater modifications
to their farming systems could be tried.

2.4.7. RESPONSIBLE TO SOCIETY

As with other national programs that rely on private
initiative, FSR&D needs to produce results acceptable to

small farmers and society. Consequently, FSR&D operates
from the farmers' and society's viewpoints. The two can be
brought into accord by identifying issues of possible con
flict and agreement, by measuring possible impacts of
alternative courses of action, and by devising appropriate
incentives and restrictions. For example, farmer groups in
Kenya receive government, technical, and financial
assistance in organizing and constmcting terracing, in
terceptor ditches, and other forms of soil and water conser
vation. Without some government assistance, the farmers
would often not be inclined to do this work, which is in
their and society's long-run interests.

2.5. OBJECTIVES OF THESE GUIDELINES

A few very capable persons have been able to apply
FSR&D concepts quickly and accurately. They succeed
because of their considerable experience and gift for pro
posing practical solutions to complex problems. These
persons are extremely useful, but too few of them are
available to the developing countries. A number of
organizations and individuals are currently setting down



their thoughts and findings on this subject in the attempt
to institutionalize the FSR&D approach. In this w'ay,
FSR&D can be described, taught, learned, and applied on a
much broader scale. This book of guidelines is part of that
effort. These guidelines:

• show the general process for FSR&D programs at the
national level

• provide procedures that illustrate how to carry out
the FSR&D process under different conditions

• supply an overview of the current state of FSR&D so
that readers will understand its nature, its relation
ships to other agricultural research, and its potential
for contributing to increased production and the
welfare of small farmers.

2.6. USERS OF THESE GUIDELINES

This book of guidelines was written specifically for
those in the developing countries who are responsible for '
deciding on and implementing an FSR&D approach and for
those with a general interest in FSR&.D. This audience in
cludes five groups.

The first group consists of top decision makers,
possibly at the ministerial or cabinet level, who decide
whether or not an FSR&D approach will be undertaken.
This group's members need to understand the advantages
and disadvantages of FSR&D, as well as its implications,
such as

• effectively reaching the intended farmers
• staffing and training requirements
• length of time necessary to start
• institutional and policy relationships with ongoing

programs in agriculture and other areas
• relative costs
• special governmental support.

We prepared Chapter I, a summary of the principal
features of these guidelines, for this group.

The next group of potential readers includes those
who are responsible for administering FSR&D activities.
They might be technical directors and their seconds in
command. Although such individuals need to know about
FSR&D's broad implications, they will be more concerned
with understanding the entire process, how the parts fit
together, how others have organized programs and pro
jects, and the strengths and weaknesses of alternative ap
proaches for particular situations. They will need to know
enough about the procedures to select appropriate staff and
integrate their activities. We provide this information in
the remaining chapters.

The third group consists of regional directors, field
team leaders, and technical researchers who carry out the
various FSR&D tasks under the direction of the technical
directors and their assistants. We expect them to be in
terested in individual chapters and the appendixes.

The fourth group includes expatriates who may be
technical advisers to each group. They could be involved
in all phases such as advising on whether to accept an
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FSR&D approach, aiding in program and project design,
training staff, implementing FSR&D activities, and
assisting in evaluation of results. For them, all parts of the
book- the summary, main chapters, and appen
dixes - should be useful.

The last group comprises all the rest who have an in
terest in FSR&D, including others within the developing
countries, members of international agricultural research
and development organizations, agricultural researchers,
and others with similar interests outside the developing
countries.

2.7. SCOPE

This book of guidelines was written to convey the
approach to FSR&D generally being followed by or recom
mended for national governments. By being general, this
book provides information on concepts applicable to a
variety of situations; however, this book alone will not
provide enough information for designing an FSR&D ap
proach for a particular country. Because of the breadth of
FSR&D, many topics are included in this book. Some are
developed in considerable detail, while others are not. In
this section on the scope of FSR&D, we discuss the topics
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included in this book and why we emphasized them. At
times, we have said little about a topic because informa
tion and experience are lacking.

2.7.1. APPLICABILITY

These guidelines reflect the state of the art of
FSR&D at the national level. They encompass a broad
range of conditions, which can help the reader understand
FSR&.D's general process. The illustrations provide the
reader with the opportunity to see how some of the prin
ciples have been applied to specific situations. With these
concepts and illustrations, those in developing countries
should be in a position to design an FSR&.D approach
specifically for their conditions. For example, the FSR&.D
team needs to select an overall strategy responsive to the
country's goals, resources, stage of development, and types
of farming systems. Moreover, once the approach has been
designed, training is needed. These guidelines include the
basis for selecting training materials, but we do not pro
vide detailed instmctions on training in FSR&.D.

2.7.2. COVERAGE

The farming system consists of subsystems-e.g.,
cropping systems-and in turn is part of larger
systems-e.g., the local community. Fig. 2-1 depicts the
general categories of factors that influence small-farmer
production and welfare. The figure shows that the farming
system is made up of crops, livestock, and other on-farm
subsystems. The farming system is greatly influenced by

Figure 2·1. Farmers' setting and scope of the guidelines.

KEY: m
Guideline's area of primary concern

the physical setting and the mral community where the
farm household members trade, socialize, and otherwise
take part in local affairs. The mral community, in tum, is
part of a regional and national setting. Government's na
tional and regional policies and institutions reach the
household level to help the members through research, ex
tension, and agricultural production programs, and by pro
vision of infrastructure. Private and government
enterprises -large-scale agriculture, manufacturing, trade,

- etc. - also interact with the farm household by providing
services and supplies, facilitating the sale of farm output,
and offering off-farm employment.

Because FSR&.D is comprehensive, these guidelines
are concerned directly and indirectly with all activities
that touch upon the farmers' lives. But, for practical
reasons, we have included FSR&.D procedures primarily
on (1) agricultural research, (2) extension's part in transfer
ring the technologies, 13) organization, and 14) training.
Also, many of the procedures relate to cropping systems
because most experience is there.

In this book, we use only general concepts of sys
tems analysis and provide little discussion of the tech
niques of systems analysis such as linear programming,
simulation, or other forms of mathematical modeling.
This omission should not be constmed to mean that we
think that such modeling is not useful. We have excluded
mathematical modeling because our review of FSR&.D
practices did not reveal at this time its significance among
national programs. In contrast, interesting work is occur
ring at some of the international centers, such as the con
ceptual and detailed livestock models of the International
Livestock Centre for Africa (ILCA), the simulation and op
timization models applied by IRRI, and the ecology-based
models of the Tropical Agricultural Research and Training
Center ICATIE). We describe this work briefly in Appen
dix 2-A. Included in some of the modeling work at IRRI
and other institutions are studies of relatively narrow
topics, such as soil-water-plant relationships.

Except for a few cases, we have not included, in this
book, procedures that are either commonly available in
the literature or are narrowly confined to a discipline and
are not central to the FSR&.D process. For example, we
considered experiment station procedures as being general
ly well-known and soil-water-plant relationships as nar
rowly confined to a discipline and not central to FSR&.D
methodology. For this same reason we have not provided
detailed procedures on topics such as marketing, transpor
tation, credit, and extension at the agent's level.

2.7.3. COUNTRY SITUATIONS

As noted above, the guidelines in this book apply to
a broad range of situations encountered in different coun
tries throughout the world. They apply to countries that
contemplate instituting FSR&.D activities, as well as to
those with full-fledged FSR&.D programs. They apply to
semiautonomous research corporations that conduct
FSR&.D or ministeries that have FSR&D as part of a
broader program. And they apply to production programs
in which upgrading agricultural research is important.



2.8. APPROACH TO THE GUIDELINES

In this book, we have

• described alternative approaches to various situa
tions

• suggested reasons for the differences in approaches
• identified references where research procedures are

reasonably standard
• included detailed descriptions of procedures that are

not standard or where we felt emphasis was needed.

We have included numerous references to the
FSR&D work of national and international groups
throughout the book. These references should prove useful
for details about specific concepts and procedures.
Especially helpful in preparing this book of guidelines
were the published and draft guidelines prepared by CIM
MYT (Perrin et aL, 1976; Byerlee et aL, 1980), and the In
ternational Rice Research Institute (Zandstra et aL, 1981),
two state-of-the-art papers on farming systems (Gilbert et
al., 1980 and TAC, 1978), and a paper on cropping systems
research in Indonesia (Mcintosh, 1980).

, 2.9. CONTENTS OF THE BOOK

We have organized the remainder of this book of
guidelines so that readers begin with a review of the
overall approach to FSR&D, and then learn the details of
each of the principal activities. With that background,
readers should be able to decide whether or not FSR&D is
suitable for their situations. Assuming that some readers
will be interested, we then provide information on how to
implement the approach. The appendixes elaborate on the
approach.

More specifically, Chapter 3 contains the conceptual
framework of the principal features of FSR&D. The next
five chapters elaborate on FSR&D's major activities:
Chapter 4 explains target and research area selection,
Chapter 5 presents problem identification and develop
ment of a research base, Chapter 6 discusses planning on
farm research, Chapter 7 presents on-farm research and
analysis, and Chapter 8 discusses extension of results.
Then, Chapter 9 considers whether or not an FSR&D pro
gram is in a country's best interests. The next two chapters
explain implementation: specifically, Chapter 10 presents
alternative organizational approaches for FSR&D, inter
disciplinary teamwork, staffing, and other management
issues, and Chapter 11 reviews training as a way of im
plementing new or improved FSR&D programs. The ap
pendixes contain detailed information supporting the
various chapters, some general procedures, and worldwide
examples and illustrations. Most chapters end with
references and suggested readings.
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FSR&D is a process that involves a set of interrelated
activities. While individual programs reflect specific con
ditions within a country and the preferences of its leaders,
the various approaches to FSR&D have much in com
mon. Thus, the conceptual framework described in this
chapter shows this commonality. And, this framework
illustrates the nature and interrelationships of each of
these activities and should help the reader understand the
material presented in subsequent chapters. The fol
lowing sections briefly describe FSR&D activities, timing
of activities, staffing requirements, and strategies. The
chapter ends with a summary of the conceptual
framework.

3.1. FSR&..D ACTMTIES

A natural sequence for the FSR&D process, as out
lined in Fig. 3-1, includes

• target and research area selection
• problem identification and development of a

research base
• planning on-farm research
• on-farm research and analysis
• extension of results.

Experiment station collaboration, which interacts
primarily with the first four activities, is set off to the side
to emphasize its supporting role in on-farm research. Also,
extension is shown as collaborating with each of the five
principal FSR&D activities. Results from the last two
activities-on-farm research and analysis, and extension
of results - feed back to the earlier activities.

While these activities are shown as being sequential
and discrete, in practice, an activity often overlaps with
other activities, some activities are not taken in the se
quence indicated, and some are repeated. In fact, the
iterative nature of FSR&D usually calls for several repeti
tions, which leads to progressively improved results.
While flexibility of the approach exists, omitting anyone
of the activities may jeopardize the value of the final
'results.

The FSR&D approach typically uses interdis
ciplinary teams and the team composition varies accord
ing to the task and available staff. During FSR&D's early
stages, disciplinary representation should be broad and
flexible to allow adequate response to problems and oppor-

tunities concerning the targeted group of farmers
(Hildebrand, personal communication). Field teams, nor
mally residing in or near the research area, conduct on
farm research aided by specialists and others concerned
with agricultural production. The specialists come from
the physical, biological, and social sciences, and include
extension. These specialists may also reside in the
research areas, or operate out of regional or national head
quarters or experiment stations. Section 3.3. provides ad
ditional details on staffing requirements.

3.1.1. TARGET AND RESEARCH AREA SELECTION

The FSR&D team aids national decision makers in
selecting target areas and target groups of farmers. The
team subsequently divides the target areas into subareas
and establishes the boundaries of the research area. In
FSR&D, the government chooses, implicitly or explicitly,
target areas or target groups of farmers to receive increased
attention. These choices are generally based on national
policies reflecting governmental objectives such as the
better use of resources, raising the income of poor farmers,
and greater domestic food production. A response to these
objectives is more appropriate agricultural technologies,
policies, and services.

The FSR&D team usually divides the target areas or
target groups of farmers into subareas according to com
mon physical, biological, and socioeconomic char
acteristics. Such a stratification separates environmental
conditions and farming systems into reasonably
homogeneous segments. By working with these
homogeneous segments, the FSR&D team is able to
develop improved technologies for farmers operating
under similar conditions throughout the target area. And,
sometimes the technologies are suitable for farmers out
side the target area. Stated somewhat differently, ap
propriate stratification according to environmental condi
tions and farming systems enables the FSR&D team to
identify farmers who are expected to benefit from the same
recommendations IByerlee et al., 1980).

The number and location of research areas
throughout a country depend on FSR&D goals and
resources and the characteristics of the areas. Because the
relationships between farmers' practices and -their en
vironments take time to understand, the research areas
should be broad enough to allow the team to adjust its ap
proach as new information is obtained.
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Figure 3·1. The five basic activities of on·farm research In
FSR&D.

3.1.2. PROBLEM IDENTIFICATION AND DEVELOPMENT OF
A RESEARCH BASE

After the research area has been selected, the FSR&D
team moves to more careful and detailed studies of farm
ing systems and the area's characteristics. The team
studies, analyzes, and ranks farmers' problems and oppor
tunities and either acts upon them immediately or plans
further studies and experiments.

The team gathers information about the farmers and
their environments through a review of secondary infor
mation l and through direct observation and discussions
with members of farm households. Many experienced
FSR&D practitioners strongly endorse rapid surveys at the
outset of FSR&D activities in an area. However, FSR&D
teams sometimes conduct experiments to help understand
the farming system and to identify problems. As part of the
next set of activities, the FSR&D teams plan more
elaborate surveys, studies on special topics, monitoring
activities, and experiments.

While starting research in the right direction is im
portant, the nature of FSR&D allows the team to adjust its
approach as information is gained from experiments,
studies, and other forms of research. So, rather than delay
until a precise plan of action can be prepared, FSR&D
teams are advised to begin research early. In fact, FSR&D
practitioners urge that a cropping season not go by without
conducting some form of on-farm experiment. Livestock
systems, on the other hand, are more complex and may re
quire more careful planning.

3.1.3. PLANNING ON-FARM RESEARCH

The research team begins the research design and
planning activity by

1) reviewing the priorities given to problems and op
portunities and the hypotheses for solution

2) reviewing previous research findings
3) seeking whatever help is needed and available from

regional, national, and international sources
4) deciding whether to accept the current environmen

tal conditions as they are, or to assume some degree
of change.

With its research agenda set, the team analyzes cur
rent farming practices and environmental conditions as
they specifically relate to the proposed research program.
Team members investigate such topics as alternative crop
ping and livestock patterns, management practices, the
number and types of experiments, and the level to set
nonexperimental variables.

The FSR&D team works collaboratively with
farmers in their fields. In this way, a solid base is
developed for the team to understand farmers' conditions
and to design and implement appropriate experiments.
From this base, FSR&D activities can also be more effec
tively coordinated with the work of other research and
development organizations.

Moreover, the researchers design record keeping
systems, special studies, climatic monitoring, and
surveys. The FSR&D team needs these back-up activities
to

1) better understand the research area
2) implement the on-farm experiments
3) measure progress
4) evaluate the results.

Before finalizing the research plan, the team makes a
preliminary analysis of possible impacts of the proposed
technological changes on the farmers and the environ
ment. This analysis provides advanced information on
likely biological performance, resource requirements,
economic and financial feasibility, and sociocultural ac
ceptability. Included in economic and financial feasibility
are requirements placed on support systems and the need
for any changes in national and regional policies.

3.1.4. ON-FARM RESEARCH AND ANALYSIS

During this set of activities, the FSR&D team con
ducts on-farm experiments, initiates studies, gathers data,
helps to coordinate supportive research, and analyzes the
results.

The FSR&D team commonly conducts three types of
biological experiments: researcher-managed trials, farmer
managed tests, and superimposed trials. Researchers use

ISecondary information is published or unpublished data collected for purposes other than the current activity.



the first of these experiments to develop new technologies
under farmers' conditions. Such experiments are used
where control is important. The second of these ap
proaches seeks to learn how farmers respond to suggested
improvements by allowing the farmers to introduce the
new technologies in their fields. The third approach in
volves relatively simple researcher-managed experiments
applied across a range of farmer-managed conditions.

In conducting these experiments, the FSR&D team
cooperates with extension in establishing contacts with
farmers and local groups, identifies the locations for on
farm experiments, se~ures resources, and coordinates ac
tivities with the experiment station. Agreements need to
be reached among farmers, researchers, and cooperating
groups concerning who supplies which inputs, how the
outputs will be distributed, and who bears the risk of loss.
In addition, the team initiates special studies and surveys,
keeps records of farmers' practices and experimental
results, monitors local conditions, samples yields, and
analyzes experimental results.

The team's analysis of experimental results involves
evaluation of biological performance, actual resource re
quirements, economic and financial feasibility, and
socioeconomic acceptability. These analyses are similar to
those made during the planning of on-farm research. The
difference is that the analyses of on-farm experiments are
based on actual biological results, whereas the analyses
made during planning (Sec. 3.1.3.) are based on estimates
of biological performance. For farmer-managed tests, the
economic, financial, and sociocultural analyses incor
porate farmer reactions directly.

The researchers also estimate the acceptability of
new technologies by noting farmers' reactions to the pro
posed changes during and following the experiments.
Results from these analyses assist the team in evaluating

1) the readiness of the technologies for diffusion
2) the need for improved support services and govern

ment policies.

3.1.5. EXTENSION OF RESULTS

The FSR&D team can promote technologies accept
able to farmers and society at large2 in several ways. For
example, the technologies can be tested in multi
locations, incorporated in pilot production programs,
turned directly over to the extension service, or promoted
through other organizations.

Through multr·locational testing, the FSR&D team
extrapolates the improved technologies to other locations
within the target area. Extrapolation is usually limited to
environments similar to those encountered in the research
area. The FSR&D team can facilitate this process if, at the
outset, it adequately describes the research area and
subareas.

FSR&D team members continue to be actively in
volved in multi-locational testing by assisting extension
staff in identifying the conditions under which the
technologies apply. In some cases, researchers may have to
modify the recommendations slightly to accommodate
moderate differences in farmers or environmental condi
tions. In assisting with these tests, extension agents not
previously associated with the FSR&D team will learn the
details of the technologies and how to apply them.

Up to this point, the team's appraisal of the ability of
the support systems to accommodate the introduced
technologies is based on analytical studies. Before turning
the technologies over for widespread diffusion, the team
may want to initiate a pilot production program within the
target area. The purpose of the program is to test the im
proved technologies under conditions similar to those
likely to be encountered when the technology is broadly
diffused. Based on results, the team makes whatever
changes in the technology that are necessary, or alter
natively suggests changes in the support services or
government policies. These changes should be small,
however, since the FSR&D approach is intended to pro
duce technologies that fit farmers' and environmental con
ditions.

Sometimes extension or production programs can
diffuse improved technologies without additional testing.

2Technologies acceptable to society at large are those that take into account not only the long-run interests of the farmers receiving
the technologies, but also the interests of present and future generations indirectly affected. Generally, decision makers with a regional
and national perspective are called upon to make this judgment.
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This might occur when the new technologies do not call
for major changes or when the government prefers not to
spend the time and funds for such refinements. However,
we caution FSR&.D teams that bypassing multi-Iocational
tests and pilot production programs increases the risk of
failure.

To summarize, researchers, extension staff, and
those from production programs have mutually reinforc
ing roles during the diffusion process. Researchers can help
advise others about ways to identify conditions suitable
for the new technologies; they can also suggest alternate
recommendations in light of the slight variations that oc
cur throughout the research and extrapolation areas. Ex
tension and production staff who become familiar with the
improved technologies can then take over when
widespread diffusion begins. The close links established
throughout the FSR&.D process aid in this transfer of
responsibility and implementation.

3.1.6. COLLABORATION

Effective collaboration with other organizations
closely associated with the needs of small farmers is
critical to suc1essful FSR&.D activities. The two most rele
vant groups rill usually be experiment station staff and
the extension service. We show the linkages between the
five FSR&.D activities and these two organizations in Fig.
3-1.

Experiment station staff and facilities may be in
volved in some or all of the following ways. The target and
research areas may be selected because of available
knowledge of the agricultural potential generated by the
presence of a research station. Experiment station person
nel usually aid the field teams in identifying farmers' prob
lems. The FSR&.D team frequently brings such personnel
directly into the FSR&.D process because of their
knowledge and experience in the research process. Thus,
experiment station personnel will be able to help carry out
research on farmers' fields, to conduct other research in
support of FSR&.D's needs, and to help analyze and inter
pret the results. Sometimes, the stations provide the hous
ing, office, storage, training, and related needs of the
FSR&.D field teams.

Similarly, the extension staff can help the FSR&.D
team understand the characteristics of the research areas
and particularly the target groups of farmers. Furthermore,
this staff can aid in problem identification by introducing
the FSR&.D team to individual farmers and local leaders.
As members of the FSR&.D team, extension specialists can
advise the researchers on farmers' conditions when the
team designs experiments. Then, when the team under
takes research on farmers' fields, the extension specialists
can help select farmers and conduct the experiments.
Finally, extension specialists trained in FSR&.D can
transfer the improved technologies to the extension ser
vice and other promotional organizations.



3.1.7. FEEDBACK

FSR&D does not require that all aspects of the farm
ing system be studied or that a plan of research be com
pleted before on-farm research begins. As long as the team
has prepared the general framework of analysis, on-farm
research can start and the results used to refine the ap
proach. The framework of analysis needs to include a con
ceptualization of the farming system and a preliminary
identification of relevant problems for research.

Moreover, for practical reasons, the approach to
FSR&D seeks to uncover improvements that are substan
tially better than existing practices, but not necessarily
the best practices. Initially, FSR&D tends to focus on
readily identifiable and researchable problems for study
and experimentation. This pragmatic approach starts
quickly and uses feedback from experiments and other
sources to produce better results than from more complex
and lengthy approaches. As the FSR&D program matures,
more fundamental constraints to improved farmer produc
tion may come to light. Then, the FSR&D team may work
on more complex problems.

As Fig. 3-1 illustrates, the feedback goes from ac
tivities 4 and 5 to activities I, 2, and 3. As the team
analyzes studies and experiments and evaluates and ex
tends improved technologies, it gains new insights into
the target and research areas and about farmers' problems
and opportunities. This information, in tum, may be used

• for selecting new target areas
• for redefining subareas or the research area
• for improving research designs and planning
• for altering the approaches to on-farm research and

analysis.

Such information eventually becomes part of the general
body of knowledge of the area.

By setting experiment station and extension off to
the side in Fig. 3-1, we stress the central role of on-farm
research. Such emphasis focuses attention on farmers'
problems and opportunities. At the same time, we do not
underestimate the importance of effective collaboration
with experiment station and extension staff. Effective in
tegration of the efforts of experiment station, extension,
and field team staff is essential to FSR&D.

Finally, analysis is listed as part of activity 4 because
of its importance at this point in the FSR&D process (Fig.
3-1). The available information on biological performance,
resource requirements, economic and financial viability,
and farmer response gives the FSR&D team the first good
indication of how well farmers are accepting the new
technologies. Actually, the FSR&D team analyzes each ac
tivity to evaluate results and plan the next activity.

3.2. TIMING OF ACTIVITIES

The time required to generate and transfer improved
technologies varies because of several factors: types of
farm enterprises, research team's knowledge of the area,
the backlog of suitable agricultural technologies, strength
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of research and extension programs, need for training staff,
perceived urgency for improvements, governmental sup
port, success in identifying better technologies, and so on.
For example:

• Some researchers working on irrigated lands will
want to obtain an understanding of the water
balance- Le., accounting for water inflow, outflow,
uses, and losses-before initiating irrigation ex
periments.

• Research results can be obtained more quickly in
areas suitable for growing the same crop more than
once per year than for single season crops that are
part of a three-year rotation.

• Livestock experiments involving pastoralists are
generally longer and more drawn out than cropping
experiments, and experiments with tree crops
generally take even longer.

3.2.1. NEW FSR&D PROGRAMS FOR PREDOMINANTLY
CROPPING SYSTEMS

Table 3-1 presents a representative schedule for
FSR&D activities for cropping systems in new areas. This
schedule allows on-farm experiments to begin 21 weeks
after initiating target area selection. Time could be re
duced if the target area has been selected or if conditions are
sufficiently uniform that subareas do not have to be iden
tified. Alternatively, the time could be increased if the
area's characteristics, potential, or problems are complex.
The six weeks for gathering and reviewing secondary data,
conducting reconnaissance surveys, and ranking of the
possibilities for improvement represent a fairly rapid, and
yet, a reasonable schedule according to FSR&D practi
tioners. Note, hQwever, that this schedule presumes that
researchers already know the FSR&D process.

The team uses the time for planning on-farm
research for a detailed analysis of the alternatives sug
gested during the previous set of activities; deciding on the
types, locations, and numbers of experiments; planning
data gathering; establishing contacts with cooperating
farmers; acquiring materials; assigning tasks for team
members; and other activities.

The schedule in Table 3-1 assumes

• good sequencing of activities
• no serious problems
• an available cadre of capable researchers
• synchronization with the cropping seasons.

Delays in recruiting and training staff, securing equip
ment, having to build facilities, obtaining permission to
proceed, securing operating funds, and the like would ex
tend the schedule.

The following example illustrates the time the IRRI
staff needed to help the Government of the Philippines
initiate a cropping systems program in a new area:

IRRI helped launch a new program in the Philippines In 4-112
months between the time the research area was selected and
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Table 3·1. Representative schedule for Initially completing the
first three activities In the FSR&D process for cropping
systems In a new area.

• Special studies and surveys, which are identified dur
ing this review, may be designed and initiated after the nine
weeks indicated for this step.

3. Planning On-Farm Research
Reviewing Identified problems and

gathering additional information· 1.5
Designing experiments 2.5
Planning for research, including

identification of collaborating
farmers 5.0

Total 9.0

Activities
1. Target and Research Area Selection

Selection of general target area
Division into subareas
Selection of research area

Total
2. Problem Identification and Development of

a Research Base
Gathering and reviewing secondary data
Conducting reconnaissance surveys
Analyzing results and setting priorities

Total

Time
(weeks)

1.5
2.5
2.0
6.0

2.0
2.0
2.0
6.0

three crops are sequenced, a year might be required. Ex
periments with sugar cane could take two years and rota
tions of single-season crops in temperate climates would
take longer.

The overall program may take several years to
develop technologies with broad applications. The
Agricultural Science and Technology Institute (ICTA) in
Guatemala often begins with researcher-managed trials,
follows with farmer-managed tests, and then evaluates
farmer acceptability.

As experiments are completed each season, ICTA
teams quickly analyze the results so that they can plan
next season's experiments. And, ICTA teams use the
time between seasons to conduct reconnaissance surveys
before moving into new areas. According to Hildebrand
(personal communication), the following activities
associated with problem identification and planning on
farm research can be completed in 5 to 10 weeks at the rate
of 1 to 2 weeks per activity:

1) gathering and analyzing background information
2) conducting reconnaissance surveys, identifying

problems and opportunities, and setting priorities
3) locating collaborating farmers
4) designing experiments and identifying farmers'

fields
5) obtaining experimental materials.

experiments commenced in farmers' fields. The sequence
follows: (1) the decision to go to the field was made on the 15th
of November; (2) the research team looked at the farm setting
and farmers' practices In the area, including such factors as
soil classification and fertility, climate, major crops grown,
varieties, yields, types of farming enterprises, farm and family
size, markets, and credit; (3) the team began to Identify soil
types and to plan the season's activities in terms of cropping
patterns, treatments, factors to hold constant, and so on by
January 8th; and (4) the team started the on·farm experiments
by April 1st. In the meantime, the staff was acquired, offices
were set up, equipment secured, and other tasks necessary for
field operations were completed. The approach was timed so
that experiments began with the first available cropping
season (Zandstra, personal communication).

3.2.2. ONGOING FSR&.D PROGRAMS FOR PREDOMINANTLY
CROPPING SYSTEMS

Once the FSR&D program has been initiated and on
farm experiments begun, the team usually repeats a series
of trials and tests until improved technologies are iden
tified and passedon to the farmers. We have not included
the time for on-farm research and analysis and diffusion of
results in Table 3-1 because conditions vary widely. For
example, on-farm research and analysis might take 18
weeks for experiments with short season crops. If two or

We consider such a rapid schedule as attainable once an
FSR&D team has gained experience in the region and has
mastered FSR&D methodologies.

On rice-based systems, IRRI follows another ap
proach that takes about three years to adequately identify
new cropping patterns. Using both researcher-managed
trials and farmer-managed tests, IRRI's researchers begin
the first year with several cropping patterns with few
replications of experiments and by the third year they con
centrate on the most promising patterns using more
replications. Improved technologies may then pass
through multi-Iocational testing and pilot production pro
grams, before being handed over to promotional organiza
tions (Zandstra et aI., 1981).

3.2.3. NEW FSR&.D PROGRAMS FOR PREDOMINANTLY
LIVESTOCK SYSTEMS

The staff of the International Livestock Centre for
Africa (ILCA) is considering a substantially different ap
proach to FSR&D because livestock systems are distinct
from cropping systems rdeHaan, personal commu
nication).

Researchers studying the productivity of herds and
flocks may want to classify substantial numbers of
animals (perhaps 2,000) by age and sex and to consider
such factors as livestock sales and cow-oxen ratios. Cow
histories can be obtained from interviews with farmers to
trace such factors as animal growth from birth through
calving and progeny history. These histories provide infor-



mation on fertility and mortality rates, but little on the
causes for these rates. To learn about the causes for these
rates, record keeping and analysis should continue for at
least 18 months, or more when variable annual rainfall in
fluences herd and flock conditions. Other ways to learn
about livestock systems are through modeling and
monitoring changes accompanying livestock development
programs. Modeling helps to identify important features of
the system for research. Monitoring seeks to learn, among
other things, about the sociocultural responses to the in
duced change.

These characteristics of livestock systems, which
often depend heavily on grazing for animal nutrition, sug
gest a longer period for data gathering than for cropping
systems. However, not all livestock or mixed systems
take so long to research before improved technologies can
be introduced. For example, research can be conducted
faster on mixed-system relationships and factors such as
manure and stubble, supplementary feeding from surplus
crops, livestock as traction and transportation, competing
and complementary land use, and opportunities for labor
specialization (Delgado, 1978).

3.2.4. CLOSING COMMENTS ON TIMING

Experienced researchers have opposing views about
the time required to identify improved technologies. Some
researchers caution against rapid initiation of FSR&D ac
tivities. They argue that

• The team requires time to gather base-line data for
use in measuring research accomplishments.

• The team needs time to understand the farmers and
for farmers to become accustomed to the team.

• The team must be cautious when introducing new
technologies to farmers; otherwise, farmers might be
harmed by the change, thereby causing farmers to
lose confidence in the team.

While recognizing the validity of these arguments,
we interpret the emphasis of FSR&D practitioners as
pressing for early initiation of on-farm experiments.
Rather than start off by collecting base-line data, farm
records can be used for measuring FSR&D impacts. Farm
records are accounts usually kept by one or more members
of a farm household of the inputs and outputs for a single
crop or animal type. Researcher-managed trials can ac
quaint the researchers with farmers' conditions before sub
jecting the farmers to the risks of farmer-managed tests.
Furthermore, FSR&D practitioners generally feel that ex
perimentation provides a good way to learn about the far
ming system. Some practitioners argue that early improve
ment in farmers' conditions helps to interest the farmers.
In fact, frequent researcher contact with farmers without
producing tangible benefits usually dampens the farmers'
interests in further cooperation.

To conclude, FSR&D's approach needs sufficient
flexibility to adapt to local conditions and to take advan
tage of new opportunities. Having said this, we recom
mend initiating experiments early and relying on FSR&D's
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checks and balances to guard against actions that might
harm the farmer.

3.3. STAFFING

This section provides information on those who
carry out the FSR&D process. The principal groups are
teams at the field, regional, and national levels. Whether
all of these teams will be actively involved depends on
how FSR&D activities are organized. The team make-up
will vary according to the types of FSR&D programs, the
availability of staff, and which FSR&D activity is being
undertaken. In this section we assume a national program
with teams at each of the three 1evels and sufficient per
sonnel to implement the approach.

3.3.1. FIELD TEAMS

The field teams work with farmers in their fields.
Such teams often consist of agronomists Icalled ingenieros
agr6nomos in Latin America), economists, and technical
assistants. Where livestock is important, an animal science
specialist should be part of the team; where irrigation is
practiced, an irrigation engineer can be a key member of
the team; and where women are responsible for growing
important crops or performing critical operations, field
teams should include women.

These teams are assisted from time to time by
speCialists in disciplines such as extension, sociology, en
tomology, and pest management. Often, such field teams
range from two to five professionals supported by
technical assistants. As a minimum, FSR&D practitioners
generally recommend that the team has a representative
from the physical or biological sciences and another from
the social sciences. Based on his experience in two Central
American countries, Waugh (personal comunication)
recommends staffing the field team with agronomists who
also specialize in another discipline useful to the field
team. For example, agronomists might take short courses
or classes at the master's level in economics, plant
physiology, diseases of one of the commodities, soil fertil
ity, statistical procedures, and so on. Furthermore, for this
example, one of the members should specialize in general
agricultural production and serve as liaison between the
FSR&D team and the extension service.

These teams report to the regional headquarters and
may live there or in the area where they work. The
technical assistants often live in villages within or near
the research area. Experience has shown that one member
of the field team can often manage 15 to 20 researcher
managed cropping trials and more farmer-managed tests.
In round figures, a team of five might manage about 100
experiments during a season.

3.3.2. REGIONAL HEADQUARTERS TEAM

The regional staff may include a regional director, the
field teams, commodity and disciplinary specialists
assigned to the area, and support staff. Commodity
specialists are generally assigned to those areas where
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crops and livestock of their specialty are most important
to the country. These specialists may work in other
regions as the need and opportunity arise. If a country does
not have enough specialists for each region, they might
receive short-term assignments in several regions. Nor
mally, experiment station staff is part of the regional
FSR&.D team.

3.3.3. NATIONAL HEADQUARTERS TEAM

The staff at national headquarters administers the
FSR&.D program and may include senior management, a
technical director, commodity coordinators, heads of the
disciplines, the director of experiment stations if the ex
periment stations are the responsibility of the FSR&.D pro
gram, commodity and disciplinary specialists, and other
technical staff. This team may be located at some central
headquarters or dispersed throughout the country.

3.3.4. OTHERS

Other groups and organizations become involved with
the FSR&.D staff from time to time such as farmers'

organizations, regional and local planning and ad
ministrative organizations, production organizations,
educational and training organizations, key decision
makers at the national level, and international organiza
tions in agricultural research.

3.3.5. INVOLVEMENT OF THE PRINCIPAL GROUPS
IN FSR&D

The seven principal groups listed in Fig. 3-2 are in
volved in the FSR&.D process to varying degrees depending
on the activity and individual country situations. Others
are involved as well, but to a lesser degree.

Target area selection requires high-level decisions,
which explains why national level staff is involved.
Dividing the target area into subareas and selecting
research areas, a more technical matter, requires those
knowledgeable about the area. Because problem identifica.;.
tion brings the FSR&.D team into direct contact with
farmers and the surrounding environment, the team seeks
support and suggestions from regional and local
authorities, local businessmen and leaders, and a cross
section of local farmers. Planning on-farm research calls
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Figure 3·2. The sequence of principal groups Involved In the FSR&D process.

FSR&D Activities

Target Area
Selection

Groups and Timing

•
IV to VI .
1.5 Weeks

Delineation of
Subareas and
Selection of
Research Areas

1\;;\1 11* to IV, VI
4.5 Weeks

Problem
Identification and
Development of a
Research Base

Planning On-Farm
Research

On-Farm Research
and-- Analysis

Extension of
Results

Evaluation of
FSR&D Activities

I·:::i: .• r .•·p·• ...••..•.•• :: ..•.......•.•.•...•.•.••.•.•.•..••••• ~ II to IV
,~~.......~...·)·...:·.·••••....·.(.....t}iiiiiii:, 9 Weeks

IV to VI _

4 Weeks~

*Provided field teams have been selected

Key: I. Farmers and Farmers' Organizations; II Field Team; III Regional
Headquarters Team; IV. National Headquarters Team; V. Key National
Decision Makers; VI. Extension Service; VII. Production Oriented
Groups.

for sound technical input from the field team, and com
modity and disciplinary specialists.

On-farm research concentrates on activities on
farmers' fields and can profitably use help from the exten
sion service when supervising farmer-managed tests. Ex
tending the results moves the center of activities to the ex
tension service and other promotional organizations, but
requires inputs from research to assist in the transfer pro
cess. Finally, evaluation of FSR&D activities generally re
quires involvement of national and regional level staff
from the major organizations concerned with FSR&D.

3.4. FSR&.D STRATEGIES

Earlier sections of this chapter on FSR&D activities
did not dwell on how much change to attempt, how soon
to attempt change, where the ideas for change originate,
nor what type of research to consider. The possibilities are
numerous and FSR&D practitioners have not settled on a
common approach. Consequently, we advise those begin
ning FSR&D activities to be flexible so they can make
changes as they gain experience and new information
comes to light. In this section we discuss some of the
issues to consider in deciding on an FSR&D strategy.

3.4.1. HOW MUCH CHANCE?

Agricultural researchers frequently debate the issue of
how much change to introduce into farmers' systems such
as changes to the farmers' cropping and livestock patterns,

management practices, and the farming environment. At
one extreme, nearly everything is, initially, considered
subject to change. Changes could range from improved
seed and pest management to better farm-to-market roads
and price supports for grains. The resulting farming
systems could be quite different from those prevailing
before introducing such changes. Such an approach might
be followed if the FSR&D teams answer "yes" to these
questions:

• Are farmers willing to consider major changes to
their systems?

• Is the research team capable of dealing with the com
plexities of the whole farm?

• Is the government prepared to respond to suggested
changes across a broad range of possibilities?

• Are few opportunities apparent for materially im
proving the farmers' conditions without having to
initiate major change?

The other extreme takes the farmers' cropping or
livestock patterns about as they are and works on improv
ing the efficiency of farmers' practices. The reasons for
working with existing patterns are

• The above four conditions are not present.
• Some form of quick results are needed to capture the

interests of the farmers, the researchers, and funding
organizations.

• Farmers with limited resources are evaluated as be-
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ing particularly cautious about accepting new crops
or livestock on a significant scale, especially when
the change reduces production of one of their tradi
tional food sources.

Deciding on which approach depends on accurately
appraising the farmers' responsiveness to change, the
capabilities of the FSR&D team, the flexibilities within
the farming system and the environment, and the urgency
for change.

This discussion can be summarized by what has been
described as a comparison of "farming systems in the
large" and "farming systems in the small" (Harrington,
1980). The ratio of variables to parameters is high for the
former and low for the latter. CIMMYT emphasizes "farm
ing systems in the small" because this approach focuses on
those maize or wheat systems where the chances for im
provement are high. CIMMYT's researchers consider both
the requirements of maize or wheat and how these crops
fit into the farmers' system. In contrast, those following a
"farming systems in the large" approach would not settle
on any particular part of the system without first
establishing that the parts selected offer the best chances
for improvement.

3.4.2. HOW SOON TO ATTEMPT CHANGE?

How soon to attempt change frequently comes up
when discussing FSR&.D. Because of the diversity of farm
ing systems and the risks of doing something that will
cause irreversible damage, some researchers delay research
and imp]ementation of results until a careful study of
farmers' conditions is completed. These researchers feel
that this approach allows them time to gain - a good
understanding of farmers' conditions and the research
potential, to gather base-line data for evaluating the effec
tiveness of their programs, and to design an integrated
research and development program. Pursuing this ap
proach might take one or more years before on-farm
research begins.

Other researchers associated primarily with cropping
systems research propose to introduce change quickly us
ing on-farm experiments to gain an understanding of how
the farmers and the environment respond to change. In the
process, the FSR&D team will uncover opportunities for
further research and improvement. Opportunities for
change by this process may be less than optimum, but
such opportunities often interest farmers. Moreover, in
troducing change in this way sometimes yields greater

John M
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returns from scarce research funds than more precise and
drawn out procedures. In addressing a meeting of
agricultural economists, Collinson 11979) argued that
with resources remaining limited, "low cost/rapid
coverage approaches seem to be an essential starting point
for a bread and butter contribution from the profession."

Most FSR&D practitioners in cropping systems
whom we have met prefer the quicker approach. They
argue that waiting reduces benefits to present-day farmers
and that such costs are greater than the costs of
misdirected action. Moreover, the FSR&D approach con
tains adequate controls for keeping the research on track
through frequent experiments, close interaction with
farmers, and feedback from research and development
results. Finally, record keeping of farmers' activities in the
target area can serve as one of the bases for evaluating the
effectiveness of the FSR&D approach.

3.4.3. WHERE THE IDEAS FOR CHANGE ORIGINATE?

Much of the research in developing countries has been
conducted on experiment stations, which generated
technologies that were subsequently brought to farmers
for acceptance or rejection. In contrast, FSR&D em
phasizes early contact with farm households to learn about
their conditions so that improvements can be developed in
response to their needs. A critical element of this approach
is understanding farm households through on-farm
research in which farmers collaborate. Experiment station
and extension staff are integrated into the process. The
proper mix of on-farm and experiment station research
depends on each situation, including the ability of the sta
tion to respond to research needs identified through the
on-farm research.

3.4.4. WHAT TYPE OF RESEARCH?

Another aspect of the foregoing issue is the debate
over the desired mix of site specific and generally applica
ble research. Several writers have described this issue in
terms of the integration of "upstream" and "downstream"
research. "Upstream" research is characterized as being
partly basic, broadly general, and supportive; whereas,
"downstream" research is characterized as being site
specific, primarily adaptive, and useful without long delay
for target groups of farmers (TAC, 1978; Gilbert et aI.,
1980; Harrington, 1980). Gilbert et a1. (1980) described
"upstream" research as finding

"... out how to overcome major constraints com
mon to a range of farming systems extended across
one or more geographic zones. The partial or total
removal of a constraint such as water availability in
arid areas and soil fertility in the humid tropics can
significantly expand the range of enterprises and
techniques which can be potentially utilized by
farmers. Such programs mainly contribute to the
'body of knowledge,' rather than develop practices
specifically tailored to a local situation. Prototype
solutions produced by 'upstream' FSR programs

Conceptual Framework • 37

must be further adapted by 'downstream' FSR pro
grams to specific local conditions. Further,
'upstream' programs may provide inputs into the
establishment of research priorities for commodity
improvement programs, since the 'upstream'
perspective is broader in terms of commodities and
disciplines than commodity improvement pro
grams. And their geographic perspective tends to be
broader than that of 'downstream' programs.
Ultimately 'upstream' programs should rely on feed
back from 'downstream' programs to sharpen their
own research priorities or objectives. Extensive use
of experiment station trials often characterizes
'upstream' programs" (Gilbert et aI., 1980).

On the other hand:

". . . 'downstream' FSR programs begin with an
understanding of existing farming systems and the
identification of key constraints. However, in con
trast to 'upstream' programs, 'downstream' FSR does
not always seek to significantly alleviate key con
straints... , but instead identifies areas of flexibility
in the specific system through accommodating in
novations to the reality of existing constraints. In so
doing 'downstream' FSR, as emphasized earlier,
depends primarily on existing research results for
testing and incorporation directly-or with relative
ly minor modifications - into farming systems. On
farm trials and direct or firsthand interaction with
farmers predominate while experiment station
research tends to be minimal and restricted to adap
tive rather than basic research" (Gilbert et aI., 1980).

Gilbert et a1. (1980) summarized their discussion
about "upstream" and "downstream" research by saying
that an FSR&D program should strive for some mixture of
the two as determined by the availability of innovations
that can be easily and rapidly integrated into existing farm
ing systems. Where the pool of technologies is large,
"downstream" programs can be effective in identifying and
adapting the most promising approaches. Conversely,
where basic or more general research is needed, an
"upstream" approach may provide an appropriate mode for
organizing research to cut across traditional disciplinary
and commodity lines. At the minimum, a two-way flow of
information is needed from farm level to research institu
tion and back again in the form of appropriate
technologies. To date, the IARCs have had the relative ad
vantage in conducting "upstream" research, while the na
tional programs have the advantage in conducting
"downstream" research; however, a national program may
engage in both types of research.

Another aspect of the type of research to favor con
cerns whether or not researchers should stress small
farmers' welfare or their production. Sometimes increases
in farmers' production are large enough to satisfy national
objectives for larger output. When they are not, the
FSR&D team should seek guidance from national policy
makers.
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3.4.5. A PARTIAL RESOLUTION OF THESE ISSUES

While the above discussion might suggest an ex
cessive number of factors to consider in planning an ap
propriate strategy for a country's FSR&D program, some
resolution of the issues is possible. Consider the following
possibility. An FSR&D program might be initiated that
emphasizes quick and modest changes in farmers'
systems. Most small farmers will probably not want to
risk much at first. In time and with adequate success,
farmers may become interested in more substantive
changes. Likewise, some early success will be needed to
show FSR&D's effectivenss to those who fund the effort.
Then, as researchers and farmers .become better
acquainted, more imaginative improvements can. be
planned.

Thus, the researchers could begin working to improve
the yields of the farmers' subsistence crops. After these
have been improved, part of the farmers' resources can be
directed to higher valued crops or livestock with which the
farmer is familiar. Finally, new crops and patterns can be
introduced as farmers become more successful. This con
cept reflects the dynamics of a staged FSR&D approach.
For example, such an approach is occurringin Ethiopia in
which ILCA (1980) is experimenting with improved sub
sistence crops, with the idea of freeing land for forage crops
and livestock improvement. Better livestock helps to im
prove traction and, in tum, crops.

3.5. SUMMARY

We began this chapter by describing the five major ac
tivities common to many FSR&D programs and the col
laboration with experiment station and extension staff.
Research and development results are fed back to earlier
activities to improve research designs and add to the body
of knowledge. Timing of FSR&D activities depends on the
situation: for cropping systems in the tropics, rapid im
plementation of on-farm experiments is often possible; for
livestock systems and other situations, more time is
needed. FSR&D stresses on-farm research conducted by
interdisciplinary field teams supported by disciplin
ary and commodity specialists. We closed the chapter by
presenting alternative strategies concerning how much
change, how soon to attempt change, where the ideas for
change originate, and what type of change to consider.

In the course of gathering information for this book,
we visited several national and international centers con
cerned with FSR&D. In Appendix 3-A, we provide a sum
mary of some of these programs that reveals alternative
strategies for FSR&D.
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Effective selection of target and research areas is one
of the critical activities of the FSR&D process. Selection
generally begins with high-level decision makers in a
government deciding on one or more target areas as the
focus of attention, and selection of research areas con
tinues until improved technologies are diffused
throughout the target area and possibly extrapolated into
other areas.

The process of selecting areas for FSR&D activities
is roughly as follows:

1) The decision makers select the target area or areas.
2) The FSR&D team divides the target area into

subareas according to characteristics most important
for the FSR&D effort.

3) The FSR&D team selects the research area within
the target area.

4) The FSR&D team selects farms and farmers within
the research area for conducting on-farm research.

5) When research results are promising, the FSR&D
team and the extension service select multiple loca
tions within the target area for validation of new
technologies on a broader scale.

6) If the results of the multi-locational tests are
satisfactory, the FSR&D team and governmental
agencies select areas for pilot production programs to
evaluate the new technologies on a more intensive
scale.

7) After resolving any problems arising from the pilot
production programs, the extension service and
other relevant agencies implement the new
technologies according to suitable subareas within
the target area.

8) Finally, these governmental agencies may ex
trapolate relevant technologies to similar areas out
side the target area.

We illustrate this sequence of activities in Fig. 4-1.
In this chapter, we discuss (I) the amount of data to

collect for the various FSR&D activities, (2) the selection
of a target area and subareas, [3) the selection of the
research area, and (4) the early identification of oppor
tunities for action. We close the chapter with a summary.

4.1. AMOUNT OF DATA TO COLLECT

The FSR&D team collects data during the different
activities on similar topics, but at different levels of detail.

The team begins with a broad, cursory overview of infor
mation relevant for target area and subarea selection. The
overview will include physical, biological, and
socioeconomic information. We represent this activity in
Fig. 4-2 by a thin, continuous horizontal bar. While some
of the material collected during target area and subarea
selection is adequate for the research area selection, the
team needs greater detail and other kinds of data.

The above requirements can be compared with still
more intensive data requirements for problem identifica
tion and the research process. In Fig. 4-2 we show this
need for increasingly greater detail on more specific topics
by successively longer and narrower rectangles as we pro
ceed from one activity to the next. Data gathering for
FSR&D is an integrated and comprehensive process. We
discuss the detailed information needed for FSR&D ac
tivities later in this book.

4.2. SELECTION OF TARGET AREA AND SUBAREAS

We now tum to a discussion of the first major ac
tivities in the FSR&D process - the selection of a target
area and its division into subareas. We define our terms
and then discuss the criteria and methods for selecting the
areas, information needed, and selection of the areas.

4.2.1. DEFINITIONS

An FSR&D target area, may be selected for two basic
reasons:

I) to meet the needs of the people living there
2) to take advantage of its agricultural potential.

In the second case, people mayor may not already be liv
ing in the area.

When conditions in a target area are substantially
different, it may be divided into smaller areas with similar
physical, biological, socioeconomic, and farming systems
characteristics. These smaller areas are the subareas for
which improved technologies can then be developed. For
example, Fig. 4-3 illustrates a hypothetical target area
with four subareas. Subarea A consists of valleys and low
plains with stony soil subject to flooding. Subarea B has
the same type of land as A, but is settled by a different
ethnic population. with a different farming system.
Subarea C is fertile plain. Subareas A, B, and C have good
accesses to markets. The farmers in these three subareas
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Figure 4-1. The sequence of locations of FSR&D work during
the FSR&D process.

SUbrea~ s-,ub.;;;.3r_e_a-.a.__SU-,b4;.:..ar_ea ..;..

tative. Then, as the FSR&D process continues and the
team learns more about the subarea, the boundaries may
be revised.

Subareas are not necessarily contiguous. For exam
ple, in Fig. 4-3, three of the four subareas are divided. Fur
thermore, the team need not consider all subareas
simultaneously. It might rank subareas according to some
priority for deciding which ones to work in.

In Appendix 4-B we show the method Collinson
(1979a) used for grouping farmers "into relatively
homogeneous populations on the basis of their present
farming system" in the Central Province of Zambia. "The
key step in interpretation [of the collected information] is
deciding the sources of variation which are critical in dic
tating resource allocation in farming systems of the area."
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4.2.2. CRITERIA AND METHODS

Data Needed During the
Research Process (Very
Detailed on Specific
Topics)

Data for Initial Problem
Identification (More
Detail on Some Subjects)

Figure 4-2. The amount of data detail collected during
FSR&D activities. The width of the rectangle Indicates
breadth of coverage; height of rectangle illustrates amount
of detail.

Data for Research Area
Selection (Some Detail
on Some Subjects)

The first step in selecting a target area is for the key
personnel in the FSR&D program to identify potential
criteria for the selection. Then those holding top policy
and planning positions in the government discuss, select
and order these criteria, and determine the information
needed. FSR&D researchers collect and analyze the infor
mation and submit alternatives to the decision makers for
their choice.

Compatibility with national and regional policies
ranks high on the list of criteria for selecting target areas.
For example, a national development policy in a country
may favor assistance to poor farm families, providing food
for urban populations, or increasing the country's foreign
exchange balance. Table 4-1 based on an unpublished
paper by Collinson (1979bl illustrates how selected
characteristics can be used in comparing two potential
target areas. If the government favors helping poor

r----------------., Data for Target Area and
Physical Biological· Socioeconomic Subarea Selection

(Broad Overview)

Implementation
in Target Area
and Extrapolation
to Similar Areas

Pilot Production
Program Areas

have mostly crop-based farming systems. Subarea D is
erodible hill country with poor roads. The inhabitants
have a livestock-based farming system and are nomadic
during the dry season.

Some FSR&D practitioners use other means for
dividing a target area. For CIMMYT's work, Byerlee et a1.
(19801 call the focus of the FSR&D effort the recommenda
tion domain and define this term as "a group of roughly
homogeneous farmers with similar circumstances for
whom we can make more or less the same recommenda
tion. Recommendation domains may be defined in terms
of both natural factors-e.g., rainfall-and economic fac
tors-e.g., farm size." In Appendix 4-A we present a
tabulation of farming practices that CIMMYT used to aid
in establishing recommendation domains.

ICTA in Guatemala searches for groups of farmers
who are using similar methods for the same cropping pat
terns. If farmers grow the same crops in approximately the
same manner, the researchers assume that the environ
ment and other conditions are similar. ICTA's researchers
assume an improved technology should apply to all
members of the group, because the crops, means of pro
duction, and expected responses are similar.

In establishing the boundaries of a subarea, the
FSR&D team does not look for an area with complete
uniformity of all farmer circumstances. Such an area rare
ly, if ever, exists. Instead, the team seeks an area where
large numbers of farmers are relatively homogeneous in
their characteristics. Enough farmers should be involved
to make the research effort worthwhile. By relatively
homogeneous, we mean most farmers will respond to the
new technologies in a similar way.

The first boundaries of a subarea may have to be ten-



Figure 4·3. A hypothetical target area divided Into four sub·
areas showing a research area In three parts.
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families, the decision makers would select target area A.
Alternatively, if the government favors increasing urban
food supplies or expanding exports, the decision makers
would select target area B.

As another example, the national decision makers in
one African country selected a sparsely populated region
with improvement potential as a target area. They based
their choice on the national policy to alleviate land
pressure in its fertile, but overcrowded highlands.

Selection of a particular target area may satisfy more
than one development goal. As an example, one Latin
American country has the twin goals of improving the
economic level of poor roral areas and of increasing
political stability there. Farmers in one region of the coun
try had traditionally supplemented their meager farm in
comes with seasonal work in a neighboring country. When
the neighboring country closed its borders to these
migratory workers and threatened annexation of the
region, the farmers' national government set up an FSR&D
project to raise farm incomes and to solidify the farmers'
loyalty.

As another alternative, the decision makers may
select a target area on the basis of specific physicallimita
tions or problems such as erodible slopes, flooding, soil
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Table 4·1. Comparison of five characteristics of two potential
target areas (Based on an unpublished paper by Collinson,
1979b).

Target Target
Characteristics area area

A B

Number of poor farm families 50,000 15,000
Number of poor farm people 300,000 100,000
Production of exports (US $) 1,000,000
Production of urban food

supplies (US $) 50,000 200,000
Average family's cash income

as percent of the national
average 40% 150%

salinity, inadequate pasture, or animal disease. In
Sumatra, Imperata grass overgrowing large areas presents a
major problem to Indonesia's land settlement program. For
this reason, the decision makers chose a target area that
had large sections of Imperata infested land for an FSR&D
program.

The following questions may help the FSR&D staff
provide the information the decision makers need for
determining broad policy options:

• Is the target area or subarea large and relatively
similar in those environmental characteristics that
have the most bearing on potential research results?
If the answer is yes, the FSR&D team can apply the
research results broadly and meaningfully within the
target area.

• Is the target area similar to other areas? If so, some of
the technology developed in the target area can be
extrapolated to other areas.

• Does the area have the potential for rapid payoff
from FSR&D? Factors that often determine the
potential are (1) physical and biological conditions,
(2) markets and infrastructure, (3) available
technology, and (4) farmers' willingness to accept in
novations.

• Do the area's environmental conditions facilitate ap
plication of technologies developed elsewhere? If so,
the FSR&D process could be greatly shortened.

• What are some of the cost factors? For example, is
the target area now served by existing governmental
programs or private institutions? If so, cooperation
with such programs or institutions could enable
FSR&D to accomplish more, reduce costs, or save
time. One example would be the help that an ex
isting experiment station could offer. However,
FSR&D may be needed more in areas where such
links are not well established, and the costs are
higher. Thus, high-level decision makers may have
to make this choice.

In Appendix 4-C, we illustrate how environmental
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suitability and other factors influenced the choice of target
areas in Indonesia.

In Mali, several factors favored the Mali Sud region
as the target area for a farming systems project. Regional
characteristics (1) favored rapid development of the area
and (2) offered a wide range of farms at different stages of
modernization and a potential for integrating livestock
and cropping enterprises. Rapid payoff was expected
because of favorable agroclimatic conditions and good
roads. The program costs were kept down because the
area's supportive institutions were functioning well and
because a research station had initiated farming systems
work in the area.

4.2.3. INFORMATION NEEDED

As indicated in Fig. 4-2, the team uses a broad range

of data for target area and subarea selection that includes
information on national policy, farmers' characteristics,
and the environment. Below, we (1) relate national policy
with farmer characteristics, (2) discuss four aspects of the
physical environment and provide an example, and (3)
describe secondary and primary data sources.! In discuss
ing this third item, we provide suggestions on gathering
socioeconomic data, as well as other types of data.

National Policy and Farmer Characteristics
The criteria the decision makers and FSR&D team

use in selecting the target areas will determine general
data requirements. Consider national policy criteria. Sup
pose the primary objective of national policy is "to in
crease agricultural income on small farms." Then, for each
potential target area the FSR&.D team needs data such as
the number of small farmers, the size of their farms,

lSecondary information means published or unpublished data collected for purposes other than the FSR&.D project; primary infor
mation refers to data collected specifically for the FSR&.D project.
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agricultural income, cropping and livestock patterns, and
management practices. In addition, the team should in
vestigate the practices used by successful farmers and why
others do not use these practices.

The exact wording of policy objectives is important.
Suppose the word "agricultural" is left out before "income"
in the above policy objective. Now the objective is "to in
crease the income on small farms." Thus, increases in in
come are not limited to agricultural income. Data collec
tion must now include nonagricultural income on the
farm such as spinning, weaving, or pottery making.

Physical Environment
In its work in Southeast Asia, IRRI developed an ap

proach to classification of the physical resources of an area
according to climate, topography, and soils. In the discus
sion that follows, we report on (11 IRRI's work on these
three topics, (21 water, and (31 an example in Southeast
Asia that integrates these factors.

Climate. In parts of Southeast Asia, IRRI researchers

delineated four major climatic zones (with subdivisions)
for rice, based entirely on rainfall patterns. See Fig. 4-4
(IRRI, 1974). These researchers explained "in general a fair
amount of data on rainfall is available for most South
east Asian countries. However, other macroclimatic
parameters such as evaporation, temperature, relative
humidity, wind speed, and particularly solar radiation are
seldom recorded. Therefore, these data could not be used
to evaluate evapotranspiration." In Appendix 4-0, we pre
sent IRRI's criteria for selecting the major climatic zones,
the description of these zones, and their subdivisions.

For other regions of the world, for different crops, or
for livestock, FSR&D researchers may need to consider
other climatic factors.

Topography. According to IRRI (1974), "a convenient
method for a broad-scale topographic classification of the
rice lands of Southeast Asia is to divide the countries of the
region into the physiographic units with which different
forms of rice cultivation are closely associated." IRRI
researchers used four subdivisions as a first approxima
tion:
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Figure 4·4. The rainfall zones for parts of Southeast Asia (Adapted from IRRI, 1974). Wet month means at least
200 mm rain. Pronounced dry season means at least 2·3 months with less than 100 mm rain.
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• coastal plains of marine, deltaic, and fluvial origin
• inland terraces and plains of ancient origin, usually

well dissected
• inland terraces, fans, and valleys of recent origin
• sloping lands.

We show these four physiographic units in Fig. 4-5 and
briefly describe them in Appendix 4-E.

Soils. IRRI (1974) lists the major soils in each
physiographic unit that are important for rice growing
lFig. 4-5). In classifying these soils, IRRI relied on the soil
taxonomy of the U.S. Department of Agriculture IUSDA
Soil Survey Staff, 1975). This taxonomy lists six soil
orders-Inceptisols, Vertisols, Entisols, Ultisols, Alfisols,
and Oxisols. Here we present IRRI's description of Ultisols
as an example of soil information useful in target area
description:

"Ultisols. These are soils with a sandier topsoil, a
more clayey subsoil, a low base saturation2 and
mainly 1:1 clays.3 They occur in the older, but not
the oldest surface in the tropics. In Southeast Asia,
they are largely on the rolling and hilly lands. Prob
ably much of the upland rice grown in shifting
cultivation is on these soils, particularly in Sumatra,
Kalimantan, and Thailand. Apart from this use for
shifting agriculture, Ultisols form major areas for
tree crops like rubber and oil palms, but the area
under permanent annual cropping may be small. Ma
jor problems in annual cropping are erosion due to
profile instability and high acidity with aluminum
and manganese toxicity. Lime is needed to grow the
more sensitive crops, e.g., com and sorghum."

Water. With regard to water, especially for irriga
tion, such factors as the amount and period of availability,
quality, and source are important. We discuss irrigation
water in more detail in Sec. 5.4.1. and Appendix 6-A.

An Example in Southeast AsIa. Member countries of the
Asian Cropping Systems Network are striving to Increase
small farm income by searching for ways to help farmers grow
a second rice crop. Target areas are selected using data on the
number of consecutive months of rainfall of more than 200
millimeters. Within this target area, data on topography, soil,
and irrigation water guide the selection of subareas. In addi
tion, researchers gather data on other topics, such as popula
tion density, agricultural production, prices, and cropping ex
periments.

Secondary Information
Data on the broad physical, institutional, social, and

economic factors are generally available from secondary
sources. For example, census data provide information on
population density, size of land holdings, land use, and
crop and livestock production. Other sources include
weather records, cadastral surveys, commodity studies,
and reports of other programs.
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Statistics and reports may be available at all
levels - national, provincial, district, subdistrict, and
village. Data sources include the offices of national plan
ning, statistics, agriculture, community development, ir
rigation, research stations, and other agriculturally related
offices, as well as those of private and public marketing
organizations. For example, in an Egyptian project,
statistics on agricultural production guided the selection
of three target areas representing typical cropping patterns
along the Nile River.

An FSR&D te,am might use satellite imagery for a
general classification of potential target areas and aerial
photography for more detailed analysis. The latter is
especially useful in gathering and confirming information
on land use. Such information helps in identifying soil and
land types for cropping and livestock experiments. If
available, current aerial photos can be compared with
earlier aerial photos-preferably 20 years earlier-to iden
tify trends Ide Haan, personal communication).

Also, the team can prepare maps for FSR&D from
sources such as satellite imagery, aerial photos, or govern
ment maps. Topographic maps on a 1:50,000 scale are
often available for many areas of a country. Maps might
show such items as population distribution, ethnic com
position, land use, soil capability, vegetation, land tenure,
ecozones, and percent of land cultivated. Fig. 4-6 is an ex
ample of one of the many types of maps that can be
prepared as part of a reconnaissance soil survey IThom,
1978).

Primary Information
Once relevant secondary data have been gathered

and analyzed, the FSR&D team may need additional infor
mation to guide its selection of a target area. Primary
sources may then be used. Formal and informal leaders,
such as farmers, educators, local merchants, mayors, and
religious leaders may be good informational sources. Also,
technical specialists such as agricultural officers,
agronomists, climatologists, and social scientists are
useful. The team may obtain information from these
sources through. either informal or formal interviews. In
Peru, a research team used informal interviews of mer
chants and others to select a highland region with easy ac
cess to the Lima market as a target area. In Appendix 4-B,
we discuss how a research team gathered primary informa
tion for a province in Zambia, surveyed extension agents,
and tabulated the data.

4.2.4. ACTUAL SELECTION

The selection of specific target areas depends on the
key decision makers' values and on the country's decision
making structure. These values reflect the weights deci
sion makers place on national and regional policy, as well
as on socioeconomic and technical factors. Top-level deci
sion makers such as the ministers of agriculture, planning,
and finance are often involved. At other times, those

2Low base saturation refers to a soil with a small percentage of exchangeable metallic cations [Le., Ca + +, Mg + +, K +, NH4+).
31:1 clays consist primarily of kaolinite minerals. Kaolinite is a non-swelling mineral of low cation exchange capacity.
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Figure 4·5. The physiography of rice growing areas In parts of Southeast Asia (Adapted from IRRI, 1974).
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Figure 4·6. The percentage of land cultivated In an area of Kenya (Thom, 1978).
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below the ministerial level make the decision. For exam
ple, the regional agricultural directors in one Central
American country have considerable influence in such
decisions, provided their decisions fall within broad policy
guidelines. In another country, the director general of
agriculture selects the target area.

Those responsible for deciding on the target area nor
mally rely on their advisers to assist them in clarifying the
alternatives and in providing background data. In this
regard, FSR&D staff should be particularly helpful.

In summary, selecting a target area and subareas re
quires choosing criteria and then collecting and analyzing
data pertinent to the criteria. Large amounts of detailed
data should not be amassed. Generally, less than one
month is enough time to select the target area.

4.3. SELECTION OF THE RESEARCH AREA

Once the target area and the subareas have been
determined, the FSR&D team is ready to select the
research area. In describing this process, we will cover (1)
the definition of a research area, (2) criteria and methods
for selecting the area, (3) staffing, (4) information needed,
(5) means for collecting information, (6) selecting the area
in stages when the target area and subareas are large, (7) ac
tual selection, and (8) abandoning an area.

4.3.1. DEFINITION

A research area, where the FSR&D team develops
improved technologies, may represent the whole target

area or only some of the subareas. When the team properly
selects a research area, the research results are transferable
throughout the target area according to the subareas for
which the technologies were designed.

The research area may, in tum, be a single area or
comprise scattered areas. A single research area, reflecting
the variations within the target area, usually provides ad
vantages such as better logistics and team organization.

If the team cannot find a suitable single area, it
might select several areas that when combined constitute
the research area. Within this area, the team locates the
trials and tests in a way that broadly samples the condi
tions within each subarea (Fig. 4-7). In Fig. 4-7, the
research area is divided into three parts to cover minor
variations within subareas.

A convenient location for the team's headquarters
would be within or near the research area. Where the
research area is fragmented and the parts separated by poor
roads and communications, team operations could be dif
ficult and costly. Where such conditions exist, the FSR&D
team may need to establish two or more independent
research areas.

4.3.2. CRITERIA AND METHODS

In this section, we provide illustrative suggestions
that have helped others select research areas. Selection
criteria relate to (I) the area's representativeness, (2) size,
(3) accessibility, (4) closeness to an experiment station,
and (5) cooperation with farmer contact agencies and
leader support.
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Figure 4·7. Hypothetical research area consisting of three parts. This figure Is an enlargement of the 8,000 ha area shown In Figure
4·3. Selection of the location for the trials and tests Is discussed In Chapter 7•
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Representativeness of an Area
The overriding criterion for research area selection is

its representativeness of the target area or subareas. This
representativeness generally hinges on both environmen
tal conditions-Le., physical, biological, and socio
economic-and the farming systems.

We suggest the FSR&D team determine the
representativeness of a potential research area in this way:

8,000 hectares. The area could be smaller in a densely set
tled region, such as in parts of India where considerable
variability in farms and families occurs. The area could be
much larger in a sparsely populated area when transporta
tion is adequate. Most often, FSR&D teams use research
areas large enough to include some variability in farmers'
conditions. This variability allows the research team to
test the adaptability of new technologies under different
conditions and to make appropriate adjustments.

1) Decide which of the target area's or subarea's
characteristics such as rainfall, land type, distance to
market, or ethnic composition of the farm popula
tion are the most important.

21 Take a sample of farm communities with these
desired characteristics.

3) Collect data on these characteristics for each farm
community in the sample.

4) Calculate the average value for the sample for each
characteristic. These averages, taken together,
describe the most representative farm community of
the target area or subarea.

SJ Label the farm community that deviates the least
from these average values as the most representative
of the area.

Accessibility
Easy access to all parts of the research area enhances

cooperation between the research team and farmers, per
mits timely provision of inputs and marketing of outputs,
and reduces the team's operating costs. Accessibility of the
research area enables the support staff-scientists from the
experiment station, government officers, and FSR&D
researchers stationed in the nation's capital- to reach the
research area quickly. Living facilities for the regional
headquarters and field teams should be available nearby.
Easy access is especially important during the early stages
of FSR&D because meaningful results are often needed
quickly. Later, when FSR&D becomes established, re
search in areas more difficult to reach may be undertaken.

We illustrate how this method is being used in Indonesia
in Appendix 4-C.

Size
The size of research areas varies. For example, the

initial size of one of the research areas in Guatemala was

Existence of a Nearby Agricultural Research Station
When research stations are close to the research

area, the FSR&D team is more likely to receive effective
cooperation from the experiment station staff. Experiment
station staff can help the team with on-farm experiments
and by conducting experiments on the experiment station.
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Cooperation of Farmer Contact Agencies
and Leader Support

Support from farmer-contact agencies such as exten
sion, credit, and production groups is helpful to the
FSR&.D effort. Their provision of services such as informa
tion, credit, purchasable inputs, or marketing of outputs
can be essential for the widespread adoption of FSR&D's
results.

Help from formal and informal leaders at the na
tional and local levels can also be critical to FSR&.D's suc
cess.

4.3.3. STAFFING

In forming the FSR&D team to select the research
area, the FSR&D leaders should select the organization's
most experienced staff. These leaders may need help from
specialists in agronomy, livestock production, agricultural
economics, and farmer and social organizations.

Since livestock or crops are usually the focus of at
tention, at least one specialist in these fields is essential.
An agricultural economist is needed to translate technical
possibilities into economic practicality. A sociologist or

someone with similar training may be needed for
evaluating the sociocultural characteristics of farmers and
the organizations affecting farmers. Other experienced
staff may also be required, such as an agricultural engineer
where irrigation or farm equipment is important, com
modity specialists according to the most relevant crops,
and specialists in pest management.

This team should integrate its efforts by operating in
an interdisciplinary manner. For continuity, research and
extension members, who will be working in the area,
should be involved. Finally, women may need to be added
if one or more would not otherwise be part of the group.
Such involvement of female personnel is particularly rele
vant when women farmers manage many or all of the
farming activities.

4.3.4. INFORMATION NEEDED

Keeping the criteria from Sec. 4.3.2. in mind, the
FSR&.D team now gathers information on alternative
research areas. In Table 4-2, we list data categories for
research area selection. In view of the limited budgets in
most developing countries, the team needs to be selective
in how much data to collect.



Table 4·3. Data required for systematic selection of rural com·
munltles as research areas In Indonesia (Adapted from CRIA,
1979).

FSR&D team may use existing aerial photographs to ob
tain a quick and general impression of the obvious features
such as terrain type, land use, transportation networks,
and population centers. In addition, team members often
fly over the area to observe conditions. For ground
surveys, the team gathers information by observations and
interviews. Besides the items listed under aerial surveys,
the team observes such features as crops and livestock,
field activities, power sources, soil types, and irrigation
practices.

The team often interviews government administra
tors, agricultural researchers, personnel of farmer-contact
agencies, businessmen, community leaders, and farmers
and their families. Besides discussing and verifying their
observations, the team members may ask economic and
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Table 4·2. Data categories for research area selection.

Physical environment
Climate: e.g., rainfall, temperature, wind, sunny days
Soil: e.g., physical, chemical, hydrological conditions
Topography: e.g., slope, flood plain
Irrigation: e.g., water source and quality, means and

frequency of delivery, on-farm practices
Biological environment

e.g., weeds, Insects, diseases, birds, rodents, crop yields
Socioeconomic environment

Resource availability: e.g., land, labor, cash, means of
traction

Infrastructure: e.g., supply of farm inputs, markets for
farm output, transportation, electricity

Market data: e.g., prices of farm inputs and commodities,
traders

Sociocultural characteristics: e.g., land tenure and
inheritance systems, sexual division of labor in
agriculture, religious beliefs concerning agriculture,
openness to change

Political and economic structures: e.g., national regulations,
community groups, caste or clan systems, patron-client
relationships, cooperatives

Production systems and land use
e.g., major crops and livestock, cropping patterns,

livestock characteristics, management practices

In Table 4-3, we show the type of data the Indone
sian Cropping System Program uses for research area
selection.

4.3.5. COLLECTION OF INFORMATION

Whenever possible, the FSR&D team uses secondary
data for research area selection. Team members can usu
ally obtain such data quickly, inexpensively, and simply.
The team uses independent checks - other secondary
sources, discussions with those knowledgeable in the
field, spot surveys, and observations-to verify the
reliability and accuracy of these data. In Table 4-4, we list
the typical sources of data that researchers in Indonesia
collect. Other countries may have different sources of
secondary data such as tax offices or regional experiment
stations. Often the latter are especially useful for soil
surveys, rainfall records, and research results. Alterna
tively, the team may have to depend on data from national
research centers and agricultural offices. Too frequently,
data collected locally are sent to the national offices
without copies being retained in the local offices; hence,
local data resources may be limited.

When the FSR&D team finds secondary data insuffi
cient for selecting a research area, direct observations and
contacts with farmers m'ay be necessary. In such cases, the
team conducts reconnaissance surveys (sometimes called
exploratory surveys).

Reconnaissance Surveys
Reconnaissance surveys of the research area include

both aerial and ground surveys. For aerial surveys, the

Data

Distance from main road (km)

Area in each land use class
(ha)

Relative area In each slope
class (percent)

Relative area In each soli
texture (percent)

Area planted to each crop,
by month (percent)

Population, by economic
activity (number)

Rainfall by month for past
10 years (mm)

Participants (number) in the
rice production program of
the government

Months during which Irrlga·
tlon water Is avai lable (per
cent of area with less than
5, 6-7, 8-9, and 10·12
months of irrigation per
year)

Draft animal population
(number)

Tractor population (number)

Purpose

To guarantee that the rural
community Is easily
accessible

To permit the selection of
rural communities with the
largest area In the desired
land use class

To avoid rural communities
with atypical topography

To avoid rural communities
with atypical solis

To Identify currentproductlon
level

To determine Importance of
agricultural employment

To determine number of
months 100 mm or more of
rain and probability of less
than 100 mm at beginning
and end of cropping
season

To determine the availability
of credit and level of
technology In the rural
community

To identify areas according
to Irrigation regimes

To determine the availability
of draft power

To determine the availability
of mechanical power
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Table 4·4. Typical sources of data for research area selection In Indonesia (Adapted from eRIA, 1979).

Extension office-district
Rainfall
Soli
Topography
Land use by type
Variety trials
Fertilizer trials
Pest surveillance
Demonstration plots

Extension office-subdistrict
Hectares in each crop
Planting and harvesting dates
Yields by crop

Extension offlce- field
Land ownership
Transportation
Support services
Markets
Power
Yield constraints
Constraints to crop intensification
Input subsidies

Village office
Land ownership
Tenure
Tenant-landlord relations
Landless labor
Support services
Irrigation system
Employment profile
Population
Transportation
Migration

social questions about farming systems, markets, and
other unobservable factors. While farmer interviews may
range from informal contacts to formal surveys, FSR&D
practitioners generally favor quick, informal surveys for
research area selection.

Experiments

At times, the reconnaissance survey and the
available secondary data may still leave some doubt in the
minds of the team members about the suitability of a pro
posed research area. If so, the FSR&D team may conduct
exploratory experiments to learn more about the research
area.

4.3.6. SELECTION BY STAGES

When the target area or subarea is large, the FSR&D
team may select a research area in stages. First, the target
area or subarea may be broken down into subdivisions.
Where feasible, the team may use districts, subdistricts or
other administrative units because secondary data are

Farmer-group interview
Current cropping pattern
Historical cropping pattern
Landless labor
Input availability
Input prices
Off·farm employment
Migration of agricultural labor
Water
Power
Input use
Yield constraints
Varieties
Planting decisions
Input levels
Constraints to cropping intensification

Input dealers
Input sales
Input availability
Input prices
Credit

Middlemen
Support services
Markets
Credit

Bank- field office
Credit

Irrigation office
Irrigation system

Statistician for district
Output prices
Agricultural production

usually available for such entities. Then the team iden
tifies the subdivision best suited for the research area.
Within this subdivision, the team selects the research
area.

The methods a team uses in research area selection
and the emphasis on types of data vary from project to proj
ect and depend on FSR&D's mandate. For example, in
selecting a subdistrict in Indonesia, the primary considera
tion was the number of hectares of a particular land-use
type. In addition to the example in Appendix 4-C, we
discuss a different method in Appendix 4-F - the one
ICRISAT (Jodha et a1., 1977) used in India to select the
most representative subdistrict and research area.

4.3.7. ACTUAL SELECTION

Based on analyses of the foregoing data, the FSR&D
team recommends a research area. The final selection,
however, may involve governmental representatives at the
national, regional, and district levels, and local leaders.
Remember, target area selection is largely a policy deci-
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sion that matches national objectives with practical
possibilities, while research area selection is largely a
technical decisiqn that concerns how best to accomplish
FSR&D objectives.

Some FSR&.D practitioners consider one or two
weeks sufficient to select a research area, if r1J the target
area is fairly homogeneous in its natural and so
cioeconomic setting, {2J the selection is based primarily
on physical and biological information, and {3J good
secondary data are available. However, six weeks is more
common. Even longer time is required if (1 J the target area
varies greatly such as in mountainous terrain with dif
ferent climates and is in various stages of socioeconomic
development, or (2) the team needs much socioeconomic,
farming systems, or other primary information.

4.3.8. ABANDONING A RESEARCH AREA

Occasionally, after a research area has been selected
and research started, national interests would be served

better if the research area were abandoned..This may hap
pen because of overlooked and unfavorable conditions
such as farmers' unwillingness to cooperate, the ap
pearance of a new obstacle such as a plant virus, or the
discovery of a serious soil condition. In such a situation,
the FSR&D leaders should have enough flexibility to shift
to a new research area. The reasons should be explained to
the affected government officials, local leaders, and
farmers. Such actions do not preclude returning to the area
later.

4.4. EARLY IDENTIFICATION OF OPPORTUNITIES
FOR ACTION

In the process of collecting and analyzing data on the
area, the FSR&D team may uncover opportunities for
research or government action that can be started im
mediately. Solutions may appear so obvious and the con
sequences of failure so slight that waiting for subsequent
FSR&D activities cannot be justified. These opportunities



could relate to on-farm experiments, improvements to the
infrastructure, or changes in governmental policy.
However, we caution the team to be careful with such
early actions, since more often than not the solutions are
not as simple as they appear.

4.4.1. RESEARCH OPPORTUNITIES

A situation may dictate that the team initiate
research as soon as practicable. For example, data col
lected during research area selection may indicate that
drought during maize flowering regularly reduces yields. If
early maturing maize varieties are locally available, they
might be tested during the first available season. Test
planting would not be costly and, if successful, could solve
the problem quickly.

4.4.2. GOVERNMENT ACTION

Occasionally, by systematically reviewing the
characteristics of an area, the team will be able to identify
situations that call for quick government action. Such
might be the case if government policy is not appropriate
for an area, such as regulations for trucking or grain
storage. Or from its experiences elsewhere, the team
might know how to quickly improve a facility essential for
the area's farmers. For example, the area may lack an all
weather access road, but may have all other production
and marketing facilities for growing fresh vegetables to
supply a nearby city during the rainy period. Starting a
public dialogue on the advantages and costs of building the
road may be in both the farmers' and the nation's interests.
While the team will not have fully clarified the oppor
tunities and problems of building the road, existing infor
mation might justify initiating the dialogue.

4.5. SUMMARY

The selection of the target area, subareas, and
research area is normally the first activity confronting the
FSR&D team. Proper choices at this stage can be crucial,
since subsequent FSR&D activities and possibly successes
are influenced by the suitability of the areas. Target area
selection involves top-level decision makers in the govern
ment, FSR&D staff, and others who can help in matching
national and regional goals with the potential of alter
native areas. Identification of subareas and choosing the
research area are largely technical matters that call on the
expertise of the FSR&D team. Even so, advice and accep
tance by national and local leaders are often needed before
choosing the research area.

In choosing these areas, the FSR&D team gathers
data on [I) national objectives and policies, (2) physical,
biological, and socioeconomic environments, (3) farming
systems, and (4) farmers' characteristics. Generally, the
team begins this work by reviewing secondary sources of
information such as published reports and records by local
organizations, national ministries and agencies, and
agricultural research stations. The team fills in missing
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data by direct means, such as reconnaissance surveys of
the area. The total time for this activity may be as short as
one or two weeks, but more often takes about six
weeks - sometimes longer.

In addition, we covered other points in the chapter,
such as the need for interdisciplinary teamwork, selecting
research areas in stages when the target area or a subarea is
large, justification for abandoning an area, and early iden
tification of opportunities for action.
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Chapter 5
PROBLEM IDENTIFICATION
AND DEVELOPMENT
OF A RESEARCH BASE



After the target and research areas are selected, the
FSR&.D team identifies the specific problems farmers face
and develops a research base. A clear identification of prob
lems and opportunities and the development of a research
base provide the team with information for subsequent
research and development of improved technologies.

This chapter is divided into two parts. The first part
deals with the identification of problems and oppor
tunities. We refer to opportunities as well as to problems
because they have different connotations. The second part
concerns development of a research base and how to col
lect and manage data useful not only in problem identifica
tion but throughout the FSR&.D process.

PART 1:
IDENTIFICATION OF PROBLEMS AND
OPPORTUNITIES

Identification of problems and opportunities is an
iterative and dynamic process that continues throughout
all FSR&.D activities. The process is iterative because
research and development results feed back to earlier ac
tivities to help improve subsequent research activities; the
process is dynamic because accomplishments from one set
of actions can be used to set new or revised targets and
strategies for the next set of actions.

In the past, the problems of small farmers in the
developing countries were often not clear to researchers,
development specialists, or policy makers. These profes
sionals failed to appreciate that existing farming systems
best met farmers' needs by using farmers' resources and
knowledge. This failure often led researchers to develop
and others to attempt to extend technologies that were in
appropriate for small farmers.

Farming systems research is more apt to design
technologies that are appropriate and acceptable to small
farmers because the FSR&.D approach stresses an under
standing of the farming system and the farmers' environ
ment. The FSR&.D approach encourages researchers to be
open-minded and to revise their conceptualization of prob
lems and opportunities as new information is gathered.

In the first part of this chapter, we will define prob
lems and opportunities, and then discuss the general ap
proach to problem identification, variations in problem
focus, understanding the farmers' situation, analysis of
problems and opportunities, and setting priorities for prob
lems and opportunities. We close Part I with a summary.

5.1. DEFINITIONS OF PROBLEMS AND
OPPORTUNITIES

Problems and opportunities are sometimes like two
sides of a coin. Problems could be the result of constraints
that prevent farmers from reaching their goals, and oppor
tunities could be the potential for relieving the con
straints. For example, farmers may have a problem in not
being able to obtain yields comparable to other farmers in
similar circumstances. Researchers cooperating with
farmers might try to learn what prevents the farmers from
doing as well as the other farmers. Once the problem's
cause is identified, the opportunity becomes the potential
for bringing the farmers' yields closer to those of the other
farmers.

Sometimes farmers have problems they do not
recognize and yet the opportunities for alleviating prob
lems exist. These opportunities could be in the form of
better use of underutilized or misused resources or the in
troduction of new technologies.

5.2.. GENERAL APPROACH

The FSR&.D team follows three basic steps as part of
problem identification. The team:

• identifies existing farming systems and seeks to
understand them and the environment

• identifies problems and opportunities for improving
the system, the environment, or both

• sets priorities for research and implementation.

Fig. 5-1 sets out the various parts to the problem
identification process. The first preliminary analysis (2.a.
in Fig. 5-1) is based on information obtained during the
selection of the target and research areas. Sometimes, a
target area may be selected because of an overriding prob
lem or opportunity. Such a situation was described in Sec.
4.2.2. where an area in Sumatra was selected because of a
serious problem with Imperata grass. At times enough will
be known about the problem to go directly to planning
research activities. More often, the team will need to learn
more about the farming systems and the environment of
the area. The team usually begins with the collection (2.b.
in Fig. 5-1) and analysis (2.c. in Fig. 5-1) of secondary data.
Then, the team may know enough about the problems and
opportunities to proceed directly to planning research ac-
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Activities

2.a F\rst Preliminary Analysis for Problem Identification

(From Previous Activity:
Target and Research Area Selection)

basis for the next research activity. Poorly-defined prob
lems and opportunities require further study and defini
tion. Those not worth pursuing are problems with ap
parently no practical solution under present conditions or
whose payoffs are substantially lower than those realized
from other possibilities.

The first pass through the problem identification ac
tivity culminates with a set of well-defined problems
ranked by criteria as discussed in Sec. 5.6. (2.£. in Fig. 5-1).
During the first pass through the problem identification
process, information from sources such as formal surveys,
detailed studies, farm records, and on-farm experiments is
usually not available. Data from these sources come later
and materially add to a thorough understanding and
penetrating analysis of the fundamental problems farmers
encounter. In fact, problem identification, as an activity,
continues throughout the FSR&D process.

In this chapter, we concentrate on this initial iden
tification of problems and opportunities because the team
often establishes the general approach to the research ef
fort at this point. The methods for identifying problems
and opportunities remain essentially the same throughout
the FSR&D process, except for a narrowing of focus and a
greater emphasis on detail and accuracy.

5.3. VARIATIONS IN PROBLEM FOCUS

5.4. UNDERSTANDING THE FARMERS' SITUATION

While the approach to problem identification is
often similar, the details differ. The FSR&D team may
focus on any part of the whole farming system or it may
concentrate on a predetermined subsystem. However,
both approaches require some study of the whole farming
system. The first approach requires an understanding of all
subsystems and their interactions, while the second ap
proach demands detailed knowledge only of the selected
enterprise and its relationship with the rest of the system.

The approach an FSR&D team uses depends partly
on its mandate. If the mandate is to increase productivity
anywhere in the farming system, the first approach will
probably be used. The FSR&D projects in Honduras and
Guatemala follow such an approach. Where the mandate
requires concentration on specific crops or livestock, the
second approach will probably be used. Examples are
FSR&D projects undertaken under the auspices of the In
ternational Maize and Wheat Improvement Center (CIM
MYT) and the International Rice Research Institute (IRRI),
in which the researchers focus on maize and wheat, and
rice, respectively.

A more specific FSR&D approach is used in coun
tries that have research organizations separated according
to commodities. In Indonesia, for example, crop research
and livestock research are administered by different
governmental divisions. Thus, researchers would gain ad
ministrative approval more easily for separate crop or
livestock projects than for combined projects.

Effective FSR&D requires the selection of well
defined problems and opportunities that are applicable to a

Well Defined Problems Ranked by Importance

(To Next Activity: Planning On-Farm Research)

2.1

Bypass

2.e Analysis of Data and Problem Identification

Bypass

2.c Second Preliminary Analysis for Problem Identification

2.d Primary Data Collection and, Exploratory Experimentation

2.b Secondary Data Collection

~ ~~~~~~_s~p_ro_b~le_m~s_no~t_W_o_rt_h~
I Worth Continuing Continuing

I
I
I
I
1..---

Figure 5·1. A flow chart for the problem Identification and de·
velopment of a research base. See Figure 3·1 for more details
on how the activities In this figure relate to other FSR&D ac·
tlvltles, the experiment station, and extension.

tivitiesj but, more likely, the team will find it necessary to
collect primary data [2.d. in Fig. 5-1).

We offer a word of caution at this point. While
bypassing part of the problem identification process is con
ceptually possible and, at times, can be justified, more
often the team is ill-advised to do so. More likely, prob
lems and opportunities that appear to be adequately
understood will not be understood and the benefits of the
FSR&D approach will be sharply reduced when a team
bypasses the problem identification process.

A reconnaissance survey is commonly an initial step
in collecting primary data. Some diagnostic analysis, such
as soil pH, insect identification, or fertility tests, may be
sufficient to identify the causes of some of the more ap
parent problems. When problems are complex, the team
may initiate some experiments quickly to provide better
data for identifying problems and opportunities. During
the reconnaissance, the team seeks breadth of coverage so
that major problems and opportunities will not be
overlooked.

By analyzing the secondary and primary data (2.e. in
Fig. 5-1) the team divides the problems and opportunities
into those that are (1) well-defined, (2) poorly-defined, and
(3) not presently worth pursuing. Well-defined problems
and opportunities are those sufficiently clear and with
benefits potentially great enough that they can serve as the

r
I
I
I
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significant number of farmers who operate in about the
same way in response to similar environmental condi
tions. When such groups of farmers are identified, FSR&D
results can be broadly applied. The key to identifying this
farmer group is a good description of the famiers' environ
ment and the farming system. For this, the FSR&D team
distinguishes between

• environmental factors over which the farm
household has little control

• farm management factors over which the farm
household has considerable control.

While FSR&D implements change primarily through the
latter, the team considers environmental factors too.
Therefore, the team examines both to learn

• how the farming system interacts with the environ
ment

• what flexibilities for change exist within the en-

vironment
• what farming strategies are likely to succeed
• how to influence local and national decision makers

concerning support services and policies.

In learning about these factors, the team will need to
use considerable judgment about the type and amount of
data to collect. FSR&D budgets are normally limited and
time and personnel are usually scarce. Furthermore,
misguided approaches to collecting data frequently cause
research programs to flounder. Thus, before collecting
data, the team should have a reasonably clear understand
ing of how the data will be used; otherwise, the team
should wait until the need manifests itself. An exception
is when additional data can be obtained at little extra cost.
Then, the researchers should remember that such data
need not be analyzed just because they have been col
lected.

We now tum to a description of the farmers' environ
ment and the farming system and then to analyses of the
farming system.
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5.4.1. DESCRIBING THE FARMERS' ENVIRONMENT

The farmers' environment can be divided into the
physical, biological, economic, and social settings. While
many facets of these environments can be used in FSR&.D,
some are more critical than others. The sections that
follow cover what we have found to be the more important
facets. Of course, individual situations and the experience
of the FSR&.D team will dictate which factors to em
phasize.

Physical Setting
The more important physical factors are climate,

water, and land. Under climate, the research team
analyzes primarily temperature and rainfall as recorded at
the nearest weather station. For temperature, the average
monthly values, and the lows and highs during critical
periods in the growing season are important. Rainfall
analysis includes the study of monthly means and the
time of the beginning and ending of the rainy season.
Where irrigation is practiced, stream flow records should
be analyzed. For these types of data, the longer the records,
the better. The study of land takes location, slope, soil
type, whether rain-fed or irrigated, and other factors into
account. For additional information on physical factors,
see Appendix 5-A on the physical resources of the research
area affecting biological production, Appendix 5-B on land
types and land evaluation, Appendix 6-A on climatic
monitoring of a research area, Appendix 5-P for collecting
data during reconnaissance surveys, and Appendixes 7-A
and 7-B for data forms for characterizing and monitoring
on-farm (cropping and livestock experiments.

Biological Setting
The biological setting includes those factors that in

fluence the health and vitality of plants and animals and
the quality of harvested products. Most commonly the
team identifies prevailing diseases and insects, according
to the plants or animals being damaged or harmed. Other
biological factors are considered too. Insects can be a
serious destroyer of harvested grains. Weeds are particu
larly important in humid, tropical areas primarily as they
interfere with plant growth; but, in some cases, weeds are
allowed to grow and are used as animal fodder. Rodents
and birds are other biological factors to consider. In some
cases, birds-e.g., the African weaverbird-can devastate
crops, especially if the crops are grown out of the normal
sequence.

Economic Setting
Several aspects of the economic setting influence the

farming system. Access to markets during critical periods
is particularly important for increasing farmers' produc
tion. These critical periods correspond with the need to
obtain credit, purchase inputs for production, and the
marketing of crops. In marketing, pricing, storage, and
reliable transportation are especially important when the
farmers grow perishable crops. When investigating these
factors, the FSR&.D team should obtain information on
any services that might be needed to support new

technologies - for example, the roles of agricultural
chemicals in small amounts or repair services for farmers'
equipment. Other information that the team may need to
gather concerns such items as processing facilities for farm
products; channels of information; the performance of the
extension service and cooperatives; seasonal wage rates;
labor supplies; opportunities for off-farm employment;
sources and costs of traction; and government regulations.
In Appendix 5-C, we provide more information on
economic factors as they relate to markets.

Social Setting
The specific nature of the social factors that the

FSR&.D team needs to consider is less subject to
generalization than the above considerations because con
ditions vary so widely from location to location. Never
theless, the team needs to keep a number of social factors
in mind-particularly those social factors that influence
farmers' acceptance of new technologies. These factors
concern societal norms and customs related to land owner
ship and use, division of labor within society and the fam
ily, rights and obligations according to sex and age groups,
descent and inheritance systems, and other community
norms and customs as they support or restrict individual
and cooperative efforts. We discuss the sociocultural en
vironment further in Appendix 5-D.

5.4.2. DESCRIPTION OF THE FARMING SYSTEM

As noted in Sec. 2.3.5., the farming system is a
unique and reasonably stable arrangement of farming
enterprises that the farm household manages according to
well-defined practices in response to the physical,
biological, and socioeconomic environments and in accor
dance with the household's goals, preferences, and
resources. These factors combine to influence farm out
puts and methods of production. Having touched on en
vironmental issues, we now tum to II) a description of the
household as an integrating factor, (2) the household's
resources, and (3) farming enterprises. The FSR&.D team
needs to understand these aspects of the farming system
before attempting to develop appropriate technologies for
specific groups of farmers.

The team normally relies on secondary sources and
reconnaissance surveys for initially understanding the
characteristics of representative farms. These farms
should be of sufficient number to justify the FSR&.D effort.
Usually the team bases its descriptions on the three
general categories mentioned above. After problems and
opportunities are identified and selected for further study,
the team can then seek more detailed information using
farm records, surveys, special studies, and other methods.

The general types of data within these three
categories are described below.

The Household as an Integrating Unit
The farm household is a key element in FSR&.D.

Much of what FSR&.D attempts to accomplish is the in
tegration of the many factors influencing the farmers'
choices of enterprises and methods of production, given



the environment and the household's resources. In a sense,
the farm family is the ultimate integrator; the FSR&D
team is a helper in the process; and FSR&D methodology
provides the framework for bringing the farmers and the
team together. Consequently, the team needs to gain as
much understanding as is practical about the farm family
and the way it operates.

A starting point is for the team to distinguish be
tween those families that are "nuclear" and those that are
"extended." A nuclear family consists of the parents and
their children. The extended family is a grouping together
of two or more nuclear families. Types of extended
families include not only parents and their married
children, but also one man or woman with more than one
spouse, members of several generations, or children of
only one spouse when married siblings live in the same
household. The extended family is common where
cultivation practices require a labor force larger than the
nuclear family. The extended family's solution to labor
problems relies on a large permanent labor force, which
must be fed, housed, and clothed over a long time. Such a
unit is especially productive if the extended family has
sufficient land and skills to maintain itself (Wolf, 1966).

With the family structure in mind, the team could
then tum to a study of family decision making. Beal and
Sibley (1967) propose a way of viewing decision making by
farmers that may aid the FSR&D team in understanding
why farmers do what they do. These authors distinguish
among farmer characteristics, knowledge, beliefs, at
titudes, behavior, and goals.

Characteristics. These are facts about farmers, such
as their sex, age, education, literacy, and ethnic back
ground.

Knowledge. This relates to what farmers know; for
FSR&D, the team focuses on such items as the farmers'
knowledge of alternative management practices, cropping
patterns, sources of inputs, information, and markets.

Beliefs. These concern what farmers think is true,
whether correct or not, based on the farmers' experiences
and common knowledge. Beliefs, in tum, may influence
the farmers' attitudes, behaviors, and goals. For example,
even though farmers may be treated fairly when seeking
credit, the anticipation of being treated unfairly may keep
farmers from seeking credit.

Attitudes. These relate to farmers' feelings, emo
tions, and sentiments and may have a strong influence
over farmers' decisions to accept or reject new tech
nologies.

Behavior. Often farmers' past behavior may predict
how farmers will react in the future. Behavior relevant to
FSR&D concerns past actions such as farmers' work on
and off the farm and visits to communities outside the
region, marketing practices, use of credit, and adoption of
new technologies.

Goals. These reflect what the farm family desires,
Le., what it is seeking. Goals are conditioned by the fam
ily's beliefs about what is attainable, as well as its sen
timents, and are based, in part, on the norms of the com
munity and farmers' general level of welfare.

Beal and Sibley (19671 used the above concepts for a
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sociological study of farmers in Guatemala to gain insight
concerning which factors would be most important when
introducing new technologies to farmers. This is one of
the types of special studies that the FSR&D team might
undertake itself or commission others to do. Alterna
tively, the FSR&D team might simply use the foregoing
concepts as a checklist when studying the farm family.

We supplement the above description by providing
additional appendixes on family decision making. These
include (1) Appendix 5-E with additional details on the
Beal and Sibley (1967) study, (2) Appendix 5-F with addi
tional thoughts on decision making by small farm
families, and (3) Appendix 5-G with a description of "deci
sion trees" used as a method for learning about farmer
decision making. This last appendix refers to the work of
Gladwin [1979), which is an alternative approach to the
statistical methods Beal and Sibley (1967) described.

The Household's Resources
Conceptually, the household's resources can be

described as comprising land, labor, capital, and manage
ment. Which aspects of these four factors an FSR&D team
considers depend on the situation. Below, we list some
factors that FSR&D practitioners have found useful.

Land. Characteristics ascribed to the farmer's land,
in the broad sense of the term, include

• size of holdings
• fragmentation of the holdings-e.g., whether the

holdings are a single unit or are broken into pieces
• ownership-e.g., sole owner, joint husband and wife

ownership, communal owner, long-standing ten
ancy, and short-term tenancy

• permanency of use-e.g., permanent, shifting, or
nomadic

• landlord-tenant relationships-e.g., share of crops
retained by the farmers, access to milk by the one
who tends the herds, and division of inputs as be
tween tenant and owner

• land quality- e.g., soil depth, texture, and presence
of toxic substances .

• terrain- e.g., slope, terraced or not, and concave or
convex cross sections when on hillsides

• water availability-e.g., nearness of ponds or
streams for livestock, irrigated or rain-fed farming,
and dependability of supply

• location-e.g., access to markets and other services.

Labor. The family's labor includes members of the
household who are capable of working and also the
family's participation in cooperative efforts. Some relevant
characteristics are

• number, age, and sex of the family members
• division of effort among the members according to

preferences, individual profits, and customs
• general level of productivity and health
• division of time between farming and other ac

tivities-on the farm and off the farm
• extent and nature of cooperative efforts in terms of
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obligations to others as well as help from others
• other responsibilities and factors that influence the

way farm households allocate their time and effort.

Capital. This factor refers to physical and financial
assets that include

• tools and equipment
• buildings and improvements to the land
• livestock and other assets capable of being sold to

meet the farmers' needs or wishes
• cash from sale of crops, animal products, handi

crafts, and from other sources
• access to credit.

Management. The skills of the household in organiz
ing and carrying out the many farming tasks is a valuable
resource. Management represents a considerable asset to
the family and determines the household's efficiency in
using its land, labor, and capital.

Farming Enterprises
The household integrates the foregoing resources in

conducting various enterprises that relate to crops,
livestock, and other activities such as processing of farm
products, handicrafts, and off-farm employment. Although
small farmers frequently engage in many enterprises to
meet their varied needs, the FSR&D team usually concen
trates on a limited number of enterprises - perhaps four or
less. Even though this book emphasizes agricultural ac
tivities, those responsible for FSR&D may decide to focus
on nonfarm activities. Some characteristics of enterprises
to consider relate to

• general agricultural practices - e.g., methods of land
clearing and preparation, means of traction, and pest
management

• principal crops and cropping practices-e.g., rota
tions and combinations, varieties, yields, and
schedules for such activities as seedbed preparation,
planting, weeding, cultivation, and harvesting

• livestock and livestock practices-e.g., breeds,
numbers, age and health, feed, yields, uses, and how
tended, where, and by whom

• interactions between crops and livestock-e.g.,
complementarities such as crop residues used for



cattle feed, dairy cows used for traction, and com
petition among enterprises for land, labor, and
capital

• overall cash, labor, and power requirements when
the above enterprises are combined into the farmer's
system with emphasis on periods of high re
quirements and restricted inputs.

• purchased inputs-e.g., agricultural chemicals by
types, amounts, uses, prices, sources, and depend
ability of supply

• disposal of production through family consumption,
farm use, barter and sales, and marketing factors
such as amounts sold, seasonal and annual price
fluctuations, locations of sale, time spent selling,
and means of transportation.

The Asian Cropping Systems Working Group
developed a format for describing the existing cropping
systems (Zandstra et a1., 1981). The Group begins by
listing the major crops and varieties produced on each land
type wi thin the research area, the time the crops are
grown, and estimated yields. Next, the Group lists the ma
jor cropping patterns. Finally, the Group enumerates the
principal cropping systems and the percentage of farms in
the research area that follow each system. With such infor
mation, the Group is in a good position to understand the
significance of cropping patterns and practices in the area
and has the raw material with which to identify oppor
tunities for improvement. We present further details on
this approach in Appendix 5-H.

Furthermore, we include forms for recording and
summarizing some of the information on the char
acteristics of fanning systems in Appendix 5-1. These
fonns facilitate

• recording of labor required at various periods during
the year, available family and non-family labor, and
the costs of hired labor

• determining periods of cash scarcity and sources and
costs of credit (Note: Careful attention needs to be
paid to cash flows, since inopportune cash shortages
may force farmers to sell their products at low prices
at harvest time.)

• summarizing power and machinery available on the
farm according to whether they are owned or rented,
or the services are hired

• gaining an impression of the farmers' technical
knowledge and the technical history of the area
(Note: Technical knowledge and experience depend
greatly on the area's stage of agricultural develop
ment.).

5.4.3. ANALYSES OF THE FARMING SYSTEM

Following initial data gathering, the FSR&D team
will need to analyze the data it has collected. Possibilities
for study of the farming system are to develop conceptual
models of the system and hypothesize about ways to im
prove the system.
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Conceptual Models
Study of the interrelationships among the com

ponents of a farming system are useful in two ways. One is
to help classify the system, which is part of the selection
of relatively homogeneous groups of farmers who are to be
the focus of the team's efforts. The other is to help under
stand the system so that the team's efforts will be produc
tive. Conceptual models in their simpler form identify the
major components of the system and the links both among
the components within the system and between the
system and its environment. Later, additional data can be
gathered to quantify these relationships and eventually to
search for improvements in the system's functioning.

Below is a model in its simpler form developed by
McDowell and Hildebrand 11980). We include a similar
model with additional details in Appendix 5-J, along with
other examples of conceptual models.

Fig. 5-2 shows the McDowell and Hildebrand model
for a humid-upland farming system in Asia. This is one of
eleven models they have developed for small farming
systems in Asia, Latin America, and Africa (McDowell and
Hildebrand, 1980). The authors' explanation follows:

"The box identified as 'Market' represents all off
farm activities and resources (except land); hence it
includes products sold or labor going off the farm as
well as purchased inputs and household items. The
'Household' is the core of the farm unit. In preparing
the models of the systems, labor use, sources of
human food, household income, animal feed, and
the roles of animals were the main focus. The solid
arrows (~) depict strong flows or linkages (e.g.,
more than 20 percent of total income arises from the
sale of crops, animals, or household-processed prod
ucts). Broken arrows (- - - -~) are used when sales
of crops or animals contributed less than 20 percent
of household income, the interchange among func
tions was intermittent, or there was no routine pat
tern identifiable .... Family labor applied on the
farm was identified, but off-farm employment or the
amount of hired labor was not quantified except
generally and is indicated by broken or solid arrows.

"For most products there is a direct relation to
market, absent ... when the household changes the
characteristics of the product before sale (e.g., . . .
milk to cheese . . .J. Household modification is
shown by solid arrows from crop or animal products
to household to market."

In Appendix 5-K, we present a further discussion of
this model of the humid-upland farming system in Asia. In
this same appendix, we also include a discussion on the in
teractions between cropping and livestock systems that
might help in designing research activities for these two
enterprises.

While we believe conceptual modeling, as above,
improves the understanding of the farming system, just
viewing the farming system from a broad perspective helps



68 • Problem Identification and Development of a Research Base

Figure 5·2. Humld·upland farming system In Asia, permanent cropping, moderate Intergratlon of crops and
animals (animals tethered or herded) [-----.. depicts strong flows or linkages among the parts, while - - -~de·
plcts weaker flows or linkages) (McDowell and Hildebrand, 1980).
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the· FSR&D team. The following are examples of how a
comprehensive view of the farming system led to the iden
tification of interactions within the system and
possibilities for improvement:

Farmers may combine two or more enterprises to make
better use of scarce resources. For example, in a dry region of
Northern Mexico, farmers are growing maize and castor beans
together. Maize plants, with a shallow rooting system, use the
moisture in the upper part of the soil more effectively while
castor bean plants, with a deeper rooting system, use the
moisture in the lower part of the soil more effectively.

Farmers in New Zealand often put both sheep and cattle
into the same pasture, because the two species mostly use dif
ferent parts of the pasture's growth. In addition, the cattle
trample and break, and thereby help control the young fern, a
weed, that sheep cannot adequately control.

In many cases, two or more farm enterprises use each
other's products. For example, Egyptian farmers use the lower
leaves of maize plants as feed for their cattle, and use cattle
manure to help fertilize the maize.

Certain farmers In Central and South America grow
maize and beans together. The maize stalks support the climb-

Ing beans and the bacteria on the bean's roots fix atmospheric
nitrogen and make the nitrogen available to the maize plant.

Sometimes interrelationships between enterprises are
quite intricate. For example, in Taiwan, farmers grow sweet
potatoes for food or starch processing. The sweet potato
peels are fed to swine, the swine manure is fed to fish, and the
muck from the fish ponds is used to help fertilize the sweet
potatoes.

Hypotheses for Improving the System
By working with conceptual models of the foregoing

type, the FSR&D team should be in a better position to
develop meaningful hypotheses for understanding and im
proving the farming system. These hypotheses will aid the
team in sharpening its focus on the more important
aspects of the farming system. The following example is
hypothetical, but representative of situations described by
McIntosh (1980):

An FSR&D team observed great variation In the number
of rice crops farmers planted each year, the times and
methods of planting, and the varieties used. The team tested



several hypotheses regarding the relation of these variations
to (1) availability of soli moisture according to rainfall, ir
rigated conditions, and type of soil, (2) variation in prices of
rice sold and seed bought, and (3) the previous crop In the
field. After analyzing available data, the team found that price
fluctuations did not appear to Influence farmers' rice growing
methods. The other hypothesized relationships, however,
proved meaningful. As illustrated in Fig. 5-3, in rain-fed fields
with rather light textured solis, farmers raised only one crop of
a transplanted, traditional rice variety. In raln·fed fields with
clay soil, farmers planted two crops of early maturing varieties
of rice. The first of these crops was dry seeded and the second
transplanted. Where year-round irrigation was available,
farmers produced three early maturing crops of transplanted
rice.

Figure 5·3. The relation of rainfall distribution, availability of
Irrigation water, and soli type to the variety of rice and timing,
method, and number of plantings (Adapted from Mcintosh,
1980).
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harvesting tomatoes more often and green beans less
often.

A low monetary return to the farmers' labor in an
enterprise may, however, not be a problem at all; it may be
the result of a purposeful decision by the farmers to
mitigate a more serious problem. For example, farmers
may be growing a low value, drought-resistant crop of
cassava as insurance against the loss of their other,
drought-susceptible food crops. The farmers' low return on
labor from raising cassava should then be regarded as a cost
of overcoming a serious problem - an excessive risk of
drought loss. Alternatively, female farmers in areas with a
high out-migration of males may plant cassava that,
because of its long time to maturity, helps to spread out
labor demands (Cloud, personal communication).

In identifying cropping and livestock problems, the
team may use performance criteria, such as

• yield per unit of area, animal labor, or human labor
• value of product per farm or per unit area or animal
• net returns above variable cost
• net income to farm resources.

Among the other criteria that the team can use to
measure the efficiency of specific resources are

12 Months Irrigation I Transplanted Rice I Transplanted Rice I Transplanted Rice I
Early Maturing Varieties

5.5. ANALYSIS OF PROBLEMS AND
OPPORTUNITIES (Activity 2.e., Fig. 5-1}

With data gathered, the farming system concep
tualized, and hypotheses tentatively identified, the
FSR&D team is ready to begin a detailed analysis of the
identified problems and opportunities. A starting point is
for the team to select farms representative of the prevalent
farming systems and see how well they compare with
other farming systems. The team will have identified a
problem if results from representative farmers are poorer
than other farmers. These others may be the better farmers
in the research area, good farmers in other areas, or even
managers of experiment stations. The latter comparison is
valid if the team allows for the better production environ
ment such as better soils, water availability, information,
and resources.

The team may identify a problem in the farmers'
resource utilization. The farmers may be putting too many
resources into one enterprise and too few into another.
Suppose they are picking green beans daily, at a return of
25 cents per hour of labor, but are picking tomatoes only
once a week, with a labor return of $5 per hour of labor. An
opportunity for increased profits might be realized by

Rainfed, Light Soil

Rainfed, Clay Soil

Months of Year

Transplanted Rice

Traditional Variety

Dry Seeded Rice I I Transplanted Rice I
Early Maturing Varieties

• returns per unit of labor or cash
• amounts of carbohydrates or protein per millimeter

of rain.

The team may measure intensity of land use by the
indexes for land use intensity or multiple cropping; we
show these calculations in Table 5-H-2 (Appendix 5-H).
The team may use still other criteria to measure stability
of returns over time or across locations. For an additional
discussion of performance criteria, see Sec. 6.4.2. in
Chapter 6, and Part 2 of Chapter 7.

In trying to identify farmers' problems, the team first
looks for the factors that are limiting plant or animal
growth and productivity. These factors may be part of the
physical environment, such as frequent droughts or floods
or poor soil fertility. Problems could also be of a biological
nature such as weeds, insects, or diseases, or could be due
to management factors. For example, farmers may be
planting a wheat variety that tends to lodge when heavily
fertilized; or they may be using a cropping pattern that re
quires more labor at critical periods than they have
available.

Next, the team investigates why farmers have not
solved these problems. It may find that farmers have good
reasons for not using technology that, at first glance, ap
pears to be better than what they are using now. For exam
ple, farmers may not use an insect spray that successfully
controls a rice stem borer elsewhere in the country.
Through investigation, the team might discover that the
reasons for not using the spray include one or more of the
following:

• The cost of the insecticide is greater for the farmers
than the value of the rice they save by using it.
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• Farmers do not know how to use the insecticide cor
rectly or may be concerned about its effects on their
health.

• Farmers cannot get sprayers when they need them.
• The insecticide is not available in the area or is sold

in too large a package.
• The effectiveness of the insecticide has not been

proven to the farmers' satisfaction.

Other reasons may explain why farmers cannot over
come their problems. For example, farmers may stay with
a strain of chickens that produces just a few white-shelled
eggs, instead of shifting to a much more productive strain
that lays brown-shelled eggs because they think they have
no market for eggs with brown shells.

Sometimes, an existing remedy for a problem is
against farmers' beliefs or sentiments. For example,
Hildebrand (1977) reported:

"Among the indigenous farmers, young
[maize] plants are treated as a child ..., so they are
almost never knowingly destroyed until they can
provide a useful product. Hence, the farmers plant
only a few seeds and then reseed if the number of
plants drops too low in any hill. The net result is a
less than optimum productive population. The usual
technical solution is to plant a higher than necessary
number of seeds and thin after germination to the
desired number of plants per hill. But, for obvious
reasons, this meets a tremendous cultural resistance
on the part of these farmers, and will probably not be
adopted on any large scale in this area."

A solution to one problem may create problems for
another part of the farming system. For example, plowing
a harvested maize field in the fall would allow earlier
seeding in the spring and better utilization of early rains.
However, in some places these harvested maize fields
serve as cattle pastures in the fall, for which farmers have
no substitute.

In another instance, Hildebrand (1979) reported,

"In an irrigation project in a very dry area of
eastern Guatemala, weeds are a severe problem and a
definite limit to yields of the vegetables that are
raised as the priority crop. However, this area was
historically a dual-purpose cattle zone and the
farmers still maintain their herds for production of
meat and milk. During most of the year, forage is
very scarce, so the farmers use the vegetable fields
immediately following harvest as a source of feed.
Hence, they tend to let the weeds grow to increase
the feed supply, even though it knowingly reduces
the yield of their principal crop and is counter to the
recommendation made by agricultural technicians."

Farmers' abilities to see problems and opportunities
in their farming system are often limited by the narrow
range of their experiences. This is particularly so if they
have little communication outside of their immediate

area. In contrast, the FSR&D team tends to have ex
perience in other regions of the country and may be
familiar with literature on new agricultural technologies
and research. Thus, the team may see opportunities for
improving the farmers' system that the farmers do not. For
example, farmers may only know the traditional way of
farming in their area. They may produce one crop of rice
per year, using slow methods of field preparation and a
long-season variety of rice. The FSR&D team may be able
to introduce new quick maturing rice varieties and her
bicides that reduce the required time for field preparation.
Together, these new technologies may enable farmers to
produce two rice crops per year instead of one. The team
may also know of other crops, such as soybeans or
sorghum, that could be grown before or after the rice crop.
Thus, the team may see opportunities for doubling or tri
pling the farmers' agricultural output, but perceiving such
opportunities is beyond the limited experience of the
farmers.

Winkelmann (personal communication) sums it up
when he says that farmers have misconceptions. For ex
ample, in West Africa they believe that leaf mosaic on
cassava is the natural way for the plant to grow. On the
other hand farmers are "street wise," meaning they know
how to survive in a hostile environment. In contrast the
researchers, because of their education and training, can
draw from a larger set of possibilities in solving problems.
Integrating the capabilities of farmers and researchers is
one of the major opportunities for FSR&D.

5.6. SETTING PRIORITIES FOR PROBLEMS AND
OPPORTUNITIES (Activity 2.£., Fig. 5-1}

Setting priorities is the final activity in the initial
pass through the identification of problems and oppor
tunities. The FSR&D team might set its priorities on the
following considerations: .

• the seriousness of the problem as viewed by both the
farmers and society

• the potential for solving the problem and gaining ac
ceptance of the solution, and the ease of implement
ing the results

• the importance of the problem in some overall
research strategy.

5.6.1. SERIOUSNESS OF A PROBLEM

The seriousness of a problem should be evaluated
from the viewpoints of both the farmer and society. The
farmer will usually be interested in the severity and fre
quency of the problem as related to the farmer's household
and immediate associates. Decision makers who are
responsible to society at large (farmers and others) will be
concerned with the extent of the problem throughout the
target area, and the long-run interests of the present and
future generations.

Where a problem is important to both the farmers
and to society at large, then both groups would agree that
it should be included as part of the FSR&D tea~'s research



agenda. Where the interests of the farmer and society
diverge, two possibilities exist. If the problem is in the in
terests of the farmers but not of society at large, the
FSR&D team, being a representative of the government, is
advised not to work on the problem. Alternatively, if the
problem is in the interests of society and not of farmers,
the government has the choice of whether to alter the
farmers' environment, including incentives, to bring the
farmers' interests in line with those of society or to leave
conditions as they are.

These examples should clarify the above.

Commonality of Interests
If the government has concern for a specific group of

farmers and the FSR&D team identifies a problem among
them, such as damage from flooding or a disease affecting
one of their major crops, then a commonality of interests ex
ists. The FSR&D team could include such a problem in the
priority list, provided the severity and frequency of the problem
are great enough.

In Farmers' Interests but Not Society's Interests

Farmers may be pursuing a slash and burn pattern of
farming on erodible hillsides and may be seeking help from the
FSR&D team in ways to expand this activity. If the government
sees this method as depleting the natural resource, the in
terests of society would be better served by not responding to
the farmers' stated interests. A better solution would be to try
to meet the farmers' needs in some other way.

In Society's Interests but Not in Farmers' Interests
The government may view unsettled lands as represent

ing a major opportunity to increase agricultural production
and to alleviate land fragmentation In overcrowded areas. If
the farmers are unwilling to resettle, the government can
upgrade the support services in the new area and offer incen
tives to individuals or groups of farmers in the hopes of per
suading them to resettle and thereby bring the two viewpoints
into agreement.

5.6.2. POTENTIAL FOR SOLVING THE PROBLEM

The FSR&D team can evaluate the potential for solv
ing a problem, possible farmer acceptance of the solution,
and ease of implementation according to these criteria:

• biological potential
• resource availability
• economic and financial feasibility
• sociocultural acceptability.

At this stage of the FSR&D process, the team tries to
gain only a preliminary impression for these criteria. The
team will make a more careful and detailed investigation
of these factors when planning on-farm research (Sec.
6.2.4.) and during analysis of results (Part 2 of Chapter 7).

Under the heading of biological potential, the team
investigates such questions as

• Do the physical and biological conditions in the
research area provide opportunities to solve the
problem?

• What information on potential solutions is available
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from experiment stations, farmers in the research
area and in other areas, and the technical literature?

• Do the proposed technologies fit into the farmers'
existing system?

Under the heading of resource availability, the team
examines

• whether available resources are adequate to meet the
resource requirements

• whether potential solutions reduce the employment
of scarce resources

• whether the employment of under-utilized resources
is increased

• whether farmers are able to apply the new
technology.

Under economic and financial feasibility, the team
tries to determine

• whether the benefits of potential improvements in
the farmers' system offer sufficient incentives to in
terest family members (Note: incentives include
coverage of the costs of purchases and any additional
labor by the family and provide some crop or
livestock surplus to offset the risk and effort of
change)

• whether the potential solutions increase or decrease
the stability of the farmers' production and earnings

• whether the farmer has sufficient cash or credit to
pay for any increase in purchases and whether
lenders differentiate between males and females in
granting credit

• whether the potential solutions change the farmers'
perception of risk through changes in the stability of
production and requirements to obtain credit.

Under sociocultural acceptability, the team tries to
determine

• whether the community's social and cultural values,
norms, and customs help or hinder the acceptance of
the proposed solutions.

• whether the farmers' perceptions, beliefs,
knowledge, and attitudes facilitate or make more
difficult the acceptance of the proposed solutions

• whether field team members have social or cultural
values that hamper their working with certain
groups or types of farmers

• whether farm family goals are served or altered if the
proposed solutions are successful.

5.6.3. IMPORTANCE OF THE PROBLEM IN THE RESEARCH
STRATEGY

After problem identification, the FSR&D team may
think through a preliminary research strategy, which we
call a development path. For example, ILCA (1980)
planned a development path for small ruminant produc
tion in the Forest Zone of West Mrica as shown in Fig. 5-4.
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Figure 5·4. Generalized development path for small ruminant production In the forest zone [of West Africa] following completion of
initial problem analysis and determination of market potential (ILeA, 1980).
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This development path calls for research to reduce disease
incidence among the animals, followed by improvements
in management, marketing, forage production and
breeding stock, in that order.

The relative importance of the identified problems
and opportunities in this development sequence is a useful
criterion for establishing priorities and establishing the
initial direction of the research program. While this activ
ity is important, the FSR&D team will probably want to
limit the time spent on such planning because the develop
ment path will change, possibly drastically, over time.

5.7. SUMMARY OF PROBLEM IDENTIFICATION

The identification of problems and opportunities
serves an important purpose, coming as it does after the
preliminary collection of secondary data and the comple
tion of the reconnaissance survey. Such identification
guides the FSR&D team in what research to initiate, and
possibly what steps to take toward implementation. Since
problem and opportunity identification is, at this point,
based on preliminary and largely qualitative information,
the team may not always start in exactly the right way,
but hopefully in the right general direction. As more and
better data are collected, the team, keeping an open mind
and remaining flexible, should have little trouble in mak
ing the necessary adjustments in its research and im
plementation activities.

PART 2: DEVELOPMENT OF A RESEARCH BASE

The purpose of Part 2 on the development of a
research base is to present methodologies for collecting in
formation needed in describing and analyzing farming
systems and in developing new technologies. While these
methods are first used in identifying problems and oppor
tunities, they are also employed -<during the rest of the
FSR&D process. Our emphasis in this part is on data col
lected through surveys, observations, and record keeping,

rather than from experiments. The latter will be discussed
more fully in Chapters 6 and 7. The sections in this part
cover general comments on collecting data, assembling
secondary data, collecting primary data, combining data
collection methods, data management, and a summary.

5.8. COLLECTING DATA: GENERAL COMMENTS

Data collection in a rural setting requires careful
preparation and a special perspective. Often, farmers and
their associates have never encountered researchers
collecting data. Surveys may arouse both curiosity and
suspicion - in some cultures researchers asking questions
of and about women will arouse suspicion. We describe
some of the more important points for collecting data in a
rural setting in Appendix 5-L and for collecting data about
women in Appendix 5-M.

The methods of data collection to be used in FSR&D
are determined by

• the character of the FSR&D activities
• the stage in the FSR&D process at which data collec

tion takes place
• the amount of detail and degree of accuracy con

sidered necessary
• the size of the data base needed
• the resources-e.g., money, time, personnel, and

equipment-available for data collection and
analysis.

5.9. ASSEMBLING SECONDARY DATA (Activity 2.b.,
Fig. 5-1}

The FSR&D team can gather secondary data from
several sources such as

• the national census - if the data are specific enough
• national archives
• reports of the village administration, local



marketing or credit offices, and the local extension
service, irrigation or production program office

• reports on locally conducted experimental or exten
sion demonstration plots

• agricultural publications and reports of university
research and consultant studies - such reports often
include excellent detail and good summaries of
secondary data.

For some types of information, using secondary sources is
the most efficient method of collecting data, and the team
should explore this possibility before considering other
methods.

The availability and quality of secondary data for.
FSR&.D varies by subject matter and country. Secondary
data may provide good information on physical en
vironmental factors such as rainfall patterns, soil types,
etc., but secondary data are often inadequate on the
socioeconomic and biological aspects of the farming
system.

The FSR&.D team can determine the usefulness of
secondary data by four criteria:

• The relevancy and specificity of the data for the par
ticular study. For example, if the team needs weekly
rainfall data, monthly rainfall records will not suf
fice; and biological data for a region may not apply to
the research area.

• The clarity of defined terms. For example, a category
of data labeled "returns" without further clarifica
tion is unsatisfactory. Do "returns" mean gross
returns without any deductions or have some or all
costs been subtracted?

• The accuracy and reliability of the data. Specifically,
the team should check these data by comparing
secondary data from different sources, by in
vestigating the methods used in getting these data,
and by conducting spot surveys.

• The recency of the data. As a general rule, the team
should verify secondary data on socioeconomic
topics that are more than 10 years old. This need for
recency is much less critical for physical factors, for
example, soil classification and rainfall patterns.

We present additional guidelines for judging secon
dary data in Appendix 5-N.

5.10. COLLECTING PRIMARY DATA (Activity 2.d.,
Fig. S-l}

FSR&.D teams commonly use several methods of
primary data collection. These methods fall into two ma
jor groups- informal and formal. The informal methods
discussed here include reconnaissance surveys, informal
follow-up observations and interviews, and participant
observation. Formal data collection includes single and
frequent interview surveys, farm record keeping, monitor
ing, and case studies. The reconnaissance survey is the
principal method for obtaining primary data during the
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initial identification of problems and opportunities. The
other methods tend to follow the reconnaissance survey.

5.10.1. INFORMAL METHODS

Informal methods refer to surveys undertaken
without questionnaires. This section begins by giving
some of the advantages and disadvantages of informal
methods, discusses approaches for conducting informal
surveys, and closes with descriptions of reconnaissance
surveys and participant observations. Reconnaissance
surveys occupy a strategic position in FSR&.D and include
observations, discussions, and sometimes collection of
physical data. Participant observations provide a means for
gathering data over time, but, to date, have not been
widely integrated into FSR&.D methodology.

Advantages and Disadvantages of Informal Methods

During initial problem identification, the FSR&.D
team customarily relies heavily on informal methods to
quickly gather broad-gauged data about farmers and local
conditions. For example, informal interviews allow
farmers and others to express their experiences without
excessive structuring by the interviewer. This approach
allows both the interviewer and the interviewee to pursue
topics of interest freely and in depth. When interviews are
conducted in a relaxed and friendly manner, the research
ers and farmers will have a chance to become better ac
quainted.

Informal interviewing also gives the FSR&.D team an
opportunity to become acquainted with farmers' words,
concepts, and ideas. This should lead to a much deeper
understanding of farm families, their farming systems and
environment, how they reason, and their decision-making
process.

The team can use informal observations to check
farmers' answers to questions administered in formal
surveys. By verifying the accuracy of observable facts,
such as pests and planted crops, the researcher can judge if
the farmers understand the questions being asked and are
accurately answering the questions.

Data gathered informally have some limitations
because rigorous methodologies are not followed. For ex
ample, the farmers interviewed may have been selected
purposively and not randomly. Thus, these data should
not be subjected to statistical tests. Furthermore, research
ers must be cautious in generalizing from informally col
lected data. Without a written questionnaire to work
from, interviewers may not ask the same questions of all
farmers, nor are they likely to ask questions in the same
way. Thus, quantification, coding, computer analysis, and
summarization become more difficult and the reliability
of conclusions is more subject to question.

One way to overcome some of the disadvantages of
informal surveys is to combine informal investigations
with formal ones. For example, when administering a for
mal questionnaire, the interviewers may spend a few
minutes on informal conversation and questioning about
matters connected with the questionnaire. In general, the
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team usually sets the quantitative data gathered from for
mal surveys within the context of largely qualitative infor
mation obtained from informal surveys and observations.
Another way is to carry out a content analysis of the
results of informal interviews. This approach measures
the substance of the interviews in a quantitative manner,
which allows researchers to draw more meaningful infor
mation from the results. In Appendix 5-0, we include fur
ther details on content analysis.

To summarize, while informal methods have their
disadvantages, they also have an important role for
FSR&D. They aid the team in III quickly learning about
farmers and farmers' conditions and (2) obtaining an early
appraisal of researchable problems and opportunities. At
times these problems and opportunities are so apparent

. that formal methods of data gathering are unnecessary and
thus research can begin immediately and results can be ob
tained quickly.

Approaches for Informal Methods
Information gathered by informal observations and

interviews will differ in both topic and detail, depending
on the capabilities of those who do the gathering. Thus, in
formal data are best collected as a team effort, involving
male and female staff from the physical, biological, and
social sciences.

Some FSR&D practitioners believe that hypotheses
and general guidelines should be developed before inter
viewing begins. They argue that this requirement forces
interviewers to conceptualize the farming system and to
take a systematic approach to farmers' problems. Con
sistency is thereby given to the research process, which
prevents different teams from coming up with substan
tively different results for similar conditions. Others
believe that a framework prepared before meeting farmers
will predispose team members toward their own ideas,
thereby blocking out opportunities to gain new insights.
Such FSR&D practitioners prefer to go with a "blank
mind." Which approach to take is a judgmental factor and
depends on the nature of the team and the situation.

A difference of opinion also exists regarding the
desirability of recording information in front of farmers.
Some interviewers prefer writing down the information
during the interview, if acceptable to farmers. Others
believe that this practice restricts the spontaneity of
farmers' reactions. Except for recording such items as
quantities, names of products, and varieties, these inter
viewers prefer waiting to record answers and observations
until they are out of the farmers' sight.

The Reconnaissance Survey
The reconnaissance survey, also generally known as

a quick, informal, or exploratory survey, is a method of
data collection that usually follows secondary data collec
tion.

The reconnaissance survey has several distinguish
ing characteristics:

• It is conducted by the FSR&D team, assisted by com-

modity and disciplinary specialists, and extension
agents.

• It emppasizes the collection of qualitative data.
• It uses informal, largely unstructured interviews

combined with observation.
• It is carried out quickly. Sometimes farmer inter

views are completed and the results written up in
two weeks or less.

Objectives and Approach. The primary objectives of
the reconnaissance survey are to provide orientation for
the research, and to educate and develop teamwork among
the FSR&D personnel. During the survey, the team will
become aware of what additional data are needed to better
understand present farming practices and to design useful
and acceptable changes. The survey involves following up
on the largely quantitative data gathered from secondary
sources by obtaining information firsthand from farmers.
This is the first time in the FSR&D process that the main
attention is focused directly on what farmers do and why
they do it.

The team members attempt to gain impressions of
what enters into the farmers' decision-making with regard
to their farming systems such as their knowledge and
beliefs, their obligations, their goals, and their perceptions
of risk. At this stage, the team formulates hypotheses to
explain present farming practices.

The FSR&D team also undertakes reconnaissance
surveys for other reasons. A survey early in the FSR&D
process helps the team understand farmers' technologies,
terms, units of measure, and explanations of why things
happen. Besides being essential to on-farm experiments,
such information helps the team develop material for
subsequent surveys. Thus, the team will be better able to
phrase questions in formal surveys so farmers can under
stand them.

Other objectives of the survey include helping the
team to

• establish appropriate research objectives and
methods

• decide on the type and size of the sample for formal
surveys

• define more precisely the characteristics of
homogeneous farmers for whom the research will be
undertaken

• publicize forthcoming FSR&D activities
• locate collaborating farmers.

Interviewees. The team should consider interview
ing a cross section of farmers such as

• Farmers who hold leadership pOSltlOns. (They
sometimes have useful perceptions about the
reasons behind traditional practices and how these
practices have changed over time.)

• Farmers identified by the extension service who will
often have tried recommended technologies. (They
will ~ave information and opinions about problems
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and potentials for these and other technologies.)
• Innovative farmers who have successfully developed

improved technologies. (They will be valuable
sources of information on potential technologies for
other farmers in the area.)

• Women farmers who are both members and heads of
households. (They can provide information on fam
ily decisions and resource allocation in areas where
they have major responsibilities such as the care of
small animals, garden crops, food processing,
storage, and trading (Cloud, personal communica-
tion'.

• Above all, farmers who are representative of major
farming systems in the area.

The team may also want to continue interviews
with people contacted previously during research area
selection such as (1 J extension agents, (2) bankers, (3)
buyers of agricultural products, and (4) suppliers of inputs.

Observations. The two basi~ aspects. of the recon
naissance survey method are (1) observation of farms and
farm families, and (2) interviewing family members.

Team members, .often working in pairs, observe
farmers' fields and animals and notice such things as inter
cropping, spacing between rows, and condition of plants,
animals, tools and equipment, and buildings. They may
take plant and weed counts, study the rate of disease in
festation, and grade pest damage. Nygaard (personal com-

munication) reports that these types of observations and
measurements by researchers and farmers were important
to the FSR&D surveys undertaken in Syria by the Interna
tional Center for Agricultural Research in the Dry Areas
[ICARDAJ.

Tables 5-1 and 5-2 and Appendix 5-P illustrate the
types of information that field teams have collected and
found useful when observing and recording crop and
livestock conditions during reconnaissance surveys. With
suitable adjustments to meet local conditions, FSR&.D
researchers can use tables such as these as aids in quickly
noting important characteristics about crops and animals.

Team members should also take advantage of their
trips to the field to observe other aspects of the farming
system. Possibilities include observations of household
members and the type and quality of their food. In addi
tion to observations, team members might take soil
samples to measure depth, texture, and pH.

Team members' observations can be used for check
ing the validity of information obtained through farmer in
terviews. In this regard, the expertise of experienced
researchers is particularly useful in identifying the
underlying causes of observable and stated problems. Such
information will often suggest follow-up questions to
reconcile any inconsistencies between farmers' statements
and the team's observations.

Interviews. At the beginning of the visit with
members of the farm family, the FSR&D team may ask
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Table 5·1. Summary of crop and soli observations from the
reconnaissance survey.*

A . Crop _

B. Cropping pattern
C. Stage of growth
D. Surface soil texture
E. Dates of observations
F. Observer
G. Top growth characteristics indicative of possible problems

1. Soil moisture relationships: moisture stress...... _
excessive moisture salinity stress _

2. Nutritional relationships: nutrient deficiency
soil pH soil salinity toxicity _

3. Pests (e.g., weeds, diseases, insects) _
4. Cultural practices (e.g., cultivation methods, weed control)

5. Other (e.g., varietal and field uniformity, plant population)

H. Root growth characteristics indicative of possible problems
1. Soil moisture relationships (e.g., color, distribution, depth)

2. Nutritional relationships (e.g., toxicities, nodulation)

3. Pests (e.g., cutworms, parasites)
4. Other _

I. Soil characteristics indicative of possible problems
1. Surface (e.g., crusting, cracking, salts, structure)

2. Subsoil (e.g., compact, layer, mottling, structure)

3. Other _

J. Other

•A table should be prepared for each crop In each crop
ping pattern.

wide-ranging questions such as

• How much of the family's harvest will be marketed
and when?

• How much labor, credit, and other inputs are
available to the family? Do women have difficulty
obtaining these inputs? How are the inputs used?

• What are the family's food needs and preferences?
• What are the family's obligations to neighbors,

relatives, friends, and religious institutions?

The team may then use the responses to decide what
specific topics to emphasize during the remainder of the
interview.

After each day's work, the team members gather and
discuss such questions as

• What have they learned?
• Have they observed similar phenomena?
• Do they agree on their interpretations of what they

have seen?
• What do they need to explore further?

During the reconnaissance survey, the team pays at
tention to the general practices of farmers in the area and

Table 5·2. Summary of animal observations from the recon·
nalssance survey. *

A. Kind of animal _
B. Animal use _
C. Animal feed _

D. Dates of observations
E. Observer _

F. Appearance of the animal
1. General condition (e.g., size, amount of fat, skin condi·

tion, liveliness) _

2. Symptoms of problems (e.g., swellings, growths, dis·
colorations) _

3. Other _

G. Nutritional problems
1. Deficiencies (e.g., protein, minerals, vitamins)
2. Excesses
3. Toxicities
4. Control measures _
5. Other _

H. Disease and parasite problems
1. Diseases or parasites _
2. Control measures _
3. Other _

I. Sanitation problems
1. Unsanitary conditions
2. Control measures _
3. Other _

J. Other

•A table should be prepared for each kind of animal.

to the variations in practices among the farmers. In each
case, trying to understand why variations occur helps the
team understand why farmers use certain practices. Varia
tions among farmers should help identify environmental
changes across the research area. Identification of
trends- e.g., what traditional practices are being discarded
and what new practices are becoming common - sheds
light on farmer reactions to change such as increasing
population or different market conditions.

Toward the end of the reconnaissance survey, the
team might estimate the approximate frequencies-e.g.,
0-10 percent, 11-25 percent, 26-50 percent, 51-75 percent,
and 76-100 percent of farmers who use a particular practice
[Byerlee et a1., 1980). Finally, if all goes well, the team
should be able to identify at least some of the more impor
tant constraints and opportunities in the farming system.

We include a description of the sondeo, the Spanish
term for reconnaissance survey used by the Agricultural
Science and Technology Institute [ICTA) in Guatemala, in
Appendix 5-Q and we provide further guidance on the
kinds of data to collect during reconnaissance surveys in
Appendix 5-R.

Participant Observation
One type of informal observation and interview

method is participant observation-a method from the
social sciences. To use this method, a researcher lives
with a farm family for several months, observing and



recording what is going on and participating in the family's
daily life to the extent possible. The process involves con
siderable informal interaction with the family.

Participant observation could be used in FSR&.D for
collecting information on farmer decision making and the
factors that influence farmers' decisions such as social
obligations, food preferences, and beliefs about plants.
Participant observation would also identify interactions
between different parts of the farming system and between
the farming system and the environment-particularly
socioeconomic aspects. By providing an understanding of
the context into which changes are introduced, informa
tion from participant observation could serve as a basis for
hypothesizing the possible effects of alternative actions by
the farm family.

Participant observation could be particularly useful
in situations where little is known beforehand about the
farmers' culture. These observations could be a starting
point for recording labor activities according to type, tim
ing, and worker. Furthermore, these observations might
provide the background for working with more complex
systems.

Two disadvantages of participant observation are the
time the method requires and its high cost. However,
since participant observation provides an insight into farm
families that is not easily obtained in other ways, the team
may want to include an element of participant observation
in its data gathering activities. Alternatively, a literature
search of previous participant observations may provide
information about farmers' past practices that helps to ex
plain their present practices. Studies that relate farmer
changes with environmental pressures could, in tum, aid
the team in predicting farmers' future reactions to changes
in the environment and to opportunities for adopting new
technologies.

5.10.2. FORMAL METHODS

In FSR&.D, formal surveys are generally undertaken
to test and otherwise clarify the FSR&.D team's recon
naissance and other findings and to follow up on important
topics. Verification comes primarily through statistical
procedures, but also through additional insights gained by
experienced researchers. This section briefly covers some
of the characteristics and issues of single and frequent in
terval surveys, questionnaire design, sampling, implemen
tation of formal surveys, and three variations of formal
surveys - farm record keeping, monitoring, and case
studies. We provide additional details on data collection in
Sec. 6.4.4.

Single Interview Surveys
The single interview survey often follows soon after

the reconnaissance phase. A questionnaire is administered
to farmers usually selected according to formal sampling
procedures. The questionnaire may be used to

• verify and quantify findings of the reconnaissance
survey
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• collect information on topics of specific interest to
the FSR&.D team.

For example, in Syria an FSR&.D team followed a general
crop survey with a single interview survey designed
specifically to learn about the cost of harvesting lentils.

The single interview survey is the least costly of the
formal methods per unit of usable information and is best
used for gathering data on phenomena that

• change slowly-e.g., land tenure or size of farm
• are one-time or infrequent occurrences-e.g., fer

tilizer purchases, date of planting, and similar
farmer practices

• deal with such information as farmer knowledge,
beliefs, attitudes, and goals.

Farmers can easily remember and describe this informa
tion. Also errors in farmer's statements for such informa
tion, called measurement errors, tend to be small.

On the other hand, the team is likely to obtain poor
results when using the single survey method to collect
data such as the amount of labor used daily for various
farm operations during the growing season. Farmers do not
remember these kinds of data, called continuous data,
very well. In the single survey approach, measurement er
rors tend to be large for continuous data because the lack
of a follow-up surveyor observation does not permit direct
verification of results.

Another error, called sampling error, occurs when
the results of a survey are not representative of the group.
Much variation may exist among farmers for any
characteristic such as farm size. For a given situation, the
larger the sample size, the less the sampling error. Thus,
to improve the statistical reliability of results, researchers
should take large samples when conducting single inter
views. We discuss how to deal with measurement and
sampling errors in Appendix 5-S.

Moreover, a single interview is a poor instrument for
gathering sensitive information such as farm income,
because the interviewers have little chance to build rap
port with the farmers. Also, the FSR&.D team must be
cautious in making cause and effect statements based on
data from single interviews. Often, several explanations
can be offered for the information obtained from a single
interview survey. Finally, in societies in which members
do not pool their incomes, income data obtained from
heads of households can be incomplete (Simmons, 1976).
Husbands and wives may not know the income of the
other, nor wish to divulge their own income (Staudt, per
sonal communication).

In the single interview method, the team may take
an hour and a half, or even more, of a farmer's time.
However, over the life of the project, the single interview
approach takes less of a farmer's time than any other for
mal data collection method. This is an advantage of the
method, because team members need to be sensitive to
their use of the farmer's time, both in gaining the farmer's
cooperation and in not being a burden during those times
of the year when the farmer is particularly busy.
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Frequent Interview Surveys
The frequent interview method involves collecting

data from a limited number of farms on a repetitive basis.
This may continue for a year or more. For example,
periodic visits to farmers by the National Agricultural
Technology Center (CENTA) in El Salvador continued for
more than a year. Other frequent interview surveys may
cover shorter periods such as the growth period of an an
nual crop.

The frequency of visits depends on the topics, the
degree of accuracy required, and the funds available. For
example, a researcher with experience in farm manage
ment surveys in Africa prefers twice-weekly interviews
even though they are costly and require much time to
summarize. He found that daily interviews pestered
farmers too much while more than three days between
visits resulted in loss of accuracy (Friedrich, 1976).

The frequent interview survey can be used to show
progress, trends, and fluctuations over time, and to gather
information on specific aspects of the farming system at
specific times or places. This type of survey is well-suited
for collecting continuous data such as labor and cash flows
and food consumption. Because data are continuously
recorded, errors due to faulty farmer recall are minimized,
as are errors in measurement and observation on the part
of the interviewer. This method, because of the frequent
contact, has the potential for establishing close rapport
with the farmer. Furthermore, when carried out for any
length of time, the method provides a mechanism for
transmitting information from the researcher to the farmer
and back again.

Frequent interviewing does, however, have disad
vantages. The more serious ones concern the time to ob
tain results, staff requirements, and validity of the data.
Interviewers have to be in the field continually for long
periods, ranging from several months to a year. In addi
tion, data collected by means of frequent interviewing are
open to sampling error, since the high cost of the method
permits only a small number of farmers to be included in
the sample. Since the frequent interview method requires
much time to collect the data, it cannot be used when the
information is needed quickly.

The team must be aware of the threats to the validity
of the data during interviews. For example, farmers may
unknowingly try to help the team by responding with the
socially correct answers. Or farmers may feel obliged to
answer questions about topics for which they have little
feeling or experience. In such cases, farmers' responses
may not reflect the real conditions on the farm or in the
community. Therefore, the FSR&D team should consider
the validity issue when designing surveys and in inter
preting the results. In Appendix 5-T, we provide some sug
gestions on how to do this.

Questionnaire Design
A good questionnaire is important to the FSR&D

team when it makes a formal survey. The questionnaire
links the FSR&D team with the farmers. A sequence for
the development of multidisciplinary questionnaires is

shown in Fig. 5-:5. Each stage is discussed below.
The team begins by reviewing what is known from

secondary sources and the reconnaissance survey, and
develops a list of additional data needs. Keeping in mind
the characteristics of both farmers and interviewers, the
team next decides on the type of questions, for example,
multiple choice or open ended-i.e., respondents are not
forced to select from a set of predetermined answers. All
questions need to be carefully and clearly worded, so as to
communicate the intended meaning of the inquiry. This is
helped when the team uses appropriate local terminology
and units of measure.

The questions should be arranged in a logical pro
gression from the farmers' standpoint, starting with sim
ple, more general questions and proceeding to the more
specific, difficult, and sensitive areas. Sometimes, break
ing the logic or 'sequence of questioning may be desirable
to keep from leading farmers to what they believe are the
expected answers. A way to check on the validity of the
farmers' responses is to ask the same question in more
than one way.

Next the team has to decide on the appropriate
layout and length of the questionnaire and to take time to
train interviewers. These interviewers then assist in

Figure 5·5. The steps In designing a ques·
tlonnalre (Adapted from Marketing Re·
search by T.C. Kinnear and J.R. Taylor).
Copyright © 1979 McGraw·HIII Book Com·
pany. Used with the permission of McGraw·
Hili Book Company.
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Determine the Type of Questions

Decide on Wording Questions

Decide on Question Sequence

Determine Layout and Length

Pre-Test and Revise
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Text Box



pretesting the questionnaire. Pretesting is a trial run dur
ing which the questionnaire is administered to a limited
number of farmers who are then asked if they had prob
lems understanding the questions. During this trial run
the team also has an opportunity to test its data analysis
techniques. The team then revises the questionnaire, in
cooperation with the interviewers and perhaps the help of
a farmer advisory group. We provide additional details on
questionnaire design and examples of poorly versus clearly
worded questions in Appendix S-U.

Designing a questionnaire should not only take into
account the best way in which to ask questions, but
should also consider ways to increase the efficiency of data
collection and processing. In Sec. 5.12., we discuss data
management further.

Sampling
If the essential characteristics of farm families and

their farming systems in an area were the same, the
FSR&D team would not have to be concerned with sam
pling. The team would only need to select one farm family
to find out about the rest of the families. 'Farm families,
however, varyj no one is exactly like any other. Thus, by
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sampling, the team selects a small group of farm families
to represent a larger group. The team uses information
from this small group to generalize its findings to all farm
families of a particular type in the research area and,
therefore, does not have to interview all of the farm
families. Sampling saves considerable staff time and
money as compared with taking a census and usually pro
duces results adequate for FSR&D purposes. In Appendix
S-V, we discuss sampling procedures at greater length.

Implementation of Formal Surveys
With a questionnaire developed and pretested and a

sample drawn, the formal survey is ready to be im
plemented. Successful completion of the interviews calls
for a cadre of trained interviewers and close supervision by
the FSR&D team. We elaborate on these requirements and
others in Appendix S-W.

Variations of Formal Surveys
Researchers may normally think of· sample selec

tion, questionnaires, and frequency of contact when hear
ing about formal surveys, but other approaches to formal
surveys are possible. One of these, farm record keeping,
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has played a key role in some FSR&D projects. Two other
approaches are monitoring and case studies.

Farm Record Keeping. A variation of the frequent in
terview method involves farmers keeping regular, often
daily, records of specific farming activities. The FSR&D
team initiates farm record keeping once it knows the types
of farmers and situations it will be studying. These records
generally focus on inputs and outputs associated with
specific crops and livestock activities. To keep these
records simple enough for farmers and technicians to
manage, data on household items such as family income
and personal expenditures are generally left out. Market
prices and technical descriptions of inputs can usually be
obtained as part of special studies or other data gathering
procedures-not from farm records.

When records are kept by farmers participating in
the on-farm experiments as well as by other farmers in the
research area, the records can form the base for evaluating
FSR&D's effectiveness. Such information, supported by
studies and surveys, also assists the team in interpreting
its research results and in planning research for subse
quent seasons. If farm records are started early in the pro
ject's life, they can be substituted for baseline surveys.
When kept for several years, these records reveal the ef
fects of technological changes in the farming systems.

Farm records are especially useful for recording the
kinds of data that farmers and their families soon forget.
Examples of data recorded include how much work the
farm family performs daily on each crop or animal type,
when and how long the family hand weeds, and when it ir
rigates certain fields. In Appendix 5-X, we provide addi
tional details on the types of data to collect and the ap
proach taken to record keeping by ICTA in Guatemala.

If well managed, farm record keeping is less expen
sive and more accurate than the other methods of collect
ing data over a long period of time. However, obtaining
reliable data from farm records requires the FSR&D team,
usually the technical assistants, to regularly and carefully
check these records. These assistants generally live in the
research area during the life of the project. While making
their visits, the assistants should observe the farming
system and report their findings to the rest of the team. In
Guatemala, technical assistants with ICTA have been able
to oversee from 40 to 50 farm records per season.

Farm record keeping normally requires some
literacy. However, two methods have been devised to in
clude illiterate farmers in this process. One is to have
literate members of the farm household, usually young
children, help in keeping the records. The other method
involves forms with pictures and symbols. Hatch (1980)
designed such a form which we also include as part of Ap
pendix 5-X.

Monitoring. Another variation of formal surveys is
monitoring. In this section we will report on three types of
monitoring useful to FSR&D. These three relate to obtain
ing data on climate, recording data from on-farm ex
periments, and gathering information on livestock
systems.

Climatic data need to be monitored as part of plan
ning on-farm experiments and interpreting the results.

Such data are used to locate experiments according to
different climatic conditions. Also, such data are needed
for judging whether the climatic conditions prevalent
during the experiments represent typical or atypical con
ditions.

The FSR&D team generally collects data on rainfall,
temperature, wind, and sometimes solar radiation. This
information should be summarized weekly and monthly
by the team's technical assistants. Then senior members
of the field team should review these data periodically. If
the assistants are having difficulty preparing the weekly
summaries, the team might consider omitting some of the
items, or reducing the number of locations where
measurements are taken. In Appendixes 5-A and 6-A, we
provide more information on climatic monitoring.

Monitoring of cropping and livestock experiments
includes two types of observations - those about crop and
livestock performance and those about farmers' manage
ment practices. This monitoring requires field team
members to visit the experiments, particularly farmer
managed tests, to record farmers' activities and plant
growth or animal performance during the experiments.
Such monitoring is particularly important for farmer
managed tests, because the team needs to keep track of
what the farmers do and what results they obtain. For
researcher-managed and superimposed trials, the team ob
tains the necessary data as a natural part of its experimen
tal activities.

Observations of crops and animals, for example, in
clude those that indicate symptoms of stress, deficiencies,
toxicities, pest and disease infestations, plant stands, and
changes in animal health. The researcher records farmers'
activities as they relate to such factors as planting dates
and animal feeding rates. The results from such monitor
ing help the team to (1) identify production problems and
(2) understand farmers' management practices.

ILCA uses monitoring techniques to observe how
livestock production systems change with the introduc
tion of production-oriented projects. This method of data
collection complements ILCA's other work such as identi
fying constraints and carrying out detailed analyses. ILCA
(1978) comments on the purpose of its monitoring ac
tivities as follows:

"It will also be important to examine the
response of traditional systems to development pro
cesses. Indeed, the monitoring of ongoing develop
ment programmes needs to receive a high priority,
since these programmes represent unique ex
periments which can never be reproduced in the con
fines of a research station. If not given early atten
tion, a great volume of information crucial to future
livestock development will be lost. At first these
studies are likely to be mainly in eastern Africa,
where existing development programmes already af
fect a wide range of pastoral societies, though they
would be selected also for their wider relevance to
Africa as a whole."

In Appendix 5-Y we provide additional information
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on ILCA's approach to the monitoring of livestock
systenls.

Case Studies. The case study approach, a special
form of the frequent interview survey, involves an in
depth analysis of a small number of farms selected because
of their representativeness of farming systems in the
research area. Formal interviews, combined with observa
tion and informal discussions with the farm household are
repeated regularly, sometimes for an entire year.

The case study method is particularly suited for in
vestigating the whole farming system and the interrela
tionships among its parts and between the system and its
environment. One output of such a study is an integrated
model of the farming system, showing, in quantitative
terms, flows of money, materials, energy, and information
(Hart, 1979). Such information is useful in predicting
probable repercussions of changes in any part of the sys
tem.

The primary advantage of the case study is the ac
curacy and detail of the data. This in-depth view can be
most helpful in interpreting the data gathered on many
farms during reconnaissance and single interview surveys.
However, the method is costly and time consuming. In ad
dition, as with the frequent interview survey, sampling er
rors can occur, since few farms are usually studied. In Ap
pendixes 2-A and 5-J we discuss Hart's (1980) case study
work in Honduras.

5.11. COMBINING DATA COLLECTION METHODS

FSR&D teams use several methods to gather data.
Each method is limited in the quality and type of informa
tion it can provide. Achieving the right combination of
methods involves a careful study of research needs and
resources. As different kinds of data are often needed at dif
ferent stages of FSR&D, the methodologies used should be
reevaluated periodically. A carefully developed combina
tion of data collection methods can take advantage of the
best points and minimize the drawbacks of each.

Following are some possibilities:

• A reconnaissance survey is almost always followed
by one or more of the other data collection methods.

• Informal observation and casual interviewing should
accompany formal data collection methods.

• The single interview survey is often combined to
good advantage with frequent interview surveys,
farm record keeping, or case studies.

Concerning this last point, a single interview survey at the
outset minimizes the delay in moving from the descriptive
phase to the problem solving stages of FSR&D. Much of
the information, however, may not be detailed enough for
later research. Following the single interview survey, one
or more of the other methods can provide the required
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detail. At times, these in-depth studies uncover data that
contradict the information gathered during the recon
naissance or single interview surveys. The FSR&D team
should take this information into account.

To overcome the criticisms of the single and fre
quent interview methods, Norman (1976) suggested two
levels of sampling. The first sample would be a large one
involving the collection of data that change slowly or
represent infrequent occurrences. Such a sample, which
could be used at infrequent intervals, would minimize
sampling errors and would not involve large measurement
errors. The second level of sample would be a much
smaller one, in which the team concentrates more on such
continuous data as labor or fertilizer input for each field.
Measurement errors would be minimized in this second
sample through frequent interviewing and direct
measurements. However, because of its small size, the
second sample may contain a high degree of sampling er
ror. In Appendix 5-S, we present the discussion of Norman
(1976) on this method of two levels of sampling in greater
detail and how he used it in a study in Northern Nigeria.

We also inchide another example in Appendix 5-S, in
which Gucelioglu (1976) combined record keeping and fre
quent interviews in a household income and expenditure
study in Turkey.

5.12. DATA MANAGEMENT

The objective of data managment is to put collected
data as quickly as possible into forms useful for analysis,
while at the same time minimizing the chance for errors.
Too often, collecting data is considered an end in itself and
questionnaires are designed without sufficient attention
paid to how the data are to be analyzed. Because the
FSR&D approach emphasizes quick results, increasing the
efficiency of data collection and analysis is important.

Norman (personal communication) mentions that
ICRISAT is using a form in Upper Volta that illustrates the
advantages that can be gained from improving the linkage
between data collection and data processing. For example,
instead of collecting labor data for different fields on one
form and seed inputs for those fields on another form, all
data for each field are recorded on one form. Data are
placed on different parts of the form depending on the
operation undertaken. In addition to increasing the effi
ciency of data analysis, this method provides a good check
on whether each operation has been fully carried out.

In Appendix 5-Z, we present some general methods
for collating and tabulating data. This appendix sum
marizes the advantages and disadvantages of three com
mon methods for data preparation-Le., tabular sheets,
sorting strips, and computers. Also included is a section
on programmable calculators.

Data analysis is preferably done by the field team.
This team is usually in a better position to evaluate the
implications of the data than researchers in a distant head
quarters. If, however, the data have to be sent away, the
field team should take precautions against the data's loss.
Thus, the team might want to keep the original data in the
field office and send copies for the analysis.

5.13. SUMMARY OF RESEARCH BASE DEVELOPMENT

In the development of a research base and in carrying
out the FSR&D process, both secondary and primary data
and informal as well as formal methods of data collection
are important. The role of each of these depends on such
factors as the specific country, the character of FSR&D,
the stage in the FSR&D process, and the available
resources. In the early research stages, informal methods
are generally preferred. They are more effective in (1)
establishing rapport between the FSR&D team and
farmers, (2) developing team cooperation, and (3) pro
viding the initial orientation for problem and opportunity
identification, research, and policy implementation.
Gathering data in a more systematic and quantifiable
way-Le., by formal methods-tends to become more im
portant in the later stages of research and implementation.
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Chapter 6
PLANNING
ON-FARM
RESEARCH



After having identified the more relevant problems
and opportunities confronting specific groups of small
farmers in the research area, the FSR&D team is then
ready to plan the research program. This effort should pro
duce a work plan for research leading to improvements for
the identified groups of farmers. Simply, the team uses its
knowledge of these farmers and their farming systems, the
environment, and available technologies for planning a
suitable research program for the farmers' and society's
needs. The potential for improvement becomes the basis
for setting research objectives, selecting research activities
and methods, coordinating the efforts of experiment sta
tion staff and other supporting organizations, and outlin
ing the FSR&D team's tasks and responsibilities.

The FSR&D team may wish to follow the activities
listed below in establishing Its research program. This ap
proach is general and would be followed most closely
when first initiating research in an area. Other approaches
are possible, since planning is highly personalized and
depends on local conditions. Moreover, as the team gains
experience in an area, the team may give some elements
only cursory attention or even skip them.

The planning activities we propose involve

1) laying the groundwork for on-farm research
2) making preliminary analyses of on-farm ex

periments
3) considering alternative research activities and

methods
4) finalizing plans for on-farm experiments.

FSR&D leaders can facilitate this process by holding
one or more regional workshops prior to the season's or
year's activities. At these workshops, FSR&D members
discuss and agree on the research objectives, approaches,
and details. The workshops should be held soon enough to
allow the field staff to be selected and the field teams to be
organized before the season starts. Attendees to the
workshop include FSR&D staff from the national and
regional headquarters, the FSR&D field teams in the
region, specialists from other organizations, and represen
tatives of local groups.

Before discussing these activities, we need to stress
that this chapter is a companion to Chapter 7 because
research is first planned and then executed and analyzed.
We use "on-farm research" in the titles of these two
chapters to emphasize on-farm research procedures. Pro-

cedures for other types of research, including those on the
experiment station, are well-established and generally
understood. As Fig. 6-1 shows, the sequence of these two
chapters starts with planning on-farm research lActivity
3), moves to on-farm research [Activity 4.a.) and ends with
analysis of research results lActivity 4.b.J. The feedback
lines indicate the iterative nature of the approach. That is,
the analysis and extension of results feed back to planning
on-farm research and other FSR&D activities. With each
looping of activities, more information is gained, prob
lems and opportunities are better defined, and increasing
ly more specific research is undertaken. For clarity in Fig.
6-1, we do not show the linkages with the experiment sta
tion or extension. These linkages were shown in Fig. 3-1.

6.1. LAYING THE GROUNDWORK

In arriving at a suitable plan of on-farm research for a
region, FSR&D teams need to undertake several activities.
These include

1) reviewing priority problems and opportunities
2) appraising the organization's capabilities and

resources
3) appraising present technologies
4) setting assumptions about near-term conditions
5) categorizing and setting research priorities
6) developing hypotheses for testing
7) establishing research collaboration.

The conclusions the teams draw from these activities are
essential for the next activity, which is for the teams to
prepare preliminary analyses of alternative on-farm ex
periments.

6.1.1. REVIEWING PRIORITY PROBLEMS AND
OPPORTUNITIES

The FSR&D team begins by carefully reviewing the
priority problems and opportunities selected during Ac
tivity 2. This review will probably produce a
modified- and smaller- set of problems and opportunities
from those selected during problem identification. By con
sidering fewer possiblities and having more time for in
vestigation - than during the reconnaissance phase- the
team sharpens its analysis by focusing on the most prom
ising possibilities.
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6.1.2. APPRAISING THE ORGANIZATION'S
CAPABILITIES AND RESOURCES

Figure 6·1. A flow chart for planning and ex·
ecutlng on·farm research and analysis. See
Figure 3·1 for more detail on how the ac·
tlvltles In this figure relate to other FSR&D
activities, the experiment station, and exten·
sian.

In making this review, the team should seek help
from appropriate specialists whenever it lacks the ap
propriate experience. However, by participating in target
and research area selection and by its initial identification
of farmers' problems and opportunities, the team should
be reasonably prepared for this planning task. The team
will have gained an understanding of the farmers' objec
tives, the prevalent farming systems in the area, the en
vironmental characteristics, and any generally supported
research strategy for the area's farmers.

FSR&D team leaders need to consider their
capabilities and resources in relation to the tasks confront
ing them. Specifically, they need to consider the organiza
tion's strengths and weaknesses as related to the problems
and opportunities to be investigated. When the leaders
perceive that the needs for research are substantially above
their capabilities, they will probably want to consider ap
proaching the government for additional support. Should
additional support not be given, the FSR&D leaders will
need to pay particular attention to effectively planning the
FSR&D program and the teams' activities.

6.1.4. SETTING ASSUMPTIONS ABOUT NEAR-TERM
CONDITIONS

In deciding among the alternative possibilities for
research and development, the FSR&D team needs to
know what technologies are available within the area.
Present technologies serve as a good starting point for solv
ing some of the more pressing problems and beginning on
farm experimentation. The team should be able to identify
potentially relevant technologies by reviewing reports and
data from local experiment stations and from regional, na
tional, and even international research organizations. The
team members might also talk with those knowledgeable
about the area's research and farming practices. The ideas
generated can then be screened through researcher
managed and superimposed trials. In this way, the team
seeks to match technological possibilities with the iden
tified problems and opportunities.

At times, the team may be uncertain about farmers'
conditions and the suitability of available technology.
When this happens, the team could begin with a few
farmer-managed tests to learn how farmers react to new
situations. When working with farmers in this manner,
the team should not subject farmers to much risk and
should be sure farmers know the exploratory nature of the
experiments.

6.1.5. CATEGORIZING AND SETTING RESEARCH
PRIORITIES

6.1.3. APPRAISING PRESENT TECHNOLOGIES

To help in the selection and design of research ac
tivities, the FSR&D team needs to make reasoned assump
tions about the environment over the next five or six
years. Often, the most reasonable assumption is that the
future will repeat the past-this assumption is especially
true where similar farming techniques have been practiced
for centuries.

Occasionally, the team will be able to identify
changes that are currently taking place or are reasonably
certain to influence the farmers' environment by the time
improved technologies are developed and diffused. When
changes are occurring or pending, prudence suggests the
team estimate, as best it can, the situation most likely to
prevail. When the team cannot do this with sufficient cer
tainty, the team must make alternative assumptions.
Then, the preferred technologies might be those that apply
to the broadest range of conditions.

An alternative approach when encountering uncer
tainty is to focus the team's research on those technologies
applicable to the most certain conditions and delay
research on other technologies until conditions can be
ascertained more clearly.

, The selected problems and opportunities can next be
divided into whether the farmer does or does not have con
trol over the factors necessary for making improvements.
We generally consider that the farm household has
reasonably complete control, within the limitations set by
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society, over the family's resources and activities pertain
ing to the farmers' system. Similarly, we consider that the
farm household has little effective control over the en
vironment, except occasionally through organized groups
of farmers acting on their own or by ii:lfluencing the
government.

Those planning FSR&D will probably find that most
of the practical research opportunities will involve factors
over which the farmers have control. The reason for this is
that environmental conditions are not easily altered. Con
sequently, much of the FSR&D effort will be directed to
changes in cropping and livestock patterns and farm
management by means of on-farm experimentation.
Nevertheless, the team should not overlook opportunities
to conduct research on the farmers' environment through
special studies and by other means.

6.1.6. DEVELOPING HYPOTHESES FOR TESTING

With the foregoing accomplished, the team should
be able to state the hypotheses for research on problems
and opportunities. Combined, these hypotheses will
establish the general direction and the nature of the overall
FSR&D effort. For example, a major objective might be to
add a second or third crop to the farmers' cropping pattern.

Researchers should form these hypotheses in such a
way that [I) the tests of the hypotheses will yield mean
ingful results for the overall approach and (2) the
technologies will be within the farmers' and agencies'
capacities to implement. For example, the hypothesis "an
earlier planting date for a second crop will increase the
farmers' overall output per unit of scarce land" would not
be useful if the farmers cannot prepare the land in time.
On the other hand, if a means has been demonstrated for
quicker land preparation, then the hypothesis about an
earlier planting date could lead to useful experiments and
conclusions.

6.1.7. ESTABLISHING RESEARCH COLLABORATION

By integrating the various hypotheses about priority
problems and opportunities, the FSR&D team should be
able to formulate a coordinated research progam. More
than likely, the team will need assistance from qualified
organizations and individuals in implementing this pro
gram. For example, help might be sought in clarifying an
animal disease, learning how a water users' organization
functions, trying to secure more favorable credit, or find
ing a solution to a soil salinity problem. Once the key
elements of the research program are identified, respon
sibilities can be assigned to the field teams for on-farm
research, to experiment station staff for work on and off
the station, and to other research collaborators for studies
supportive of the FSR&D effort. The way the FSR&D team
goes about obtaining such collaboration depends on its
position and authority within the governmental hierarchy.

Before finalizing the research program, these teams
will need to gather additional data and subject their find
ings to preliminary analyses to confirm the reasonableness
of the approach. This analysis of on-farm experiments,
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which we discuss next, is sometimes called an ex ante or
prefeasibility study.

6.2. MAKING PRELIMINARY ANALYSES
OF ON-FARM EXPERIMENTS

An analytical framework can aid the FSR&D team in
designing on-farm experiments. This framework guides
the team in making preliminary estimates of overall
feasibility and includes consideration of physical,
biological, economic, financial, and sociocultural factors.
The requirements of these analyses help the team focus on
collecting the most relevant types of information.

This section introduces the preliminary analyses of
on-farm experiments. To begin, the FSR&D team should
try to predict the implications of the experiments. By con
sidering a range of possibilities, the team will be in a better
position to decide whether to go ahead with the ex
periments and, if so, how to design them. In the remainder
of this section, we explain an approach to preliminary
analyses, which also applies to subsequent analyses. The
principal distinction between the preliminary and subse
quent analyses is that the former is based on generalized
estimates of values and the latter is based on experimental
results and more precise values obtained from farmers'
records, monitoring, and special studies. Details on the
methods of analyses are covered in Part 2 of Chapter 7.

6.2.1. ALTERNATIVE SOLUTIONS

Before deciding on a particular approach, the team
should consider the alternatives. Failure to consider the
better alternatives will produce inferior results no matter
how well the experiment is designed. Searching for alter
natives takes an open mind, imagination, and considerable
judgment and experience. Categories of alternatives to
consider include

• increasing output from a given level of resources
such as substituting a new technology for an old
one-e.g., introduction of a new variety-or in
troducing better management practices-e.g., plant
ing densities or on-farm conservation of water and
soil

• increasing resources-e.g., more land, credit, and
cooperative labor-coupled with increasing output
enough to justify the increase in inputs

• reducing farmers' risk through more reliable inputs,
more uniform outputs, or more stable prices

• reducing the inputs to produce a given output
• increasing farmers' satisfaction in other ways than

the above such as increasing family health through
better nutrition or working conditions.

6.2.2. FARMERS' CONDITIONS

The farmers' potential acceptance of technological
change requires improvements over what the farmers' con
ditions would be were the changes not introduced.
Because most farmers' conditions are stable, this means
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studying the farmers' current situations. Such study
means understanding, as best possible, the farmers' en
vironment, objectives, resources, enterprises, and
management practices.

In addition, some estimate is needed of the degree of
"improvement sufficient to interest farmers in change.
When yield increases are the objective, some researchers
use a 30 percent increase as the minimum amount farmers
can easily discern and, therefore, are willing to accept.
However, this percentage is simply a "rule of thumb" to
use until the FSR&.D team makes its own estimates. In
making these estimates the team should consider the
household's relative affluence. Households that are better
off and accustomed to change may accept values less than
30 percent. On the other hand, households operating near
subsistence will be constrained by shortages of cash and
credit and will generally be most concerned about produc
ing a stable food supply and other family requisites.
Households near subsistence levels may require both yield
increases of more than 30 percent and assurance that the
possibility of losses is not great. Alternatively, farmers
may think in terms of an increase in profitability (see

Minimum Acceptable Return in Sec. 7.7.4.).
With such knowledge about farmers' conditions, the

team should be able to predict the acceptability of change
based on reasoned estimates about the differences in alter
natives. Where the farmers' conditions are changing, the
team will need to estimate, as best it can, what future con
ditions would be like in the absence of any improvements
it might propose.

6.2.3. PERSPECTIVES

The team must understand the farmer's perspective
because farmers can accept or reject the proposed changes
in their enterprises and management practices. In addi
tion, the team should ascertain whether its proposed
changes will be in society's immediate and future in
terests. Simply, the team has this responsibility by virtue
of its being a government entity.

When dealing with these two perspectives, the team
will usually find that considering the farmer's viewpoint
calls for specific information about the technology and the
farmer. As the team gains experience by working with



farmers in the farmers' fields, it should be able to an
ticipate with some accuracy farmers' reactions to new
technologies. On the other hand, taking society's interests
into account is more general and, therefore, more subject
to alternative interpretations. For example, the team
might judge that the increased yield from using pesticides
is large enough to interest certain farmers in the research
area. In contrast, the team could encounter difficulty in
judging the long-mn effects on the environment from the
widespread use of these pesticides. For the latter situation,
the team might well seek expert advice.

6.2.4. TECHNICALLY VIABLE DESIGNS

In planning experiments, the FSR&D team is ad
vised to work toward technically viable designs rather
than toward optimal designs. Optimality does not have
much operational meaning within the complexity of
farmers' circumstances. On the other hand, technically
viable designs can be prepared to raise the farmers' benefits
enough to gain their interest. By technically viable
designs, we mean those that are responsive to conditions
likely to prevail when the technologies are broadly in
troduced to farmers. To accomplish this, the team will
need to look into a range of conditions covering the experi
ment, farmers' conditions, and the environment.

Physical Conditions
Soil, topographic, water, and climatic conditions

should be representative of conditions encountered by the
groups of farmers for whom the technologies are being
designed. Consider the following illustrative suggestions.
If shallow, stony soils prevail, then the team should select
these types of soils for the on-farm experiments. If most of
the farmers' land is on hillsides, that is where the team
should place the experiments. If the farmers plant under
rain-fed conditions, the team should do likewise.

Biological Conditions
The team will need to consider the farmers' existing

cropping and livestock patterns as the starting point for in
troducing changes in patterns and in mangement prac
tices. Then, the team should study the biological
characteristics of alternatives to learn how they can be in
corporated into the farmers' existing system. For example,
the team might consider whether the farmers have enough
time after harvesting their traditional crops to plant any
new short-season crops. As another example, the team
should be aware of any livestock's feed requirements if
it plans to change plant species in which the amount
and quality of fodder is significantly changed. Also, the
team needs to consider the farmers' particular pest prob
lems.

Economic Conditions
The team should be reasonably sure that future

economic conditions will support the change in
technology. For example, the technology's requirements
for labor, supplies, and services need to be available, and
the output should be acceptable for the family's use or be
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in demand by others. Also, the potential improvements
should interest the farmers.

Financial Conditions
The team will need to compare the monetary re

quirements for any proposed changes against the farmers'
financial resources. In checking on the financial needs of
such purchases as supplies and equipment, the team
should consider the farmers' reaction to credit, dealing
with lenders, and the time required for these transactions.

Sociocultural Conditions
A number of farmer characteristics, which we

categorize as sociocultural factors, are implied in the
foregoing considerations. The team needs to be sensitive
to the influence of the community and prevailing customs
on farmers' decisions. Where the community and customs
do not exert strong control over the farmer, the team
might find considerable flexibility in design possibilities
and should take advantage of this flexibility. At other
times, the social system will restrict the types of
technologies than can be introduced. In either case, we ad
vise the team to be aware of the farmers' sociocultural set
ting.

6.2.5. ESTIMATING VALUES

The foregoing considerations require the team to
estimate both quantities and prices for inputs and outputs.
In making these estimates, many analysts use "conser
vative" estimates. By conservative we mean increasing
costs or reducing benefits over what analysts believe are
the most likely possibilities. Their purpose is to be more
certain that suggested changes will be equal or better than
their calculations indicate. In this way, they feel they are
protecting themselves from criticism and the farmers from
loss. The analysts' inclinations are understandable, but
changing costs and benefits in this way obscures the
analyses. Analysts are not able to demonstrate the poten
tial of proposals in their clearest light. Consequently, we
recommend that the team select values that are as
representative as possible of the values they believe will
prevail if the technologies are introduced.

After obtaining an unbiased estimate of a new
technology's value, the team can apply analytical tech
niques designed specifically for taking uncertainty into
account. For this, the team needs to gather data on alter
native quantities and prices over a range of possible out
comes. The team can then use these additional estimates
to evaluate how a proposed technology looks under vary
ing assumptions. We present ways for making these
calculations under the headings of Risk and Sensitivity
Analysis in Sec. 7.7.4.

Finally, for subsistence farmers in particular, many
inputs and outputs do not involve cash transactions. Con
sequently, the reader may wonder how to place values on
these items. The solution is straightforward. The team
estimates the "opportunity cost" of the input and output
and uses this as the market-based value. The opportunity
cost is the value of an item in its best alternative use. We
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will say more about this subject under Net Benefits in Sec.
7.7.3.

6.2.6. EVENTUAL CONSEQUENCES

Finally, the FSR&.D team should take the precaution
of trying to anticipate the eventual consequences of the
changes it proposes. The consequences apply to both
farmers and the environment. While precision in predict
ing the full range of possible effects is unrealistic, the team
should try to estimate how specific small farmer groups
might be influenced. When the government is unable to
protect the interests of the farmers for whom the research
is intended, the team may want to work on other
technologies that do not threaten farmers' welfare.

We offer two examples to illustrate the point. First,
consider the introduction of a new variety that increases
yields through the application of agricultural chemicals. If
small farmers frequently cannot obtain these chemicals
while the larger farmers consistently can, the net result
could make the small farmers worse off. They would be
worse off should their output remain the same and prices
fall because of increased production in the area. The sec
ond example, comes from Kusum Nair (personal com
munication). Nair reported a situation in India in which an
irrigation project brought water to the farmers' fields for
the first time and thereby made the land more valuable.
For one reason or another, the wealthier farmers acquired
this land because of its higher value, and those who
originally occupied the land were forced to look elsewhere
for their livelihood.

6.3~ CONSIDERING ALTERNATIVE RESEARCH
ACTMTIES AND METHODS

The FSR&.D team can call upon a variety of research
activities and methods when implementing an FSR&.D ap
proach. An important part of the planning process is to
identify which activities to undertake and which methods
to apply. Table 6-1 provides a matrix of possibilities. The
"X"s indicate the more common application of methods to
activities, with the strength of the relationships increasing
as the number of "X"s increases. As the table indicates, the
strongest relationships are the application of researcher
managed trials for the development of technology, farmer
managed tests for adaptation of technology to farmers'
conditions, and surveys and record keeping to learn about
the farmers' systems. In this section, we provide addi
tional information on this subject.

6.3.1. RESEARCH ACTIVITIES

We have divided FSR&.D into the following ac
tivities, which are particularly relevant for cropping
systems research: technology development, farmer adapta
tion, management of the farming system, climatic
analysis, and special studies. We also include management
of natural resources because farmers' activities are
sometimes strongly influenced by the way these resources
are managed. Examples include supply of irrigation water,
conservation of soil and water on steep slopes, and
management of rangelands. Where an FSR&.D team con
siders livestock, special studies might include modeling of
livestock systems and monitoring of changes resulting
from development programs.

Technology Development
Research on technology development is undertaken

to (1) better understand the individual and combination of
technical factors affecting plant or livestock production
and (2) develop new and improved technologies. This
research relates to cropping and livestock patterns, mixed
crop and intercrop cornbinations, cropping pattern
management- e.g., use of higher yielding varieties, pest
control, fertilizer response, and planting dates - and
livestock management - e.g., animal nutrition, pest con
trol, feeding trials, and use of crop residues as animal feed.
Technology development may also apply to on-farm water
and soil erosion control in rain-fed areas and to various
moisture conservation practices for irrigated areas. Some
of the literature on FSR&.D refers to research on these
items as the development of component technologies
(TAC, 1978 j and Zandstra et al., 1981).

Farmer Adaptation
The FSR&.D team uses its understanding of the farm

ing system, background information on technology
development, and farmers' suggestions to propose im
provements in the farmers' systems. These improvements
include such possibilities as introducing new or additional
crops or animals into existing patterns, redesigning
farmers' management of existing patterns, finding better



Table 6·1. Matrix of FSR&D activities and methods.*

Research Activities

Research Technology Farmer
Methods development adaptation

Researcher-managed trials XXX
Farmer-managed tests XXX
Superimposed trials XX X
Surveys X
Record keeping XX
Monitoring XX
Research station support XX

Management
of the

farming system

XXX
XXX

Climatic
analysis

xx

Management
Special of natural
studies resources

X X
X

X X
X
X X

X
XX

*The "X"s indicate the common application of a research method to a research activity, with the multiple "X"s indicating a higher frequency of application. The
absence of an "X", however, does not preclude the use of a method for a particular activity.



methods for storing crops, and so forth. The approach to
farmer adaptation of technology is for the researchers to
learn how farmers react to introduced change- to what ex
tent the introductions are accepted, modified, or re
ject"ed-and to learn why farmers act the way they do.

Management of the Farming System
The FSR&.D team usually conducts surveys and sets

up record keeping on specific aspects of farming systems to
augment the information it gains from problem identifica
tion and on-farm experiments. For example, for a given
farming system, the team may want to find out about the
farmers' year-round use of farm labor, the periodic value of
sales of crops and livestock, seasonal feed requirements of
livestock, timing of field operations, periodic expenditures
for crop and livestock production, harvesting and post
harvesting losses, planting and harvesting dates, and areas
devoted to specific crops. The teams collect such informa
tion by sampling and recording data across the area and,

thereby, obtaining more complete and representative
descriptions of farmers' management practices.

Climatic Analysis
Analyzing climatic data is a routine activity for

evaluating results from crop and animal experiments. At
least one weather station usually is established in the
research area to obtain information on rainfall, maximum
and minimum temperatures, and relative humidity. Addi
tional rain gauges may be placed at different topographical
locations, sometimes on the farmers', schools', or others'
properties. Whenever possible, the team obtains detailed
information on climate from nearby stations. We present
more details on climatic monitoring in Appendix 6-A.

Special Studies
The FSR&.D team may decide that special studies are

needed when the cause of a production problem is difficult
to identify, when a new crop or animal of unknown perfor- "



mance in the area is being considered, or when a manage
ment practice is new to the area. These studies may in
volve biological experiments at the local experiment sta
tion to determine the agroc1imatic adaptability of new
plant species or to learn how to control disease or insect
infestations affecting plants and animals. Or the team may
need to determine the market's acceptance of a new crop.
When a new technology substantially changes the
household's activities, a sociological study may be needed
to understand how the family and society are likely to
react. Where nitrogen fertilization is urgently needed, but
fertilizer is too expensive or not available, the team may
decide to study alternative possibilities such as the in
troduction of legumes or better residue management.
Sometimes the need for these types of studies comes only
after proposed technologies prove unsuccessful or after
more has been learned about a particular problem.

Management of Natural Resources
Activities concerning management of natural

resources go beyond the single farm to the consideration of
the farmers' general environment. The FSR&D team,
either itself or with the help of others, seeks to improve
environmental conditions for farmers in the target area.
For example, (11 improvements may be sought in water
shed management, such as soil and water conservation
and maintenance of rangelands; (21 improvements may be
made to the area's irrigation system; or (31 research may be
directed toward solving problems involving a high water
table or salt-affected soils.

6.3.2. RESEARCH METHODOLOGIES

A variety of research methods have been taken from
various origins and adapted to FSR&D's specific needs.
Particularly useful are researcher-managed trials, farmer
managed tests, superimposed trials, surveys, record keep
ing, monitoring, and experiment station support. We
discussed surveys, record keeping, and monitoring as part
of formal methods in Sec. 5.10.2. We will now discuss the
other four methods.

Researcher-Managed Trials
Researchers manage experiments on farmers' fields

to develop appropriate technologies for speci£ic groups of
farmers. These trials help the team in a variety of ways.
For example, they:

• provide a means for screening available technologies
according to their suitability for different types of
farmers and conditions

• help the team define the characteristics of the
research area more precisely

• may be used to partition the research area according
to physical gradients that cannot be recognized
visually, such as a change in moisture availability
with distance from an irrigation source or across
rainfall gradients

• assist the team in recognizing the gap between cur
rent and potential yields
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• provide an opportunity for the team to work with
and learn from the farmers

• give the team the opportunity to experiment with
riskier treatments because the farmers' welfare is not
at stake

• allow the team time to identify some of the more dif
ficult and less successful experiments before pro
ceeding to farmer-managed tests.

The team uses methods and techniques similar to
those at experiment stations. However, by moving off the
station, the team is better able to take farmers' conditions
into account. The researchers try to simulate farmers' con
ditions to the extent possible. This can be facilitated
through questioning, observing, and having farmers per
form much of the work. Nonexperimental variables are
generally set to represent farmers' conditions, but may
sometimes be set at the level recommended by the exten
sion service. Researchers will often pay farmers for their
labor and the use of their land so that farmers do not suffer
losses from poor experimental results.

Among the more common types of researcher
managed trials are those designed to (1) investigate crop
ping patterns; (21 develop better management technology
related to such factors as improved plants or animals, pest
and parasite control, soil fertility, animal nutrition, plant
ing dates, and crop-animal interactions; and (31 evaluate
alternative management practices. As noted above, these
trials can also be used to study cropping and livestock
responses to alternative environmental conditions. For ex
ample, the researchers may wish to learn if soil condi
tions, such as low pH or excessive salinity, induce
nutrient toxicities or deficiencies in plants and animals.

Norman (personal communicationI points out that
some researcher-managed trials are not part of an FSR&D
effort. This occurs when the experiment station staff (11
wishes to learn how a technology responds to a physical or
biological environment different from that encountered at
the station and [2) is not primarily concerned about how
the technology fits specific farmers' conditions.

Farmer-Managed Tests
Farmer-managed tests provide the FSR&D team with

an excellent means for evaluating how new technologies
£it into the farmers' system and how farmers react to the
proposed changes. The changes relate to a wide range of
possibilities covering new cropping and livestock patterns,
management practices, and changes in resource use. For
best results} farmers need to manage these tests using
resources normally available to them and without ex
cessive interference from the team. Once the farmers
understand the purpose of the tests and the essential
elements for conducting them, the team members serve
mainly as advisers. In fact, the way farmers alter the tests,
together with their reasons, are important test results.
Such information can be the basis for modifying the
technologies and identifying opportunities for further
research.

The team should design the tests in cooperation
with the farmers. Plots need to be large enough to permit
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accurate measurement of the farmers' activities, par
ticularly the use of family labor. In this way, the tests will
receive adequate attention from the farmer and the team
will be able to observe how the farmers allocate their labor
and other resources. The team judges the acceptability of
the proposed technologies through farmers' records, obser
vations of farmers' practices, discussions with farmers,
measurements of results, and calculations of profitability.

Because these tests essentially belong to the farmers,
the team should not introduce patterns and management
practices until the team believes the changes will perform
at least as well as the farmers' normal practices. Stated dif
ferently, these tests are not for research in the early stages
of development where the details have not been worked
out and outcomes are uncertain. An exception is when
farmer-managed tests are undertaken primarily to learn
how the farmer and the system respond to change. On
these occasions, the farmer needs to know the nature of
the experiment and the possibilities of loss.

These tests also have their drawbacks:

• Experimental conditions are difficult to control.
• Tests must be replicated on different fields.
• Resulting coefficients of variation are high.
• The number and complexity of treatments are

limited.

Nevertheless, these tests show the researchers how
farmers are likely to react to new technologies should they
be introduced on a broad scale. Such tests are superior to
other methods in revealing how farmers employ their
resources. The team learns how adaptable and stable the
technologies will be within the research area. In addition,
because the farmers sometimes manage the experiments
under the supervision of extension workers, the number of
experiments can be increased relative to researcher
managed trials.

Superimposed Trials
Superimposed trials combine the methods of

researcher-managed trials and farmer-managed tests t~ ex
amine technologies for a range of conditions. These trials
tend to be single factor experiments-e.g., fertilizer
treatments - that are superimposed on farmers' ongoing
activities or on farmer-managed tests. Because they are
single factor experiments and can be worked into these
other experiments, superimposed trials are generally less
expensive than other experiments.

The trials have a variety of uses, as the following ex
amples indicate:

The trials effectively evaluate the suitability of farmers'
cultural practices within and across land and soil types. An ex
ample is the evaluation of the effectiveness of a chemical over
the range of soil textures within the research area.

The trials can efficiently evaluate appropriate levels of
technology, for example, the amount of fertilizer to be applied
rather than whether It should be applied. Such trials apply to
various practices -Insect and disease control for plants and
animals, weed control, soli application of fertilizers, and
micronutrient foliar sprays.

The trials are exceptionally well-suited for insect control
studies that reqUire large plots or many animals. These condi
tions are needed to accommodate the drifting of insecticide
sprays and to provide a reasonable opportunity for infestation
of mobile pests that seldom attack crops and animals uni
formly.

The trials are very useful for studying biological
response to a new technology over time. This may be impor
tant for research on plant or animal insect control. If, for exam
ple, the host crop is planted over six weeks, the insecticide
treatment should be spread over six weeks so that the growth
stage of the plant most susceptible to insect attack will occur
during the various growth stages of the pest. Similarly, insects
that attack animals can be researched over time to determine
the influences of weather and the insects' growth cycle on in
festation. Such research can be important in determining the
extent of infestation and effectiveness of the control methods.

The trials are good for evaluating simple procedures,
such as application of micronutrient foliar sprays, that are un
familiar to farmers. Because such trials are easily im
plemented, they interfere little with the farmers' other field
operations.

Finally, researchers can use the trials to obtain the
farmers' opinions of labor-consuming innovations and pos
sible modifications or adjustments the farmers would make in
adopting the practices. This is especially important for the
design of farmer-managed tests that involve time-consuming
operations. In some trials, researchers may want to determine
the time required for the farmer to use the new technology over
a relatively large area. Researchers can time alternative farmer
practices over a large enough plot to give reliable results and
then discuss these results with the farmers. In this way, the
researchers should obtain a reasonably good estimate of
various factors - e.g., labor costs, timing of activities, and
equipment needs-and how the technology ought to be
changed. With this information, the team should be in a better
position for designing the farmer-managed tests.

Experiment Station Support
Staff and facilities of the experiment station can con

tribute much to the FSR&.D effort. As explained in Sec.
3.4., agricultural research strategies use various combina
tions of on-farm and experiment station activities. The ex
periment station is both a source of potentially adaptable
technologies for the small farmer and also a place to seek
help once problems and opportunities have been identified
on the farm.

The stations-whether regional, national, or inter
national- serve a variety of purposes. By using
methodologies that are more precise and where nonex
perimental variables can be better defined, the stations can
provide more statistically reliable and broadly applicable
results than on-farm research. For example, stations fre
quently provide basic information on genetically im
proved plants and animals, soil fertility, multiple crop
ping, animal nutrition, and pest control. The national
centers offer a point of transfer of improved germ plasm
and other information from the international centers to in
dividual countries. Improved germ plasm received from
the international centers is usually used in local breeding
programs, and in some cases, eventually multiplied for
local use. The stations usually have weather monitoring
equipment and sometimes evapotranspiration ex-
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Figure 6·2. An example of distribution of effort among four
research activities for an FSR&D project over a three·year
period.

siderations include choices of cropping or livestock pat
terns, resource availability, and management practices.
McIntosh (1980) describes four conditions that the Central
Research Institute for Agriculture (CRIA) in Indonesia uses
as the basis for designing and conducting experiments
with alternative cropping patterns. These conditions and
the reasons for choosing each one are listed below:

• farmers' present cropping patterns and management
practices-to provide baseline information for com
parison with other patterns and practices

• farmers' present cropping patterns with input and
market constraints removed - to evaluate how
farmers would alter their management practices
were' input and market conditions more favorable

• new cropping patterns with low levels of in
puts-when trying to influence farmers to accept
new patterns

• new cropping patterns without input and market
constraints and with new technical assistance pro
vided - to estimate the potential for improving
farmers' production.
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6.3.3. APPLYING METHODS TO ACTIVITIES

periments. In addition, they may be convenient locations
for housing FSR&D staff, training, holding seminars, and
providing other support services.

While FSR&D helps to integrate on-station and on
farm research, FSR&D researchers normally undertake
few experiments on the station. These experiments are
normally left to those researchers engaged in disciplinary
and commodity research as part of the experiment
station's program. A reason for this division of effort is
that on-farm research usually takes so much time that the
field team has little opportunity to do much else.

Especially in the early stages of FSR&D, the team
will need to consider [1) an effective division of effort
among the various research activities, and (2j which
research methods to apply. During problem identification,
the team will be analyzing the current level of technology
in the area. If little technology is suitable for the selected
group of farmers, the initial emphasis should be on
technology development. As Table 6-1 indicates,
researcher-managed and superimposed trials and research
station support are the most appropriate methods. But
where a large body of technology is suitable for introduc
tion at the farm level, more attention can be given early to
farmer adaptation research. In this case, farmer-managed
testing is the principal method.

We advise FSR&D's management to secure the best
available staff when planning the initial research effort.
This is the point where experienced staff with sound judg
ment helps set FSR&D on the right path.

The proportion of the total FSR&D effort devoted to
each activity varies with FSR&D goals, available
technology, stage of agricultural development, and the
amount of FSR&D experience. As an example, in the first
year about 40 percent of the initial effort might focus on
technology development research and then the emphasis
might gradually shift to farmer adaptation testing over the
next two years (Fig. 6-2). In the first year, climatic
analyses take more time than later as the team sets up
weather equipment and outlines procedures for data
gathering, compilation, and calculations. Other activi
ties- Le., those involving management of the farming sys
tem, special studies, and management of natural resources
- account for the rest of the FSR&D team's effort.

6.4. FINALIZING PLANS FOR ON-FARM EXPERIMENTS

In preparing for on-farm experiments, the FSR&D
team needs to (I) decide on the design conditions under
which the experiments are to be conducted, (2j search for
improvements, (3j establish design standards for the ex
periments, and (4) gather additional data to finalize the
research designs.

6.4.1. DECIDING ON THE DESIGN CONDITIONS

In setting up the experiments, the team needs to
decide what the design conditions will be. Important con-

In addition to these four conditions, the FSR&D
team should consider a fifth possibility. This would be the
condition whereby farmers' resources and cropping pat
terns remain unchanged, but management is improved.
An FSR&D team can add this fifth alternative to evaluate
how much improvement can be accomplished with a
minimum of change to farmers' conditions.

Setting forth these conditions governs the way im
provements in technology are introduced, and conse
quently, the way experiments are designed and hypotheses
are tested. Selectively choosing from among these five
design conditions should allow the team to [I) identify
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reasons for the spread in farmers' productivity and (2) learn
how to introduce change under varying conditions.

6.4.2. SEARCHING FOR IMPROVEMENTS

This section describes the FSR&D team's search for
possible improvements. The significance of this activity
can, perhaps, be appreciated by recalling our discussion in
earlier sections. During problem identification, the team
found alternatives worth exploring. For the more in
teresting ones, the team agreed upon a set of hypotheses to
be tested through on-farm experiments. The team might
have hypothesized that lowland maize would respond
economically to increased fertilizer application. The team
then needs to search for the best fertilizer choices. That is,
the team might have looked at alternative fertilizer types,
methods of application, and quantities to be applied for
each of the five conditions described in Sec. 6.4.1.

In its search for possible improvements, the team
might emphasize one or more of the following:

• comparisons within the research area
• comparisons outside the research area
• farmers' uses of resources
• productivity criteria.

Comparisons Within the Research Area
The team can sometimes identify opportunities for

improvement by studying farmers' systems within the
research area. Opportunities arise when yields from crops
and livestock are low on some farms and considerably
higher on others. When these differences occur on nearby
farms, the team should find it easier to identify the causes
of the differences. Possibilities include differences in
management, farmers' resources, access to animal trac
tion, land tenure, and so on.

When proper attention is given to the reasons for dif
ferences in production, the team should be able to identify
research possibilities that are responsive to farmers' in
terests and within the farmers' capabilities to change.
Nevertheless, we urge the team to recognize that farmers
with low yields may not have the resources-e.g., quality
land-or environmental conditions-e.g., easy access to
markets - for replicating their neighbors' successes.

Comparisons Outside the Research Area
Where yields within a research area are uniformly

lower than in other areas, the team may not be able to
identify the causes of the differences as easily because the
reasons for the low yields are less apparent. The reasons
could come from a range of farmer characteristics or en
vironmental conditions. The team could begin its ex
amination at several points. Possibilities include using the
approach described in Sec. 4.2.3. to reexamine the
subareas' boundaries. This approach included separating
the farmers according to such factors as population
characteristics; farming systems including the distinction
between irrigated and rain-fed agriculture; the quality of
support services; and the physical environment-climate,
soil, and topography. Then, for common conditions, the

team attempts to isolate the distinguishing factors that
could lead to the differences in output. As an example, if
the amount and distribution of rainfall in the area seri
ously constrains farmers' production, the team might
study how others outside the area have dealt with this
problem.

Another approach would be for experienced research
ers to compare potential yields with existing yields and
then judge to what extent these potentials might be real
ized. Even though the gap between farmers' output and the
biological potential may be difficult to bridge, simply
knowing whether the gap is large or small can be useful in
searching for ways to improve farmers' output. That is, if
the potential is found to be very close to the farmers' out
put given the physical conditions, then the team would
probably take a different approach than if the gap were
large. For example, DeDatta et a1. (1978) reported on a
study of gaps in rice yields.

During the planning workshop, the teams may wish
to decide how to estimate the production potential of the
more important crops within the research area. Such
estimates provide guidelines for cropping pattern research
and identification and clarification of factors possibly
limiting growth. Considerable experience and expertise is
required, however, to make reliable estimates of potential
yields for a particular environment. Three guides may be
followed. First, the researchers might use available survey
data to search for farmers with higher yields than other
farmers. These could be innovative farmers or those with
above average resources. Second, the researchers could
estimate the top production potential from published
estimates for similar agroclimatic zones. One of the
sources of such information is the World Soil Resources
Report 48 (FAO, 1978). Third, production potential based
on experiment station results might be used.

Farmers' Use of Resources
Another approach is for the team to focus on in

dividual farmers' use of their resources. Through such
analyses the team seeks to identify (1) ways for the farmers
to use existing resources more efficiently and (2) those
resources most limiting the farmers' production. In apply
ing this approach, the team might follow the steps listed
below:

1) List the resources farmers are currently using such as
labor, animal power, equipment, crop and animal
residues, purchased inputs, cash, and credit.

2) List the present level of use for each of these
resources.

3) Identify and rank the most limiting resources con
fronting the farmers.

4) Estimate the increase in farmers' benefits from the
better use of currently available resources.

5) Estimate the increase in farmers' benefits from
modest increases in the most limiting resources
(Zandstra et a1., 1981).

The fourth step, involving improvements at the cur
rent level of resources, would be applicable when the team



does not believe the farmers will be able to acquire addi
tional resources. Concerning the fifth step, modest in
creases in the most limiting resources could come about
by having farmers reallocate their use of existing
resources, or by finding ways to increase farmers' total
resources as through additional credit. By increasing
resources incrementally, the team obtains a good indica
tion of the significance of individual restrictions. Also,
moderate increases in the most limiting resources prob
ably represents both the amount of change a farmer could
adequately handle and the level of support that could be
provided initially.

Productivity Criteria
The foregoing approach can be applied from a

slightly different angle-one involving a more generalized
consideration of productivity. Such productivity criteria
measure the efficiency of resource use, which is the
amount of output per unit of input-e.g., crop yield per
hectare.

The experiences of the team and participating
specialists applied to specific situations under study pro
vide the basis for identifying opportunities for improve
ment. An example of such an opportunity might arise from
a situation in which the household's labor is fully
employed during parts of the year and underemployed at
other times. Identifying technologies or management prac
tices that will permit the farmer to smooth out the
household's labor requirements should increase output.

By comparing farmers' objectives with their
resources, the FSR&D team can develop a set of criteria for
improvement. Some of the farmers' objectives could relate
to yields of subsistence crops, production of animal feed,
number of livestock, total or net cash income, land owner
ship, calories or protein consumed, and stability of pro
duction. Resources, for example, could be land, the
household, head of the household's labor, cash or credit,
and irrigation water. Dividing an item in the first set by
one from the second produces indexes such as tons of rice
per hectare of irrigated land, kilograms of cotton per hour
of family labor, total or net income per(cash expenditure,
or average calories consumed per household member.

With cropping pattern tests, the team will often look
to biological productivity of individual crops as well as to
the productivity of the pattern as a whole. For patterns
with the same crop in sequence, the team will find it
relatively simple to sum the yields for each sequence.
However, when the pattern contains different crops, the
team needs to consider some common term. One way is
for the team to convert individual outputs to their
monetary, caloric, or protein equivalents. The monetary
measure is especially good when much of the farmers'
crops are soldj the caloric and protein measures are good
when farmers who are near the subsistence level have
nutritional deficiencies. Alternatively, when similar crops
such as maize and sorghum are grown in sequence, the
measure of productivity may sometimes be made in terms
of the total grain produced.

Where two or more dissimilar crops are grown in the
same field at the same time, the team could measure the
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efficiency of land use by the land equivalent ratio ILER).
As Harwood (1979) explains, the LER is the "area needed
under sole cropping to give as much produce as 1 hectare of
intercropping or mixed cropping a't the same management
level, expressed as a ratio. LER is the sum of the ratios or
fractions of the yield of the intercrops relative to their sole
crop yields." We discuss the LER further in Appendix 6-B.

Which of these productivity measures to choose
depends 11) on which ones best capture the farmers' situa
tion-e.g., objectives, resources, and constraintsj (2) on
the ability of the team to identify the most limiting fac
torSi and (3) on the best opportunities for improvement. In
using these measures, the team may also focus on issues
such as the risks associated with planting before the rains
start, the influence of harvesting dates on pest damage and
prices received in the market, and the turnaround time
between crops. These issues are part of the technically
viable designs discussed in Sec. 6.2.4. Several excellent
references that may be used for analyzing biological pro
ductivity are Alvin (1977), Mitchell 119701, Milthorpe and
Moorby (1974), and FAO Report 49 (1977).

6.4.3. SETTING DESIGN STANDARDS

After gaining an idea about the possibilities for im
provements, the team should be ready to set standards for
the experiments. These are general standards that guide
the team in (1) setting up the experiments so that useful
results will be obtained, (2) avoiding unnecessary detail
and complexity, and (3) gaining uniformity among ex
periments across areas and over time. This third factor
allows for differences in experimental conditions due to
climate, economic factors, and other uncontrollable
variables, as well as for identifying trends over time. Com
ing up with clearly defined standards is especially impor
tant when new researchers are being trained and when the
rate of staff turnover is high. By formalizing research
methods and establishing standards that carry over from
year to year, the FSR&D team will lessen the problems a
new or inexperienced staff might cause.

Many of these standards are unj.que to the country's
program and the preferences of those in charge of FSR&D's
technical program. Consequently, our discussion will be
on some of the more general issues pertaining to
researcher-managed and· superimposed trials and farmer
managed tests. The issues we will cover are (1) types of
farmers, (2) locations of experiments, (3) number of ex
periments, (4) design complexity, 15) experimental design
characteristics, 161 methods of analyzing research results,
and 17l methods for handling incomplete experiments.

Types of Farmers
The team will need to decide something about the

characteristics of the farmers to be chosen as cooperators
in the experiments. Even for farmers described as being
relatively homogeneous in terms of their resources, crop
ping and livestock patterns, and management practices,
the FSR&D team will find differences in attitudes and the
willingness to cooperate. The team must decide whether
to select those farmers who show the greatest willingness
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to cooperate or to select farmers who are more represen
tative of the area's average farmers. Rather than recom
mend one or the other, we will simply state the advantages
of each approach' for now and discuss the subject further
under Research on Crops in Sec. 7.3.1.

If the more cooperative farmers are selected to par
ticipate in the program, the team will probably find its
work easier and experiments completed more rapidly. If
other farmers seek advice and help from the cooperative
farmers, then these cooperative farmers would be an asset
to the team and the extension service when diffusing the
improved technologies. On the other hand, cooperative
farmers may not be representative of other farmers, partly
because of their attitude, and the experimental results
might not be applicable to other farmers. Also, those who
appear to be the most cooperative at the outset, may not be
the most effective cooperators in the long run.

In some cases, a farmer's background may influence
the success of the experiments. Thom [personal com
munication) reports an instance in which an area's farmers
were generally uncooperative because the research team
first contacted two farmers who had little standing in the
community. One of the farmers had an unacceptable fam
ily background and the other was a newcomer to the
village.

Locations of Experiments
Once the farmers have been selected, the team will

need to decide how to choose among alternative fields and
locations within the fields. Replicated experiments con
ducted within the same farmer's field give the greatest
uniformity of conditions for the experiments; and addi
tional experiments across the research area give greater
understanding of the area. Where experimental plots are
small, as with researcher-managed trials, the team can
take the foregoing into account when locating the ex
periments. On the other hand, when farmer-managed tests
are being designed and farmers' fields are small, the team
may have no other choice than to spread the experiments
throughout the research area.

Another issue concerns the location of the ex
periments within the farmers' fields. Our contacts .with
FSR&D practitioners lead us to recommend that ex
periments, for the most part, be located in the center of the
farmers' fields. By doing so, the farmers are more apt to ap
ply their normal practices to the efCperimental area. This
advantage would be particularly important for farmer
managed tests. Also, researchers will be able to observe
on-farm conditions more closely as they go to and from the
experimental plots. In some cases, however, experiments
can be conducted near the edge of the farmers' fields
without disrupting the farmers' normal procedures. This
would be appropriate for some of the superimposed trials.

In Appendix 6-C, we present additional guidelines
for locating experiments on farmers' fields.

Number of Experiments
Important to the complexity and thoroughness of the

research program will be the number of experiments the

team attempts during the year. This decision depends part
lyon the team size, members' experience, the nature of
the research program, and the size of the area. Waugh [per
sonal communication) suggests that 20 researcher
managed trials per researcher are too many. If the number
is about IS, the researcher has sufficient time to visit with
the farmers and analyze the results adequately. In con
trast, more farmer-managed tests can be handled by a
researcher; and with the help of extension, the number
could be considerably greater than 20. But the team must
work out the number of'trials and tests for itself.

Design Complexity
The team's effectiveness can be enhanced if its

members can adequately judge the appropriate level of ex
perimental complexity-both for the team and for the
farmers. While researcher-managed trials can be complex
and involve a large number of treatments, FSR&.D practi
tioners generally agree that the number of treatments
should be kept small. This slower, step-by-step approach
to research (1) fits in with the more difficult conditions
under which on-farm research is conducted, (2) adapts bet
ter to the lesser experience of the field team when com
pared with experiment station staff, and (3) reflects the
need to introduce technical change relatively slowly
through farmer-managed tests.

Finally, when planning the experiments, the team
should look forward to the eventual diffusion of the
resulting technologies. These technologies should be
within the extension service's capabilities to implement.
Of course, these capabilities can be enhanced in various
ways, including training and the extension service's in
volvement in the FSR&.D process.

Experimental Design Characteristics
Table 6-2 contains information on the charac

teristics of on-farm experiments that the FSR&.D teams
may wish to use in setting their design standards. This in
formation was compiled from the experiences of FSR&.D
practitioners. Plot size, number of treatments and replica
tions, and field design are responsive to the methods and
objectives of each experiment. To illustrate, researcher
managed trials are biologically oriented, are on small
plots, have more treatments and replications per field, em
body more complex designs, and are conducted by research
staff in ways that have many similarities with experiment
station research. In contrast, farmer-managed tests have
socioeconomic as well as biological objectives, are on large
plots, have fewer treatments and replications per field, use
simpler designs, and are conducted by farmers. Superim
posed trials have characteristics intermediate between
researcher-managed trials and farmer-managed tests.

Not included in this table, but worth mentioning are
the requirements for livestock and cropping pattern tests.
For on-farm tests with large animals, a minimum of 20 to
30 animals is recommended, as we discuss further in Sec.
7.1.2. For cropping pattern tests, probably 40 to 50 test
fields are required, as we discuss under Field Design of Ex
periments in Sec. 7.3.1.



Table 6·2. Comparison of researcher·managed trials, superimposed trials, and farmer·managed tests for cropping systems experiments.

Characteristics
of trials and tests*

Plot size

Number of treatments

Number of replications
per field

Total replications
across farms, per
land type

Field designl

Sensitivity to
treatment
differences

Types of data
collected

Researcher-managed
trial

Generally small- on the
order of 75 square
meters

5·20

1-5t

4-5t

Completely randomized,
randomized complete
block, randomized
incomplete block,
split plot

Medium to high

Physical and
biological

Superimposed
trial

Both large and small

4-6

1-2

4-10

Completely randomized,
randomized complete
block, randomized
incomplete block

Medium to high

Predominantly
physical and
biological, but
some socioeconomic

Farmer-managed
test

Generally large - on
the order of 1,000
square meters

2-4

1-2

4-25

Completely randomized,
randomized incomplete
block, paired
treatments

Low to medium

Physical, biological,
socioeconomic

*These characteristics will vary with experimental objectives, type of treatment, farm size, and cooperating farmers.
tUsually all replications will be placed on one farm field to give the complete experiment. However, if the field is small and only one or

two replications on a field are possible, additional replicates will be placed on other fields of the same land type to give a total of four or five
replications for the experiment.

lSee Appendix 6-0 for description of field designs.

......
o......
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Finally, we provide further information on alter
native field designs and appropriate statistical procedures
in Appendix 6-D.

Methods of Analyzing Research Results
During this planning stage the team needs to agree

on how it will analyze the research's results. This will in
fluence the types of data to be collected, the way the ex
periments are conducted, and how decisions about the
technologies are reached. Following are some questions
that the team may want to consider

• Which statistical procedures should be used in
analyzing the results of the biological experiments?

• Will whole farm analysis be attempted, or will par
tial budget analysis be used (see Sec. 7.6.3.)?

• What minimum yield increases and changes in risk
are acceptable to farmers?

• What type and rate of profitability will be considered
acceptable to both farmers and society?

• What coefficients of variation (C.V.'sl will be con
sidered satisfactory for the different types of ex
periments?

Methods for Handling Incomplete Experiments
Experiments can be voided for a number of reasons,

including natural phenomena, farmers' actions or inac
tion, or social unrest. Some examples include insect in
festations, flooding, droughts, farmers' harvesting of the
plot before yields have been measured, livestock's destruc
tion of crops, and labor shortages during critical periods.
Regardless of the reason for the disruption, the FSR&D
team should plan on appropriate action for handling these
instances. As a minimum, researchers whose experiments
were voided should record the circumstances and explain
the reasons for the voidance. The team should keep these
reports as part of the research results. In some cases, con
ditions causing experimental failure may be regularly oc
curring events that need to be considered when evaluating
the effectiveness of proposed changes in farmers' practices.

Of particular importance to the FSR&D team is to
learn why farmer-managed tests are not completed. The
team needs to be alert to the reasons for the incomple
tions, as when the farmer becomes involved in other farm
activities and is unable to hand weed the experimental
plot. While identifying such possibilities beforehand is
seldom possible, the planning workshop should outline
general guidelines on how to proceed when such situations
arise. For example, the team should generally agree when
to (1) abandon an experiment, (2) modify and continue a
farmer-managed test, and (3) convert a farmer-managed
test into a researcher-managed trial.

6.4.4. GATHERING ADDITIONAL DATA

Gathering data on the research area is a continuing
process. It begins when FSR&D teams identify the target
area and continues as long as a team is in the research area.
When moving into an area for the first time, the team
should gather and study secondary data followed by one or

more reconnaissance surveys. Should the planning
workshop follow shortly thereafter, the team will probably
need additional information before finalizing the seasonal
or annual research program. Below, we provide sugges
tions on collecting and dividing data according to physical
and biological conditions and economic and sociocultural
conditions. Such data could be collected as part of this
planning phase.

Physical and Biological Conditions
When comparing yields in different locations, the

physical and biological conditions often help explain a
good part of the differences. Such an analysis centers on
land type, climate, and growth characteristics of relevant
crops and animals. Data on land type and climate were col
lected during problem ident.ification (see Physical Setting
in Sec. 5.4.1.). If data are m'issing, the team may have to
extrapolate or interpolate using data from similar loca
tions. Where such estimates of data are not practical,
preliminary experimentation may be the best way to learn
how plants and animals respond to the physical environ
ment.

In analyzing the biological data, the team should
gather and analyze information from available literature
on the growth periods and requirements of the proposed
crops and animals. For example, the growth periods for
plants include emergence, vegetation, reproduction, and
ripening. Data to collect on plant requirements concern
such topics as nutrients, climate, and water. From
available information, the team can describe the plant in
terms of (1) the types of root and top growth; (2) nutri
tional requirements; (3) sensitivity to soil acidity, salin
ity, and depth, and to extremes in climatic conditions ac
cording to growth stage; and (4) means of harvesting. The
growth characteristics of the crops proposed for the crop
ping patterns can then be matched with prevailing
physical conditions.

Important soil properties for the team to consider are
drainage, slope, depth, acidity, fertility, and texture. As an
example, some plants that are particularly sensitive to soil
acidity can be grown successfully in strongly acidic soils
only after liming. Not only may this be expensive, but
secondary nutritional deficiencies may occur. While alter
native crops more adapted to high soil acidity may be more
appropriate biologically, farmers may not want to grow
them.

Important climatic properties are rainfall and its
seasonal distribution, seasonal air temperature, humidity,
day length, and solar radiation. Cereals that are sensitive
to high temperature or to certain temperature and humid
ity combinations during flowering may not produce a full
seed head. This information would be significant when
designing a pattern if shifts in the time of the cropping pat
tern results in flowering during an unfavorable climatic
period for grain development. With cereals that are sen
sitive to high temperatures during flowering, yields could
be greatly reduced under such conditions.

In limited rainfall areas, the team should consider
the time of rains in relation to soil texture, slope, and the
plant's growing season. If the rains coincide with the



growth period for a certain crop, reasonably good yields of
drought-resisting varieties can be obtained in medium
textured soils on level to gently undulating topography.
The moisture intake rate will be high, runoff will be
minimal, and soil and water resources will be used effec
tively. Conversely, crop production will be less successful
if the crop does not fit the rainfall pattern, if the soils have
a low water holding capacity, if surface runoff is high, or if
the crop lacks drought-resisting properties.

Where a new variety is being introduced, its ex
pected yield and influence on other crops may be difficult
to estimate. Growth and management requirements of the
variety in similar agroc1imatic zones would be a
preliminary guide. If the agroc1imatic zone and land type
of the research area appear suitable, then the team should
estimate the farmers' capability for growing the new vari
ety. If the expected yields are sufficiently high, the new
variety or cropping pattern is suitable for the research pro
gram. Introducing or changing intercropping patterns can
be considered similarly. For these considerations-e.g.,
new introductions and new cropping combinations-the
best approach may be for the team to conduct researcher
managed experiments.

In Appendix 6-E, we provide an example that il
lustrates the procedures for designing new cropping pat
terns of the type discussed above. We do not provide an ex
ample for livestock, but the general procedures are similar.

Economic and Sociocultural Conditions
During the reconnaissance survey, the team col

lected information to help its members understand the
farmers' decision-making process within the area's
economic and sociocultural setting. During the plannIng
phase, this knowledge is augmented by further examina
tions to gain a better idea about how farmers make deci
sions. The team looks further into those factors described
in Sec. 5.4.2., namely, farmer characteristics, knowledge,
beliefs, attitudes, behavior, and goals.

Illustrative of the significance of the farmers' goals,
the team might find that farmers engage in activities in
dicating their preference for off-farm income. With this
knowledge, the team could 10gicallyC look for ways to
reduce on-farm labor requirements. The team might do
this by planning experiments involving chemical weed
controls or draft animals.

When planning the experiments, the team incor
porates the farmers' ideas and reactions about change. For
example, the team may believe that a shorter season rice
variety will allow the farmer to grow two crops a year in
stead of one. In discussing these possibilities with the
farmers, the team needs to look at factors such as

• the family's food preferences
• how the family would dispose of production in

creases
• what family and community obligations might arise

from the new technology
• what demands would be placed on the household's

labor and how responsibilities would be divided
among its members
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• farmers' requirements for accepting the new
technology and their reactions to risks associated
with change.

Most of the above questions relate to farmers as they
currently are, rather than assuming farmers will change.
Often such a stance is appropriate for the team during the
short run. On the other hand, as farmers become exposed
to the team and the successes of new technologies, they
acquire new knowledge, which, in tum, changes their
beliefs and attitudes and eventually their behavior and
goals. Keen observation and help from specialists in the
behavioral sciences should aid the team to integrate such
possibilities for change into its research plans. Because of
this possibility, the team needs to ascertain flexibilities
for change within the sociocultural setting and the farming
system.

As an example of such flexibility, the Kofyar of
Northern Nigeria enlarged their household work groups
when environmental conditions forced a shift from exten
sive to intensive cultivation. The institution of the extended
family made it possible for the Kofyar to enlarge their
household work group through increased polygyny, which
was supplemented by hired labor (Netting, 1965). These
changes made the Kofyar receptive to several labor inten
sive practices.

In contrast, sometimes the farm households are not
willing to change. When this occurs, the team should con
sider whether it has taken farmers' conditions and reac
tions adequately into account. When the team's appraisal
is reasonably accurate, rejections could be due to farmer
misconceptions. For example, farmers may not be using
fertilizer because they erroneously believe it "burns the
soil." In this case, the team could explore ways to help the
farmers see for themselves whether fertilizers are damag
ing. One approach is for the team to discuss the concepts
with the farmers and then conduct a superimposed trial
in which the farmers risk little on the experiment. After
seeing the results, the farmers' knowledge and beliefs
might change.

To sum up, during the planning phase, the team
seeks to understand the farm household, the cir
cumstances under which it operates, the flexibilities for
change, and which changes are most likely to be accepted.
When the team takes these factors into account, it in
creases the possibilities that technologies acceptable
biologically, economically, and financially will also be ac
ceptable socially and culturally. For example, by following
these procedures, the team should not find itself conduct
ing experiments on crops that farmers will not eat or can
not sell in the market.

6.5. CONDUCTING REGIONAL PLANNING
WORKSHOPS

Some FSR&D teams use regional workshops to aid
in planning the research program. These workshops pro
vide an interdisciplinary setting for those who will par
ticipate most directly. In this section, we provide a brief
description of some of the more important features of
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these workshops. Included are comments on the nature
and purpose of the workshop, those attending, and some of
the activities.

6.5.1. NATURE AND PURPOSE

A scheme for initiating activities in the research area
for the first time is to hold a workshop there to explore al
ternative ways to carry out the research program. This
workshop could be followed by one or two months in
which FSR&D team members gather data in preparation
for a second workshop. The second workshop would be
the point at which the FSR&D team finalizes its plans for
the coming season or year. For ongoing programs, a single,
annual workshop may suffice. In such a case, the general
approach to the research program will have been set and
the regional headquarters team will be able to prepare for
the workshop while performing its other activities. Such
preparation will normally be during slack periods in the
on-f~lIm activities. Where two distinct cropping seasons
occur annually and where time permits, workshops may
be held prior to each season.

Whichever the case, the workshop should be com
pleted about one month before the cropping season or live
stock activity begins. This schedule should provide the
team with sufficient time to prepare for the on-farm ex
periments.

6.5.2. ATTENDANCE

Generally, the leader of the regional headquarters
team heads the workshops. This leader should draw heavi
lyon the field teams and members of the regional head
quarters staff in preparing for these meetings. Also, in set
ting the workshop agenda, the leader will probably want to
consult closely with the national headquarters team. In
addition, the leader will normally invite others to attend
such as representatives from the experiment station (if
separate from the regional or national headquarters
teams), the extension service, farmers' groups, and other
organizations concerned with the FSR&D program. If the
experiment station is part of the FSR&D program, the sta
tion's specialists would normally participate in the
workshop as members of the regional headquarters or field
teams. Specialists from the other groups can provide infor
mation about technologies available outside the research
areas, and farmers' representatives are valuable for evalu
ating proposed management alternatives and new technol
ogies. Should the regional team find the need for special
ized studies, those who can help determine the study's
scope and terms of reference should be invited to the work
shop.

6.5.3. ACTIVITIES

The workshop's activities encompass the range of
topics described in the previous sections of this chapter.
The regional team can use these topics as a checklist in de
ciding which topics are suitable for discussion during the
workshop. Since meetings are not always easy to keep in

focus, the leader should take care so that those topics pro
posed for the workshop are of the type calling for group
consideration and decision. If two workshops make up the
research planning activity, then the time between work
shops can be used for more narrowly focused activities.
The following are some topics that cut across disciplines
and are, therefore, appropriate for consideration during the
workshop.

Preparing for the Workshop
To aid in effectively using staff time, the regional

team should prepare for the workshop in as much detail as
practical. And each field team should prepare an initial
work plan for its research area. Since each field team will
have participated in the reconnaissance survey and in
other on-farm activities, it should be knowledgeable about
the physical, biological, and socioeconomic environments
and alternative practices likely to be acceptable to farmers.

The work plans prepared by the field teams will be
instrumental in shaping the direction of the overall plan of
work, particularly when:

• The field teams are experienced and knowledgeable
about their research areas.

• The regional and national headquarters teams have
been effective in conveying the overall objectives
of the FSR&D effort to the field teams.

• The work plans of individual field teams can be ac
commodated by supporting disciplinary and com
modity specialists.

The workshop is further aided if the regional teams pre
pare data summaries, resource and activity maps, and
other compilations of their work.

The leader of the workshop can facilitate its smooth
functioning by identifying those who might serve on inter
disciplinary task groups. Persons and assignments can
then be confirmed as one of the workshop's first items of
business. Assigned topics could be anyone of the activities
described earlier in this chapter such as the review of prob
lems and opportunities, proposing alternative research ac
tivities and methods, and setting design standards. During
the workshop, each group could be asked to present a sum
mary of its findings for discussion and action. By the end
of the workshop, the activities of these various groups
should be pulled together in a form that becomes the basis
for the season's or year's plan of work for the region.

Deciding on Data Requirements
Because data can be costly to gather and analyze and

because data requirements often cut across several ac
tivities and disciplines, the workshop is a convenient
place to agree on what data to collect, who is to collect the
data, and in what form. The team should consider such
needs as those associated with on-farm experiments, farm
records, climatic monitoring, and surveys. If this topic is
assigned to a task group, the group could direct the discus
sion and eventually come up with forms and instructions
for gathering and analyzing the data. Where field teams
have been .functioning in the research area, the task group



could also (1) review the field team's work in data collec
tion, (2) evaluate suggestions for the field team's improve
ment, and (3) propose solutions. For example, if the task
group finds that the team is taking more data than needed
or cannot keep up with its assignments, adjustments
would be in order.

Drawing up the Work Plan
As noted, the output of the regional workshop is a

plan of work to guide the regional headquarters and field
teams. This plan should contain

• the objectives to be accomplished by the forthcom
ing research effort

• descriptions of activities and responsibilities
• a timetable for accomplishments by individuals and

groups
• the basis for evaluating accomplishments
• plans for taking corrective action, when needed.

In preparing the timetable, target dates should be
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carefully indicated. For example, in a cropping pattern ex
periment, tentative dates should be given for all field
operations from planting through harvest for each crop.
When the experiments pertain to researcher-managed or
superimposed trials, the timetable would apply to the
researcher; when the experiments pertain to farmer
managed tests, the timetable highlights critical times for
observing farmers' activities. Time should be allotted for
data preparation and analysis. Because of the short turn
around between harvesting and land preparation for
follow-up crops in some parts of the world, the field team
needs to organize itself carefully for the short time be
tween crops so the data can be analyzed and the results
from the previous season's experiments applied to the next
season's experiments. Similar schedules should be
prepared for all on-farm cropping and livestock experi
ments, surveys, special studies, climatic monitoring, and
record keeping.

When the work plan and time schedules for the on
farm research are completed, they are distributed to the
relevant field and headquarters personnel. This material
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serves as a primary guide for the day-to-day activities of
each field team. The regional leader should also be
prepared to adjust these schedules as necessary. Should a
field team encounter major difficulties in fulfilling its
work plan, the regional leader should consider calling a
special meeting or workshop for help in preparing correc
tive action.

A convenient way to monitor team progress is for
relevant regional headquarters staff to meet monthly with
each field team. At these meetings summaries of work, in
cluding experimental results, can be presented and
discussed, and future work can be planned. Account can
also be taken of additional staffing, logistic, and financial
requirements. In this way, preparation for subsequent
regional workshops will not fall as an excessive burden
just before the workshop convenes.

Setting Staff Assignments
As the workshop members develop the research ac

tivities and draw up the plan of work, staffing require
ments will become apparent. Tasks according to activity
and person should be prepared. Those responsible for car
rying out each task should help draft the assignment. In
this way, the person will understand his or her assign
ment, will know how it relates to the team effort, and can
be held responsible for the results. Assignments should be
prepared for each member of the team. We provide sugges
tions for the assignments of the field team leaders, field
team researchers, technical assistants, and disciplinary
and commodity specialists in Appendix 6-F.

Regional leaders will also need to provide the field
team with a means for acquiring additional labor during
peak periods of activity such as during planting, weed con
trol, and harvest. Such labor may be recruited from partici
pating farmers or from other local sources.

Reporting of Results
Because reporting of research is so important, we

wish to provide a few suggestions on this topic before clos
ing this chapter. As noted above, field team members are
responsible for preparing reports on their research activ
ities. These reports are funneled to field team leaders, who
use them for internal evaluation of the team's accomplish
ments. At the end of each research period, the field team
carefully reviews and discusses these reports and prepares
summaries to be used in subsequent workshops. These
reports:

• contain recommendations on those technologies
that appear suitable for multi-locational testing

• point out problems and opportunities that have been
identified or for which a better understanding has
been obtained

• propose a plan for research during the next season.

In this way, FSR&D is both continuing and iterative.
Results from the planning workshop flow into on-farm
research and analysis, proceed to extension of results, or
feed back to problem identification and development of a
research base- as illustrated in Fig. 6-1.

6.6. SUMMARY

We have divided this chapter into five parts. The
first concerned the initial steps in the planning process
whereby FSR&D teams review the list of priority problems
and opportunities, appraise their organization's capa
bilities and resources, search for relevant technologies,
make assumptions about near-term conditions, categorize
and set research priorities, develop hypotheses. for testing,
and establish collaboration with other groups.

Next, we described some of the more important fac
tors to consider when making preliminary analyses of on
farm experiments. The team makes these analyses to gain
an initial understanding of possible physical, biological,
economic, financial, and sociocultural responses to the
proposed changes. Factors for the teams to consider in
such an analysis include alternative solutions, farmers'
conditions, farmers' and society's perspectives, develop
ment of technically viable designs, estimates of values,
and eventual consequences from introducing changes to
the farmers' systems.

The third part reviewed alternative research ac
tivities and methods. The activities include technology
development, farmer adaptation, management of the farm
ing system, climatic analysis, special studies, and manage
ment of natural resources. Methods for conducting these
activities include researcher-managed trials, farmer
managed tests, superimposed trials, surveys, record keep
ing, monitoring, and research station support.

In the fourth part, we discussed design conditions,
the search for improvements, establishing standards for
the experiments, and gathering additional data before
finalizing the research plan.

The last part concerned regional planning workshops
that the FSR&D teams can use to implement the fore
going activities. This discussion centered on the nature
and purpose of the workshops, attendance, and activities.
By the time the workshop is completed, the regional head
quarters and field teams should be prepared for the
next FSR&D activity, namely, on-farm research and analy
sis.
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With the on-farm research planned as described in
Chapter 6, the FSR&D teams are then ready to implement
the on-farm research. The regional and field teams will
have (I) agreed on the objectives, (2) outlined the ex
periments and other research activities, (3) developed
suitable work forms, (4) assigned initial tasks to team
members, (5) recruited technical assistants from the
research area, and (6) sought assistance from specialists.
The team's efforts will be accomplished primarily through
researcher-managed and superimposed trials and farmer
managed tests that are complemented by farm record
keeping, monitoring, experiment station research,
surveys, and special studies.

In Part I of this chapter, we concentrate on sugges
tions to the field team and others who will implement
cropping and livestock experiments on farmers' fields. Our
suggestions concern such activities as on-farm planning,
field design of experiments, dealings with farmers, and
measuring results. Since many of the suggestions apply
equally well to different experiments, we will comment
on these topics the most fully when we first mention
them.

We discuss both cropping and livestock experiments
under the headings of researcher-managed and superim
posed trials and farmer-managed tests. We also include a
discussion on organizing the team's efforts in implement
ing the experiments. In Part 2, we concentrate on
analytical procedures primarily as they apply to cropping
experiments. Each part closes with a summary.

PART 1: ON-FARM RESEARCH

In this part, we provide sections on researcher
managed and superimposed trials, farmer-managed tests,
and team organization. The section on farmer-managed
tests is substantially longer than the others because of its
relevance to FSR&D and the need to provide detailed in
structions. The topics within these sections include our
suggestions for the FSR&D teams as they organize, imple
ment, and report on the on-farm research program.

Some of the simpler and more common statistical
procedures for analyzing the biological results from these
tests are detailed in Appendix 6-D. For more complex pro
cedures, the field teams should consult an agricultural
statistician. If that is not possible, team members with a
background in statistics might refer to standard texts on

agricultural experimentation, such as that by Little and
Hills (1978).

7.1. RESEARCHER-MANAGED TRIALS

As noted in Sec. 6.3.2., researchers undertake
researcher-managed trials under farmers' conditions
primarily to develop new technologies acceptable to
farmers. Even though experiments are conducted on
farmers' fields or with farmers' livestock, many of the ex
perimental conditions and procedures are typical of those
encountered at the experiment station. For example, ex
perimental designs, plot size or numbers of animals,
replications, measuring crop or animal production, and
statistical procedures are similar. These similarities occur
because the experiments are under the researchers' con
trol- both the experimental variables and some nonex
perimental variables. The latter are set to represent condi
tions under which the new technologies will be applied,
such as methods of plowing or time of planting. By con
centrating on controlled experimental conditions,
researcher-managed trials do not generate much informa
tion about how farmers will respond to the new
technologies being developed. The best information on
farmers' reactions comes from the farmer-managed tests.

Staff experienced in experiment station procedures
will, therefore, not find the approach to researcher
managed trials much different from what they are ac
customed. Consequently, we will use this section to point
out some of the factors that depart from conditions typical
of the experiment station.

7.1.1. RESEARCH ON CROPS

In this section, we offer suggestions for cropping ex
periments that pertain to field selection, field design of ex
periments, cultural practices and data collection, monitor
ing progress, and analysis and reporting of results. The
analysis in this last item is brief, since a detailed discus
sion of analysis is the subject of Part 2 of this chapter.

Field Selection
During the planning of on-farm research, Chapter 6,

we talked about selecting fields representative of the
physical environments and cropping patterns to be mod
eled. This usually means placing experiments on fields
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within well-defined land types or with well-defined crop
ping patterns. When this is done, the FSR&D team is in a
position to extend its research results to similar conditions
within and outside the target area.

The land for this research may be rented or borrowed
from the farmers. Normally, the team can easily make ar
rangements with the farmers when they understand the
team's goals. Rental payments may be a fixed cash sum,
the produce from the cropping trials, or some other
equitable arrangement.

Should a large tract be offered without charge, the
FSR&D team should be wary of the donor's motives. Such
donors may be more interested in personal or political gain
than in the experiment.

Finally, before renting large tracts of land, the team
should be certain that tenants will not be displaced from
the land.

Field Design of Experiments
Because researchers manage the experiments, the

designs for researcher-managed trials can be more complex
than for farmer-managed tests. In Appendix 6-D we pro
vide a discussion of alternative field designs. FSR&D
leaders will need to weigh the merits of alternative ap
proaches and the research abilities of their field teams.
While small plots are normally chosen, some large plots
may be needed for studies of such things as soil and water
resources. The team should finalize these and other issues
such as the number of tests and the data to be collected
during the regional planning workshops.

Replications of experiments can be either contiguous
as in most experiment station work or dispersed on dif
ferent farms, depending on the experiment and field sizes.
Contiguous replicates are used for studies when one field
represents the entire experimental area. Dispersed
replicates are used when farms are small or when the team
wishes to measure the variability of a factor across the
research area. Here, we summarize the work of Gines and
Zandstra (1977) on dispersed researcher-managed ex
periments:

Their study was designed to evaluate further the results
of farmer-managed tests from the previous year, when 17 trials
of dry-seeded, early maturing rice were scattered over the
study area. Rice yields were highly variable and ranged from
total failure to more than five metric tons per hectare. The
availability of the Iron and zinc mlcronutrlents were thought to
be largely responsible for the dlfferenc.es. To obtain more ac
curate Information oil this, the team designed a researcher
managed trial with five rice varieties of known tolerance to Iron
and zinc deficiency. The trial consisted of two replications of
each variety placed in small plots In each field where the
farmer-managed tests were conducted the previous year. The
team stratified the data In various ways and found that
distance from the Irrigation canal accounted for the most
variation. Using this Information together with other observa
tions, the team deduced that the Iron and zinc availability
decreased as the result of an Increase In soil pH near the
canal. Calcium in the Irrigation water apparently was
precipitated as it left the canal to form a calcareous surface
soli that increased the pH.

Cultural Practices and Data Collection
Field teams should normally follow farmers' cultural

practices for nonexperimental variables at the level recom
mended by the local extension service if this level
represents a reasonably attainable future level for the
farmers being studied. Farmers' cultural practices may ap
ply to such activities as land preparation, seed selection,
crop establishment, weed control, and fertilization. When
farmers representative of the group being studied do much
of the nonexperimental work, they will be able to apply
their regular practices. When the researchers directly or
otherwise do much of this work, they will need to make
certain that they understand and know how to apply
farmers' practices. Decisions on which experimental
variables to select, such as pest control, should have been
made during the planning stage. However, some flexibility
is needed to alter these earlier decisions after the team
enters the field.

The following experiment illustrates how the re
searchers reacted to unfavorable research results before an
experiment was completed:

Nelson et al. (1980) tested the hypothesis that Improved
irrigation practices and an Increase In plant stand would
significantly Increase the yield of cotton. The farmer's practice
of basin Irrigation and low seeding rates gave stands of only
22,000 plants per hectare because of crusting and poor seed
germination. Using Improved practices, the cotton was
planted at a higher seeding rate on both single-row and
double-row beds. Also, the crop was furrow Irrigated Instead of
basin Irrigated. Although the farmer's plant stand was much
below the 84,000 plants per hectare of the Improved practice,
the yields for the improved practice were no better than for the
farmer's practice.

The cotton plants were about 2.5 meters high for both
the farmer's practice and the Improved practice. With the im
proved practice, chemical control of attacking Insects was so
poor that yields were below the potential. The combination of
a high plant population and tall plants made walking through
the field and operating the backpack sprayer so difficult that
Insects could not be controlled. The poor stand from the
farmer's practice, however, allowed the farmer to walk through
his field easily with the same sprayer and to maintain good In
sect control. Although stands were poor, cotton production
per plant was high.

About mid-season, when the difficulties of Insect control
became apparent, the researchers removed every third row of
plants from the plot with the improved practice. The result per
mitted easier access for Insect control. Although this correc
tion was made late In the season, yields Increased 15 percent
over the traditional practice. This experience clearly
demonstrates the need to test new technology under farmers'
conditions. By observing the farmer's management practices,
the field team was able to correct the experiment and analyze
the results.

Also, in some cases, researchers may wish to depart from
farmers' practices when they believe the departures will
not invalidate the results. For example, tractors may
sometimes be used for land preparation even though most
of the farmers use animals or manual labor. However,



such departures can mask important differences between
researchers' and farmers' conditons and should be used
cautiously.

Adhering to local practices would include accepting
the same distribution schedules of irrigation water, rather
than a more favorable one, even though the irrigation
authorities might allow such a schedule to "assist" the
trial. The same would be true of planting time. The plant
ing time for a research trial can be set somewhat arbitrar
ily. Unless the date of planting is an experimental vari
able, the most useful planting times for developing new
technologies would be close to those of the local farmers.

When measuring crop yields, sampling techniques
similar to experiment station procedures will have been
set during ,the planning workshop. The workshop will also
have provided the team with general guidelines for
developing details on data collection. These include the
types of information, how to record the information, and
frequency of collection. Data should describe the field
plots, weather conditions, field operations, and crop per
formance. The research approach and data forms should be
finalized before implementing the experiments. We show
typical forms for collecting data on cropping experiments
in Appendix 7-A.

Monitoring Progress
The field team needs to monitor the seasonal prog

ress of the trials to help understand the results. Technical
assistants should visit the fields at least twice a week.
Researchers need to observe the crop's progress weekly and
to note any unusual growing conditions or growth
responses. The team should

• record when the crops reach various growth stages
such as germination, flowering, grain filling, and
ripening

• record when each field practice is completed
• record and explain significant delays or omissions in

planned field operations.

Analysis and Reporting of Results
With the harvest completed and yields measured,

the field team then analyzes the data and reports on the
results. Specifically, the team:

1) summarizes the quantitative data for each of the
cropping tests; ordinary statistical procedures are
normally used to estimate variability and establish
confidence intervals for comparing new practices
with farmers' practices

2) summarizes other information and integrates it with
the statistical findings to arrive at an overall evalua
tion of the experiment

3) prepares a report on the findings that includes sug
gestions for further action

'4) uses the report in preparing for the analysis
workshops [Sec. 7.11.).

For small plot experiments typical of researcher-
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managed trials, the overall coefficient of variation is often
low so that standard analysis of variance procedures can be
used to study treatment differences. The results usually
indicate the c'onfidence interval for each mean.

When dispersed replicates are used, as in the Gines
and Zandstra (1977) example, the overall coefficient of
variation may be high. In such cases, the team should try
to identify the principal reasons for the actual or potential
variation of results. Data from completed experiments can
be helpful in searching for causes of variance and in design
ing new experiments. Also, more sophisticated statistical
procedures, such as blocking techniques, may be the best
approach for designing complex experiments. For these
designs, the team will probably need to seek the advice of a
statistician or an agronomist experienced in designing
such experiments.

7.1.2. RESEARCH ON LIVESTOCK

The general methodological approaches to livestock
and cropping trials have much in common, such as iden
tifying farmers, planning experiments, monitoring prog
ress, and analyzing and reporting results. The approaches
also have their differences. Livestock trials tend to last
longer than most cropping trials. For larger animals, the
trials may last from 2 to 4 years to account for the animals'
life cycles. When experiments are even longer than this,
they are often more effectively integrated into a regional or
national research center's outreach program.

The nature of livestock experiments and the pro
cedures for conducting them are influenced by the types of
animals being studied. For large animals, such as cattle,
the team can seldom take over complete management of
the experiment. Farm households use these animals in a
number of ways-e.g., traction, transportation, milk, and
meat- and therefore cannot let outsiders control them.
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Nonexperimental variables may vary greatly. Thus, the
team may concentrate on monitoring and farm record
keeping, at least in the first and second years of the experi
ment.

In FSR&D, livestock experiments must generally be
replicated on many farms. The reasons are that (1) many
farmers have only one or two large animals and (2) the
genetic variability of the animals and the management
variability between farms are great. Thus, 20 to 30 animals
may often be a minimum sample size for each treatment.
Even then, coefficients of variation tend to be high and re
quire complex statistical methods of design and analysis.
Therefore, the field team will probably need help from an
agricultural statistician.

Experiments with small animals can be less com
plicated than with large animals. For example, more
chickens and ducks than cattle will be on small farms so
the researcher may be able to place several treatments on a
single farm. Also, fewer farmers will be involved, which
reduces management variation and improves estimates of
treatment effects and differences.

If the FSR&D team identifies the need for improved
animal breeds, the team should seek help from regional or
national experiment stations. Developing improved breeds
tends to require more time and specialized knowledge
than FSR&D teams generally have. Alternatively, a coor
dinated program in which experiment station staff begins
research by introducing new animals into the farmers'
system may be practical. The FSR&D team then conducts
these applied researcher-managed trials to learn about the
animal's performance under farmers' conditions. When
livestock is closely integrated into the farmers' systems,
the team may want to consider mixed farming ex
periments.

In Appendix 7-B, we provide illustrative data forms
for characterizing and monitoring livestock experiments.
Also, the reader can find additional information on ways to
analyze livestock performance in ILCA (1980), CATIE
(1978), and other reports by these and possibly other
organizations dealing with livestock systems research.

7.2. SUPERIMPOSED TRIALS

Superimposed trials are a low-cost means of
preliminary evaluation of relatively simple changes in
technology. Experience is sufficient for us to offer several
methodological suggestions for cropping systems. In con
trast, we have uncovered little on which to base
methodological recommendations for superimposed
livestock trials. Consequently, we will limit our discus
sion on livestock in Sec. 7.2.2. to an example of a superim
posed livestock trial in Colombia.

7.2.1. RESEARCH ON CROPS

This section covers field selection, field design of ex
periments, and implementation of experiments. Other
aspects of superimposed trials for crops are similar to
those concerning researcher-managed cropping trials as
discussed in Sec. 7.1.1.

Field Selection
While many features of field selection are similar to

those discussed earlier, some are different. Superimposed
cropping trials may be located on fields that represent
"targets of opportunity." These involve fields that are not
identified for trials until a farmer's crop is already growing.
Then, fields with reasonably uniform conditions are
selected according to their suitability for testing specific
management practices, such as farmers' dates of planting,
application of irrigation water, intercropping, and fertiliza
tion. An advantage of this approach is the reduced
variability caused by differences in farm management. As
a result, the trials provide a better estimate of treatments
or practices than other methods for the specific conditions
selected.

Field Design of Experiments
The field team has considerable flexibility in design

ing field experiments for superimposed cropping trials.
Where fields are large enough, the team can use random
ized complete blocks in which all treatments for a given
block are on a single field. Where fields are small, the team
can use randomized incomplete blocks with two or three
treatments per farm. In either case, treatments are
replicated on other farms.

Plot size can vary more with superimposed trials
than with either the generally small plots of researcher
managed trials or the generally large plots of farmer
managed tests. The team's choice of plot size depends on
the treatment and the size and shape of the field.

With chemical applications of fertilizers or herb
icides, which have small border effects, small plots can be
placed in two rows along one side of the field as shown in
alternative "a" of Fig. 7-1. Placing small plots along the
side of a field rather than in the middle minimizes in
terference with farmers' regular operations. However, the
researchers should make the plots wide enough so that
border effects are not a serious factor.

If the team wishes to compare farmers' traditional
practices of hand weeding with herbicide controls, the
small plots with chemical treatments can be placed in one
part of the field, with the rest of the field being the farmers'
treatment. However, the researcher needs to select a sec
tion of the farmer's field comparable with the test plot for
making comparisons and analyses.

Alternative "b" in Fig. 7-1 represents large plots,
which are needed for treatments involving such activities
as estimates of farmers' labor inputs or studies of insect
and disease control measures.

Plot configuration depends on the size and shape of
the field. When treatments are placed on row crops, strips
parallel to the rows should be used as in alternative "b" of
Fig. 7-1. Plots to study insect or disease control in a large
field can easily be made by placing strips lengthwise in a
rectangular field as in alternative "b," by quartering a
reasonably large field as in alternative "c," or by placing
strips across the field as in alternative "d."

Finally, in placing plots on farmers' fields, the team
should take care that the number and types of treatments
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do not interfere with the farmers' regular activities. Other
wise, farmers' practices will be changed, thereby negating
the concept of the superimposed trial.

Figure 7·1. Field designs of possible plot arrangements for
superimposed trials. T1, T2, and so on Indicate treatments.
Fields a and b represent row crops and c and d represent
closely planted crops. "7·1a"- Experimental chemical treat·
ments for weed control (Tl·T..) with T5 the farmers' treatment
(hand weeding). "7·1 b, c, d" - Large plots representing Insec·
tlclde or fertility treatments differing In size and arrangement
because of different field shapes. One treatment Is the
farmers' treatment, e.g., T1• The small rectangles without
numbers represent randomly selected areas for measurement
of yields.

7.2.2. RESEARCH ON LIVESTOCK

An experiment station project was already underway in
the plains of eastern Colombia to determine the effects of im
proved versus native management of beef cattle. As the proj
ect progressed, researchers found that one of the major fac
tors influencing reproductive rates was lactational stress.
That is, cows whose calves were weaned after only two or
three months of lactation rebred almost Immediately with a
calving rate of 99 percent. In contrast, the researchers found
that cows whose calves were weaned after nine months of lac
tation have a calving rate of only 64 percent (Stonaker et aI.,
1979).

In the light of these findings, a group from ICA, the Gaia
Agraria, and CIAT looked into the situation further and found
that (1) without weaning, the cows might not kick their calves
off and dry up naturally until the calves were from 10 to 14
months old; (2) although a market did not currently exist for 2
to 3 month old calves, the group felt that such a market could
be developed If an adequate supply of calves were offered; (3)
a number of farmers from the study area had cattle loans from
the Gaia Agraria; (4) Gaia Agraria's technical staff visited the
farmers frequently; and (5) technical assitance was part of
loan procedures.

With this background information, the following experi
ment was conducted

1) The researchers carried out a preliminary survey to find
10 farmers interested in cooperating in a test involving
early weaning of calves.

2) The research used a table of random numbers to select
10 cows from each farm. These cows had calves that
were 2 to 3 months old.

3) The researchers randomly weaned 5 calves from each
group of 10, leaving the other 5 to be weaned by the
farmers' usual practice. This gave two treatments per
farm.

4) CIAT agreed to purchase the 2 to 3 month old calves at
prices that would give farmers an overall income com
parable to that from selling their 10 to 14 month old
calves.

5) The farmers kept the experimental herd with the rest of
their animals and managed them all in the same way.
Six months after the early weaning, an experienced

technician examined these cows for pregnancy. The overall
differences in pregnancy rates for the on-farm experiment
were even greater than the results obtained from the experi
ment station project. Moreover, cooperating farmers sup-

are superimposed on farmer-managed tests, the team has
the opportunity to integrate the data requirements of both
types of experiments.

An example of a superimposed livestock trial is one
in which an FSR&.D team tests a new livestock technology
on farmers' herds. Except for changes introduced by the
researchers, farmers manage their herds in their customary
way.

Below, we describe such a trial conducted jointly by
the Colombian Agricultural Institute (ICA), the Caia
Agraria [agrarian bank), and CIAT. In this trial, the effects
of early weaning of beef calves - a new technology for the
area-was compared with local cattle raisers' customary
practice of not weaning at all (CIAT, 1974 and 1975).

o T 0
3

0

Implementation
Here, we consider the topics of conducting the ex

periments and monitoring the results. Except for the
treatments applied by the researchers, farmers complete
all activities on their plots at the regular times. The re
searchers supervise and assist farmers with only that part
of the farmers' activities involving the treatments. The re
searchers normally measure crop yields from larger plots
by taking several samples from each of the plots. We give
additional guidelines for sampling large plots in Sec. 7.3.1.
on Measuring Crop Yields. For small plots, researchers
harvest the crops as they would on the experiment station.

Those responsible for the superimposed trials need
to visit the experimental plots regularly to note progress
and any extraordinary events. Data monitoring should
concentrate on the nature and timing of farmers' activities
affecting the experiment. For "targets of opportunity," the
researchers will have to rely on farmer interviews to learn
what happened before the experiment began. When trials

c
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ported these findings by observing that cows with early
weaned calves rebred soon after lactation stopped.

7.3. FARMER-MANAGED TESTS

Farmer-ma'naged tests are particularly important to
the FSR&.D process because they allow the farmers to par
ticipate in testing new technologies. In doing so, farmers
reveal to researchers their reactions to these technologies.
Furthermore, we emphasize the discussion of farmer
managed tests because such procedures are less well
known. Our discussion centers on crop research, since
most of the experience has been here.

7.3.1. RESEARCH ON CROPS

We begin this section with a fairly lengthy discus
sion about the farmers who will cooperate in these ex
periments. This initial portion covers farmer selection, in
centives to cooperating farmers, agreements with farmers,
and farmer-researcher relationships. After that, with the
exception of a section on measuring crop yields, the sec
tions are the same as for researcher-managed trials with
crops: namely, field selection, field design of experiments,
cultural practices and data collection, monitoring prog
ress, and analysis and reporting of results.

Farmer Selection
Because of the key role that farmers play in farmer-

managed tests, the field team needs to pay particular at
tention to the selection of cooperating farmers. The team
should take the whole farm household into account when
selecting the farmers, since willingness and ability to
cooperate depend on more than the head of the household.
FSR&.D practitioners have generally found that (1) farmers
are willing to cooperate in these experiments and (2) they
will do what they can to conduct the tests properly, but (3)
sometimes they have limited capacity to cooperate. These
limitations relate to the household's resources and the
uncertainties of the farmers' environment. Thus, the team
needs to do more than to find farmers who are represen
tative and willing to cooperate. The team also needs to
design experiments that the farmers are able to conduct,
given their limited resources and the prevailing en
vironmental conditions.

Incentives to Cooperating Farmers
As a general rule, FSR&.D practitioners urge that in

centives not be provided farmers in farmer-managed tests.
By incentives, we mean some form of encouragement to
cooperate in the experiment, such as outright payment in
cash or materials, reduction in the cost of inputs, or reim
bursement for losses. The reason is that these tests are in
tended to show how farmers will react to the new
technologies when applied to their conditions. Should the
tests be "fouled" by creating unrealistic conditions, then
experimental results will be misleading. For instance, if
fertilizers were part of a farmer-managed test and were of-



fered to the farmers without charge, the farmers would
probably not value the fertilizers as highly as if they were
to pay for them. This difference in attitude could change
the farmers' methods of fertilizer use, and the results of
the tests.

Consequently, we stress that FSR&.D teams exercise
considerable caution when providing cooperating farmers
with incentives. Having said this, we now turn to some of
the instances when the team might wish to consider pro
viding farmers with some form of incentive. Following are
some possibilities:

• When new materials such as seed and chemicals are
introduced to a region, chances are that they are not
yet available locally. Or if they are available, the
conditions of sale may not be those that would
prevail should the technology become common to
the area. For instance, 11) current prices could be
high because of low demand, (2) packages may be
too large for small farmers' use, and (3) credit may
not be available. Should the technology prove suc
cessful, then as experience has shown elsewhere,
conditions could become more favorable.

In these instances, the team would be justified
in subsidizing the high cost of the inputs to the point
that costs to the farmers represent those expected to
prevail should the technology be implemented
broadly. Where credit is a problem, the team might
assist the farmers in obtaining it under conditions
appropriate for such farmers. Another possibility is
for the team to supply the farmers with these ex
perimental materials. Farmers would be expected to
pay for these inputs at harvest time.

• Team error is another instance in which cooperating
farmers might be compensated for losses. Since this
situation would not be recognized before the 'farmers
undertake the experiment, compensation
agreements would normally come after the fact. Ex
cept for clear-cut errors that can be attributed direct
ly to the team, creating the impression that compen
sation will be provided farmer~ in case of their
loss - relative to the farmers' normal yields - should
probably not be implied by the team. Otherwise, the
team might be forced to defend itself against imag
ined, as well as real shortcomings on its part.

An example is the experiment described in
Field Design of Experiments (Sec. 7.1.1.). During
initial experimentation with a newly released rice
variety (IR2B), the effects of a calcareous soil condi
tion on available iron and zinc for dry-seeded rice
were not adequately evaluated. Because of iron defi
ciency much of the rice grew poorly and could not
compete with the weeds. Several cooperators put a
major effort into hand weeding, which was a losing
effort. The crops were lost, sometimes too late for
replanting. However, no compensation was offered'
the farmers. Notwithstanding, most of the farmers
cooperated in the following year's program.

• Where the team destroys or keeps the harvested sam
ple, farmers are justified in receiving an amount
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equivalent to that destroyed or what they would
have gained using their traditional methods. But this
is hardly an incentive. Rather, it is reimbursement.

To close this discussion on incentives, normally the
risks of farmers' loss during farmer-managed tests are not
great. The FSR&.D process is set up to guard against such
possibilities. The team is not expected to initiate farmer
managed tests until it knows, with reasonable certainty,
that the proposed technologies are suitable for the area.
Also, participating farmers are accustomed to the risks of
farming. The example above demonstrates farmers' will
ingness to accept some risk of loss when participating in
an experiment.

Ultimately, the decision on incentives is a manage
ment decision that hinges on an evaluation of [1) the
farmers' welfare, (2) the manageability of implementing
incentives, and (31 maintaining the integrity of the ex
periments..Moreover, when incentives are given for
farmer-managed tests, the team should also attempt to
provide comparable incentives to other cooperators in the
FSR&'D program. Finally, any incentive program should
conform wth government procedures and fall within the
FSR&.D budget.

Agreements with Farmers
Besides identifying cooperating farmers and setting

incentives, the FSR&D team may have to decide which
farmers are to participate in the different experiments.
Were all the trials of the same type, this would not be an
issue. However, frequently some experiments are much
more profitable than others. In these situations, the team
should be sensitive in deciding how the experiments are
divided among the interested group. One way to settle this
issue is for the FSR&.D team to meet with participating
farmers as a group. During the meeting, the objectives of
the program and experiments can be outlined, the continu
ing nature of the FSR&.D activities can be stressed, and the
means for equitably distributing the experiments among
interested farmers can be established.

During such meetings farming practices for each test
can be reviewed and agreements reached. Also, this gives
the team an opportunity to finalize plans for its monitor
ing responsibilities, what support farmers are to receive,
how incentives and contingency. plans are to be im
plementd, and how to help ensure that the farmers and
team members will keep their part of the agreement.

Farmer-Researcher Relationships
A critical factor in farmer-managed tests is the rela

tionship between farmers and researchers. This relation
ship hinges on the extent to which researchers attempt to
direct farmers' activities. Fundamental to the effectiveness
of farmer-managed tests is the researchers' awareness that
these tests belong to the farmers. Farmers must be allowed
enough freedom so that test results reflect their responses
to the suggested changes.

The difficulty arises from the need for farmers to be
interested enough and to understand the tests well enough
to give the new technologies a fair test. Researchers can
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aid this process in several ways: Table 7·1. Planned cropplng·pattern experiments.

Table 7·2. Actual cropplng·pattern experiments.

• by exposing farmers to the concepts of the new
technologies before starting the farmer-managed
tests, possibly by conducting researcher-managed or
superimposed trials in the area beforehand

• by learning farmers' management and environmen
tal conditions so that the tests (I) do not contain
elements foreign or disagreeable to the farmers, [2)
contain elements that the farmers favor, and (3) in
troduce change that is within the farmer's ability to
grasp

• by preparing an outline that conveys the essential
steps of the test to the farmers, such as the sequence
of farm operations and the inputs required to per
form them (we provide an example of such a
schedule in Appendix 7-C)

• by monitoring and otherwise being available to pro
vide the farmer with technical information and
demonstrations about the tests.

Replicated patterns
8 (control)
8 (new design)
8 (new design)

24 total

Replicated patterns
11 (control)
6 (new design)
5 (new design)
2 (other)

24 total

Cropping patterns
rice-sweet potatoes
rice-rice-mung beans
green corn-rice-cowpeas

Cropping patterns
rice·sweet potatoes
rice-rice-mung beans
green corn·rice-cowpeas
rice

The danger in farmer-managed tests is that the
researchers may (1) become excessively interested in the
results, [2) feel pressured to demonstrate an area's high
production potential, or [3) think that the purpose is to in
struct the farmers about improved farming practices.
These problems can be intensified when a farmer's fields
are separated so the researchers cannot see how the tests
are integrated with the farmer's other activities. When
researchers respond in one of these ways, they may be ap
plying pressure on farmers to follow procedures that
researchers would follow. Alternatively, the researchers
might help the farmers by providing resources and services
that are normally not available to the farmers, such as
tractors from an experiment station to prepare the farmer's
land so that the seedbed can be completed on time and the
experiment remains on schedule. But these acts defeat the
purpose of the tests. When the researchers are not ready to
let the farmers manage the tests using their resources in
their way, chances are good that the test is premature and
the experiment should really be conducted as a researcher
managed or superimposed trial.

Researchers should realize that the results of farmer
managed tests will be different from those of researcher
managed trials. Because farmers carry out their activities
to fit their available time, they may omit some operations.
These adjustments allow the tests to become fully incor
porated into the farmers' total effort. Or, farmers may
change cropping patterns once the tests are underway. For
example, an initial design may have involved 24 farms,
three patterns, and eight replications. One of the patterns,
used as the control, should be the farmers' traditional pat
tern. Table 7-1 is such a possibility.

When the season was over, the farmers might have
changed the 24 patterns and replications as shown in
Table 7-2.

Thus, three farmers returned to their traditional pat
tern, two changed to a mono-cropping pattern, and 11
rather than 16 stayed with the new patterns. The shifts in
patterns could represent farmers' responses to climatic and

socioeconomic conditions, or to their reappraisal of the
value of the test.

An analysis of farmers' changes, whether in patterns
or practices, is as important to the FSR&D team as the
crop responses. Such analyses (1) become the means for
identifying and measuring farmers' constraints in adapting
the changes to their conditions, and (2) help identify prob
lems and opportunities for additional research.

Field Selection
When selecting fields for farmer-managed tests, the

field team needs to be concerned about how the tests on
these fields fit into the rest of the farmers' activities. This
consideration is particularly important when the timing of
operations for the experimental plot is substantially dif
ferent from the farmers' other activities. Such a situation
could arise when planting a crop earlier than normal so as
to fit a second crop into the growing season.

Other suggestions include

• The experimental field should not block or other
wise interfere with farmers' regular activities-e.g.,
the normal movement of livestock or equipment to
and from the fields.

• For irrigated crops, the various plots should all be
located in areas with relatively similar irrigation
conditions.

• For nonirrigated crops grown experimentally in areas
where the bulk of the farmers' crops are flooded rice,
researchers should be sure the water table represents
the conditions they wish to study.

Field Design of Experiments

Some factors for the FSR&D team to consider in the
field design of treatments include the number and replica
tion of treatments, environmental variation, and plot size.

The number of treatments on a farmer's field is often



restricted because (1) farmers' fields are customarily small,
(2) the size of the treatment plots must be large enough for
the farmers to work as they are accustomed, and (3)
farmers have limited experience in managing different
treatments in the same field. Therefore, the field team
usually limits the treatments on a farmer's field to one or
two and then places additional treatments and replications
on other farmers' fields. The control, which is the farmer's
usual practice, can be in the same field as another treat
ment when the field is large. When the field is small, the
control can be on a nearby field with similar
characteristics as the field with the new treatment or
treatments.

Where the testing involves alternative management
practices for a given crop on a single land type, the number
of replications of a treatment should probably be at least
four. In Appendix 7-D, we provide an example of the field
design for a farmer-managed cropping test. The test in
volves four treatments for one crop on each of three land
types and five replications on each land type, giving a total
of 60 test fields.

Cropping pattern testing requires a more complex
field design than simply testing alternative management
practices on the farmers' traditional patterns. In a com
pletely randomized design, usually two or three different
patterns are tested with four or five replications on each of
several land types. Zandstra et al. (1981) recommend that
40 to 50 cropping pattern test fields in a research area are
needed to obtain a reliable evaluation of the patterns. In
Appendix 7-E, we present an example of the field design of
a farmer-managed cropping pattern test based on Zandstra
et al. (1981).

Farmer-managed tests may result in coefficients of
variation that range from 30 to 50 percent- considerably
larger than the coefficients for researcher-managed trials.
These large variations frequently result from (I) micro
variations in farmers' fields, such as the plot being on a
ridge or in a trough; (2) variations in farmers' access to
resources or in management practices, such as the use of
inputs and timing of activities; and [3) flexible farmer
researcher relationships that allow for mid-seasonal
changes in cropping patterns or management practices.

While the magnitude of the coefficients of variation
can seldom be brought down to the level of the researcher
managed trials, field teams can do several things to keep
the coefficients within acceptable levels. For example, the
team can

• select experimental blocks by land types or other
distinguishing characteristics of the farmers' en
vironment and management

• attempt, within these general conditions, to
eliminate as much of the micro-variation as practical

• plan more tests
• standardize farmer-researcher relationships.

We describe possibilities for alternative field designs in
Appendix 6-D.

Plots should be large enough so that the tests give a
reliable measure of the farmers' normal operations as
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related to labor practices, cash and credit requirements,
application of seed and agricultural chemicals, timing of
activities, and other aspects. This is the reason we gave
1,000 square meters as an appropriate size of plots [Table
6-2). Thus, a test plot may sometimes be an entire field.

Cultural Practices and Data Collection
Once the researchers and farmers reach an

understanding about how the test should proceed, farmers
should be ready to begin the test. This understanding
should be reached well in advance of the normal planting
dates, so that the tests do not disrupt the farmers' routine.
Because farmers customarily plant over an extended time
and because of the importance of planting dates, research
ers should closely observe this aspect of the farmers' opera
tions. Where planting dates range over several months,
yields may vary by more than 50 percent. Norman ·lper
sonal communication) suggests that for such wide-ranging
planting dates, the team may want to consider that the
farmers are really using different cropping technologies.
While the crop may be the same, its management in terms
of labor and other inputs and its yield and value could be
significantly different.

For accurate evaluation of cropping tests across an
area, the farmer-managed tests should all be planted at
about the same time. However, farmers in their desire to
cooperate with the FSR&D team might plant earlier than
they normally do. Then, should rains be advanced, early
planting might give the farmers a chance to plant a second
crop during the same year. Thus, the test result would be
more favorable. By advancing the planting date, farmers
alter the original design.

In such a situation, the researchers may want to
keep the intent of the original design by adding fields to
maintain the planned spread in planting dates. This not
only gives researchers information on the planned pat
terns, but also provides information about how different
patterns respond to weather variability.

In preparation for its monitoring of the farmer
managed tests, the field team needs to finalize its data col
lection forms before the season begins. These forms
should agree with the general approach established during
the planning workshop. As indicated for researcher
managed trials, the data should include information about
the weather, the plot, farming operations, and crop perfor
mance such as its progress through the growth stages,
yields, and the influence of pests. But additional data are
needed on such items as labor inputs by household
members, detailed cash expenditures by crop, other
aspects of the family's activities, and the general
socioeconomic setting as related to the experiment. In Ap
pendix 7-A, we provide forms typically used for collecting
some of these data.

Monitoring Progress
Much of the team's monitoring of farmer-managed

cropping tests is similar to that for researcher-managed
trials. In addition, the team needs to pay attention to
socioeconomic matters, and to how farmers manage their
time and make decisions. For instance:



120 • On-Farm Research and Analysis

• Did market or sociocultural conditions have any
unusual influence on farmers' actions?

• Which member of the family is responsible for
which activities?

• How do farmers react to unplanned events, such as
unusually late rains or a sudden pest attack?

• How do the families occupy themselves during slack
farming periods? Do they maintain the farm, seek
off-farm employment, engage in handicrafts, or rest?

Insight into items such as the above can help re
searchers understand farm households and over time
develop an improved approach to identifying suitable
technologies. While some of this information is sought as
part of special studies, observing farmers' responses to
given situations is frequently more enlightening than their
responses to survey questions.

Some of this information can be worked into the
farm records and other data sheets. In other cases, the in
formation is most easily acquired by having the team
members keep daily logs of their activities and observa
tions. These logs can subsequently be of considerable use
to those who keep them and to the whole field team-par
ticularly during the planning and analysis workshops (Sec.
6.5. and 7.11., respectively).

Measuring Crop Yields
Accurate measurement of yields is fundamental to

evaluating the acceptability of alternative cropping pat
terns and practices. For example, grain production may be
measured as the yield of grain for human consumption and
forage for livestock. Where significant losses occur during
or after harvesting- e.g., losses from grain shattering or
from pests-researchers should measure or estimate these
losses as well.

The best estimate of yields is to harvest the entire
plot. This approach poses no problem for small plots, but
does for the larger farmer-managed plots. A satisfactory
alternative for large plots is to sample within the
plot- sometimes called subsampling. Subsampling
reduces the time and cost of measuring yields, but in
troduces the danger of biasing the results. The potential
for bias is most serious when plant growth in a field is
uneven and the sampler has some reason for wanting the
experiment to look better or worse than it really is. The
team can reduce sampling bias by specifying on a map
beforehand the areas to be sampled, such as the small rec
tangles shown in Fig. 7-1.

A common technique in measuring yields is to make
three to five crop cuts-subsamples-in each plot using a
grid system to randomly select the coordinates for each
cut. With sampling procedures for multiple cuts standard
ized, the team can compare sampling errors for different
seasons. As the team gains experience, it can modify its
sampling procedures and thereby reduce sampling errors.

Depending on the crop, researchers should sample
from 5 to 10 square meters for closely planted crops and
forages and from 5 to 10 linear meters per pair of randomly
selected rows for cultivated row crops. Because yield
measurements vary with the sampling method, the team

should follow the same procedures for each type of crop
and select comparable procedures for different types of
crops.

After researchers weigh the samples, they usually
give them back to the farmers. When samples are
destroyed during testing, such as in evaluating a crop's
nutritional value, farmers should be reimbursed according
to prior agreement.

We do not recommend a form of subsampling called
panicle sampling, which has sometimes been used for
measuring cereal yields. In this approach, the sampler goes
through the field and selects panicles of grain. A drawback
to the method is the team has little basis for assuring that
the sampler will not intentionally or unintentionally bias
the sample by the way the panicles are selected.

Analysis and Reporting of Results
Data analysis and reporting procedures for farmer

managed tests are similar to those described for researcher
managed trials under Analysis and Reporting of Results in
Sec. 7.1.1. The team generally uses farmers' traditional
patterns and practices as the statistical control and follows
statistical procedures suitable for dispersed replications.
For these tests, researchers need to interpret results in the
light of climatic and other variable conditions prevailing
during the tests, and to note how these conditions com
pare with historical data.

Another topic requiring researchers' attention is how
to handle incomplete tests. While experiments can be
abandoned for various reasons during researcher-managed
and superimposed trials, this topic is particularly relevant
for farmer-managed tests. When farmers abandon tests,
the team should follow the general guidelines set out dur
ing the planning workshops [see Methods for Handling In
complete Experiments in Sec. 6.4.3.1. Following these
general instructions, the team first analyzes why the
farmer changed the tests, whether the tests can be sal
vaged, and what corrective measures to take for subse
quent tests.

For example, if hand weeding was part of the
technology, a farmer may not have had access to addi
tional labor. Alternatively, after starting to weed, the
farmer may have concluded that this was a waste of time
and stopped weeding. Other cooperating farmers who did
weed for the same test may have secured additional labor
or concluded the procedures were worth following even
though difficult. In this example, the team needs to learn
why some farmers weeded while others did not. If the
reasons include farmers' available resources, then the
farmers may have been inappropriately stratified when

.designing the experiment. On the other hand, if farmers'
conditions are about the same, then the individual deci
sions to weed or not to weed represent the natural disper
sion of acceptance that occurs when dealing with in
dividuals.

As another example, should fertilizers not be applied
because farmers could not obtain them, researchers need
to investigate why the fertilizers were not available. If the
fertilizers were unavailable because of a persistent na
tional shortage, then the experimental design was wrong



and the team should learn from this experience. In con
trast, if the fertilizers were temporarily unavailable
because the local supplier happened to close the store-for
example, to attend a burial- then the closing of the store
is simply one of the random events that causes ex
periments to depart from the plan. In this case, the experi
ment is valid and the results should be included in the
analysis.

7.3.2. RESEARCH ON LIVESTOCK

Farmer-managed tests with livestock offer a wealth
of interesting possibilities, particularly those involving
mixed systems- i.e., the combination of cropping systems
and livestock systems. Unfortunately, procedures tend to
be complex methodologically and we have uncovered little
that serves as practical guidelines for this type of research.
Therefore, we will simply indicate research possibilities,
suggest ways for developing suitable methodologies, and
offer some suggestions for data collection and analysis.

Research Possibilities
Because of the diversity and self-sufficiency of many

small farmers, research to improve farmers' use of
livestock is particularly interesting. Some possibilities for
farmer-managed tests include treatments to evaluate

• control of animal diseases, insects, and internal
parasites

• benefits of increased nutritional or caloric intake
• effects of changes in the numbers and types of

animals
• alternative uses of crop residues and animal manure
• alternative forms of animal traction
• alternative allocations of family land and labor

among subsistence food production, pasture produc
tion, and care of livestock.

As complements to these experiments, the field
team may wish to seek regional or national help in suppor
tive studies. Such studies help in ~esigning the ex
periments and in interpreting the results. Possibilities for
supportive studies concern (1) the effectiveness of
livestock as a store of wealth, (2) the social customs sur
rounding the acquisition, care, and use of livestock, and
(3) a family's nutritional benefits from keeping animals.
These studies supportive of farmer-managed tests help in
evaluating the livestock experiments within the whole
farm setting [ILCA, 1978).

Development of Methodologies
Historically, most livestock researchers have con

centrated on cattle experiments at experiment stations.
The result has been that methodologies for farmer
managed livestock tests are not well-defined. Conse
quently, we can offer only rudimentary suggestions for
such tests.

To start, an FSR&.D team might use the approach for
farmer-managed cropping tests as a guide. As testing pro
ceeds, researchers should allocate enough time for study-
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ing the differences between the crops and livestock ap
proaches. With this knowledge, the researchers could then
produce livestock procedures specific to the interests of
those in the research area.

Farmer-managed livestock experiments should in
volve the farmers' animals within the farmers' setting.
Because of the value of large animals to the farmers and
because of the occasional risk to the animals' health, the
FSR&.D team will need to offer farmers some guarantee in
case such an animal should become incapacitated or die.
While being prepared for this eventuality, the likelihood of
such occurrences should be slight. As with cropping ex
periments, much of the risk to farmers should be removed
before new technologies are brought to them for testing.
Tests with small animals usually do not involve risks to
the same degree as with large animals.

Where the team places its livestock on the farmers'
fields, researchers will need to ascertain that farmers have
a genuine interest in the animals and know how to care for
them. This will be particularly important for expensive
animals such as cattle. In fact, the team may not have an
adequate budget to place many animals on farmers' fields
in this way. Thus, FSR&.D management may want to ap
proach donors or lenders - both domestic and interna
tional-for assistance in financing livestock purchases.

Experiments involving young livestock should begin
with birth and follow through the critical periods to
maturity or to some predetermined time. Thus, when
farmers agree to cooperate in livestock experiments, they
are committing themselves to feed, water, watch over, and
otherwise care for the animals for an extended time.
Farmers should be aware of this when they agree to the ex
periments. In tum, researchers and their assistants need to
monitor, at regular intervals, the animal's well-being in
terms of weight gain and loss, appearance, and general
health.

For reasons given earlier, treatments are generally
limited to one or two per farmer with the traditional prac
tice serving as the control. The treatments are replicated
on other farms.

Data Collection and Analysis
Because of the breadth of activities involving

livestock research, data requirements are substantial- so
much so that one of the first year's activities might be a
survey of the farmers' management of the livestock system
and how this system integrates with cropping systems.
Surveys dealing with mixed systems should include the
family labor pattern, the contribution of manure to crop
ping and other uses, cash flows associated with livestock
activities, and the farmers' attitudes toward adoption of
new livestock technologies. Delgado (1978) conducted
such a survey as the first step in defining the Fulani mixed
system in Upper Volta. Because of the need to collect such
information about the farmers' livestock system, cropping
experiments that are part of mixed-system testing may
have to wait for the team to collect this background infor
mation and to analyze it before designing experiments on
integrated cropping-livestock systems. In Appendix 7-F,
we describe a mixed-system experiment in the Ethiopian
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highlands; and in Appendix 7-B we provide tables that may
be useful to the team in gathering data on livestock.

Many of the data collection methods for livestock
are similar to those described for cropping tests. Gener
ally, climatic data gathered for crops will meet the needs
of livestock experiments. Just as for crops, temperature ex
tremes and extended periods of rain or drought influence
animal growth and well-being. Besides temperatures,
researchers need to follow other environmental conditions
to determine the impact on experimental results. For in
stance, nonexperimental variables having an influence on
results include animal diseases and pests, grazing condi
tions, and availability of drinking water. Of course, some
of these conditions may be related to rainfall and
temperature. The team should summarize, analyze, and
report these and other data.

7.4. TEAM ORGANIZATION

In this section, we cover briefly some of the ways a
field team might organize its efforts for implementing on
farm research. The topics are the team leader's activities,
assignment of resources, review sessions, and integration
with local organizations.

7.4.1. TEAM LEADER'S ACTIVITIES

An initial step in preparing for field experiments is
for the leader to review the team's objectives and respon-

sibilities as set during the planning workshop. Next, the
leader, with help from team members, might draft an in
tegrated set of responsibilities that identifies the general
tasks for each member and the team. The staff members
are normally assigned tasks based on team responsibilities
rather than on a member's discipline. For some objectives,
several researchers may need to work jointly on an activity
under the direction of a task leader. At other times,
assignments may be so narrowly defined that a single team
member can handle the assignment. In this case, the
assignment would logically go to the person with the most
appropriate discipline and experience. Technical
assistants are also tentatively assigned to groups or in
dividuals for direction and on-the-job training.

The leader might call a meeting to present the pro
posed plan to the team for further discussion, modifica
tion, and approval. After reviewing the materials, team
members could draft their job descriptions as they envi
sion them and pay close attention to how each posidon in
teracts with other positions. These job descriptions could
then be discussed and rewritten as necessary. When
finalized these descriptions become the basis for work
assignments and evaluation of a team member's perfor
mance. Such group action, in establishing member respon
sibilities to the FSR&.D effort, helps to develop a team ap
proach (see Sec. 10.6.1. for further discussion of inter
disciplinary teamworkJ. As the work progresses, the leader
can adjust assignments in the same way as they were set
initially.



7.4.2. ASSIGNMENT OF RESOURCES

Once assignments have been agreed upon, the team
can identify its resource requirements. Each group or in
dividual within the team should compile a list of re
quirements for carrying out the assignments. Items to con
sider include such things as portable field equipment for
planting, spraying, and harvesting; field testing equipment
for measuring soil pH, soil and water salinity, and water
flows; ordinary hand tools; supplies of seeds, agricultural
chemicals, and veterinary items; and office supplies. Par
ticularly important is adequate transportation so that
members will not be delayed during critical periods.

The leader matches resource requirements with
availability. Where serious shortfalls occur, the leader can
call another meeting to gain team input and support for
the best way to modify the team's activities and individual
responsibilities. Sometimes experiments are delayed
because special equipment, materials, or other inputs are
unavailable. Then, the team should replace the ex
periments by other experiments that can be conducted
with available inputs and are within the team's overall
research objectives.

7.4.3. REVIEW SESSIONS

The team's leader should periodically hold sessions
to review the team's activities. These meetings can be
used to

• coordinate the team's activities
• set targets for accomplishments and assess team

progress
• identify solutions to individual and team problems
• report on individual and group experiments
• convey findings of general interest to the team
• propose topics for future discussions
• prepare the team for the planning and analysis

workshops.

While the output from these meetings contributes directly
to the team's operational responsibilities, the meetings
also help build effective teamwork.

7.4.4. INTEGRATION WITH LOCAL ORGANIZATIONS

The team will function most effectively in the
research area when it is able to work with other groups
concerned with improving farmers' conditions. Possible
groups include the extension service, irrigation districts,
and farmers' organizations.

In addition to the extension staff participating as part
of the FSR&D teams, other extension personnel should be
encouraged to learn about the field teams' activities. Ex
tension service personnel may be the most aware of
farmers' problems, how farmers use their resources, and
which improvements interest farmers most. When exten
sion personnel are integrated into the FSR&D effort, they
will become better informed about FSR&D's goals and ac
tivities and will be more effective in diffusing the results.
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Engineers and other staff attached to local irrigation
districts are important when the field team works with
farmers who irrigate. The field team should become ac
quainted with this irrigation staff and invite them to par
ticipate in the field team's activities as appropriate. For
example, irrigation staff might be asked to serve as con
sultants or to accept part-time assignments with teams to
assist in water measurements and related activities con
cerning on-farm water use.

Others with whom the team might develop contacts
include representatives of local farm cooperatives, lending
institutions, water-users' organizations, public officials,
and private groups serving farmers in the research area.
The more that local farmers and farm service organiza
tions cooperate in the FSR&D effort, the greater the oppor
tunity for the team's success. Moreover, because the field
teams are at the "grassroots" level, they have an excellent
opportunity to develop strong local support for the FSR&D
approach.

7.5. SUMMARY

This part contains suggestions for helping FSR&D
teams conduct their experiments. We have written sec
tions on researcher-managed and superimposed trials and
farmer-managed tests. Within these sections is material
common to all three types of experiments, such as field
selection, field design of experiments, cultural practices
and data collection, monitoring progress, and analysis and
reporting of results. We devote considerable space to
farmer-managed tests, with additional sections on farmer
selection, incentives to cooperating farmers, agreements
with farmers, farmer-researcher relationships, and
measuring crop yields. Throughout Part I, we gave more
emphasis to experiments with crops than with livestock.
We closed this part with suggestions for team organiza
tion.

PART 2: ANALYSIS

We present this part as a guide for FSR&D teams in
planning their research activities and analyzing the
results. Researchers should understand analysis pro
cedures if they are to adequately set up their experiments
and plan supporting studies and data collection. Because
many of the analyses apply to on-farm experiments, we
have written this part with the field teams in mind. They
will not need more than a rudimentary background in
economics or statistics before receiving instructions on
the material in this part. Such instructions should, most
appropriately, come from a national FSR&D training pro
gram of the type described in Sec. 11.2.1.

In Part 2, we integrate many of the physical,
biological, economic, financial, and sociocultural aspects
of FSR&D that we brought up in earlier sections of this
book. Furthermore, we emphasize economic procedures,
because many experimental results require economic in
terpretation once biological results have been analyzed.
Our approach draws heavily on CIMMYT's manual, From
Agronomic Data to Farmer Recommendations (Perrin et
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al., 1976). That manual presents analytical concepts in a
way that field teams should be able to learn and apply
quickly. We do not include details of statistical analyses,
because we discuss these in Appendix 6-0.

We have divided this part into sections on (1) con
cepts of analysis, (2) illustrative designs and analysis pro
cedures, (3) acceptability of new technologies, (4)
sociocultural feasibility, (5) other analysis procedures, and
(6) analysis workshops.

7.6. CONCEPTS OF ANALYSIS

In this section we discuss concepts of analysis as
they relate to 11) an integrative approach, (2) prediction
versus acceptance of new technologies, and 13) partial
budget analysis versus whole farm analysis.

7.6.1. AN INTEGRATIVE APPROACH

Analysis in FSR&O is an integrating activity in
which the team seeks to simulate the breadth of activities
and considerations that farmers do intuitively. The more
researchers are able to assimilate farmers' decision-making
processes, the more accurately they will be able to an
ticipate farmers' decisions.

The team begins the analysis by seeking-to under
stand the household and the farming environment. After
the on-farm experiments are completed, the team takes
the results as a basis for judging whether a technical
change represents a biological improvement. That is, the
team wants to know if a new technology produces more
from a given set of resources, meets farmers' requirements
with less resources, or helps stabilize inputs and outputs.
The team also wants to know whether the experimental
results represent real improvements for farmers or
whether the results could be simply due to chance. To do
this, the team needs to consider the environmental setting
in which the experiments are conducted. For example, the
team should decide whether conditions such as rainfall,
temperature, or labor supplies were sufficiently represen
tative of "typical" conditions. If yes, then the team can
reasonably conclude that statistically significant results
should have general validity.

When experimental results are acceptable biological
ly, the team must still decide whether farmers will be in
terested and have the resources and capabilities to imple
ment the changes. To help in deciding about the farmers'
interests, the team can place monetary values on farmers'
inputs and outputs for the current and new technologies.
Results based on monetary values can then be compared
with farmers' preferences concerning profit, risk, and
other factors.

Our use of monetary values as a basis for comparing
alternatives does not imply that farmers are only in
terested in money-e.g., that only those outputs sold for
cash or those inputs purchased with cash count in the
analysis. Rather, we use monetary values because this
measure is the most convenient for comparing many
diverse factors. We will pursue this topic further in the

section on net benefits (Sec. 7.7.3.).
The teams should not confine their analyses to only

those experiments that meet the biological scientists'
criterion of a 0.01 or 0.05 significance level. Results with
different levels of significance, such as 0.10, should also be
analyzed. The reason is that biological researchers tend to
be more rigorous in requiring that the technologies they
propose have little chance of being recommended er
roneously. Farmers, on the other hand, may be seriously in
need of help. They may be willing to consider new
technologies even when researchers are not convinced of
the technologies' validity. This is especially true when the
cost of failure is not great and when researchers might be
delayed in conducting additional experiments to reach
firmer conclusions about a technology's validity.

When biological and economic results are both
satisfactory, the team still needs to check on financial
feasibility. A technology is financially feasible when
farmers are able to secure the cash resources for im
plementing the change and will subsequently be able to
repay anr borrowed money according to the terms of the
agreement.

Finally, the team needs to observe how farmers react
to alternatives that the team judges acceptable biologi
cally, economically, and financially. Farmers' reactions
can be obtained (1) from farmer-managed tests, (2) by
noting acceptance rates of new technologies, and (3)
through discussions with farmers. Where all indications
are that a new technology should interest farmers but it
does not, researchers need to study the situation further.
The team should review its calculations. If all is in order,
the team should examine its knowledge and assumptions
about the farm household and the sociocultural environ
ment. Then, the team might seek help from social scien
tists with appropriate experience and orientation.

7.6.2. PREDICTION VERSUS ACCEPTANCE

The foregoing discussion contains two approaches to
establishing the validity of new technologies for farmers.
One is the attempt to predict how farmers will react once
exposed to the technology. The other is to let farmers have
the technology and observe how they respond.

The Predictive Approach

When done well, the predictive approach is valuable.
It forces the FSR&O team to systematically and logically
evaluate a technology according to farmers' conditions.
The team can try to predict how farmers might react
should the new technology be made available to them.
Clearly, this is the only type of appraisal that can be made
for the planning of experiments, as discussed in Sec. 6.2.
The approach is useful for analyzing the results of
researcher-managed and superimposed trials and when
deciding how to proceed. Even though researchers have
the biological results of the trials, the analyses are still
predictive. This is because the trials are under the re
searchers' control, are on small plots, and are based on
estimates rather than measurements of farmers' responses.



Measurement of Acceptability
The other approach is to test the new technologies

with farmers. In this way, researchers can tell through
measurements, observations, and discussions with
farmers how the new technology fares. Measurements of
acceptability come primarily through farmer-managed
tests and from recording farmers' actions and comments
following the tests.

The field team influences farmer-managed tests in
that farmers agree to a set of procedures and receive
guidance from the team. However, farmers still have con
siderable management flexibility in implementing the
tests. Because the plots are large and farmers manage
them, the team has a good opportunity to obtain sound
data on farmers' management practices. These practices
include timing of activities and the allocation of the fam
ily's land, labor, and other resources. By obtaining actual
data on yields, output prices, and types and costs of in
puts, the team will be in a good position to calculate the
profitability of the alternative technologies. We will take
up the subject of farmer-managed tests as a measure of ac
ceptability in Sec. 7.8.1.

The team will have further evidence of a
technology's acceptability by recording farmers' accep
tance of the technology following farmer-managed tests.
The advantages of these measurements is that the in
fluences of the researchers will have been removed so that
the farmers will be acting on their own. We will say more
about acceptability in Sec. 7.8.

Complete reliance on acceptability of test results has
the disadvantage that the team obtains information on
only the conditions prevailing at the time of the evalua
tion. When climatic or other conditions are "typical" and
the farmers are representative, researchers can feel
reasonably confident that the results can be applied to
similar situations. But the team will find difficulty in ex
plaining why farmers act the way they do, or how to inter
pret the results when conditions are not wpical. For this,
predictive studies are needed. Thus, both approaches to
analysis contribute to an adequate understanding of pro
posed changes to farmers' systems.

7.6.3. PARTIAL BUDGET ANALYSIS VERSUS
WHOLE FARM ANALYSIS

Different situations call for different approaches to
analysis. Where the emphasis is on incremental change
such as with seasonal crops, partial budget analysis is an
appropriate approach. In contrast, research on more com
plex systems over longer periods of time generally calls for
more comprehensive measures. Whole farm analysis is ap
propriate for these types of situations. We discuss both ap
proaches below.

Partial Budget Analysis
Partial budget analysis is one of the simplest

methods for analyzing the acceptability of relatively minor
changes to ongoing operations. Brown (19791 reported,
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"It is a form of marginal [incremental] analysis
designed to show, not profit or loss for the farm as a
whole, but the net increase or decrease in farm in
come resulting from the proposed changes."

Such an approach is particularly well-suited to FSR&D
when small changes are made to the farmers' systems. For
many of the proposed treatments, farmers will make
small, incremental changes to the way they farm. These
changes apply to only a limited number of activities; the
rest of the farmers' activities remain the same. Partial
budget analysis is not only appropriate under these condi
tions, it is the preferred approach. The reason for the
preference is that the analyst needs concentrate on only
the changes to the farmer's system, not the whole farm. By
lessening the workload, the researchers are able to focus
their attention 'on a relatively few factors, which helps im
prove the quality and timeliness of the analysis. These
changes refer to the differences to the farmers' system with
and without the proposed change in technology.

Whole Farm Analysis
Should the introduction of new technologies force

farmers to reorganize substantial portions of their ac
tivities, either all at once or over time, then partial budget
analysis is inappropriate. The whole farm must be studied.
Whole farm analysis can be conducted by broadening the
scope of analysis by observing, recording, and otherwise
estimating all of the farmers' activities, including the
family's nonfarm enterprises.

The need to broaden the perspective to the whole
farm may occur when considering livestock and crops as a
mixed system. ILCA favors whole farm analysis for much
of its work, as the following quotation from de Haan (per
sonal communication) indicates:

1/ ••• we find whole farm tests sometimes absolutely
necessary. For example, the traditional system in the
Ethiopian Highland programme is characterized by a
small farm size (± 2 hal [in which 70 percent of the
area is] used for subsistence grain cropping and with
a serious deficit in animal nutrition for livestock
with a low genetic capability for traction and milk
production. Introducing forage at the level of 1000
M 2 plots per farm would not prove anything, as it
would not contribute enough to the total fodder sup
ply. Therefore in this case it was necessary to (al in
crease yields per ha of subsistence crops, (bl in
troduce forages in the space so created, and (cl use
this forage through genetically improved livestock.
Only a whole farm approach was therefore possible
here,"

When such studies are conducted informally, the
team will be able to understand reasonably well the inter
relationships among the parts. Through comparative
analyses, the team can consider a broad range of factors
and generally conclude whether improvements over the
farmers' existing system have been found.
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However, searching through a range of feasible solu
tions is generally complex and time consuming. Instead,
some form of modeling procedure is usually required. For
example, IRRI IJayasuriya, 1979) uses linear programming
as part of its approach and ILeA (1980) uses a variety of
systems research techniques. The linear programming
studies search for optimum solutions through considera
tion of farmers' objectives, values of output, production
relationships, and available resources to arrive at im
proved cropping and livestock patterns and management
practices. Experiments, farm records, monitoring,
surveys, and special studies provide inputs to such op
timization studies. We emphasize, however, that these are
relatively sophisticated studies that should not divert the
attention of field teams. Rather, such studies are long
range approaches that, when integrated with field teams'
on-farm research, help in setting the directions of future
research.

7.7. ILLUSTRATIVE DESIGNS AND
ANALYSIS PROCEDURES

We begin this section with an illustration of alter
native designs. Then, we follow with Il) a discussion of
biological results and (2) an application of partial budget
analysis and other techniques for evaluating economic and
financial feasibility.

7.7.1. ILLUSTRATIVE DESIGNS

Perrin et al. (1976) illustrated the application of
economic analysis to the biological results from three
cropping experiments. Two of these are what they call
"Yes-No" experiments and the other is a "How Much" ex
periment. A Yes-No experiment aids the researcher in
deciding whether to recommend a new technology - e.g.,
the introduction of a new crop variety or the use of fer
tilizers. A How Much experiment provides the researcher
with information useful in recommending the level at
which a technology should be applied- e.g., the amount of
fertilizer to apply or the seeding rate.

The Yes-No experiments can be farmer-managed
tests when kept simple enough for the farmers to manage.
In one experiment concerning maize production, Perrin et
al. 11976) compared farmers' traditional technology with a
high-level technology comprising nitrogen and phosphate
fertilizers, soil and foliar insecticides, and herbicides.
These two treatments were conducted at 26 locations
within the research area. While such an experiment would
normally be too complicated for most farmers to manage,
some farmers who have experience with experiments
might be able to conduct such tests. Until then, however,
the experiments should probably be conducted as
researcher-managed tests.

A second experiment compared three wheat varieties
with and without fertilizer application. Of the six
treatments-Le., 3 varieties x 2 fertilizer levels-one
represented farmers' conditions, namely, the traditional
variety without fertilizer- Le., zero level of application.
Following our suggestion in Sec. 6.4.3., this should still be

a researcher-managed or superimposed trial because the
number of treatments is greater than four. This is another
example of a Yes-No experiment in which researchers
search for the best variety with and without fertilizers.
The fertilizer level for the experiment could come from
the researcher's prior knowledge, or from earlier
researcher-managed trials.

The third experiment described in Perrin et al.
(1976) was designed to identify the appropriate level of ap
plication of nitrogen and phosphate. This How-Much ex
periment involved 12 treatments and eight replications
and is appropriate for researcher-managed trials. The ex
periment considered 12 combinations of these two fer
tilizers applied to the farmers' variety. The applications
started with the lowest level of control- Le., 'no nitrogen
or phosphate- and gradually increased to a maximum ap
plication of 150 kg/ha of N and SO kg/ha of P20 S' Because of
its detail, we will use this example in subsequent sections
to illustrate the techniques of partial budget analysis.

7.7.2. BIOLOGICAL RESULTS

Table 7-3 provides data on the 12 fertilizer
treatments, including yields for each of eight trials - Le.,
replications-and the averages for each treatment and
trial. We will begin by looking at the averages of these
treatments and later note the variability of results.

Fig. 7-2 depicts the expected increases in yields with
increasing levels of fertilizer application at three levels of
phosphate. The rates of nitrogen application represent the
relevant range when nitrogen is applied without
phosphate-Le., little additional yield is gained from addi
tional applications of N. However, the slopes of the two
curves where 25 kg/ha and SO kg/ha of P20 S are applied
with nitrogen indicate that yields have not begun to peak
out. However, as we shall see shortly, higher levels of
P20 S applications are not needed to draw relevant conclu
sions from this experiment. The reason is that the value of
the additional yield from applying extra fertilizer is not
great enough to offset the additional costs of materials and
labor. To show how this works, we must first discuss the
concepts associated with net benefits and farmers'
preferences. However, before turning to this subject, we
wish to comment on the setting within which biological
results like these take place.

To put biological results such as these into perspec
tive, the FSR&D team needs to consider the environmen
tal conditions prevailing during the experiment. For exam
ple, if weather conditions are considered "typical" for the
area, the team can proceed with the analysis of results. By
typical we mean those weather conditions that lead to
crop yields or livestock production and health that are
likely to prevail more often than not. If, however, weather
conditions were not "typical," the team should exercise
caution when drawing conclusions from the results. Yield
results for atypical weather conditions can be quite dif
ferent from those occurring when weather conditions are
close to the average.

Even when the weather appears to have been typical
during the growing season, the team should investigate



Table 7-3. Maize yields by fertilizer treatment, eight trials (Adapted from Perrin et a!., 1976).

Fertilizer treatment (kg/ha)

N: 0 50 100 150 0 50 100 150 0 50 100 150
Trial P205: 0 0 0 0 25 25 25 25 50 50 50 50 Avg.

tons/ha

1 0.40 1.24 3.63 3.76 0.79 2.58 4.23 4.72 1.67 2.51 3.28 3.66 2.71
2 1.53 2.60 5.14 5.32 1.67 3.79 5.10 6.83 1.41 4.13 5.89 6.27 4.14
3 4.15 4.86 4.80 4.87 4.44 5.00 4.97 5.28 5.12 5.66 6.36 6.62 5.18
4 2.42 3.82 5.23 4.48 2.36 4.54 6.26 7.17 1.61 4.41 5.38 6.58 4.52
5 1.64 1.92 2.08 2.19 2.04 3.21 3.12 2.93 1.44 3.44 3.32 3.62 2.58
6 1.61 2.94 4.14 4.34 1.81 3.92 3.61 3.81 1.18 3.89 5.38 4.92 3.46
7 4.74 5.41 4.29 4.92 4.91 5.22 5.38 5.14 5.10 4.88 4.54 5.28 4.98
8 1.21 2.33 1.97 2.23 1.53 2.78 2.49 2.80 1.37 3.51 3.75 4.35 2.53
Avg. 2.21 3.14 3.91 4.01 2.44 3.88 4.40 4.84 2.36 4.05 4.74 5.16 3.76
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Figure 7-2. Average yield response to nitrogen (at three
levels of phosphate] (Perrin et a!., 1976).

the effects of weather during each phase of the plant's
growth. For example:

O+---r---r--_r-__---r----.
o 25 50 75 100 125 150

Nitrogen applied,kg/ha

7.7.3. NET BENEFITS

evaluations are important. Team members need to reflect
on the meaning of the experiments and the transferability
of experimental results over time and across areas .

Farmers will undertake change when' they perceive
that the benefits will outweigh the costs. The difference
between the two are the net benefits. For partial budget
analysis, net benefits represent the increases in benefits
over costs, when compared with the farmer's existing
farming enterprises. For example, the benefits might be an
increase in maize yields that require additional inputs of
labor and fertilizer. When the net benefits are great
enough, we can expect farmers to accept the change.

Because such changes involve different items-e.g.,
labor, materials, services, and farmers' outputs, we need
some means for expressing them in common units. As we
indicated earlier, monetary values serve this purpose.
When items are traded for money, these transactions can
serve as the value to the farmer; but when items are not
bought and sold, some other reference of value is needed.
For this we introduce the concept of opportunity cost. The
opportunity cost of an input to, or of an output of, the
farmers' system is its value in the best alternative use. A
few examples should help clarify this concept:

If a new maize technology requires the farmer to spend
more time fertilizing the field and if the farmer would ordinarily
work In town during this period for 20 pesos/day, then a day's
work on the farmer's field has an opportunity cost of 20 pesos,
less the dally cost of going to and from town.

Or, If the family normally purchases maize for consump
tion, then the additional maize output from the Improved
technology might replace part or all of the family's maize pur
chases. The benefit of the additional maize production that
substitutes for purchases could be measured using the price
of maize In the market place, adjusted by (1) adding the benefit
of not having to transport maize from the market to the farm
and (2) subtracting the cost of having to harvest the maize. The
common point of comparison between the maize the farmers
produce with the new technology and the maize they would
otherwise have to purchase is maize available for consump
tion at the farm.

Alternatively, let us suppose that the family already pro
duces Its minimum maize requirements, but decides to con
sume more maize from the Increased yield of the improved
technology. Now, the benefit of the maize production is
measured using the field price of maize. When farmers con
sume the maize Instead of seiling It, we can assume that they
value It at least as much as the price they would receive from
Its sale.

In the first example, the cost of the farmers' labor in
applying the fertilizers is estimated by the money the
farmers give up by not working in town. In the next two
examples, benefits of increased maize output are
estimated differently depending on whether farmers nor
mally sell or purchase maize. In Appendix 7-G we provide
additional details on estimating farmers' net benefits from
alternative treatments.

By estimating the value of money transactions and
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• Was the crop establishment slowed or enhanced by
too little or very favorable rainfall?

• Is a new crop variety needed that is more adaptive to
variations in rainfall conditions?

• What was the possible effect on the crops of winds or
very low or high temperatures?

• Did farmers change the timing or type of operations
or make other adjustments to compensate for varia
tions in weather and moisture availability?

We have provided Appendix 6-A on climate, Appendix 7-A
on crops, and Appendix 7-B on livestock as guidelines for
collecting data that should be useful to the team in
answering the above types of questions.

Such an analysis will help the team understand the
variability that normally occurs even when "typical"
weather conditions prevail. Because biological perfor
mance varies from year to year, data from several seasons
may be needed before recommending a new technology to
farmers - especially when that technology constitutes a
substantial change in the farmers' present system, as with
new varieties or cropping patterns. In other cases, new
technologies can be recommended more quickly. For ex
ample, recommendations for the removal of a severe
nutrient deficiency or toxic soil conditions as with soil
salinity can generally proceed without delay.

The team should also raise the following types of
questions when conditions are not typical. For example,
how do farmers respond to unique events such as
typhoons, floods, droughts, or volcanic activitYi and how
often do these incidents occur?

The team can obtain much of the information
needed to evaluate these conditions from observations of
farmers' management practices. Some of the farm records,
monitoring, and other data gathering can help fill in the
gaps in the team's knowledge of on-farm conditions.
Although many of the team's conclusions about interac
tions between crop performance and environmental condi
tions must, of necessity, be only impressions, such



the opportunity costs, the team can approximate the net
benefits of technology changes to farmers. Of course, some
values are difficult to estimate in these terms-e.g., the
value ranchers attach to their livestock or to their children
being able to attend school. These values should be noted
and used as additional factors in predicting farmers' reac
tions. Fortunately, many changes do not involve such
issues and the net benefit calculations are sufficient to pro
duce good results. Risk is another factor to consider when
predicting farmers' reactions. Later, we will introduce the
approach Perrin et al. (1976) suggested for dealing with
risk.

In estimating benefits and costs, the team should
strive to identify the most important ones. This includes
estimates of the types, amounts, and values for each factor
important to the analysis. While some of these factors may
be difficult to estimate, we advise the team to make
"educated guesses" rather than to ignore them simply
because they cannot be estimated precisely.

Where values are likely to change, the team will
probably need help from regional or national headquarters
economists in projecting future values. Also, instead of
relying on single-valued estimates for the more uncertain
and important factors, the team can use sensitivity
analysis in considering alternative values.

Sensitivity analysis, which we will illustrate later, is
an approach whereby alternative values are varied in
dividually to learn to what extent they would change the
conclusions about the proposed technologies. For exam
ple, the team can make estimates over a range of values for
a commodity to learn how these changes influence the
economiC attractiveness of the new technology. The range
of values tested should represent conditions reasonably
likely to occur-perhaps 8 or 9 chances out of 10. If the
change in values produces a switch in the farmers' choice,
then the outcome is sensitive to this factor. Factors found
to be sensitive generally require further analysis, whereas
factors that are not sensitive do not require further
analysis.

Estimating Benefits
For partial budget analysis, benefits are generally in

creases in output, decreases in inputs, or reductions in
risk. We will discuss risk shortly. For now, let us consider
the benefits from increased yields resulting from the ap
plication of fertilizers. Table 7-4, which is based on the
average maize yields from the treatments presented in
Table 7-3, shows the gross field benefit for each of the 12
treatments in dollars per hectare. In this case, the dollars
simply represent some national currency, not the currency
of any particular country.

Gross field benefits are obtained by multiplying the
net yield per hectare times the field price. The net yield is
that average output of the crop per hectare, less harvesting
losses and any storage losses. For maize and wheat, Perrin
et al. (1976) suggested that these losses could be about 10
percent, or possibly more. In Table 7-4, assuming losses of
10 percent, they estimated net yield as follows: e.g., for N
= ° and P20 S = 0, 90 percent x 2.21 tons/ha = 1.99
tons/ha. Henceforth, we shall refer to the treatments by
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the amounts of fertilizers applied-e.g., 10,0) represents
the above case, (50,0) represents SO kg/ha of N and no
P20 S' (0,25) represents no Nand 25 kg/ha of P20 S' and so
on.

The field price is called the money field price when
farmers sell their crops in the market or the opportunity
field price when they consume the crops. The money field
price is the market price less costs that vary with yield
such as harvesting, transporting, storing, and other such
costs incidental to converting the crop from the field to the
point of transfer to the buyer. In Table 7-4 the gross field
benefit of $l,OOO/ton of maize assumes a market price of
$l,200/ton and $200/ton for the costs that vary with
yields. Should the farmer sell the crop to a buyer who
picks up the harvested grain at the farmer's field, the
market price would be lower and the farmers would not in
cur the costs of transportation.

The opportunity field price is the amount of money
the farmer either (1) forgoes by consuming the grain rather
than selling it, or (2) saves by not having to purchase the
grain in the market.

When harvests are drawn out, or the farmer stores
the grain and sells it over an extended period, the team
should estimate the market values over the period of the
sales. Since prices may vary considerably over such a
period, the team should use some weighted average of the
sales prices. Where the farmer stores the grain before sell
ing it, the associated costs of storage, such as labor for dry
ing and handling should be included. The costs of the
storage structures should be estimated as well. When
farmers' storage structures are already in place, these are
fixed costs and should not be counted; when such storage
structures must be built to accommodate the increase in
yields, these costs become variable costs and should be
estimated. We discuss long-term .investments in Sec.
7.10.2.

When a crop yields more than one item of value,
such as straw from wheat and rice or stalks and leaves
from maize, the team should value these items in t~e

same way as described for grain. The field price would be
based on either what the farmer or others would pay to ob
tain these items, or on the eventual increase in output
from using them. For instance, if maize stalks and leaves
are fed to cattle, their value is the increase in yield from
cattle products for having consumed these items less the
increased costs such as labor associated with the feeding.

These benefits accrue to farmers in full when they
own the land and provide all inputs. When someone else
owns the land, farmers generally share the crop or pay a
fixed rent. When the crop is shared, this naturally reduces
the gross field benefits the farmer receives. These benefits
are reduced according to the terms of the agreement. When
farmers pay a fixed rent regardless of intensity of land use,
this is no longer a variable cost and does not enter into the
partial budget calculations. We provide additional com
ments on fixed and variable costs in the next section.

Estimating Variable Costs
The partial budget approach is based on the distinc

tion between variable and fixed costs. Variable costs are
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Table 7·4. Partial budget of averaged data from fertilizer trials, per hectare basis (Perrin et al., 1978).

Fertilizer treatment (kg/ha)

N: 0 50 100 150 0 50 100 150 0 50 100 150
Item P205: 0 0 0 0 25 25 25 25 50 50 50 50

(1) Average yield (ton/ha) 2.21 3.14 3.91 4.01 2.44 3.88 4.40 4.84 2.36 4.05 4.74 5.16
(2) Net yield (ton/ha) 1.99 2.83 3.52 3.61 2.20 3.49 3.96 4.36 2.12 3.64 4.27 4.64
(3) Gross field benefit ($/ha at $1000/ton) 1990 2830 3520 3610 2200 3490 3960 4360 2120 3640 4270 4640

Variable money costs:
(4) Nitrogen ($81kg N) 0 400 800 1200 0 400 800 1200 0 400 800 1200
(5) Phosphate ($10/kg P205) 0 0 0 0 250 250 250 250 500 500 500 500-- -- --
(6) Variable money costs ($/ha) 0 400 800 1200 250 650 1050 1450 500 900 1300 1700

Variable opportunity costs:
1 2(7) Number of applications 0 1 2 2 1 1 2 2 1 2

(8) Cost per application (2 days at $25) 50 50 50 50 50 50 50 50 50 50 50 50-- -- -- --
(9) Opportunity cost ($/ha) 0 50 100 100 50 50 100 100 50 50 100 100

-- -- -- --
(10) Total variable costs ($/ha) 0 450 900 1300 300 700 1150 1550 550 950 1400 1800

(11) Net benefit ($/ha) 1990 2380 2620 2310 1900 2790 2810 2810 1570 2690 2870 2840



simply those costs that vary with the level of output; fixed
costs remain constant with changes in the level of output.
The principle on which partial budget analysis rests is that
the farmer is already producing at a satisfactory level and
will continue to do so without changes in- the system.
Thus a change that produces positive net benefits
represents a more profitable position for the farmers.
Whether the farmer will change depends on the farmer's
attitude toward profit, risk, and other factors. Fixed costs
are already being incurred by the farmer and will remain at
the same level whether the farmer accepts the change or
not.

As with benefits, variable costs can be divided into
those that represent variable money costs and variable op
portunity costs. The concepts are the same as with
benefits. A variable money cost such as for nitrogen and
phosphate shown in Table 7-4 is the cost of purchasing
these fertilizers in the market. If additional labor is hired
for delivering fertilizers or for their application (not shown
in Table 7-4), then these labor costs would be included as a
variable money cost.

Variable opportunity costs are variable costs not in
curred through money transactions. The most important
of these is the value of family labor. The value to be placed
on such labor depends on the opportunities open to the
farmers and the farmers' preferences. Below are possible
situations:

Busy Periods When Hired Labor is in Great Demand
During bUsy periods, farmers will usually be looking for hired
labor to help them with their crops or animals; they would not
be interested in working for others during these times. The
reason is that their labor produces more value for them when
applied to their farms than from the income earned off their
farms. This means that the opportunity cost of their labor is
higher than the market wage. Perrin et al. (1976) suggested
that the opportunity cost of the farmers' labor might be 125
percent of the cost of hired labor. That Is, if the wage for hired
labor is $20/day, the opportunity cost of the farmers' labor
would be $25/day (Le., $20/day x 125 percent). The premium of
25 percent-Le., 125 percent -100 percent-over the going
wage rate represents the higher value of the farmers' labor
from working on their own farms rather than from working off
their farms.

Slack Periods When Hired Labor is Not .
in Great Demand.

Were the farmers not to accept the new technology, which re
quires extra labor, they might have engaged in other produc
tive activities. For example, they might have worked in their
fields, repaired their equipment, or engaged in handicrafts.
The value of these other activities is usually less than the go
ing wage rate during slack periods. The team might use the
value of such increased production to estimate the value of
the farmers' labor. Thus, if farmers spend more time weeding a
crop, this extra effort should lead to a higher output for that
crop. The value of this greater output can then be used for
estimating the opportunity costs of the farmers' labor. Alter
natively, Perrin et al. (1976) suggested a value ranging
somewhere between 50 and 75 percent of the going wage rate.
Part of the reduction is due to farmers' preferences for working
on their own farms. When off-farm employment opportunities
coincide with the farmers' slack period, the percentage might
be higher than 75. Another alternative to working on the new
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technology would be for the farmers to spend their time in
leisure. Since leisure is worth something to the farmers,
researchers are seldom justified In assigning a zero opportuni
ty cost to the farmers' labor.

With these concepts in mind, the team should be
able to estimate the variable costs of the different
treatments. For this, the team needs to understand both
the technology being tested and the farmers' management
methods. In the example in Table 7-4, the treatment
[50,0), is estimated to cost $450/ha-Le., $400/ha for the
nitrogen at $8/kg Nand $50 for application of the fer
tilizer. The $50/ha is the opportunity cost of the farmers'
labor. Had the farmers hired labor to apply the fertilizer,
this labor cost would have shown up as a money
cost- unless the farmers paid the laborers with grain or in
some other way.

For the treatment (50,0), the value of net benefit
shown in Table 7-4 is $2,380/ha, in which the gross field
benefit is $2,830/ha and variable costs are $450/ha. Out of
this $2,380/ha, farmers (1) must pay their fixed money
costs, such as any rent, taxes, and seed, and (2) hope to
receive a satisfactory return for the use of their fixed
resources-Le., land, labor, capital, and management.
Remember that these costs are considered fixed in this
case because they do not change with the purchase and ap
plication of fertilizers or the other activities. Had the treat
ment involved changing seed or weeding practices, then
the costs of seed and changes in weeding would have
become variable costs instead of fixed costs.

One final comment on costs. Had the value of addi
tional fodder from the increases in grain yield been
calculated, these benefits could simply have been added to
the gross field benefit of the grain; and the net benefit at
the bottom of the table would have increased. Any addi
tional costs of handling the fodder would also have been
added to the variable costs. The net benefit at the bottom
of the table would then have incorporated these additional
values. Normally, little would be gained by trying to
allocate-Leo assign-costs to the grain and fodder ac
tivities.

7.7.4. ECONOMIC CRITERIA

Economically feasible alternatives for farmers can be
found by considering four factors:

• dominance among alternatives
• the marginal rate of return
• the farmer's minimum acceptable return
• allowances for risk.

Dominance

By graphing the results of the net benefit calcula
tions from Table 7-4, we can gain a clearer understanding
of their meaning. Fig. 7-3 shows the relationship among
the net benefits and the level of variable costs. The solid
line connects the most attractive values for the different
amounts of variable costs. The dotted line simply in
dicates what Perrin et a1. (1976) considered a more logical
progression from lower to higher levels of fertilizer ap-
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200 400 600 800 1000 1200 14001 600 1800

Figure 7·3. Net benefit curve for the fertilizer trials. Num·
bers In parentheses represent kglha of Nand P20S respec·
tlvely (Perrin et al., 1976).
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Marginal Rate of Return

The reader might be inclined to think that /100,501
would be the best alternative, since this treatment pro
duces the highest net benefits-Le., $2,870/ha. But this
conclusion is not necessarily correct. To show why, we
need to consider how the farmer feels about spending addi
tional money and effort in variable costs to obtain extra
net benefits. For this, we introduce the concept of the
farmer's marginal rate of return, which is the incremental
increase in net benefit divided by the corresponding in
crease in variable cost.

The initial calculation of the marginal rate of return
should be made by comparing the incremental net benefit
and the incremental variable cost for the undominated
alternatives with the two lowest variable costs. For exam
ple, using values from Table 7-5, we can calculate the
marginal rate of return between (0,01 and [50,01 as follows:

Variable cost, $/ha Incremental net benefit

Incremental variable cost

2380 - 1990 390
450 - 0 = 450 = 0.87

plication. The shape of the dotted line-and even of the
solid line - is a reasonably good approximation to the ex
pected yield response from increased applications of fer
tilizer.

By studying Fig. 7-3, we can conclude that points on
the solid line are superior to those below the line. Why?
Because net benefits are greatest for any given level of
variable cost. For example, /50,01 at a variable cost of
$450/ha produces $2,380/ha in net benefits, whereas
(0,501 at a variable cost of $550/ha produces only
$l,570/ha in net benefits. The latter treatment costs more
and produces less and therefore is a poor choice.

This type of analysis leads to the identification of
those alternatives that are undominated by the
others - i.e., are superior to the others. Table 7-5 shows
those alternatives that are undominated and therefore re
main as viable alternatives to consider in predicting which
of the treatments the farmers might prefer.

Table 7·5. Dominance analysis of fertilizer response data (Per·
rln et al., 1976).

This value of 0.87 is usually represented as a percent and
means that for every dollar spent as a variable cost, the
farmers recover that dollar plus 87 cents.

Should this level of profit satisfy the farmers and if
they have the resources, we could expect them to abandon
the old practice 10,01 in favor of the new one (50,01.

This procedure continues by comparing pairs of un
dominated alternatives and moving progressively to higher
levels of variable cost. After each marginal return is
calculated, it is compared with the farmers' minimum ac
ceptable return. A farmer's minimum acceptable return is
the minimum percentage that would interest the farmer in
spending extra money. If the marginal rate of return is
above the minimum acceptable return, then the higher
level of expenditure is acceptable; otherwise it is not.

If the higher level is accepted, then this new level is
tested against the next higher level of variable cost of an
undominated treatment. In this case, we compare (50,OJ
with (50,251-using values from Table 7-5-and the
marginal rate of return is

Incremental net benefit 2790 - 2380 410
-In-c-r-e-m-e-n-ta-I-v-a-r-ia-b-Ie-c-o-st = 700 - 450 = 2-5-0 = 1.64

Fertilizer
treatment (kg/ha)Net benefit

($/ha)

2870
2840
2810
2810
2790
2690
2620
2380
2310
1990

100
150
100
150
50
50

100
50

150
o

50
50
25
25
25
50
o
o
o
o

Variable cost
($/ha)

1400
1800*
1150
1550*
700
950*
900*
450

1300*
o

Assuming that the earlier rate of return, 87 percent, is ac
ceptable, we can be reasonably confident that the 164 per
cent rate is also acceptable.

The analysis proceeds in this way until the marginal
rate of return falls below the minimum acceptable return.
When this occurs, the team compares the previously ac
ceptable treatment with the undominated treatment with
the next higher variable cost. Let us suppose the team had
evidence that farmers would reject the increment yielding
an 87 percent rate of return. In that case, the next com
parison would be between the traditional practice (0,01 and
(50,251. The marginal rate of return would then have been

*Dominated alternatives.

Incremental net benefit

Incremental variable cost

2790 - 1990 800
700 - 0 = 700 = 1.14
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The team must now decide if farmers would accept· or re
ject a marginal rate of return of 114 percent.

Proceeding in this way, the team progressively com
pares all relevant altematives- Le., those that are un
dominated. The alternative remaining is the one the
farmers should find economically most attractive, pro
vided the team has estimated the farmers' reactions cor
rectly and no major differences in risk are associated with
the alternatives.

The calculation of the marginal rates of return for
the five undominated alternatives is shown in Table 7-6.
Intuitively, we would expect the farmers to be interested
in increasing variable costs up to the (50,25llevel. Beyond
that level the farmers' marginal rates of return are con
siderably less and could very well be unaccceptable. Con
sequently, we tentatively conclude that the treatment
most likely to be of interest to farmers is neither the one
producing the highest yield (150,50) nor the one producing
the highest net benefit [100,50), but 150,25). However, we
cannot be confident in this conclusion without first con
sidering in more detail the farmers' minimum acceptable
return.

Minimum Acceptable Return
Very high levels of marginal returns will generally

interest farmers in change. As these levels decrease,

farmers become less interested. At some point, they would
no longer be willing to incur additional variable costs. We
call this point the farmers' minimum acceptable return.
Although risk can be handled in different ways, we follow
the suggestion of Perrin et al. (1976) and include a risk
premium to the cost of capital to estimate the minimum
acceptable return. The risk premium is an amount added
to the cost of capital to compensate the farmers for the
uncertainties of change and any increased variability in
outcomes. Farmers react differently to risks depending on
the degree of change, the uncertainty of the outcomes, the
farmer's financial position, and similar factors. Until the
FSR&D team gains a feeling for the farmers in its areas, we
suggest accepting the 20 percent risk premium per crop
ping season as Perrin et al. (1976) recommended.

The cost of capital can be either the effective rate
charged by lenders or the opportunity cost of the farmers'
own funds. The effective rate is what borrowed money ac
tually costs farmers. Because we will be dealing with
seasonal rates in the illustrations that follow, the effective
interest rate will be computed for the season and not for a
full year. The effective seasonal rate includes the stated in
terest rate and any additional costs such as a loan servicing
charge and insurance. Although we did not do so, we could
have added to the effective interest rate the value of the
farmers' time in acquiring and repaying the loan.



Table 7·6. Marginal analysis of the undominated fertilizer response data, per ha (Adapted from Perrin et aI., 1976).

Fertilizer Change from next highest benefit
treatment Marginal Marginal Marginal

N P20S Net Variable increase in increase in rate of
Row benefit cost net benefit variable cost return

(1) (2) (3) (4) (5) (6) (7) (8)

(a) 100 kg 50 kg $2870 $1400 } $ 60 $250 24%
(b) 100 25 2810 1150 } 20 450 4
(c) 50 25 2790 700 } 410 250 164
(d) 50 0 2380

45~1 390 450 87
(e) 0 0 1990

Example of calculations: the top amount in column 6 ($60) is the difference between the amounts for lines a and b in column 4; the top amount
in column 7 ($250) is the difference between the amounts for lines a and b in column 5; and the top amount in column 8 (24%) is the top
amount in column 6 divided by the top amount in column 7.



Based on an example from Perrin et al. (1976) we can
show how an annual interest rate of 12 percent for a fer
tilizer loan ends up being 21 percent on a seasonal [six
months) basis. The calculations are as follows:

$1000 cost of fertilizer
X 0.12 annual interest rate of

12 percent

120 annual interest
X 0.5 fraction of the year

(6 months)

$ 60 interest charge

$1000 amount borrowed
60 interest charge
50 service fee

___1_0_0 insurance premium

$1210 Total

The farmer receives the $1,000 loan to buy fertilizer and
must pay back $1,210 for an effective six month's rate of
21 percent. Combining this effective interest rate with a
risk premium of 20 percent, we end up with a miniumum
acceptable return of 41 percent that the farmer must
receive to be interested in the fertilizer treatments. A
marginal rate of return of 41 percent gives the farmer 21
percent to repay the bank loan and leaves 20 percent com
pensation for the risk of making the change. Because these
are approximate values, we will henceforth use a rounded
value of 40 percent to represent the minimum acceptable
return.

Earlier, in Sec. 6.2.2., we proposed a minimum yield
increase of 30 percent as a possible lower limit to interest
farmers in a new technology, whereas here we propose a
minimum return of 40 percent. These two limits, which
come from different sources and are only approximations,
are not necessarily in conflict. First, farmers may
simultaneously have a yield increase of 30 percent and a
minimum acceptable return of 40 percent. For example:
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et al. (1979) points out that many farmers require higher
rates of return the greater the money inputs associated
with the improved technology.

Another comment on the 40 percent minimum is
that this percentage includes the cost of interest and other
charges paid to the bank. This is the reason loan costs were
not added to the production costs of fertilizer and labor in
the section on Estimating Variable Costs (Sec. 7.7.3.).

Returning to Table 7-6, we can now see that the
marginal rates of return of 87 percent and 164 percent
would be adequate to interest a farmer who requires a
minimum return of 40 percent. In like fashion, the farmer
would not be interested in incurring additional variable
costs to implement treatments (100,25) or (100,50). The
marginal rate of return between [50,25) and [100,25) is
only 4 percent. Since (100,25) is unacceptable, we must
now compare (50,25) with [100,50). The marginal rate of
return for this comparison is only 11 percent, as follows:

Incremental net benefit 2870 - 2790 80
---------= =- =011
Incremental variable cost 1400 - 700 700 .

Using values from Table 7-6, the most economically at
tractive alternative appears to be our original choice of
alternative [50,25).

Before closing this section, we need to mention that
farmers will sometimes use their cash reseryes to purchase
inputs such as fertilizers. Even though using these funds
does not require the farmer to pay an interest charge to the
bank, their use to purchase fertilizer also has an opportun
ity cost. Had the farmer not used the funds to purchase fer
tilizer, the funds could have been loaned or applied to the
farmer's other activities. To keep from complicating the
discussion further, we can assume that they are loaned at
approximately the same rate as the bank. When this is not
the case, the team will need to estimate the farmers' op
portunity costs of capital if the team expects to predict
farmers' reactions reasonably well.

Risk

Second, the same farmers may require different rates
of return under different conditions. For example, Zuberti

1) Net yield increase from 2.0 tons/ha to 2.6 tons/ha
= 0.6 tons/ha (30% increase)

2) Gross field benefit at $l,OOOlton gives an increase
from $2,OOO/ha to $2,600/ha = $600/ha (30% in
crease)

3) Increase in total variable costs from $800/ha to
$l,229/ha = $429/ha

4) Net benefit from $l,200/ha Ii.e., 2,000 - 800) to
$l,371/ha (i.e., 2,600 - 1,229) = $171/ha

5) Minimum acceptable return =
Incremental net benefit
Incremental variable cost

1371-1200
1229 - 800

171
429

0.40

Besides the risk premium, which is largely to com
pensate farmers for the uncertainties of change, farmers
are also concerned with the variability in outcomes of the
alternative treatments. So far we have suppressed informa
tion about variability by dealing only with average yields.
Perrin et al. (1976) suggested considering the lower 25 per
cent of the yields as a way to account for the variability of
outcomes. When selecting the lowest 25 percent of the
yields, the team should not eliminate complete failures as
long as they represent conditions farmers would
face-even though infrequently.

Perrin et al. (1976) suggested the lowest 25 percent
of the values, instead of the single lowest value, since
farmers are not likely to base their decisions on a single
worst outcome. Stated differently, farmers are accustomed
to uncertainty and although they prefer to reduce it, they
probably would not reject a good opportunity because of
the chance that a single outcome would be unfavorable.

With this approach in mind, we can return to Table
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Net benefit:

Incremental net benefit = 280

1400 - 700 = 700

Checking on this result, we have

0.40

0.40
0.78P -700

700

Incremental net benefit 280
Incremental variable cost 700

Incremental variable cost =

(4.27P - 1400) - (3.49P - 700) =
1400 - 700 0.40

and P = 1256

Solving for P, we have 0.78P = 980

(100,50) 4.27 X 1256 -1400 = 3963

(50,25) 3.49 X 1256 - 700 = 3683

Thus, at a field price of $I,256/ton, 1100,50) yields
$280/ha more in net benefits and costs $700/ha more in
variable costs than does (50,25). The marginal rate of
return for the incremental variable costs of (100,50) over
(50,25) is 40 percent. This confirms $I,256/ton as the
break-even value of P.

The reader may recall that the value of P was re
duced by $200/ha to convert the market price to a field
price. By adding $200 back again, the comparable market
price would be $I,456/ha. Now that the team has this
value, it may need to consult those who study price trends
in the region to learn the extent to which a price increase
for maize of some 21 percent-Le., $1,456 + $I,200-is
likely. If this represents a strong possibility, then the team
may want to reevaluate its estimate of a market price of
$I,200/ha. If the possibilities are not great, the team could
hold to its original prediction that (50,251 is the treatment
farmers are most likely to accept.

A similar type of break-even analysis could be made
for changes in the cost of fertilizer or the opportunity cost
of labor. But in this case, the team should test the recom
mendation against the undominated treatment with the
next lower level of variable cost, Le., (50,0). The reason
for going in this direction is that as variable costs increase,
alternatives with lower variable costs become relatively
more attractive.

By completing calculations, such as the above, the
team gains considerable knowledge about the nature of
the various alternatives. This information can be used to
question and otherwise observe how farmers react to a
range of possibilities. In this way, the team learns about
farmers' potential response to treatments with different
variable costs, rates of profitability, and stability of
net benefits.

Incremental net benefit = 0.40
Incremental variable cost

7-3 and identify the individual yields for each trial of each
treatment. Then, we can calculate individual net benefits.
The method for calculating the net benefit is the same as
presented in Table 7-4. Thus, for trial 1 of [0,0) in which
the yield was 0.40 tons/ha, the net benefit is $360/ha
lLe., 0.40 tons/ha x 90% to convert to net yield x
$I,OOO/ton = $360/ha net benefits). Net benefits for each
of the yields are calculated in the same way and shown in
Table 7-7.

Using the worst 25 percent of the trials means look
ing at the average of the worst two of the eight trials in our
example. These values are shown in Table 7-8. From this,
we can see that the choice of 150,25) is nearly the best
when considering the average of the worst two trials. This
average for 150,25) is $I,710/ha, which is only $20/ha less
than $I,730/ha for 150,50). If the farmers were seriously
concerned about picking the alternative with the highest
value in Table 7-8, they would pick 150,501. On the other
hand, the overall average of the eight trials for 150,501, as
shown in Table 7-7, is $2,690/ha, which is $100/ha less
than $2,790/ha for [50,25). If the farmers prefer 150,50)
over 150,251, they would be saying that they are willing to
give up $100/ha as an overall average to save $20/ha for
the average of the worst two trials. We doubt that farmers
would make this choice, but this is a question that the
team should put to the farmers for their reaction.

This example does not present us with a problem of
choice, since the treatment with the highest acceptable
net benefit is also nearly the best for the worst 25 percent
of the trials. Should this situation not occur, the team
would have to probe more deeply to learn how farmers feel
about the trade-offs between average net benefits and
stability of results. One possibility is for the team to apply
a still higher risk premium when considering treatments
with high average yields yet low min~mum yields.

Sensitivity Analysis
Besides the above, the team can also test the stabil

ity of results by looking into alternative possibilities for
some of the other values affecting net benefits. Examples
include the price of maize, fertilizer costs, and the oppor
tunity cost of labor. For instance, what would happen to
the choice between the 150,25) and 1100,50) should the
price of maize increase lsee Fig. 7-3)? One way to approach
this issue is to find the price of maize that would cause the
farmer to change in favor of the larger fertilizer applica
tion.

With this particular case, the break-even point oc
curs when the extra variable cost of the more expensive
alternative yields a 40 percent rate of return. Calculations
for the break-even point- Le., the value of maize that
makes the farmers indifferent between 150,25) and
1100,50) - are shown below. For this calculation, we must
separate the gross field benefits into the net yield of maize
and the field price of maize. We obtain the former from
Table 7-4 and let P represent the latter. Then, using the
same type of calculations as before:



Table 7·7. Net benefits to fertilizer treatments by trial (Adapted from Perrin et al., 1976).

Fertilizer treatment (kg/ha)

N: 0 50 100 150 0 50 100 150 0 50 100 150
Trial P205: 0 0 0 0 25 25 25 25 50 50 50 50

$/ha

1 360 670 2370 2080 410 1620 2660 2700 950 1310 1550 1490
2 1380 1890 3730 3490 1200 2710 3440 4600 720 2770 3900 3840
3 3740 3920 3420 3080 3700 3800 3320 3200 4060 4140 4320 4160
4 2180 2990 3810 2730 1820 3390 4480 4900 900 3020 3440 4120
5 1480 1280 970 670 1540 2190 1660 1090 750 2150 1590 1460
6 1450 2200 2830 2610 1330 2830 2100 1880 510 2550 3440 2630
7 4270 4420 2960 3130 2120 4000 3690 3080 4040 3440 2690 2960
8 1090 1650 870 710 1080 1800 1090 970 680 2210 1980 2120
Avg. 1990 2380 2620 2310 1900 2790 2810 2810 1570 2690 2870 2840



Table 7·8. Minimum net benefits from eight fertilizer trials (Adapted from Perrin et at, 1976).

Fertilizer treatment (kg/ha)

N: 0 50 100 150 0 50 100 150 0 50 100 150
Net benefit P205: 0 0 0 0 25 25 25 25 50 50 50 50

$/ha

Worst 360 670 870 670 410 1620 1090 970 510 1310 1550 1460

Second worst 1090 1280 970 710 1080 1800 1660 1090 680 2150 1590 1490

Average of
worst two 725 975 920 690 745 1710 1375 1030 595 1730 1570 1475



7.7.5. FINANCIAL FEASIBILITY

Even though the team identifies the alternative that is
economically the best, this does not mean that the team
can recommend it. The team must first check whether the
alternative is financially feasible. Financial feasibility
means that farmers are able to obtain the money required
to implement the technology and will have enough money
to repay any loans associated with the technology.

We can take the average of the lowest 25 percent of
the trials in the maize example and compare the money
generated by the treatment against the treatment's money
requirements. We suggest the lowest 25 percent of the
trials because the team will need to check on the
household's ability to repay any financial obligations dur
ing times when yields are low. If these money obligations
can be met in times of low yields, they are even more
likely to be met when yields are high.

Since the foregoing analysis suggests treatment
150,25) as the best choice, we will concentrate our atten
tion on the financial feasibility of this alternative. The
team will need to estimate (1) what portion of the output
will be sold, or used to substitute for maize purchases; and
(2) what portion of the variable costs will require money
payments. To illustrate for (50,25), if

• all of the outputs were sold at $I,OOO/ton, the
money the family receives for the average of the
worst two years would be $2,412/ha, as follows:
From Table 7-3, the two lowest yields are 2.58
tons/ha and 2.78 tons/ha, which gives an average of
2.68 tons/ha. Then, 2.68 x 90% Ito obtain net
yields) x $I,OOOlton = $2,412/ha

• the household borrows $650/ha to pay for the fer
tilizers- i.e., variable money costs from Table
7-4 - and agrees to repay the loan in six months at an
effective six months' interest rate of 20 percent

• the household does not have to pay money for the
fixed costs of growing maize,

then we can conclude that treatment (50,25) is financially
feasible. The ratio of money income to money obligation
is 3.1: 1 and the excess of money after loan repayment is
$I,632/ha as calculated below:

Money income from the treatment = $2,412/ha
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Other assumptions would give different results,
such as

• the household increases its consumption of maize
and thereby does not receive or save as much money

• the household must use part of the money revenues
to pay for money obligations associated with the
fixed costs of maize production, or possibly other
household debts.

But these are individual household situations that explain
why some farmers accept a new technology and others do
not. The team can only generalize about these situations.

The team might also make another calculation that
compares the financial implications of the treatment
150,25) with the farmers' present practice [0,0). If we
assume that farmers are presently selling all of their maize
at $I,OOO/ton, then their present money position for the
average of the lowest 25 percent of the trials would be a net
money inflow of $725/ha. We obtained this result in the
same way as for [50,25). This comparison leads us to con
clude that the farmers' money position would be improved
by treatment (50,25). The net amount of $I,632/ha from
the foregoing paragraph versus $725 also favors treatment
(50,25) since fixed costs of maize production or other
household obligations are the same for both treatments.
Thus, treatment (50,25) is financially attractive on this
basis as well. The major drawback to (50,25) is that it re
quires farmers to purchase more than they are accustomed
for 10,0), which in some cases could be a deciding factor.

The team may find the test for financial feasibility
even more important for longer-term investments, such as
those for pumps, land clearing, or livestock purchases. In
these cases, especially, the economic feasibility may be at
tractive, but the farmers may have difficulty either acquir
ing investment funds or repaying loans. We provide an ex
ample of the financial implications of long-term loans in
Sec. 7.10.2.

Finally, the effective cost of borrowed money to the
farmer was used in estimating the farmer's minimum ac
ceptable return. Should the team find that the actual cost
of borrowing money is substantially different from the
value used in estimating this minimum acceptable return,
then the economic calculations will probably have to be
redone using the revised values.

With ratios of this magnitude, the farmers should seldom
have difficulty repaying their loans. Even for the worst 25
percent of the times, the farmers will have three times the
money needed to payoff the debt. In contrast, as the ratios
approach 1:1, the farmers can expect that in some years,
the new technology would not produce enough money to
repay the loans.

Loan obligation:
$650/ha X 1.20 (loan + interest)

Net

Ratio, i.e., (2412 7 780):1 = 3.1:1

780/ha
$1,632/ha

7.8. ACCEPTABILITY OF NEW TECHNOLOGIES

Besides the predictive approach, the FSR&D team
can also expose farmers to the new technologies and
observe the farmers' reactions. Common ways for doing
this in FSR&D are through farmer-managed tests and
estimates of acceptability. These two approaches will now
be discussed.

7.8.1. ANALYSIS OF FARMER-MANAGED TESTS

Since we introduced farmer-managed tests in earlier
sections of this book, we will add only a few comments
about evaluating farmers' reactions. These comments
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center on farmers' changes in the experimental
designs-for both cropping and livestock patterns and for
management practices.

Evaluating the farmers' tests is a subjective matter
that begins when the field team compares actual results
with those anticipated during the planning workshop.
Farmers' alterations of the tests do not invalidate the tests.
When the reasons for the changes are understood, the
results may provide valuable guidelines for designing
future experiments. For example, if a farmer shifts from
single cropping to double cropping, or if a second crop is
lost because the farmer plants late, the team should still
consider these results. One possibility is for the team to
treat the results as though they were for a new cropping
pattern design. After such adjustments, the team should
describe the new patterns and compare the results with
those anticipated for the original design, or with other ex
periments that were completed as designed.

We illustrate the concept using data from Tables 7-1
and 7-2 on the number of planned and actual replications
(see Table 7-9). The researcher should use the actual
number of replications for any numerical analysis involv
ing incomplete replications.

In examining the differences between planned and
actual patterns, the team should seek to learn why farmers
made the changes and estimate the probability of the
changes happening again. If a change was due to climatic
fluctuations, then the team should review any long-term
climatic records, estimate the probability of such condi
tions occurring again, and then reconsider the results in
the light of these probabilities.

Likewise, if the shift in cropping patterns was due to
a single infrequent event, the chances of such an event
happening again should be appraised and the experiment
judged in this light. Such infrequent events need not be
restricted to physical conditions such as flooding, drought,
or pest invasions, but could also include economic, social,
or political disruptions. Thus, socioeconomic conditions
in Sri Lanka during 1977 restricted tractor fuel supplies in
the northern part of the country when tractors were
needed to prepare the land for the next rice crop. Because
of this disruption in land preparation, experimental results
were not typical of the normally rapid crop establishment
[IRRI, 1978).

Similarly, shifts in the timing of farming activities

may result because of family problems such as illness or
death. When these occur, the tests are often inappropriate
for recommending technological change. However, the
results provide the team with information about how
farmers react to unexpected circumstances. For this
reason, the results should be analyzed and kept for future
reference, but they should probably not be analyzed as part
of the experimental data.

Depending on the results of the farmer-managed
tests, the team can make several recommendations. For
example, if the tests tum out well, the team might recom
mend proceeding to multi-locational testing. The team
might prefer to do further testing with slight modifications
to the research design. If farmers encountered numerous
problems with these tests or if farmers made significant
changes, the test might be redesigned. If the test brought
new information to light, the team might want to go back
to researcher-managed trials or even to the experiment sta
tion where researcher control would be greater. Although
not likely at this stage, the team might want to abandon
the test if other research opportunities appear more prom
ising. We provide an example of the analysis of cropping
pattern experiments in Indonesia in Appendix 7-H.

To correctly evaluate the results of farmer-managed
tests, the team should note how farmers allocate their
time to the experiments. Should farmers be too supportive
of the experiments, they might spend a disproportionate
amount of time on the experiment. In that case, the ex
periment would yield better results than would normally
be the case. Alternatively, farmers might wish to show
that their customary practices are superior to anything the
team might have to offer. Consequently, the team needs to
be alert to such possibilities and ask such questions as,
"Does the farmer spend relatively more or less time on the
test plot than on the same crop on another part of the
farm? Does the farmer require extra time to grow the crop
according to the improved technology than the indigenous
technology?" In reviewing answers to such questions, the
team should seek to learn how flexible farmers are in alter
ing their time and other resources. By its nature, much of
this analysis is subjective.

The team also needs -to note any substantial delays
or omissions from the planned experiment. Such changes
can usually be identified by comparing the outline of
planned farm operations with actual practices, as il-

Table 7·9. Comparison of planned and actual cropplng·pattern experiments.

Replicated patterns

8 11 138% 46%
8 6 75 25
8 5 63 21
0 2 8--

24 24 100%

Cropping patterns

rice-sweet potatoes
rice-rice-mung beans
green corn-rice-cowpeas
rice

Totals

Number
Planned Actual

Actual as a percent of
Planned Total



lustrated in Appendix 7-C. These comparisons show when
specific operations such as planting or harvesting take
place, turnaround times between crops, and the extent to
which farmers adjust their cropping patterns. When ex
tended delays or omissions occur, the team should focus
on evaluating farmers' priorities and why farmers believe
their actions are justified. If farmers' reasons for the
changes appear justified to the team, this may become an
identified problem for subsequent study. One such
possibility would be that the team overestimated the
resources available to the farmers or underestimated
resource requirements.

7.8.2. ACCEPTABILITY INDEX

Besides observing and recording farmers' activities
during the farmer-managed tests, ICTA has developed
another method for estimating the acceptability of new
technology to farmers in the research area. ICTA staff use
an acceptability index, which they derive from data on the
rate of acceptance of new technologies introduced into an
area. The staff has calculated indexes based on data both
from farmers participating in the farmer-managed tests
and from farmers participating in record keeping.

The index is obtained by (1) multiplying the per
centage of farmers who adopt the new technology by the
percentage of the crops on their farms so affected and (2)
dividing the product by 100. Thus, if 60 percent of the
farmers accept the technology on 50 percent of their crops,
the index is 30-Le., 60 x 50 + 100 = 30. According to
Hildebrand [1979), ICTA considered an index of 25 as be
ing large enough to justify its recommending the tech
nology to the extension service.

Even index values less than 25 have significance. For
example, an index of 9 in which 90 percent of the farmers
apply the new technologies to 10 percent of their fields
could mean that the technology is widely, but cautiously
accepted. Further testing would seem in order. Or, 10 per
cent of the farmers applying the new technology to 90 per
cent of their fields suggests that some farmers are greatly
impressed with the technology. Those conducting the
studies should be challenged to find out the characteristics
of the farmers who have adopted the technology. Once
learned, the technology could be recommended to the ex
tension service for this specific group. As the above ex
amples indicate, both percentages making up the index
need to be considered individually (Waugh, personal com
munication) .

ICTA has found that farmers are selective in their ac
ceptance of change (Hildebrand, 1979). Data collected over
three years from farmer-managed tests in La Maquina,
Guatemala, show acceptable indexes for improved seed,
planting distances, and foliar insect controls, but unaccept
able indexes for five other technologies. These results led
ICTA to reduce the number of technical changes offered to
farmers for testing at anyone time. ICTA also found that
the acceptability index improved as their teams learned
more about farmers' conditions and perfected their ap
proach to farmer-managed tests.

As for the calculation of acceptability indexes using
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farm records, Hildebrand and Ruano (1978) report that
these records:

"provide information which is used for longer run
evaluation on changes in practices and yields, and
comprise a more representative sample than of only
those farmers who participated in Farmers' Tests
[Le., farmer-managed tests]. Ultimately, a complete
ly randomized sample of all target farmers will need
to be conducted to determine adoption of
technologies, but this has not been undertaken in
any area to date."

An advantage of ICTA's plans to measure accept
ability of the technologies among the area's farmers over
time is that the team will learn about long-run acceptabil
ity. Some good technologies may take time to be accepted.
This might be the case when the change is a substantial
departure from the farmers' normal practice and time is
needed for farmers to accept the change. Also, some
technologies are not adopted readily because of inadequate
services or supplies, as when agricultural chemicals are
not in the right form or quantities to interest the farmers.
In other cases, a new technology may find favor during par
ticular climatic conditions, but then fall out of favor
should results be poor during unfavorable conditions.

In any case, the combination of farmer-managed
tests, estimates of acceptability, and related studies help
to give the team a greater understanding about how
farmers actually react to the new technologies.

7.9. SOCIOCULTURAL FEASIBILITY

The FSR&D process provides its teams with pro
cedures for understanding farmers and the farmers' en
vironment, for designing appropriate studies and ex
periments, for predicting the acceptability of new
technologies, and for observing farmers' reactions through
farmer-managed tests and other means. Ideas will be
generated for improving the experiments, such as remov
ing farmers' constraints in labor, materials, credit, and the
like. However, at times the team may encounter situa
tions not explained technically. That is, not all farmer re
jections can be explained away by the lack of labor,
resources, or a chemical not being offered in the proper
sized package.

Getting to know the farm household takes time.
Below, are three examples in which farmers followed dif
ferent practices on different land and crops:

• A farmer applied many more resources to one plot
than another. Because one plot was much more pro
ductive than the other, the farmer devoted his major
effort to the more productive plot. He used the
poorer plot for whatever time and resources were not
needed on the better plot. Consequently, the same
farmer used considerably different levels of manage
ment on the two plots.

• Farmers working both communal lands and their
private lands were reported to use the communal
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lands for growing subsistence crops and their private
lands for growing cash crops.

• Hildebrand (personal communication) reports that
Guatemalan farmers are more inclined to experi
ment with cash crops than with subsistence crops.

These three examples dramatize the need to understand
farmers-e.g., their goals, attitudes, and beliefs-and the
circumstances under which they farm.

Sometimes farmers' understanding is at fault, such
as the belief that herbicides "kill the crop." At other times,
the team simply may not know, without further investiga
tion, why farmers reject some technologies and accept
others. When farmers reject a technology for "no apparent
reason," the team may have misunderstood the farmers
and their sociocultural setting. In such cases, the team
should consider obtaining help from specialists in the
social sciences, such as sociology, applied anthropology,
geography, and political science. Those trained in these
areas are more likely to identify characteristics of farmers,
their families, and their communities that others do not
see. For example, the "decision trees" as described by
Gladwin (Appendix 5-G) are designed to help the research
er understand why farmers do what they do, not just what
they do.

By following the analytical procedures described
thus far in Part 2 of this chapter, the team will learn much
about the acceptability of a new technology from the
farmers' point of view. When further sociocultural studies
are still needed, the team should be able to focus the
studies on a relatively narrow set of topics. Also, where
the team's researchers and the area's farmers are of dif
ferent ethnic groups, the team may want to learn more
about the farmers using the type of study Beal and Sibley
undertook in Guatemala (see Appendix 5-E).

7.10. OTHER ANALYSIS PROCEDURES

In much of Part 2, we have concentrated on the ac
ceptability of technologies to farmers. We will now
discuss three other topics that should interest FSR&D
teams: (ll further data analysis, [2) long-term in
vestments, and (3) analyses from society's point of view.

7.10.1. FURTHER DATA ANALYSIS

FSR&D teams can use experimental and supportive
data for purposes other than learning about the acceptabil
ity of proposed technical changes. These data can also help
the teams learn more about the technologies themselves,
the farmers' systems, and the environment. Researchers at
the regional and national headquarters, at times assisted
by consultants, might use this information to conduct
multiple regression and other types of more complex
analyses as a basis for learning more about the research
area. Experiments and the data they produce provide a
basis for identifying functional relationships between in
puts and outputs, such as the yield responses from fer
tilizers. applied under varying conditions.

Some of the relationships between inputs and out-

puts of farming systems relate to factors, such as

• planting dates and densities
• dates of first substantial rainfall after the dry season,

and total rainfall during the cropping season
• stored soil moisture at time of planting
• timing and availability of irrigation water
• number of irrigations and methods of application
• seasonal distribution of forages for animals
• fertility of soil and rates of fertilization
• availability of animal manures for crops and crop

residues for animal feed
• timing and degree of pest damage and effectiveness

of control measures
• excessive salinity or acidity in soil conditions
• availability of labor during peak seasonal demands
• availability of traction power during critical times.

These relationships between output and growth con
trolling inputs can be used to help set priorities for
research based on those relationships that have the
greatest influence on production. For example, an analysis
of thes~ relationships could indicate whether additional
crop establishment should take priority over weeding or
application of insecticides or fertilizers; or that threshing
and marketing of the first crop should take priority over
second crop establishment.

7.10.2. LONG-TERM INVESTMENTS

Farmers may also want to make technical changes
requiring investments of longer duration than those
associated with seasonal inputs such as fertilizers. Ex
amples include purchases of livestock and equipment,
planting of trees for wood and crops, clearing land, and
making on-farm improvements to receive irrigation water.
In none of these cases is the value of the investment used
up in a single season or year.

Analyzing the net benefits of such investments calls
for more complex procedures than those for analyzing
seasonal expenditures. Rather than go into the details of
such analyses, we will simply list a number of factors for
the teams to consider and suggest that they receive in
structions on the subject. Suitable references include
Economic Analysis of Agricultural Projects by Gittinger
(1972) and Principles of Engineering Economy by Grant et
a1. (1976). Economists at regional or national headquarters
should be able to assist the team in learning how to
analyze these types of investments.

Some factors for the team to consider when design
ing and analyzing long-range investments include

• the estimated life of the investment and how the
needs of the farmer will change over time

• the chances that better technologies will be forth
coming soon

• any salvage value, should the investment have a
short life

• the need for periodic servicing, repairs, and
replacements



• the estimated annual benefits and operating costs
over the life of the investment

• possible variations in these estimates
• alternative investment possibilities available to

farmers
• sources of finance for the investment and terms for

repayment.

Concerning the sources of finance, we mentioned in
Sec. 7.7.5. that financial constraints may be more severe
for long-term investments than for short-term in
vestments. The reason is that lenders may not wish to of
fer loans for more than a few years. In contrast, the life of
the improvement may be much longer. We offer a simple
example to illustrate the point. A farmer might wish to in
vest in a pump that has a useful life of seven or eight years.
Assume that the benefits of this pump will build up as the
farmer gains experience with irrigated farming. Thus,
money earnings during the early years may be small. Now
if the seller of the pump or some lending institution

4demands repayment within two or three years, the farmer
may, very likely, not have enough income or money
reserves to payoff the loan in such a short time. In this
sense, the pump could be quite attractive economically
and yet be financially infeasible because the farmer cannot
meet the loan repayment schedule. In such a situation the
farmer may have to wait to accumulate the money before
purchasing the pump, or else seek other sources of finance
that do not have to be repaid so quickly.

7.10.3. ANALYSES FROM SOCIETY'S POINT OF VIEW

Because FSR&D is of national concern and nation
ally organized, FSR&D teams may need to justify some of
their expenditures and recommendations from the na
tional-Le., society's-point of view. Means for eval
uating the effectiveness of research programs are not stan
dardized and may be difficult to make, as we discuss in
Sec. 10.8. On the other hand, sometimes the FSR&D
teams may recommend that the government, or private
organizations, invest in support of farmers' activities.
Alternatively, the teams may have to present analyses that
compare the interests of the target area's present farmers
with the rest of society. When these matters arise, the
team might resort to a social benefit-cost analysis of the
proposed investments.

Below, we list some of the factors to consider in
analyses involving the national interest:

• efficiency in the use of the country's resources - both
private and public

• conservation of the country's nonrenewable
resources

• improvement in the distribution of income among
the country's population

• accomplishment of other national objectives
• contribution to any development strategy for the

country's low-income farmers and to agricultural
development in general.
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-Analyses of this type call for training in economic
development of a type generally not available to the
regular members of FSR&D teams. Most of such expertise
lies within the ministry of planning, and the planning
units of other ministries. Consequently, when such issues
arise, we suggest that the FSR&D team seek help from
these sources within the country.

General references o'n the topic of social benefit-cost
analysis include those by Gittinger (1972), Little and Mirr
lees (1974), Sassone and Schaffer (1978), and United Na
tions Industrial Development Organization (1972). In ad
dition, the World Bank's Economic Development Institute
regularly offers courses in project preparation and analysis
suitable for the developing countries.

7.11. ANALYSIS WORKSHOPS

After the season's experiments are completed, the
regional and national headquarters teams may wish to
hold an analysis workshop. This workshop could review
the results of the on-farm experiments, surveys and special
studies, and data from monitoring and record keeping.
Such a workshop might be held during (1) a slack period in
the field teams' activities, (2) the regional planning
workshop, or (3) some other convenient time.

The group attending the meeting could help the field
teams in applying analytical procedures, help interpret the
meaning of the results, and recommend how to. proceed.
The teams can also receive help in (1) identifying and
refining problems and opportunities, (2) suggesting new
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technologies for testing, (3) reaching a better understand
ing of the farmers' systems for improving on-farm ex
periments, and (4) stratifying the research area prior to
transferring research findings to other areas.

Participants in the workshop should include the
field teams and the regional headquarters team, as well as
members of the national head.quarters team, specialists
from the experiment station and the extension service,
and others who can analyze and interpret the results. To
make good use of the workshop's time, the field teams
should have completed at least preliminary analyses of
their experiments and have prepared reports Il) summariz
ing the experiments' objectives, research methods, major
findings, and conclusions and [2) offering recommenda
tions for future action. Field team leaders can playa key
role in these workshops by Il) aiding the team members in
preparing their reports, (2) seeing that team reports are
clearly written and duplicated for those attending the
workshop, and (3) being ready to explain their team's work
when called upon. The regional headquarters team should
probably host the meeting, arrange for inviting par
ticipants, and otherwise help organize activities.

7.12. SUMMARY

While we have commented on analysis procedures
in earlier sections of this book, this part contains much
more detail on the subject. We (1) emphasized the integra
tion of physical, biological, economic, financial, and
sociocultural aspects, (2) distinguished between predic
tion and measurement of acceptability as a means for judg
ing farmer acceptance of new technologies, and (3) gave
our reasons for concentrating more on partial budget
analysis than whole farm analysis. After that, we used an
example from Perrin et a1. (1976) to illustrate analysis pro
cedures for cropping experiments. The illustration began
with biological results and then proceeded to measure
ment of net benefits and economic and financial feasibil
ity. This was followed by sections on (1) acceptability of
new technologies to farmers, (2) sociocultural feasibility,
and (3) other analysis procedures. Finally, we discussed
the use of analysis workshops as an aid to field teams in
analyzing the results of their experiments and in preparing
for next season's research.
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Chapter 8
EXTENSION OF RESULTS



In FSR&D, research develops new technologies and
proves their worth to a relatively small number of farmers,
whereas the extension service or a similar agency diffuses
the new technologies to as many farmers as practical. Not
only must these complementary roles be recognized and
fulfilled within the FSR&D process, but the transition be
tween research and extension must be effective. This re
quires continual communication and cooperation between
researchers and extension workers. Both should recognize
the other's contributions throughout the FSR&D process.

In this book, we assume that most developing coun
tries have institutions responsible for educational pro
grams in agricultural production. The term extension
designates those agencies whose role is the diffusion of
agricultural information. In FSR&D, extension's primary
role is cooperating with research and diffusing new and
tested technologies to farmers in the target area.

In the sections that follow, we [I) explore how ex
tension is integrated into each of the FSR&D activities, (2)
discuss the staffing and organizational means for ac
complishing this integration, (3) provide details on exten
sion's involvement in FSR&D, (4) describe two imple
menting activities in transferring new technologies- i.e.,
multi-Iocational testing and pilot production programs, (5)
present some problems and solutions in extension, and (61
close with conclusions.

8.1. INTEGRATION OF EXTENSION INTO FSR&.D

Since FSR&D is a relatively new concept and the ef
fort, to date, has concentrated on research methodology,
the role of extension in FSR&D has not been fully
established. However, we are not without some insight
into how FSR&D research and extension can be integrated.
This insight comes from [I) FSR&D practitioners who
have had experience in bringing about effective coopera
tion between the two activities and (2) what appears, to
us, as the realistic needs of FSR&D.

In Fig. 8-1, we provide an example of the division of
effort between extension, research, and others concerned
with improving small farmers' conditions. The "others"
include national decision makers, production program per
sonnel, farmers, and representatives of farm organizations.

In our opinion the most significant aspect of the pro
cess illustrated in Fig. 8-1 is the involvement of extension
with research and others throughout the FSR&D process.
Extension's participation increases from about 20 percent

of the total activity during target area selection to a peak of
about 60 percent during multi-Iocational testing. Exten
sion is less involved during the planning and implement
ing of on-farm experiments, which are primarily the
responsibilities of researchers. In the pilot production pro
grams, many other institutions become involved and ex
tension's share of the total effort declines to about 25 per
cent.

Fig. 8-1 ends with pilot production programs, since
the scope of this book stops at the point where new
technologies are transferred to extension and other
production-oriented groups. At this point, new
technologies will have been tested multi-Iocationally and
through pilot production programs. Then, suitable
technologies will be ready for diffusion regionally and
possibly nationally. During such diffusion, extension will
normally be called upon to take the major responsibility
for education and promotion at the farm level and for coor
dinating the activities of participating institutions.

8.2. STAFFING AND ORGANIZING FOR
EXTENSION'S INVOLVEMENT

Extension's lack of experience with FSR&D also
limits the firmness of our recommendations about how to
organize an extension staff for FSR&D. Consequently, the
material that follows represents our judgment about the
best way to proceed. These suggestions will undoubtedly
need refinement as additional experience is gained from
national FSR&D activities currently underway and those
soon to be implemented. In this section, we introduce the
concept of an extension specialist in farming systems
(ESFS) and then elaborate on how the extension service
might be organized to accommodate FSR&D.

8.2.1. EXTENSION SPECIALIST IN FARMING SYSTEMS

A potentially key position in FSR&D is that of the
ESFS. This position bridges the gap between the genera
tion of technology by FSR&D's researchers and the broad
scale diffusion of improved technologies by extension.
Responsibilities of the ESFS include

• learning FSR&D procedures by working closely with
the researchers

• familiarizing researchers with extension's capa
bilities, needs, and viewpoints
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Figure 8·1. The division of effort between extension, reo
search, and "others" for each actMty In the FSR&D process.
These are theoretically useful divisions of effor1; the actual
divisions of effort depend on the specific conditions In each
country. "Others" Include those such as national decision
makers, production program personnel, farmers, and
representatives of. farm organizations.

Subarea and Research Area Selection

Problem Identification and Development of
a Research Base

Target Area Selection

8.2.2. PROPOSED ORGANIZATION OF EXTENSION
AT THREE LEVELS

In this section, we propose a three-level organiza
tional scheme for extension that should help implement
FSR&D on a broad scale. To facilitate our discussion, we
will divide extension's activities related to FSR&D into
the same categories as in Sec. 3.3. -namely, field,
regional, and national teams (see Fig. 8-2). In larger coun
tries, FSR&D practitioners often divide regions into
subregions.

At the field level, the extension agent is the principal
extension position. The extension agent usually lives in
the rural community to which he or she is assigned. If the
workload is large, extension assistants may help by work
ing under the close supervision of the extension agent.
Depending on the number and quality of educated person
nel in the country, extension assistants mayor may not
have graduated from high school. They frequently work
directly with individual farmers or farmers' groups, or they'
may instruct local farmer leaders who, in turn, work with
farmer groups.

The regional extension officer is the chief supervis
ing officer at the regional extension level. The subject mat
ter specialists advise and train the extension agents. These
specialists are experts in such fields as agronomy, plant
protection, livestock, farm management, water manage
ment, and farm implements. As ESFSs become trained,
they will become the key extension specialist for FSR&D.

We recommend that a country consider making
ESFSs regular members of the FSR&D teams at all levels.
Under this arrangement, the ESFS would still maintain
formal ties with the extension service. If the ESFSs cannot
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To our knowledge, this position has not been for
mally implemented; however, an ESFS position has been
included as part of the regional FSR&D team in a project
being planned for Zambia (Norman, personal communica
tion). ESFSs can also be effective as. members of both the
field teams and the national headquarters team.

The ESFS ought to be specialized in a recognized
discipline and be well-grounded in FSR&D philosophy and
methodology. While an ESFS might function adequately
with an educational degree at the diploma level-Le., one
year less than the bachelor's degree- close contact with
research scientists will normally be enhanced when the
ESFS has a bachelor's or master's degree. To help integrate
ESFSs quickly into the FSR&D teams, they should be
among the first groups to be trained in FSR&D.



be integrated into the FSR&.D teams, then ESFS positions
should, at least, be set up in extension's regional head
quarters. From there, the ESFS could establish effective
working relationships with the FSR&.D teams and also
with extension staff at national headquarters and exten
sion agents and extension assistants in the field.

At the national headquarters level, the director of ex
tension and the director's deputies develop policy and
make key decisions on extension's role in FSR&.D. When
FSR&.D projects are operating in several regions, a senior
ESFS stationed at national headquarters is desirable. This
job includes supporting the regional ESFSs, strengthening
extension-research ties in FSR&.D throughout the country,
keeping informed of FSR&.D activities abroad, and helping
develop FSR&.D training programs. Senior extension
specialists in other fields such as education, training, com
munications, publications, and social sciences also sup
port extension's involvement in FSR&.D at the national
headquarters.

In Fig. 8-3, we show how a new technology might be
quickly diffused to large numbers of farmers. Here, the
ESFS instructs and supervises extension agents in the new
technology; each.agent transfers the technology to 10 local
farmer leaders; and each one of the local farmer leaders dif
fuses the technology to four groups of 25 farmers. In this
scheme one ESFS, with the help of 10 extension agents and
100 local farmer leaders, can reach 10,000 farmers. Varia
tions of this transfer system are possible. For example, in
stead of acting alone, the ESFS may be supported by the
regional extension officer or by members of the FSR&.D
field teams; instead of local farmer leaders, extension
assistants could be used; and so on.

Figure 8·3. Diffusion of a new technology from one ESFS to
10,000 farmers (Adapted from Waugh, undated).
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8.3. DETAILS OF EXTENSION'S
INVOLVEMENT IN FSR&.D

In Table 8-1, we list some of the ways extension par
ticipates in each of the FSR&.D activities. The specific
items listed illustrate what might be done. Naturally, ac
tual situations will be different both in terms of the types
of activities shown in Table 8-1 and the degree of involve
ment indicated in Fig. 8-1. Extension's actual participation
depends on such factors as

• the FSR&.D strategy
• extension's experience in FSR&.D and its leadership
• organizational agreements between extension and

research
• the capabilities of extension's personnel
• extension's budget and other responsibilities.

Below, we discuss extension's involvement in each
of the FSR&.D activities.

8.3.1. TARGET AREA SELECTION

Extension's input to target area selection comes
primarily from its national headquarters staff. At this
level, the staff is fa'miliar with national objectives and
policies and is generally knowledgeable about the various
regions of the country. The extension staff at the regional
level can also help by providing information specific to its
area.

8.3.2. SUBAREA AND RESEARCH AREA SELECTION

The regional staff will make extension's major con
tribution to subarea and research area selection. The
regional staff know what major differences exist within
the target area and the field level staff can assemble addi
tional information as required. Beginning at this point and
extending through the pilot production programs, the
ESFS becomes the primary link between extension and
research.

8.3.3. PROBLEM IDENTIFICATION AND DEVELOPMENT
OF A RESEARCH BASE

Extension's field staff and the ESFS assist researchers
during problem identification and development of a
research base. The extension agents and their assistants
are familiar with local conditions and have close contacts
with farmers and others living in the research area. Thus,
they can help familiarize the researchers with the area dur
ing the reconnaissance surveys and at other times. The
ESFS can help train extension's field staff in the techniques
of surveys, monitoring, and in other ways that support
FSR&.D activities.

8.3.4. PLANNING ON-FARM RESEARCH

Although planning on-farm research is mainly the
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Table 8·1. Extension's participation In each of the FSR&D activities.

Activity

Target Area Selection

Subarea and Research Area Selection

Problem Identification and Development
of a Research Base

Planning On-Farm Research

On-Farm Research and Analysis

Extension of Results

Multi-Locatlonal Testing

Pilot Production Programs

Extension's participation

• Suggest relevant criteria for target area selection.
• Cooperate in assembling and analyzing secondary and primary data for target area

selection.

• Cooperate In choosing the relevant criteria for subarea and research area selection.
• Cooperate In assembling and analyzing secondary data and in making preliminary

surveys, especially in selecting and locating farmers and other interviewees.

• Help researchers become familiar with local conditions and establish contacts with
farmers and others.

• Cooperate In assembling secondary data and in making the reconnaissance survey.
• Participate In problem Identification.
• Provide comprehensive outlook of farming and community systems.

• Contribute knowledge of current farmer practices and farmer's environment.
• Help researchers select farmers for trials and tests.
• Help In making farmer surveys.
• Provide feedback from farmers to researchers and vice versa.

• Assist In supervision of farmer·managed tests.
• Check on farmer acceptance of new technology.
• Provide feedback from farmers to researchers and vice versa.
• Help In making surveys and special studies, supervising farm record keeping and

climatic monitoring.

• Organize field days on trials and tests in farmers' fields.

• Assist In selection of farms.
• Help In supervising tests.
• Cooperate In adapting new technologies to different conditions.
• Provide feedback from farmers to researchers and vice versa.
• Help in preliminary packaging of the new technology for diffusion, and In developing

preliminary transfer methods.

• Help determine feasibility of new technology on Intensive scale.
• Assist in bringing about needed changes in support systems.
• Assist In defining and coordinating tasks of cooperating institutions.
• Help finalize packaging of new technology and transfer methods for widespread dif

fusion.

researchers' job, the extension staff can help here as well.
Field and regional staff from extension will know the local
conditions where research activities are to take place and
can help in identifying collaborating farmers.Consequent
ly, key representatives from extension should be asked to
participate in the planning workshops.

8.3.5. ON-FARM RESEARCH AND ANALYSIS

With the ESFS as the prime contact, extension field
staff can assist with on-farm research, interpretation of
results, and follow-up investigations after farmers have
completed the farmer-managed tests. When trained in
FSR&D, such staff can greatly expand the capability of the
FSR&D team to conduct farmer-managed tests throughout
the research area. Also, the field staff can contact farmers
the season after their participation in farmer-managed
tests to learn the extent to which these farmers used or
abandoned the technologies introduced by the tests. Thus,
the field staff helps in providing data on the acceptability

of the new technologies to the farmers under study. In ad
dition, the field staff can help the FSR&D team and
farmers acquire inputs such as agricultural chemicals and
seeds in time for the experiments.

8.3.6. EXTENSION OF RESULTS

When the ESFS and other members of the extension
service are integrated into the FSR&D effort, the extension
of results is greatly facilitated. Extension will have con
tributed to the research design and will be able to an
ticipate research results. In this way, diffusion becomes
easier and more effective. Extension's main efforts will be
with broad-scale diffusion using the extension agents and
their assistants. But before reaching that point, the ESFSs
can help in the transfer process through their active in
volvement in multi-Iocational testing and pilot production
programs. Because of the significance of these two ac
tivities, we will discuss them separately in the next two
sections.
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8.4. MULTI·LOCATIONAL TESTING

In the first part of this section, we describe the
nature of multi-Iocational testing and how the FSR&.D
team and extension staff participate. In the second part,
we provide an example from Southeast Asia based on
Zandstra et al. (1981).

8.4.1. NATURE AND PARTICIPATION

As pointed out in Sec. 4.2.1., the target area and even
the subareas contain some variability in farmers' condi
tions. During multi-Iocational testing, a technology
developed within the research area is tested broadly in
subareas within the target area. To aid in testing new
technologies throughout a subarea, the research area
should contain part of the subarea within its boundaries.

Thus, in multi-Iocational testing the FSR&.D team
adapts technologies to the varying conditions in the
subareas. When the subareas are well definedj the amount
of adaptation is small. In the process, the team:

• associates differences in the performance of new
technologies with the factors causing the differences

• seeks to find out what adjustments in the new
technologies are needed for adapting them to condi
tions somewhat different from those encountered in
the research area

• verifies, or revises if necessary, the subarea boun
daries for the recommendations associated with each
new technology

• assists in preparing instructions for the extension
agents' use in diffusing the new technologies
throughout the target area

• may eventually consider extrapolating the results to
similar areas and groups outside the target area
(Zandstra et aI., 1981, and Pantastico et aI., 1980).

The FSR&.D team usually manages the multi
locational tests. Extension personnel assist in supervising
such functions as timely application of chemicals for fer
tilization and for pest, disease, and weed control. Exten
sion staff thus becomes more familiar with the new
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technology. This will help extension workers to do a bet
ter job when they are called upon to widely diffuse this
technology. They also can inform the FSR&D team about
problems they observe during testing. The farmers,
themselves, perform the routine farm operations such as
preparing the land, weeding, and any irrigating. During
multi-locational testing, the team adheres to the manage
ment methods developed for the new technology in the
research area. This allows meaningful comparisons of
technology performance across the various test locations.

Sometimes the FSR&D team and extension person
nel may want to continue multi-locational testing of the
new technology for two or three seasons. In that way, they
can observe the technology's performance under various
conditions. Such precautionary procedures are important
when the introduced technologies mean substantial
changes in farmers' practices and when local conditions
contain considerable variability.

In preparing for multi-locational tests, the ESFS in
forms the extension field staff about what kinds of farms
are needed. The staff then assists the researchers in finding
suitable locations. While this staff has more responsibility
for the multi-locational testing than for the farmer
managed tests, final responsibility for conducting multi
locational tests still rests with the researchers because the
technologies are still being developed. The extension field
staff and the ESFS assist the researchers in adapting the
new technology to different conditions in the target area
and provide feedback from farmers to researchers.

With the help of other subject matter specialists and
the FSR&D team, the ESFS prepares instructions for im
plementing the new technologies. In these instructions,
the ESFS describes the individual steps and resource re
quirements in detail.

8.4.2. AN EXAMPLE FROM SOUTHEAST ASIA

The Asian Cropping Systems Network has begun to
implement the concept of multi-locational testing in some
of its member countries. The procedures, which Zandstra
et al. (1981) described, help to illustrate how cropping pat
terns and land types are selected for testing.

In this example, the FSR&D team developed three
technologies for the research area shown in Fig. 8-4. These
technologies relate to experimental cropping patterns
labeled A, B, and C for land types I, II, and III. (In Appendix
5-B, we discuss land types). After experimenting, the team
excluded land type III from further consideration because
all three cropping patterns performed poorly on it. Crop
ping pattern A was only applicable for land type I and crop
ping pattern C was only applicable for land type II,
whereas cropping pattern B was applicable for both land
types I and II.

The team selected three expansion areas within the
target area for further testing of the new cropping patterns.
The team's criterion for selecting these expansion areas
was the amount of land types I and II that the areas con
tained. At least one of the two land types had to be present

Figure 8·4. Expansion area for multl·locatlonal tests (Adapted from Zandstra et at, 1981).

Immediate Expansion Area 1

Land Type I - 45%

Land Type 111·35%

I <pattern A
Pattern B

II <pattern B
Pattern C

III

Additional Expansion Area 3

Land Type I· 60%

Land Type II - 15%
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8.5. PILOT PRODUCTION PROGRAM

Table 8·2. Multl·locatlonal testing design for three expansion
areas.

in a large enough area to make testing of the patterns
worthwhile. One of the three expansion areas surrounds
the research area.

In Table 8-2, we present the team's multi-locational
testing design for the three expansion areas. In expansion
areas 1 and 2, the team tested each applicable cropping pat
tern on each suitable land type. From above, we noted that
cropping patterns A and B were applicable for land type I
and cropping patterns Band C were applicable for land
type II. However, the team did not test patterns Band C in
land type II in expansion area 3 because the amount of land
was too small. The results from these cropping pattern
tests provided the information needed for adapting
research results to other locations in the target area.

Once the new technologies have been tested multi
locationally and modified as necessary, pilot production
programs are initiated. Such programs test both how the
support systems function-e.g., suppliers of inputs-and
the environment reacts-e.g., commodity prices-when
new technologies are introduced in the: area on a relatively
large scale. A new technology suitable for a single farm
may not be suitable when many farmers simultaneously
adopt it. This might occur when inputs are in short supply
or outputs flood the market. A pilot program is designed to
gain information on the adequacy of such factors as local
commodity markets, credit, labor, agricultural chemicals,
equipment, transportation, and information systems.

The size of the pilot production program needs to be
large enough to test the various supporting organizations
and activities. Therefore, the actual size will vary accord
ing to (ll the types of organizations and activities being
tested, (2) farming densities within the testing area, (3) the
current organizational capabilities of FSR&D and exten
sion, and (4) the resources of the supporting groups. For
example, Haws and Dilag (1980) suggested that pilot pro
duction testing in the Philippines be applied to several
hundred hectares.

A pilot production program should define the roles of
participating institutions-e.g., the banks, suppliers of

"A report of the results of the multi-location
tests is prepared which is then presented to the
regional director of the Bureau of Agricultural Exten
sion [BAEX) for his evaluation and approval of the
proposed pilot production program. An economic
analysis is also presented. If the regional director ap
proves the proposal, a second meeting is held with
the provincial governor. All other agencies whose in
puts are needed to support the farmer in the
establishment of the new technology in the pilot
production program area are invited. Some of the
agencies involved are: a) the governor of the province
who presides at the meeting; b) the municipal mayor
of the target area; c) the regional directors of the
various agricultural agencies, Le., BAEX, [Bureau of
Plant Industry, Philippine National Bank], Bureau of
Soils, [National Grains Authority], etc.; d) the local
pesticide and fertilizer dealers; and e) the rural
banks.

"If the committee approves the proposal, a
'Memorandum of Agreement' ... is drawn and signed
by all parties concerned, stating what contributions
each will make to the overall plan, Le., IRRI will
provide technical information; [National Grain
Authority] will purchase all the rice harvested;
banks will release loans to farmers in the program,
etc. This agreement is a vital part of the organization
of the program because it has a tendency to bind all
parties to the program and thus make it a living
document. It then becomes their program.

"It is also at this time that a name is given to
the proposed program. A name gives identity to all
members in the pilot area and makes legitimate the
activities of the committee in the eyes of the farmers
in the program. The name MASAGANA 99 proved to

agricultural inputs, marketing cooperatives, and any ir
rigation organizations. The program also provides a final
evaluation of new technologies' benefits and costs before
introducing changes on a broad scale (Zandstra et aI.,
1981).

During a pilot production program, the ESFS helps
coordinate the activities of those concerned. These may
include extension staff at all levels, researchers, and other
personnel. Activities relate to selecting the location, lay
ing the groundwork, and implementing the program.

At this stage in FSR&D, the ESFS finalizes instruc
tions for applying the new technologies. In this, the ESFS
receives help from the FSR&D team and from extension
specialists in education, training, publications, com
munications, promotion, and other relevant disciplines.
Earlier, the ESFS and others prepared these instructions as
part of multi-locational testing, but on a preliminary basis.
The ESFS and other collaborators also train the extension
staff in implementing the new technologies and in promo
tional strategies and techniques. This training is
preparatory for the widespread diffusion of the improved
technologies.

Haws and Dilag (1980l described a pilot production
program in the Philippines, as follows:

6
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be a magic word for rice production in the Philip
pines. It can do the same for any program if the name
is carefully selected."

In Appendix 8-A, we provide the 1976 memorandum of
agreement among groups participating in this pilot produc
tion program in the Philippines.

8.6. PROBLEMS IN EXTENSION

Certain problems confronting extension in develop
ing countries may reduce that organization's effectiveness
in FSR&D. Problems typically concern extension-research
ties, training, orientation, organization, and budgets. We
will now discuss these problems and propose some solu
tions, including ways that an FSR&D approach con
tributes to the solutions.

8.6.1. TIES BETWEEN EXTENSION AND RESEARCH

Research and extension in developing countries fre
quently do not coordinate their efforts to help small

farmers, especially in those situations in which the con
cepts of FSR&D are not applied. This failure weakens the
effectiveness of both activities. Without a continual flow
of new technologies and tested recommendations from
research, extension can run out of technologies to extend;
and without close links with extension to provide feed
back from farmers, researchers' work can lose much of its
relevance. Researchers compound the problem when they
believe (1) farmers cannot provide information useful for
improving technologies and (2) extension workers are pro
fessionally below them and not worth listening to. Re
searchers need to appreciate that their work has little
merit unless farmers widely adopt the technologies they
produce.

To help solve this problem, research and extension
should meet and try to understand each other's objectives,
interests, and capabilities. When such meetings are suc
cessful, one group becomes aware of its dependence on the
other group and, therefore, has an incentive for developing
stronger ties. One of FSR&D's aims is to bring about this
type of cooperation.

An example of an attempt to develop closer ties be-



tween research and extension is a 1978 letter of under
standing between ICTA (research) and DIGESA (exten
sion) in Guatemala. ICTA was created without formally
making extension part of its activities. After several years
of operation, both organizations realized the need for
closer cooperation. Therefore, they drew up an agreement
to "integrate efforts and contribute resources to have a
greater number of production alternatives that have been
validated under proper ecological and social conditions,
and to make more effective their transfer to and accep
tance by the farmers of the country" (ICTA and DIGESA,
1978 as translated by the Consortium for International
Development). This agreement includes these essential
points:

• National development programs create the need for
coordination and mutual support by those organiza
tions holding complementary objectives.

• Agricultural research, promotion, and training should
be merged into a single effort leading to technologies
that farmers will adopt.

• DIGESA will convey to ICTA problems arising dur
ing technology transfer; and ICTA will provide

. DIGESA with technologies suitable for farmers'
adoption.

• To accomplish the above, both organizations will in
tegrate their efforts and contribute resources to that
effect.

• Each organization will appoint a coordinator to
represent its interests and to select projects in their
mutual and individual interests.
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sion and research might be linked at the national, regional,
and field levels. At the national headquarters level, a com
mittee with membership consisting of key staff from both
extension and research could be established. This commit
tee would develop policies and general procedures for
cooperation between the two organizations. The chairman
of this national committee should probably be the head of
research, with the chairman's deputy being the head of ex
tension. The senior ESFS could play a major role in the
committee-for example, by being the permanent
secretary and by developing alternative recommendations
and presenting them to the committee for consideration.
This committee might be an alternative to or operate as a
subcommittee of an organization with broad membership
and responsibilities, such as the national advisory com
mittee mentioned under Institutional Linkages in Sec.
1004.1.

The regional committee linking extension and
research is similar in structure and function to the na
tional committee, except that the personnel and issues of
cooperation are regional. The regional ESFS could have im
portant functions at both the regional and field levels. At
the regional level, the ESFS might operate within the
regional committee as the senior ESFS operates at the na
tional level; and at the field level, the ESFS could help
coordinate the activities of extension's and research's field
staffs. In performing these functions, the regional ESFS
works within the policies and procedures set by the na
tional and regional linkage committees.

8.6.2. TRAINING

Figure 8·5. Linkages between extension and research at the
national, regional, and field levels.

In Appendix 8-B, we provide our translation of this Letter
of Understanding.

Another organizational approach for linking exten
sion's and research's efforts in FSR&.D is based on Benor
and Harrison (1977). In Fig. 8-5, we illustrate how exten-
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The training that extension's field personnel receives
in developing countries is often inadequate. Such training
may consist only of preservice instruction in the
classroom with little opportunity for practical fieldwork,
and scarcely any provision for follow-up or refresher
courses. Extension agents are told to tell farmers what to
do. They are not told to listen to farmers, nor are they told
to inform researchers about farmers' needs. The lack of
thorough, up-to-date training contributes to the field
staff's low productivity and morale. Furthermore, the field
staff's training does not adequately prepare it for FSR&.D
tasks, such as identifying farmers' problems, supervising
farmer-managed tests, and participating in multi
locational testing and the pilot production programs.

If an FSR&.D program is contemplated, field staff
performance often needs to be improved substantially and
quickly. Accomplishing this through in-service training is
covered in Sec. 11.2.2.

8.6.3. ORIENTATION

Extension agents in developing countries often tend
to be single commodity oriented-for example, they may
be rice, vegetable, wheat, or livestock agents. They are not
trained to see the farm as an integrated system. They may
observe the immediately favorable impact of a new prac
tice on a crop or animal, but they do not relate these
changes to the whole farming system. Because FSR&D
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focuses on the whole farm, extension agents who are
assigned to FSR&D will normally need reorientation.

8.6.4. ORGANIZATION

Many extension organizations in developing coun
tries are highly centralized. Decisions are made at the top,
with little input by the field staff. Too frequently, exten
sion agents simply do what they are told. Thus, superiors
often overlook the farmers' needs and extension agents'
comments.

In FSR&D, the field staff needs more freedom of ac
tion. For example, within the guidelines of the regional
plan of work, an extension agent trained in FSR&D should
(1) play a part in selecting farmers for farmer-managed
tests and for keeping farm records and (2) be heard when

expressing ideas about problems and opportunities arising
from the agent's experiences. Some extension organiza
tions associated with FSR&D, as in Honduras and the
Philippines, have become more decentralized. With this
setup, more decision-making authority has been shifted to
local and regional groups.

8.6.5. BUDGETS

Considering their potential workload, the extension
organizations in many developing countries have inade
quate budgets. Low budgets lead to inadequate staff pay
and insufficient funds for operations. The effect can cause
low staff morale, which in turn leads to extension's low
credibility with farmers, researchers, and others.

Extension's participation in FSR&D should change
this situation. We hope the material we have presented
will demonstrate to extension's decision makers how
FSR&D serves extension's interests. When convinced of
FSR&D's effectiveness, these decision makers should be
willing to support the new program by allocating ap
propriate staff and funds. By receiving and diffusing better
technologies, extension becomes more effective and
should then be able to support its claim for a larger share of
the national budget. This, in tum, gives extension the op
portunity to further strengthen its organization and pro
gram.

8.7. CONCLUSIONS

Extension's role in FSR&D is supportive during the
earlier activities and then takes on major responsibilities
during multi-Iocational testing, pilot production pro
grams, and widespread diffusion. The importance of exten
sion is highlighted when researchers realize that the
ultimate payoff is broad farmer acceptance of the new
technologies they produce.

To improve their organization, decision makers in
extension need to analyze the ability of their organizations
to perform their assigned responsibilities in FSR&D. Dif
ficult decisions may have to be made in restructuring and
reorienting the present organization to make it fit
FSR&D's needs.

CITED REFERENCES

Benor, D. and J.Q. Harrison. 1977. Agricultural extension: the
training and visit system. The World Bank, Washington,
D.C.

Haws, L.D., and R.T. Dilag, Jr. 1980. Development and
implementation of pilot production programs. Presented
at the Cropping Sys. ConI. 3-7 March 1980. IRRI, Los
Banos, Philippines.

ICTA and DIGESA. 1978. Carta de entendimiento entre EI Insti
tuto de Ciencia y Tecnologia Agricolas (ICTA) y La Direc
ci6n General de Servicios Agricolas [DIGESA). ICTA,
Guatemala.

Pantastico, E.B., R.T. Dilag, Jr., and L.D. Haws. 1980. Utiliza-



tion of site related research in multi-location testing.
Presented at the Cropping Sys. Conf. 3-7 March 1980. IRRI,
Los Banos, Philippines.

Waugh, R.K. [undated]. El caso del ICTA en Guatemala como
instituci6n dedicada a la generacion y validaci6n de
technologia para pequeiios agricultores. ICTA, Guatemala.

Zandstra, H.G., E.e. Price, J.A. Litsinger, and R.A. Morris. 1981.
A methodology for on-farm cropping systems research.
IRRI, Los Banos, Philippines.

Extension of Results • 159

OTHER REFERENCES

Axinn, G.H., and S. Thorat. 1972. Modernizing world
agriculture: a comparative study of agricultural extension
education systems. Praeger Publishers, New York.

University of Minnesota Project in Chile. 1971. An experiment in
production education. Univ. of Minnesota, St. Paul, Minn.
[Also in Spanish: Una experiencia en educaci6n en produc
ci6n.)



Chapter 9
DECIDING ON AN
FSR&D APPROACH



The previous chapters gave information about the
general nature of FSR&D, how the process operates, and
how to conduct FSR&D activities. With this background,
the reader should be able to consider whether or not an
FSR&D approach will interest a country's leaders. These
leaders and their advisers will probably want to consider a
number of issues that relate to the country's progress in its
research and development efforts for small farmers.
Therefore, in this chapter, we present issues on develop
ment policies, farmers' needs, personnel and organiza
tional capacities, FSR&D's comparative costs, and related
issues.

9.1. BASIC ISSUES IN
RESEARCH AND DEVELOPMENT

At a policy-making level, a range of issues must be
addressed in deciding whether to use an FSR&D approach.
The basic issue concerns identifying which conditions are
most conducive for organizing research and development
along FSR&D lines.

Most policy makers are interested in increasing the
returns from their investments in agricultural research.
Therefore, the question arises as to whether satisfactory
returns are being secured from current investments in
research and development. This is particularly important
in most developing countries, where shortages of scientific
personnel and insufficient research budgets restrict
agricultural research to only modest efforts. Within this
context, policy makers must be continuously alert to ways
in which research policies and programs can respond bet
ter to national needs.

A review of the conditions in a number of developing
countries suggests that agricultural research and develop
ment are undergoing important changes as governments
seek to enhance the income and productivity of small
farmers. The character and origin of these changes can be
brought out by asking questions about society's goals and
small farmers' needs.

9.1.1. ARE THE ACTIVITIES OF THE RESEARCH
AND DEVELOPMENT PROCESS CONSISTENT WITH
THE NATIONAL DEVELOPMENT GOALS?

Frequently research priorities are not consistent
with national goals. At times, research and development

activities are haphazard, with program leaders paying little
attention to each other or to broad developmental goals.
Under such conditions, policy makers have difficulty
understanding research's purpose. When reviewers do not
know the priority or direction of research, they will have
difficulty in evaluating whether the research effort is
fulfilling its intended purposes.

Even when research results are proved applicable,
policy makers must still ask if the results are being
disseminated quickly and broadly. Frequently research pro
duces a backlog of new technologies, but few channels are
available for rapidly diffusing these technologies. This
condition often occurs when researchers and the extension
service are isolated from each other. Policy makers need to
seek ways to bridge this gap so that research and extension
can collaborate more effectively.

9.1.2. IS THE RESEARCH AND DEVELOPMENT PROCESS
PRODUCING RESULTS THAT ARE RELEVANT TO
SMALL FARMERS' NEEDS?

Many policy makers are asking whether research for
agricultural development is producing scientific innova
tions that relate directly to production problems and
opportunities encountered by small farmers. In many in
stances, research activities are not addressing these impor
tant concerns. Research at experiment stations and within
the commodity programs may be quite intensive, but
alone these activities may do little to increase small
farmers' production.

A related question is, /100 small farmers provide ex
tension agents and researchers with feedback on new
technologies?" Policy makers are beginning to assess
research and development organizations' performance in
terms of whether small farmers have an opportunity to (l)
influence which research is undertaken and (2) evaluate
the resulting technologies. Where a communication gap
exists between researchers, extension agents, and the
farmers, new technologies may not be relevant.

9.1.3. SOME ANSWERS

Because of their historical concern with exports,
many developing countries directed their agricultural
research and extension efforts toward commercial farmers
who produced commodities for export. Agricultural
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research and extension often served these commercial
farmers quite well, but virtually ignored traditional
farmers. With the growing interest in total food produc
tion and the welfare of the poor, the lack of attention
toward traditional farmers is being reconsidered. FSR&.D
has emerged from these needs.

Opportunities for applying an FSR&.D approach
become apparent when examining individual situations.
For example, the reader might (1) compare the availability
of agricultural technology in a country with those
technologies being used by the country's small farmers, (2)
then observe the various levels of agricultural develop
ment. Where agriculture productivity is low, considerable
potential probably exists for applying FSR&D concepts.
These concepts concern how to select technologies that fit
the farmers' situations, which technologies fit where, and
how to integrate the technologies into the farmers'
system. How to use available technologies is more impor
tant than generating new technologies. FSR&D is par
ticularly well-suited for this situation (Harwood, personal
communication). On the other hand, highly developed
agriculture will often be constrained from further growth
by a lack of improved technology-e.g., varieties,
mechanization, and pest control-leaving more scope for
traditional research.

Policy makers in developing countries who seek
more effective research and development processes are
beginning to recognize the advantages of FSR&D for help
ing small farmers. For one thing, the FSR&D approach

makes it possible to consider the highly integrated ac
tivities of subsistence farming. For another, FSR&.D, along
with some other approaches, offers opportunities for more
control over research's direction by explicitly choosing
geographical areas and specific groups of farmers. In this
way, FSR&D procedures make agricultural research and
development more amenable to policy makers' analysis
and guidance.

As a result of the foregoing points, FSR&D is begin
ning to appear at the national level in several ways:

• by programs that are part of a national research and
development effort

• by FSR&.D complementing ongoing research and
development programs

• by the emphasis given to the approach by several of
the International Agricultural Research Centers
flARCs) and other international organizations.

9.2. DEVELOPMENT POLICY AND
THE ROLE OF FSR&D

The following examples illustrate the influence of
FSR&D on national development policy:

In Indonesia, the productivity of small farms is being in
creased by using a farming systems approach to intensify
cropping systems. In areas with irrigation and traditional
double-cropping systems, triple-cropping systems are being



tried. In partially Irrigated and raln·fed areas, new double
cropping patterns are replacing single-cropping systems. As
these multiple-cropping practices become widely accepted by
small farmers, domestic food production will be Increased
thereby allowing the government to reduce Its foreign ex·
change expenditures for food imports.

In Nicaragua, the small farmer traditionally engages In
the single-cropping of beans during the growing season,
although early dry periods frequently cause major crop losses.
Using a farming systems approach, planners determined that
more stable production could be achieved by Intercropping
sorghum with beans because sorghum Is more drought
resistant than beans. Farmers accepted this Innovation
because of the stabilizing effect on seasonal production.

In an area In central Tanzania, frequent lack of rain in the
middle of the growing period greatly reduces the reliability of
maize yields. Traditionally, farmers have responded to this
uncertainty by growing sorghum as a supplementary food
source. Using a farming systems approach, research resulted
In the Introductlon of a maize variety that matures earlier.
While the new variety provided a lower yield because of its
early maturation, the crop was less affected by the lack of rain,
and therefore, offered a more reliable food source. More Impor
tantly, the farm production and Income were increased with
the Introduction of this variety. With a more reliable harvest of
maize, farmers could reduce their sorghum planting and grow
more crops for market. Because of the earlier maize harvest,
traditional follow·up crops could be planted sooner with
generally Increased yields.

Each of these examples illustrates the interaction
between research for small farmers and national policy for
increased or stabilized food production. In Indonesia, the
emphasis was on increasing production; in Nicaragua, the
emphasis was on stabilizing production; and in Tanzania,
both objectives were emphasized.

In summary, an FSR&D approach shifts research to
the farm where new technologies are tested and evaluated
for their compatibility with national goals and the farming
systems. Where new technologies cannot meet these
criteria, they are laid aside in preference for those that do
meet these criteria. This approach keeps research and
development from becoming diffused, or diluted by con
cerns that do not relate to farmers' needs and national
goals.

9.3. FARMERS' NEEDS AND THE ROLE OF FSR&.D

Below are four more examples that illustrate
FSR&D's response to small farmers' needs:

In Ethiopia, the International Livestock Centre for Africa
(ILCA) has been experimenting with a mixed farming system.
This effort includes (a) identifying more efficient means of
silage making to conserve forage, thereby reducing the
demands on the farmers' labor at a time when they normally
weed their crops, (b) screening and testing leafy forage
varieties to replace existing varieties that are too fibrous and
low in protein, (c) testing the progeny oxen from Improved
dairy cows for their higher draught power and ability to pull
more efficient implements and comparing their feed re
quirements with those of, local oxen, and (d) exploring the
feasibility of using low-production farm lands for rearing
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animals, thereby freeing up more productive areas for crops.
In one area of the Philippines, drought stress con

tinuously reduces the yield of the dry-season rice crop. Using a
farming systems approach, researchers determined that
reducing the time between harvesting the wet-season rice crop
and planting the dry-season rice crop would substantially in·
crease the yields of the latter. On-farm research revealed that
less Intensive tillage, use of portable threshers, and planting
older seedlings succeeded in greatly reducing the time be
tween the two rice crops.

In one region of Zambia, little was known about farming
practices and agricultural conditions. Thus, the researchers
lacked sufficient knowledge to provide specific recommenda·
tlons for increasing production. Field surveys revealed that
farm production was limited by seasonal labor shortages that
caused poor land preparation, late planting, and insufficient
weeding. A closer analysis of the farming system Indicated
that changes could be Introduced to overcome the seasonal
labor shortage. The minor changes involved introducing early
maturing varieties and Improving weeding practices while the
major changes required that farmers adopt new cropping
regimes and use more efficient land preparation techniques.

In Indonesia, the government Is establishing major reset·
t1ement schemes on the sparsely populated uplands of
Sumatra. Many of these areas have not been cultivated, and
those that have been cultivated are often farmed by traditional
slash-and-burn methods. Major changes are needed in shifting
existing agricultural systems to more intensive and sedentary
systems. A farming systems approach is being used to design
and test new Intercropping sequences that will demand more
Intensive management in maintaining soil fertility and in
planting and harvesting on time.

The above examples suggest various applications of
FSR&D. The work in Ethiopia illustrates the linkages be
tween crops, forages, and animals. In the Philippines, the
FSR&D team learned that only minor technology changes
were needed to increase crop production. In Zambia, the
FSR&D approach revealed several opportunities for in
creasing production. In Indonesia, the FSR&D project is
designing and testing the suitability of new farming
systems within a varied and complex ecology.

The foregoing examples illustrate three ways in
which FSR&D is responding to the needs of small farmers
through II) modifications to the existing farming system,
(2) introductions of new farming systems, and t3) helping
policy makers and researchers assess how much change to
attempt. Each of these ways is discussed below.

9.3.1. MODIFICATIONS TO EXISTING SYSTEMS

In many countries the dominant farming systems
may emphasize one or more major cereal crops or animal
patterns, and the farmers and the government may need
only to improve production within these systems. This is
the case in the wheat and rice growing areas of Asia, in the
bean and corn growing areas of Latin America, and in the
mixed systems in parts of Africa. In addition, this ap
proach works well in developing countries where farmers
concentrate on either a subsistence or a cash crop. In these
instances, FSR&D focuses less on changing the farmers'
principal enterprises and more on enhancing productivity



166 • Deciding on an FSRetJD Approach

within the existing farming system. This requires careful
examination of the farming system to learn how available
technologies can serve farmers' needs.

9.3.2. INTRODUCTIONS OF NEW SYSTEMS

In some countries, the existing cropping or animal
practices have reached production plateaus, and new pro
duction systems are needed. In other areas, sedentary pat
terns need to be designed for farmers who no longer
practice shifting cultivation. Also, traditional farming prac
tices may involve complex multiple-cropping and animal
patterns that require considerable understanding and
analysis before attempting to change them. In all these in
stances, researchers must have a high level of understand
ing to know when to integrate single and multiple
technology components into the existing systems-an
understanding that covers the social, economic, and
technological variables of farming. This knowledge can
then be used to determine where innovations can best im
prove the system's performance.

9.3.3. DECISIONS ON HOW MUCH CHANGE

FSR&D aids the policy maker and researcher in
assessing the extent of change desirable for an existing
farming system. In particular, many instances exist where
policy makers do not know if production can be increased
with minimal changes, or whether more substantial

modifications are needed. Because of its focus on
understanding how basic technology and· management
components interact within the farming system, FSR&D
is being used to illuminate the kinds of changes required to
achieve various production goals. When major changes in
farming enterprises are being contemplated, FSR&D iden
tifies available options and the risks and costs associated
with such changes.

9.4. ORGANIZATIONAL CAPACITY AND
THE ROLE OF FSR&D

FSR&D tries to integrate research and development
through close relationships among the disciplines and
among research, extension, and other organizations con
cerned with small farmer production. The agreement be
tween leTA and DIGESA (Sec. 8.6.1.) is an example of a
formal approach toward integrating the efforts of research
and extension.

A key organizational issue in agricultural research
relates to how priorities are established in defining impor
tant research problems. In most countries, responsibilities
for agricultural research are distributed among discipline
and commodity programs. This arrangement, which
allows considerable specialization, presents formidable
management problems in producing a relevant and
coherent research program. Where research is organized
along disciplinary and commodity lines, each activity can
become compartmentalized. Then, professionals from one
discipline tend to become isolated from professionals in
other disciplines. As a consequence, the professionals' ac
tivities are often defined in terms of their special interests,
with less and less reference to the farmers' problems.

In response to these organizational issues, FSR&D
has emerged as an approach that is not fragmented, in
sular, or divorced from farmers. Rather, it brings closer in
teraction among organizations and specialists in solving
farmers' problems. FSR&D does this by focusing on the
whole farm and thereby arriving at problems of the
greatest concern to farmers. When problems are identified
in this way, research management becomes easier because
research activities are integrated and each research group
knows how its work contributes to the overall effort.

9.5. FSR&D AND SUPPORTING" ORGANIZATIONS

Many organizations can help support FSR&D ac
tivities. Because of the integration of extension with
research, the extension service should, ideally, be formally
associated with the FSR&D effort. Other org"anizations
such as those dealing with credit and marketing can best
be brought in as the needs of new technologies become ap
parent. If the characteristics of new technologies depend
on modifications of the services currently available to
farmers and if such changes are feasible, the appropriate
services can be planned in anticipation of final research
results. However, if adjustments are not feasible, then the
research approach needs to be modified or abandoned. A
hypothetical example suggested by Winkelmann (personal
communication) illustrates the point:
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Suppose local grain storage facilities are at capacity
and announced price supports could not be maintained were
grain production to be increased. Then, improved farming
practices leading to greater grain production would cause the
profit rates to drop. For the next several years, the current
storage and unstable pricing conditions should become part
of the assumed environmental conditions when planning the
research program.

Without adequate coordination among research, ex
tension, and supporting agencies, potential problems
typical of this hypothetical example may not be realized
until it is too late. Alternatively, when coordination is
adequate and governments have the capability of support
ing FSR&.D's needs, they can help to relax or even remove
the above type of restrictions. For example, a government
(1) could encourage private industry to provide the needed
sto~age facilities or provide them directly and (2) could
take measures to improve its price support program.

9.6. ADOPTION OF AN FSR&D APPROACH

In adopting an FSR&.D approach, policy makers need
to consider personnel and other resource requirements and

how these relate to existing programs. Responses vary ac
cording to the extent to which FSR&.D is used as a minor
or major factor in the overall research and development
process. For example, Guatemala, Honduras, and Senegal
adopted the farming systems approach as the principal
means of reaching small farmers. This effort required
restructuring agricultural research organizations and train
ing programs to prepare staff for on-farm research. In In
donesia, Philippines, and Bangladesh, farming systems
concepts and methods were introduced project by project
and affect only one or two regions of each country. This
gradual approach has left existing patterns of research and
extension largely intact.

In brief, policy makers may tailor FSR&.D to existing
conditions in many ways. FSR&.D need not mean major
changes in organization and manpower; it can begin with
existing organizations and by training only a few
specialists. Such flexibility arises out of FSR&.D's:

• emphasis on applied research
• adaptability to ongoing development programs
• the field teams' low demand for highly trained per

sonnel
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We will now consider each of these points in more
detail.

9.6.1. EMPHASIS ON APPLIED RESEARCH

FSR&D strongly emphasizes using interdisciplinary
teams to identify problems and opportunities for well
defined farming systems with specific environments.
Critical to the effectiveness of the field teams is close and
frequent association with senior scientists. These scien
tists aid the field team by (1) helping to set the direction of
research, (2) helping to identify problems, (3) providing
assistance as problems arise, (4) establishing procedures
for the field team to follow, and (5) developing and im
plementing training programs in FSR&D.

The field teams' work ties back into more broadly
applicable research through the requests the field teams
make to experiment station staff and others concerning
the problems they encounter. As a consequence, programs
in other research areas benefit from the insights FSR&D
offers. Generally and specifically applied research even
tually come together by focusing on the needs of specific
groups of farmers. In this sense, FSR&D strengthens other
research and development programs.

9.6.2. ADAPTABILITY TO ONGOING
DEVELOPMENT PROGRAMS

Governments have several options when considering
where and how to locate FSR&D. These options can be
divided into three categories. Those dealing with

• developing new technologies for small farmers
• adapting existing technologies to small farmers' con

ditions when government policies and support ser
vices cannot be changed easily

• adapting existing technologies to small farmers' con
ditions when government policies and support ser
vices can be changed (Norman, personal com
munication) .

Where new technologies are needed in abundance,
FSR&D's decision makers will probably want to arrange
for FSR&D to be tied closely with ongoing experiment sta
tion activities. In contrast, where emphasis is on adapting
existing technologies to farmers' conditions, the FSR&D
teams will be more independent. This does not mean that
FSR&D does not need other organizations. Inputs from
research staff at the experiment stations, extension agents,



staff from production-oriented groups, and others can
almost always be profitably used by FSR&D staff. Our
statement simply means that FSR&D does not have to be
so closely tied with these other organizations when
technologies are available for adoption. And when the
government is able to adjust its policies and influence
organizations that provide supporting services, FSR&D's
flexibilities and potential for accomplishments are even
greater.

9.6.3. REQUIREMENTS FOR SKILLED PERSONNEL

Highly skilled and experienced personnel are not
abundant in most developing countries. Therefore, policy
makers need to make sure that the energies and skills of
available scientists are put to good use. This concern ap
plies equally well to FSR&D activities. Experiences of
those countries having undertaken an FSR&D approach
suggest that FSR&D is an effective way to use this scarce
resource.

The approach is to develop effective teamwork be
tween field teams and more senior staff. Younger, less
highly trained field staff can become the focal point of the
FSR&D approach when suitably complemented by senior
staff. Since FSR&D's field staff members are often recent
graduates with bachelor's degrees in agricultural or social
sciences and are supported by assistants from technical
schools, the bottleneck to expanding FSR&D programs has
generally not been the lack of skilled personnel. Whatever
bottlenecks may have arisen are more frequently due to
the time needed to set up the FSR&D organization and to
develop suitable training programs.

9.7. COST-EFFECTIVENESS OF FSR&..D

FSR&D's cost-effectiveness may be of concern to a
country's top decision makers. This is understandable,
because they need to know if FSR&D will make good use
of their country's resources. Unfortunately, the issue is
not easily settled. To our knowledge, little has been
reported that quantifies or otherwise substantiates alter
native opinions. For the present, decision makers must
rely on those who have had the closest contact with
FSR&D and alternative methods of agricultural research
and development.

The arguments that follow draw heavily on ap
praisals by Gilbert et al. (1980) and the CIMMYT
workshop on methodological issues facing social scien
tists concerned with FSR&D (Harrington, 1980). Gen
erally, these authors and those they cite conclude that
FSR&D is cost-effective when compared with alternative
approaches for reaching target groups of farmers. These
authors' conclusions, which assume that a country already
has an adequate research base in agriculture, center on
three points:

(1) FSR&D's overall costs are less than conventional ex
periment station research.

(2) The rate of adoption of improved technologies by
specific groups of farmers is higher.
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(3) By following FSR&D procedures, large numbers of
farmers can be reached.

9.7.1. COMPARISON OF EXPENDITURES

Occasionally, when deciding on whether to accept
an FSR&D approach, policy makers will compare the
relative costs of conventional experiment station research
with the field orientation of FSR&D. In a sense such com
parisons are irrelevant. FSR&D does not replace experi
ment station activities; rather, it complements them.
Thus, the argument should really center on whether part
of a country's available research budget should be allocated
to FSR&D at the expense of experiment station activities.

To the e~tent that FSR&D reduces the rate of expan
sion of experiment station activity, future installations
may not be built and the costs of equipment, operations,
and staff will be less than otherwise. In its place will be
more work on farmers' fields by generally less expensive
staff that requires relatively larger expenditures for vehicle
purchases and maintenance, field equipment, per diem,
and incentives. We have the impression that the combined
initial and recurring costs of FSR&D are less than the costs
of comparable levels of activities conducted on experiment
stations when full account is given to the initial costs of
installation. In this sense, some displacement of experi
ment station activities, especially when new facilities
must be built, seems justified.

9.7.2. COMPARISON OF RATES OF ADOPTION

This issue centers on the generation of new
technologies acceptable to farmers. Proponents of FSR&D
often cite the relatively high rates of adoption of new
technologies in support of the effectiveness of the FSR&D
approach. Hildebrand (1979) commenting on his involve
ment with ICTA says, "Considering the farmers from the
beginning of the technology generating process has in
creased the speed and efficiency with which [ICTA] pro
duces technology appropriate to [the farmers]. The prob
ability of spending several years producing a new variety
that has very limited geographical adaptability or that is
rejected for not having characteristics important to the
producers is greatly reduced under the methodology that
has been developed."

9.7.3. COMPARISON OF NUMBERS
OF FARMERS AFFECTED

A comparison of the numbers of farmers reached by
the alternative methods is more difficult to resolve. By its
very nature, much of the research traditionally undertaken
at experiment stations has been intended for broad applica
tion. In contrast, FSR&D is more narrowly confined to
specific groups of farmers selected during problem iden
tification. Essentially, two different groups are the targets:
one group comprises those who are able to adopt the more
generally applicable results of the experiment station; the
other group comprises those for whom the research has
been specifically designed. The numbers of potential
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farmers tend to be larger for the first group than for the sec
ond group. But the missing parts of this comparison are
the relative differences in the rates of acceptance and the
significance of the changes. We simply have not seen
studies or heard quantifiable arguments that would give us
the type of information to carry such comparisons much
further. We have, however, been given suggestions for
making FSR&D more widely effective.

Gilbert et a1. (1980) and Harrington (1980) suggest
three ways for increasing FSR&D's breadth of applicabil
ity. One way relates to approaches that aim at reducing the
time and expense of data gathering through informal, well
focused, and small sample surveys. A second way is to
seek "betterll not necessarily the "bestll solutions for
farmers. These two ways combine to make it possible to
reach more farmers with acceptable results than spending
additional time and money on somewhat larger benefits
for smaller groups of farmers. The third way concentrates
on studying the farmers' systems and the environments so
that FSR&D results can be extrapolated more effectively to
other areas. Complementary to this third point is the abil
ity to eventually learn enough about the functional rela
tionships between environmental gradients and farming
systems that FSR&D could predict suitable technologies
for study without going through the full FSR&D proceSSj
but this possibility lies in the future- especially for na
tional progams.

9.7.4. CONCLUSIONS ON COST-EFFECTIVENESS

In summary, some may think FSR&D is more ex
pensive than other forms of agricultural research because
of (1) the apparently high cost of field work and the
smallness of the target group of farmers and (2) the failure
to appreciate the full costs of experiment station ac
tivities. Sometimes, the high cost of FSR&D is given
simply as an excuse to avoid change. Overall, FSR&D
practitioners feel its costs are not excessive, the accep
tability of improved technology has been high, and ways
can be found for reaching more farmers. In the final
analysis, such cost comparisons may not be an issue, since

FSR&D does not compete with conventional research ex
cept for the last increments of the research budget. '

9.8. A CONCLUDING COMMENT

Referring to the questions raised at the beginning of
this chapter, FSR&D can be a positive factor in a country's
research and development effort. If existing research and
development activities are not producing results that are
relevant to farmers' needs, FSR&D should help. By study
ing farming conditions, FSR&D aids in designing
technologies for specific groups of farmers. Or, if existing
research and development are not consistent with national
goals, an FSR&D approach should help overcome this·
problem. One of the reasons is that FSR&D focuses on
both the broad-scale and the narrowly-defined aspects of
research and development for the small farmer.

In deciding whether to initiate FSR&D activities the
government will need to (1) decide on an approach to
agricultural research for small farmers, (2) take steps to ob
tain cooperation from relevant organizations, l3) supply
the needed funds and services, especially in support of
field activities, and (4) be patient by giving the new pro
gram time to prove itself.
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If national leaders decide that an FSR&D approach is
in the best interests of their country, their next step is to
decide how to proceed. They and their staff need to con
sider such factors as an appropriate approach, organiza
tional structure, staffing, off-site management, the roles of
the field team, interdisciplinary teamwork, getting
started, and evaluation of projects. This chapter covers
these topics, and provides two examples and a summary.

10.1. DECIDING ON AN APPROACH

How FSR&D relates to other research and develop
ment activities depends on FSR&D's scale and the degree
to which new institutions must be created. Furthermore,
the scale of FSR&D will vary according to whether it is in
troduced as a project, a program, or a modification of
existing research and development activities. The
characteristics of projects and programs are discussed
below because they influence the organization, staff, and
management differently.

10.1.1. PROJECT APPROACH

A project approach to FSR&D involves initiating one
or more projects that incorporate FSR&D procedures. Proj
ects tend to have specific scopes of work to be completed
by a certain time and, therefore, to have staff and organiza
tions that are disbanded upon the projects' completion.
Several FSR&D projects could be undertaken si
multaneously or sequentially. These efforts, however,
would not, necessarily, constitute a program. In many in
stances, projects are simply undertaken outside or in
dependent of the implementing agency's regular activities.
In brief, the project approach to starting an FSR&D activ
ity requires little change in institutional philosophy,
organizational structure, or programmatic agenda. Interna
tional funding may allow FSR&D projects to be under
taken with only modest demands on the domestic budget.

10.1.2. PROGRAM APPROACH

In contrast to the above, a program approach to
FSR&D comprises a more encompassing and continuous
effort. Using a program orientation entails initiating
FSR&D activities as a significant institutional effort with
farming systems projects constituting a means of im
plementation. In this setting, FSR&D goals and activities

officially become part of the country's efforts in
agricultural research and development.

A government might choose the program approach
to implement FSR&D procedures in a coordinated way
throughout those organizations most concerned with
small farmer production. Alternatively, the government
might assign one organization the responsibility for im
plementing the FSR&D program and have that organiza
tion coordinate its efforts with the other organizations.
The first approach would produce more uniform results
throughout the government, but could lead to substantial
delays in getting started.

In any case, changes in organizational structures will
normally be required and FSR&D funding will become
part of the annual budget and any development plans.

10.1.3. PROJECT VERSUS PROGRAM APPROACH

Policy makers encounter a range of opportunities
and constraints when considering either a project or pro
gram approach. A project-by-project approach is particular
ly useful where the institutional environment is neutral or
where important factions oppose FSR&D. A project ap
proach, which makes fewer claims on existing financial
and human resources, is less likely to be viewed as a major
competitor for resources. Also, because a project approach
normally operates within existing program philosophies of
an existing organization, those with viable programs are
less likely to oppose FSR&D.

In contrast, a new FSR&D program demands a sig
nificant and sustained response among organizations. The
government must add new functions and structures to
support the new activity. This addition can be accomplished
by creating an entirely new, autonomous organization
that assumes the task of implementing the FSR&D pro
gram, or the program can be undertaken within the ex
istingorganizational structure. Each alternative has its ad
vantages and disadvantages.

Creating a new, autonomous organization for an
FSR&D program presents some unique advantages. The
activities are not constrained by the competing interests
and the claims of other programs within the same
organization. In this sense, FSR&D may become
somewhat insulated from the usual intra-agency conflicts
over staff and funqs. The new organization can recruit ad
ditional staff, allocate resources, and define functions with
greater freedom and discretion than when the program is
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10.2. ORGANIZATIONAL STRUCTURE

Figure 10·1. A schematic of the interactions between dis·
ciplinary specialists and commodity programs for FSR&D.

implementing their programs as long as their work re
mains within general policy and program guidelines. Such
autonomy is especially important in on-farm research,
where timeliness of action is essential to successful ex
periments and relations with farmers.
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Whether FSR&D begins as a program or project,
several questions must, eventually, be addressed con
cerning its integration into the government's ongoing ac
tivities. In many countries, agricultural research is divided
into interrelated disciplinary and commodity groupings.
Thus, a research organization could have several
disciplinary specialties on the staff, and in turn, the staff
could divide its time among several commodities.

The disciplines and commodities may be organized
in several ways. In particular, differences occur in the ex
tent to which research staff associate with one or more of
the commodity programs, and the degree to which either
the disciplinary specialties or the commodity programs
control the research activities. These differences often
reflect basic administrative realities concerning control of
the research budgets and staff appointments and promo
tions.

The FSR&D approach draws on a variety of dis
ciplinary and commodity programs and provides the
technical coordination for bringing this about (Fig. 10-1).
That is, FSR&D provides the framework for showing how
the various disciplinary and commodity programs can be
integrated in helping small farmers. In performing this
function, the FSR&D team needs to identify the
capabilities and bring together the mutual interests of
specialists at the local, regional, and national levels. We
provide further comments on this subject by project and
program, as follows.

Whichever approach is taken, careful attention
needs to be given to adequate governmental support for
FSR&D activities. This attention is essential for several
reasons. Specifically, FSR&D is comprehensive and must
draw on the services of many disciplines and organizations
that may not be under its jurisdiction. The government
can help FSR&D's management by encouraging other
organizations to provide the services of selected staff for
limited periods and by giving access to their data, reports,
and facilities. Such organizations are local, regional, and
national, and include planning and a,dministrative units,
universities, research institutes, extension, production,
and related service groups. Government incentives for
such cooperation should include budget allotments and
recognition for contributions to FSR&D activities.

Because of its nature, FSR&D calls for a strong com
mitment to interdisciplinary teamwork. This means
learning other subjects, working with other disciplines,
and leaving the security offered by an established
discipline. Such commitment to interdisciplinary team
work deserves sufficient governmental support to allow
FSR&D time to demonstrate its effectiveness.

Finally, because the FSR&D staff spends so much of
its time living and working in remote areas away from na
tional and regional centers, the government should offer
incentives such as higher salaries, per diem allowances,
local and international training, and publicity for ac
complishments, and should facilitate associations with
FSR&D researchers in other countries. Equally important
is to give field and regional headquarters teams freedom in
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embedded within a larger organization. This flexibility
and the allowance for initiative favors decentraliza
tion-an approach important to FSR&D.

On the other hand, a new organizational structure
can create administrative problems. A separate FSR&D
organization outside and independent of the regular ad
ministrative structure can hamper close interagency
cooperation. This is particularly true when an FSR&D pro
gram is launched independently of extension.

An alternative approach is to incorporate an FSR&D
program within an existing organization. This approach
mayor may not entail undertaking significant restructur
ing of staff responsibilities and activities. In some cases,
ad hoc administrative arrangements can be devised to sup
port an FSR&D effort; whereas, in other instances, ex
isting efforts may require redesigning and adding new
organizational components.

Whether a country should use an FSR&D project
or program approach depends on each situation. When se
nior decision makers agree that a farming systems ap
proach should be a major activity, then an opportunity
exists for designing and implementing a comprehensive
and integrated program. When decision makers disagree
or are indifferent, a project-by-project approach is more
feasible. To attempt a program approach without suffi
cient top-level support could undermine the whole
FSR&D effort.



10.2.1. FOR THE PROJECT APPROACH

In the project approach, FSR&.D activities are usual
ly located within that disciplinary or commodity program
offering the' strongest support. If established within a
discipline, agronomy, animal science, or even irrigation
could be a logical choice. If within a commodity program,
the farming systems effort is usually identified with the
leading food crop. Thus, in Southeast Asia rice constitutes
the major commodity for small farmers, whereas in Latin
America, beans and maize occupy a central role for small
farmers. These leading commodity programs usually have
a secure role in the research community-a characteristic
that usually allows greater flexibility in adopting and sup
porting new programs. When these commodity groups are
staffed with experienced scientists, they can forge strong
linkages with other commodity groups. This capability is
particularly important in moving research programs from
a single to a multiple cropping orientation.

The above choices allow an FSR&.D activity to be in
tegrated into an ongoing research operatio.n. in several
ways. By using the project approach, the admInistrator has
flexibility in working out informal arrangements to sup
port FSR&.D. In the short and medium term, the project
leaders need not address the larger issue of structural
change. The following illustrates a current cropping
systems project in Bangladesh. Eventually, when respon
sibilities and procedures become more established and for
malized, the project could evolve into a program. We now
describe the Bangladesh project:

In Bangladesh seven disciplinary and commodity-based
research Institutions are associated with cropping systems
research: the Bangladesh Rice Research Institute, the
Bangladesh'Agrlcultural Research Council, the Jute Research
Institute, the Sligar Cane Research Institute, the Water
Development Board, the Soil Survey Institute, and the
Bangladesh Agricultural University. In many cases, organiza
tions have experiment stations, but they jointly support a na
tional cropping systems effort. The current cropping systems
activity Involves 12 research areas with each Institute having
primary responsibility for the work at one or more of them.

A cropping systems task force has been organized In
each Institute. Its members are recruited from the scientific
staff of the disciplines represented In the specific Institute.
This task force reviews the research plans undertaken by Its
farming systems field teams and provides technical support
for their activities. Inter-commodity collaboration is achieved
by having each task force assist other task forces. Thus, the
task force at the Soil Survey Institute conducts solis research
for other research institutes.

To facilitate and strengthen Interdisciplinary and inter
commodity research, a national Cropping Systems Working
Group has been established. This group Is headed by the chair
man of the Bangladesh Agricultural Research Council. Its
members are the leaders of the cropping systems task force at
each of the participating research institutes. A senior member
of the extension service Is also represented In the group.

Periodically, the Cropping Systems Working Group
meets and discusses the progress of the cropping systems ef
fort and coordinates the various activities. To provide the
group with continuous coordination, one member serves full
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time in that capacity. Administrative and scientific staff from
the Bangladesh Agricultural Research Council assist the
project coordinator.

The Bangladesh example illustrates several points
concerning how an FSR&.D effort can be introduced into a
complex research establishment. Few structural changes
were undertaken to accommodate the cropping systems ef
fort. Rather, a coordinating committee enlists greater
interdisciplinary and inter-commodity cooperation in
FSR&.D activities. Considerable management skill needs
to be exercised to ensure that the participating institutions
work together. In Bangladesh, cooperation is facilitated by
offering incentives such as training abroad in farming
systems methodology for the staff from the research insti
tutions, and honorariums to researchers who spend addi
tional time in the field. Such inducements are important
when mobilizing interagency cooperation.

10.2.2. FOR THE PROGRAM APPROACH

Institutional change assumes immediate importance
when launching an FSR&.D program. The basic issue con
cerns how to develop an organizational capacity for an in
terdisciplinary, applied systems effort. An opportunity for
change occurs when decision makers begin to question the
rationale for continuing to organize research along
disciplinary or commodity lines. In response, decision
makers may redefine and merge conventional groupin.gs to
achieve an interdisciplinary approach. In other cases,
traditional commodity and disciplinary operations may be
left intact and newly defined FSR&.D units added. Conse
quently a range of organizational modes can be used to
implem~nt an FSR&.D program, and the opportunity exists
for imaginative variation in organizational structures.
However, the manner of restructuring organizations can
be reduced to two basic types: management centered
modes and interdisciplinary-commodity modes.

Management-Centered Modes
In some instances, the responsibility for initiating

and sustaining an FSR&.D program is in the hands of senior
managers, and the disciplinary specialists and co~m?dity

programs respond to directions from the orgamzatlOnal
hierarchy. This approach generally arises when a separate
organization is newly created for implementing an FSR&.D
program. In brief, the organization becomes a self
contained entity with the singular mandate for conducting
FSR&.D. Such a philosophy is infused throughout the
organization so that a special unit to carry out FSR&.D is
not needed. Furthermore, traditional disciplinary and
commodity-oriented divisions are not redefined because
the entire program is based on a commitment to FSR&.D.
Management sees that all activities are reviewed and
monitored from this perspective. In some instances, the
focuses of the disciplinary and commodity groupings will
be expanded and their roles will be subsumed within the
larger interdisciplinary and multi-commodity perspective.
In brief, a management-centered program fits those situa
tions where FSR&.D justifies the organization's existence.
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Level

10.2.3. A GENERALIZED ORGANIZATIONAL DIAGRAM

Figure 10-2. A generalized organizational diagram for an FSR&D
program.

staff from the other departments. Composition of
the regional teams would include specialists in
economics, sociology, agronomy, entomology,
animal science, and extension.

• The regional teams would receive specialized help
from commodity and disciplinary specialists. In
cluded in the latter would be those with expertise in
biochemistry, social sciences, agricultural engineer
ing, pest management, post-harvest technology, and
farm management. We present further details on the
ISRA proposal in Appendix 10-A.

Fig. 10-2 shows a generalized diagram for the
organization of an FSR&.D program. The diagram
represents possibilities for a ministry or a semi
autonomous government corporation. This particular ex
ample draws heavily on ICTA's organizational structure,
which is a government corporation [Ortiz, 1980). In this
example, the technical director is in a position to bring
training, the disciplines, and commodity programs into an
integrated FSR&.D program at the regional level. Extension
is not shown in the diagram, but could be integrated into
FSR&.D activities in several ways. As a minimum, exten
sion should (1) participate directly at the top level through
representation by the minister, or the board of directors,
(2) receive training in FSR&.D as part of the activities of
the national headquarters team, and (3) assign specialists
to regional or to field teams.

A comparable diagram of an FSR&.D project is not

National
Headquarters
Team

--
Key National I
Decision makers .

leTA functions as the primary research Institute for
small·farm development In Guatemala, following the
philosophy and goals of a farming systems approach. ICTA's
management tries to ensure that this approach permeates the
design and Implementation of Its research program. With
FSR&D constituting such a central feature of ICTA's
philosophy, Its. management feels that a separate farming
systems group Is not needed.

In ICTA, commodity and disciplinary groupings continue
to function, but they work closely with and provide technical
support to the regional field teams. Administrators and staff
strongly emphasize the reglonallzatlon of research and
development. Regional teams consist of commodity and
disciplinary specialists and the field teams. The regional ex
periment station serves as the base of operation allowing the
commodity specialists and the field teams to work closely
together. ICTA's national and regional headquarters' teams
coordinate the program.

The program of the Agricultural Science and Technology
Institute IICTA) is an example:

Interdisciplinary-Commodity Modes
A second alternative for organizing an FSR&.D pro

gram is to give the task of conducting FSR&.D to a
disciplinary or commodity group. Thus, a new discipline
may be mandated to undertake FSR&.D, and a counterpart
commodity group may be established to support a multi
cropping or multi-animal orientation within the com
modity programs. In other instances, a farming systems
department may not be added, but a multiple cropping or
animal program may be created for farming systems
research.

Identifying a farming systems department and a
counterpart commodity program provides the status and
legitimacy needed to enable a farming systems program to
be recognized as important in the organization's effort.
Permanent staff are assigned to the program and its leader
ship can claim part of the budget. Under this arrangement
an interdisciplinary, multiple commodity perspective is
enhanced when those working in farming systems are
trained in FSR&.D and support its philosophy. An example
from a proposal to change Senegal's agricultural research
approach IISRA, 1979) contains the following points:

• If the proposal is approved, agricultural research in
Senegal will undergo major changes to emphasize
FSR&.D for small farmers. These changes will
facilitate greater interaction among the disciplinary
and commodity programs. Research activities of the
Senegalese Institute for Agricultural Research (ISRAI
would be organized around the following depart
ments: (11 crop sciences, [2) animal sciences, (3)
farming systems, (41 natural resources, (51
economics and sociology, and (61 research support
services.

• Four regional teams organized under the Farming
Systems Department would focus on the feasibility
of new production technologies for small farmers.
These teams would work out of the four regional ex
periment stations and be closely associated with

I----i Planning

Regional
Headquarters
Team



provided in this section, because the characteristics of the
diagram depend so heavily on the type of project and the
location of the project within the government. However,
we provide additional examples of organizational diagrams
for various situations in Appendix 10-B. We will now
discuss more details of Fig. 10-2 according to the levels of
activity.

Key National Decision Makers
The minister of agriculture or possibly natural

resources or rural development could hold overall respon
sibility for the FSR&.D program if located within a
ministry. Alternatively, the top decision-making body
could be a board of directors made up of representatives
from key ministries and other organizations concerned
with agricultural production and the small farmers'
welfare. Possibilities for membership include agriculture
(including extension), economics, finance, planning, rural
development, universities, separate research and pro
duction organizations, organized farmer groups, and the
like.
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National Headquarters Team
The national headquarters team might be headed by

a director general or an executive director who has broad
responsibility for accomplishing the goals of the FSR&'D
program and establishing suitable relationships with other
organizations. The heads of various activities and a plan
ning group could assist this director. The planning group
would help prepare the annual budgets and assist in plan
ning the organization's development. Organizational ac
tivities include such areas as the technical program, ac
counting, personnel, publications, payroll, and other
organizational needs. If the FSR&.D program is part of a
ministry, the ministry might conduct some or most of
these functions.

The core of the FSR&.D program will be the technical
program, with critical responsibility resting with the
technical director. This person would coordinate the
regional programs, disciplinary specialties, commodity
programs, training, and possibly other activities such as
experiment stations, seed multiplication units, and
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laboratories. The need for a coordinator of regional pro
grams depends on the size of the program and the number
of staff the technical director can effectively manage. Fig.
10-2 follows the management principle that the number of
persons with major responsibility who report to a superior
should be limited.

Regional Headquarters Team
The regional directors manage the FSR&D activities

in their areas. They will have one or more field teams
operating in theresearch areas, with disciplinary and com
modity specialists either permanently or temporarily
assigned to their regions, and support and related staff. If
experiment stations are under the regional director's
jurisdiction, the stations' staff would also be included. For
such a possibility, commodity specialists would probably
associate with or be part of the experiment station staff.
Support staff include those needed to run a regional office.

Field Teams
The field teams would comprise those regularly

assigned to one or more research areas within the region.
As described in Sec. 3.3.1., the team's makeup is basically
agronomy-livestock-social sciences plus technical
assistants. This group is augmented, as needed, by
specialists assigned to the region and by staff from national
headquarters and other organizations. We will say more
about the composition of the field team in Sec. 10.3.1.

10.3. STAFFING

This section provides information on staffing in ad
dition to that provided in earlier parts of this book. While
the levels of training and the numbers required vary de
pending on the types of FSR&D activities and availability
of personnel, four types are required-field teams, disci
plinary and commodity specialists, and ESFSs. In selecting
staff, management should provide enough flexibility in the
organization to allow adjustment for unforeseen needs as
the FSR&D approach matures.

10.3.1. FIELD TEAMS

As noted previously, the field teams are frequently
made up of young professionals and their technical
assistants. These professionals are predominantly
agronomists, livestock scientists, agricultural economists
(preferably with training in farm management), and irriga
tion engineers when appropriate. These professionals
should be university graduates, while the technical
assistants should have degrees from schools with instruc
tion in vocational agriculture. Where trained staff are
scarce, those with less education can suffice if they have
suitable agricultural backgrounds and are supervised ade
quately.

When FSR&D activities are just beginning, only one
or two field teams may be needed. Later, after experience
is gained and staff are trained, the number of teams can be
expanded as FSR&D moves into other areas or becomes
more concentrated within existing areas. At the rate of two

visits per on-farm experiment per week and six visits per
day, a two-member team acting individually could work
with 30 farmers during a season. A five member team
could, therefore, work with 75 farmers per season-Le., 5
members x 6 visits per day x 5 days per week -;. 2 visits
per farmer per week = 75 farmers. These are only approx
imations; more precise estimates depend on such factors
as the types of experiments, distances between farms, and
ease of travel.

Field teams will normally be involved in the whole
range of FSR&D activities - from the division of the target
area into subareas until the multi-Iocational tests and pilot
production programs. These field teams form the core of
the FSR&D effort in that they are in closest contact with
farmers and farmers' groups and are the ones most directly
involved in the daily research activities. Therefore,
members of these teams must be selected carefully to be
sure that they can work effectively with farmers on
farmers' fields. Their effectiveness will depend on how
well they understand farmers' problems and opportunities,
empathize with farmers' feelings, and treat them as equal
partners in developing improved technologies. Moreover,
the makeup of the team should be appropriate for the farm
ers with whom the team works, as with certain ethnic
groups or with female farmers. In some cultures contact
between women and men is easily made. In other cultures
it is not, and female staff may have to be hired specifically
for this reason (Townsend-Moller, personal communica
tion).

10.3.2. RESEARCH SPECIALISTS

Because members of the field team are often young
and inexperienced, they will need assistance from
disciplinary and commodity specialists and from exten
sion. The composition of these back-up specialists, in
cluding extension, depends on the types of activities car
ried out, the types of farming systems under study, and the
particular problems encountered. These commodity and
disciplinary specialists provide direction for the field
teams, prepare procedures, set standards, carry out special
studies, train the field team and others, and are available
as special problems arise. The presence of such back-up
support enables the field teams to operate with staff that is
not highly trained in research methodology or in diagnos
ing farmers' problems. To the extent that the specialists
assigned to the regional FSR&D team are part of the ex
periment station staff and the ESFSs are part of the
regional or field teams, close ties with both the experi
ment station and extension should result. Where this is
not the case, the FSR&D team should seek associations
with the experiment station and extension organizations
by some other means.

As the name implies, these specialists will normally
be trained in a specialty. Ideally, FSR&D teams will cover
the breadth of disciplines and commodities of concern to
the area. Some of the disciplines can probably be satisfied
by those holding bachelor's degrees, such as in agronomy,
animal production, agricultural and irrigation engineering,
sociology, and economics. But in other cases, those with
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advanced degrees will be needed to adequately perform
their functions, as with veterinary medicine, entomology,
and plant and animal breeding. Where such capabilities
cannot be found within the country, expatriates should be
considered. Opportunities for part-time employment of
staff from the universities and other organizations with
highly trained scientists should not be overlooked.

As the FSR&D program matures, opportunities will
arise for some of those with general backgrounds to receive
specialized training in a discipline or commodity. For ex
ample, agronomists working with rice, beans, or maize
might be sent to one of the IARCs for several months to
learn specific research methods concerning pathology,
physiology, economics, or other aspects of these com
modities. Moreover, staff with particular promise can be
sent abroad for advanced degrees; however, in doing this,
care should be taken not to lose sight of the practical orien
tation of FSR&D nor to allow FSR&D to be used simply as
a mechanism for those desiring advanced degrees. We will
discuss training further in Chapter 11.

10.3.3. EXTENSION'S INPUT

Extension's inputs to the FSR&D process take two
forms. One is through the extension service to the extent
it operates within the target area. The other is through the
ESFS as described in Chapter 8. When ESFSs are assigned

to the FSR&D teams, they (1) become familiar with the
research process, (2) aid in involving extension agents who
can help in on-farm experiments, and (3) play one of the
key roles during the multi-locational testing and any pilot
production programs. ESFSs assigned to the FSR&D teams
should have broad-based interests and capabilities in both
extension and research, since they will act as the principal
liaison between research and extension.

10.3.4. TEAM LEADERSHIP

Because FSR&D departs from several traditions and
because of the entrenchment of many in long standing
positions, the leadership of a new research approach such
as FSR&D needs to be imaginative, dynamic, and
dedicated. Leaders are needed who can relate the
significance of FSR&D to the common interests of the
others. These persons should have capabilities and inclina
tions toward applied, interdisciplinary research and be
able to build a viable, enthusiastic research team. They
will have responsibility for developing an effective
organization, establishing the general approach to FSR&D,
working out methodologies, developing and implementing
a training program, and carrying out other FSR&D ac
tivities. If such leaders have not been exposed to FSR&D
concepts, they should receive at least some form of ac
celerated training and orientation at one of the several in-
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stitutions experienced in FSR&.D methodology. In addi
tion, expatriates can help develop the FSR&.D organization
and the leaders' capabilities - certainly during the initial
years.

10.3.5. APPROACH WHEN TRAINED STAFF ARE
SEVERELY LIMITED

Shortages of trained staff often constrain research
and development in developing countries. Thus, con
siderable attention needs to be devoted to assuring that the
energies and skills of existing scientific expertise are not
wasted or that new programs do not place excessive
burdens on existing financial and human resources.

Where demands. are high and manpower limited,
FSR&.D requirements can be scaled down. For example,
FSR&.D activities can begin if an experienced agricultural
scientist can be found who will accept the responsibility.
This person should, preferably, have an agricultural
specialization at the master's degree level and have the
time and desire to guide the design and analysis of on-farm
trials and tests. The field teams can be staffed by high
school graduates, but these individuals should have prac
tical skills in farming and knowledge of local conditions.
These teams need the support of disciplinary and com
modity specialists, perhaps from within established
research organizations and from those brought in
specifically to assist FSR&.D activities.

Below are two instances in which a national govern
ment entered into FSR&.D activities on a limited scale.
While these two illustrate only partial applications of the
whole FSR&.D process, they lay the groundwork for future
more ambitious programs:

In one African country, field teams whose members have
university training in social sciences are investigating three
FSR&D research areas. Because agricultural researchers are
scarce, the government decided to begin by identifying social
and economic factors at the farm level. While waiting for
agricultural scientists to become available, the teams will
have, at least, initiated the FSR&D process and will be show
ing local farmers that something Is being done for them.

Another example of a starting strategy concerns a Mid
dle Eastern country with a severe shortage of both agricultural
and social scientists. In this case, not enough researchers
were available to organize a field project. Therefore, an interim
measure was adopted Whereby local farmers participated in
trials and tests undertaken at one of the research stations.
Such an effort enabled farmers to participate in researcher
managed trials and farmer-managed tests, thereby bringing a
more applied orientation to the activities of the research sta
tion. However, this was seen only as a temporary measure un
til more researchers became available.

These initial activities may look piecemeal and
fragmentary. But with a proper base of long-term institu
tional support and commitment a comprehensive and in
tegrated program can evolve. Accumulated experience sug
gests that the risk of failure under these conditions is
much less than imagined and is outweighed by the
benefits of having field teams that address farmers' prob
lems.

In brief, we believe that a country can benefit from
FSR&.D even though funds are scarce and the staff is inex
perienced. The lessons learned, even when the approach is
limited, should provide valuable experiences that can ac
celerate accomplishments later.

10.4. OFF-SITE MANAGEMENT

When FSR&.D field teams are located in different
areas, overall supervision, administration, and monitoring
become more important. For our analysis below, we divide
these activities into general considerations and personnel
management. We refer to them as being off-site because
the central administration is usually located outside the
research areas.

10.4.1. GENERAL CONSIDERATIONS

A number of management functions are needed to
assist in initiating and sustaining on-farm research. When
only a few field teams are operating, management can be
ad hoc and informal. Once several field teams are dis
persed throughout the country, formal institutional ar
rangements become necessary. In particular, the topics of
institutional linkages, technical review, technical sup
port, and logistics need to be addressed.

Institutional Linkages
Where a broad-scale FSR&.D program is undertaken,

national and regional advisory committees may need to be
organized. The national-level committee usually consists
of senior-level decision makers. Besides representatives
from the ministries, mentioned earlier, other represen
tatives could be from agencies such as irrigation,
agricultural credit, cooperatives, extension, commodity
purchasing and marketing, and fertilizer distribution. In
some cases, the ministry of agriculture administers many
of these functions so that the advisory committee would
be largely from within the ministry. In other instances,
these functions would be dispersed throughout the public
and private sectors so that the committee would be com
posed of individuals from government and industry.

A high-level official of the ministry of agriculture, an
agricultural research council, or some functional
equivalent would likely chair the advisory committee.
Similar groups could be at the regional level with commit
tees consisting of high-level decision makers from the
public and private sectors within each region. These
regional advisory groups should have representation on the
national committee, thereby helping to integrate national
priorities and policies with regional priorities and policies.

The national advisory committee would [1J

establish general priorities and policies for the FSR&.D ef
fort, and (2) help agricultural development agencies func
tion consistently with program goals. Aside from these
more programmatic functions, the national and regional
committees help FSR&.D in other ways. First, their ex
istence provides visibility and recognition to FSR&.D as a
legitimate endeavor. This credibility is particularly impor
tant in the early stages when management is seeking to



establish FSR&D as a viable and acceptable component of
national and regional development. Second, with an in
teragency mandate, subordinate units can freely associate
with the program. Local and regional agencies can provide
crucial support for the FSR&D team's work in the research
area. Conversely, where support is inadequate, the com
mittees provide a forum for resolving these problems.

While these committees may not convene fre
quently, their importance should not be underestimated.
FSR&D staff usually need data, specialized personnel, and
administrative and program resources that can only be
secured from a range of agencies. With these committees
providing a mandate, the regional FSR&D directors and
the field teams can anticipate support from these other
agencies. The government might provide incentives for
such support through the budgeting process. Also, the
FSR&D teams can encourage cooperation by assisting
these agencies occasionally in their technical and training
needs. By building .lines of communication and coopera
tion with other agencies, the FSR&D teams will be prepar
ing for the transfer of their research results to implemen
ting agencies.

Technical Review
As the number of FSR&D teams and activities in

creases, the field teams will not only be undertaking more
on-farm experiments, they will also be requesting more
off-farm research. Some mechanism is needed to review
these requests and to assure that they relate to FSR&D's
central purpose. In particular, the review should consider
the following points:

• The field team's requests for off-farm research
should be incorporated into the country's broad
based research program. The technical review helps
to assure that national research programs and
FSR&D are mutually reinforcing.

• Appropriate groups need to review the scientific
soundness of both FSR&D's on-farm research and its
requests for off-farm research. This will help in con
serving funds and in developing a reputable research
organization.

• On-farm and off-farm research should be reviewed
periodically to assure that FSR&D's activities are
successful in increasing small-farm production.
Such a review (1) reduces the possibility that
research becomes little more than a set of unrelated
activities, and (2) decreases the possibility of
duplication.

• Since budget and manpower are limited, not all
FSR&D research initiatives can be accepted. The
review process helps set priorities for allocating
funds and personnel.

The technical review committee usually consists of
the national research coordinators for the disciplinary and
commodity programs and the leaders of FSR&D. Frequent
ly, this committee will have counterpart committees
within the regions. These committees also participate in
the planning workshops to review research results and to
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plan for next season's activities.

Technical Support
Conducting on-farm research and development re

quires technical and scientific skills that are often not
present among the regular field teams nor immediately
available from the regional headquarters. Consequently,
the national headquarters team can provide timely help
from its technical staff and can secure experts from other
sources.

Logistics
Because working in remote areas can be difficult,

FSR&D management should emphasize field team sup
port. Some possibilities are [1) providing satisfactory liv
ing conditions, (2) authorizing occasional trips to regional
and national headquarters, (3) facilitating team members'
contacts with others doing similar work, (4) publicizing
the team's accomplishments, and (5) meeting the team's
daily work needs. Some items especially important for the
latter are

• reliable and timely transportation, including spare
parts for vehicles

• adequate supplies-e.g., seed, fertilizers, and
pesticides - for conducting experiments

• equipment for taking appropriate measurements
such as those related to climate, soil salinity, and
water quality, and for making calculations-e.g.,
pocket calculators

• provision for travel advances so that team members
are not forced to finance these expenses themselves.

When the field teams operate out of regional head
quarters or an experiment station, many of these services
will be provided. Nevertheless, the FSR&D management
needs to ensure that the field teams' needs are adequately
met.

10.4.2. PERSONNEL MANAGEMENT

Topics under this heading relate to recruitment,
career development, and control of personnel assign
ments.

Recruitment of the Field Teams
Given the rigors of working in isolated areas, the

general practice is to employ young men and women for
these assignments. Many of them may be recent graduates
from universities or vocational schools. However, some of
them may be in their mid-careers with several years of
field service. Those with previous experience in the area
are especially valuable because of their knowledge of local
agriculture, customs, language, organizations, and
dignitaries. Upon recruitment, these members should
receive training in FSR&D as discussed in Chapter 11.

Career Development
Besides the incentives and support mentioned

above, consideration also needs to be given to the long-run
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careers of the field team members. Retaining competent
and motivated staff will help the FSR&.D effort materially.
By the time an FSR&D member has been trained and has
gained three or four years field experience, such a member
becomes a valuable resource to the organization. A career
path should be planned that allows members to use their
skills and experiences in a range of management and scien
tific activities, both in the field and headquarters. These
opportunities will be most easily provided by a healthy
and growing FSR&.D program.

Conventional incentives may have to be revised for
FSR&.D's university-trained staff, who often have
strong if not sharply defined career objectives. The
problem is that advancement among this group has tended
to be based on an individual's record of publications in
recognized journals. Moreover, journal reviewers have
generally not favored articles describing applied or inter
disciplinary topics. The most direct way to overcome this
problem is for FSR&.D management to promote its staff on
the basis of individual and team accomplishments.
Another possibility is for FSR&.D leaders to establish a
technical journal on FSR&.D methods and results.

Control of Personnel Assignments
An important problem in developing countries con

cerns the competing demands placed on scarce scientific
personnel. Under conditions of manpower scarcity, the ef
forts of one region to monopolize the services of
disciplinary or commodity specialists could deprive others
of their services. In brief, too much decentralization
weakens a national research program.

A system needs to be devised that allows for an
equitable, yet rational, allocation and interchange of
scientific personnel in response to both regional and na
tional priorities. Thus, when a field team needs help from
a specialist and one is not within the region, these services
should be provided by other regions or by a national
center. Consequently, FSR&.D's top management needs
enough authority over its staff and the capability of acquir
ing the services of additional staff to meet the overall
needs of the FSR&.D effort.

10.5. THE ROLES OF THE FIELD TEAM

The field team has the principal function of develop
ing improved technologies suitable to farmers' conditions.
The team does this by working with farmers in their fields
and by becoming thoroughly familiar with the farmers'
systems and environment. The team also serves as the
focal point for the interdisciplinary effort involving the
farmers, the disciplinary and commodity specialists, and
the extension service. The field team's role is further
described in the following sections.

10.5.1. THE FIELD TEAM AND THE FARMERS

The first important relationship of the field team is
with the farmers. The field team's success hinges on its
ability to establish credibility with farmers through gen
uine interest and by accomplishments. The team needs to

be aware that farmers may be expecting some im
provements within one or two seasons. Should this not oc
cur, the farmers could lose interest in further cooperation
with the team. Besides improvements to the farmers'
systems, these contacts offer the farmers a more
systematic and institutionalized means for making their
interests known to government agencies.

10.5.2. THE FIELD TEAM AND THE RESEARCH SPECIALIST

The second important relationship concerns the
team and the disciplinary and commodity specialists.
Because of its applied orientation, the field team
sometimes constitutes a distinct group set apart from
disciplinary and commodity programs. This usually
results when FSR&.D emerges somewhat independently of
ongoing disciplinary and commodity research. In those in
stances where the field team is in need of technical
assistance, it must enlist the services of whatever
disciplinary and commodity specialists are available.

This condition contrasts with an FSR&.D program in
which the disciplinary and commodity specialists are part
of the regional headquarters teams. In one of Guatemala's
seven regions, the headquarters team consists of 28 per
sons-one half are university graduates and the remainder
have had specialized training at or above the high school
level.

FSR&.D's mandate largely determines whether the
field teams are an integral or separate part of the country's
overall research effort. Where FSR&.D emerges from a
project-by-project approach, the field team will likely
function more or less autonomously; where FSR&.D has
achieved full program status, an effort is ~sually made to
integrate the field team activities with disciplinary and
commodity programs. Both approaches can be effective.

10.5.3. THE FIELD TEAM AND THE EXTENSION SERVICE

The third important relationship involves the local
extension service in the various FSR&.D activities. The ex
tension service contributes through its staff's knowledge
of farmers, farmers' groups, and local conditions. This in
volvement is formalized when an ESFS is a regular
member of the field team. At other times, ESFSs who are
members of the regional headquarters teams may have
temporary, but specific assignments to work with the field
teams. At other times~ extension staff may informally join
the field teams as the need arises. This collaboration
enables the extension service to become familiar with
FSR&.D and to prepare for the diffusion of the resulting
technologies.

10.5.4. FUNCTIONAL ASSIGNMENTS FOR THE FIELD TEAM

Because of the nature of its work, the field team
needs considerable autonomy over its daily activities.
Within general policy guidelines set by the government
and program direction set by national and regional head
quarters, the field team should be given authority to define
the approach to its work. Several reasons support a decen-



tralized mode of decision making for the field team. In
many instances, research areas are remote and com
munications difficult. A team should not be constrained
from making decisions that sustain a project's momentum
by having to wait for approval from central headquarters.
Secondly, the team's level of effort and morale should be
enhanced when it helps define its role and work style.

The field team should also be given sufficient
autonomy to pursue alternative approaches for securing ef
fective farmer participation. In this effort, the relationship
between the field team and the farmers is cmcial. Farmers
need to know that the team values their insights and will
use this information when designing on-farm exper
iments.

Should the field team become an appendage of an
agency's mainstream activities with instmctions be
ing imposed from above, the FSR&.D effort will be de
flected from its original purpose. This does not mean that
field teams should not be guided or supervised; it does
mean that such guidance and supervision should be in
harmony with the integrity of the team as a decision-mak
ing unit.
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10.5.5. COMPOSITION AND ORGANIZATION
OF THE FIELD TEAM

Since the field team is such a key element in
FSR&D, further attention needs to be given to its staff and
organization. This discussion focuses on team size and skills
and internal management.

Team Size
In examining existing practices, the effective core

groups generally range from two to five (sometimes up to
seven) professionals occasionally with two field assistants
for every professional. The size of the field staff is largely
determined by these factors:

• If the technical demands of the project are relatively
limited, the basic FSR&D tasks are easier to perform
with a smaller field staff. When the FSR&D ac
tivities become complex, a larger staff is required.

• If enough trained personnel is not available, teams
may have to remain small. Even though small, a
team can be effective when the staff members are
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sufficiently skilled and experienced.
• If the experiments are widely separated, a larger

team may be needed with the members being di
vided into groups that serve different areas.

The recommendation on team size rests with the
characteristics of the situation. An advantage of large
teams is that greater interdisciplinarity occurs because of
group dynamics. Group dynamics entails the mutually
supporting effects of greater interactions among team
members. A large field team also provides greater project
visibility and legitimacy in the research area. On the other
hand, some individuals work more effectively in small
groups. Also, large groups require skilled leadership if ef
forts are to be effectively channeled.

Team Skills
The preferred mix of skills within a field team

depends on several factors, including FSR&D's emphasis,
the degree of change anticipated, and the level of in
teragency cooperation. More specifically:

• In those situations where many system components
will be investigated, several specializations should
be represented on the team. For example, changes in
volving interactions between cropping and animal
systems will require both an agronomist and an
animal scientist. Where the farm family is poorly
understood, a social scientist should be included in
the team.

• In many instances, certain technical problems will
demand intensive and sustained attention. For ex
ample, in those situations where weed or insect
problems loom large, a weed agronomist or en
tomologist should be on the team.

• Where major structural changes will be introduced
into the system, a diversity of specializations will be
needed.

• In many instances, an ESFS should be added to the
field team to increase the direct involvement of the
extension service.

The above factors suggest the variability of skills
needed to conduct on-farm research. In some cases, where
the team's tasks are defined in narrow production terms,
the staff might include one to three agronomists and one
or two agricultural economists. In other instances, where
the team's mandate is to address all major components
within the production system, the team's skills should be
more diverse and specialized. For example, the suggested
composition of a field team for agricultural research in
Senegal was a general agronomist, an entomologist, an
economist, a sociologist, a subject matter specialist-Le.,
a specialist to act as a bridge between research and exten
sion- and an animal scientist. In Appendix 10-A we pro
vide additional details on the organization and staffing of
agricultural research in Senegal.

In many cases individuals with specialized skills
may not be available for full-time service. In these in
stances, the team may look to regional and national

FSR&D headquarters, as well as to others such as local ex
periment stations, universities, research institutes, and
development organizations. In some cases, the best source
of help outside the FSR&D organization wiil be from
regional administrators of agriculture or rural develop
ment when they have responsibilities for coordinating
local activities and have strong linkages with national
headquarters.

Besides their formal education, the core staff should
have additional skills. First, they should have a basic
understanding of farming. This capacity, which enables
them to communicate with farmers in the farmers' terms,
is essential in understanding the technical and manage
ment dynamics of small farming. Second, each team
member should be proficient in learning about farmers'
goals, needs, and perceptions. The value of such com
munication should not be underestimated, because con
structive exchange between team members and farmers
constitutes the basis for effective on-farm research.

Finally, where the numbers of scientists and techni
cians are severely limited, some initial scaling down of re
quirements will be necessary. Consequently, the recom
mendations in this section should be viewed as goals for
attainment, rather than requirements.

Internal Management
Once a field team is in place, the tasks and workload

are allocated among its members. In brief, the core team
needs a management procedure for coordinating its ac
tivities. This entails appointing one member as team
leader. This individual will perform three management
tasks: (1) request assistance from various specialists and
coordinate their work with the field team, (2) secure the
cooperation of local government and other agencies, and
(3) integrate the team's goals and activities with those of
the FSR&D hierarchy. These activities can best be under
taken when the leader is mature and evokes the confidence
of team members and local institutional counterparts.
Likewise, the leader should understand how research fits
into the larger process of agricultural and social change. (In
Sec. 10.6.1., we provide additional comments on team
leadership. )

When FSR&D activities increase in pace and scale or
when on-farm research activities are dispersed, some
management functions will need to be delegated to other
members of the field team. When work is dispersed, some
team members may wish to remain in their areas, thereby
reducing travel time and increasing farmer contacts. The
field team's leader can operate out of the team's central of
fice and visit the other members as necessary.

10.6. INTERDISCIPLINARY TEAMWORK

We discussed interdisciplinarity as one of the dis
tinguishing features of FSR&D in Sec. 2.4.4. and we have
emphasized an interdisciplinary approach throughout this
book. Indeed, FSR&D offers a rich opportunity for the
application of interdisciplinary research techniques.
Successful FSR&D requires many things, but an inter
disciplinary approach is one of its fundamental re-



quirements. In this section, we will first discuss a general
model for successful interdisciplinary teamwork and then
discuss its applicability to FSR&D.

FSR&D requires interdisciplinary teams-i.e.,
teams whose members represent different professions or
disciplines. Although much is written about inter
disciplinarity and its definitions, the key ingredient for
true interdisciplinarity is interaction. This interaction in
variably leads to synthesis and synergism. Synthesis of
knowledge among interacting disciplines produces new
ideas, concepts, and solutions. This productive interaction
is called synergism. Synergism implies that the whole is
greater than the sum of the parts. A distinction should be
made between multidisciplinary, which simply means a
combination of disciplines, and interdisciplinary which
implies a combination of disciplines with frequent and
significant interaction.

Generalizations pertaining to interdisciplinary
management should be treated with the same caution as
any management prescription. What works in one situa
tion may not work in another. This is especially true in
the international field where large cultural differences are
encountered. Thus, the following "model" for inter
disciplinarity is intended as a guide for integrating in
dividual situations.

10.6.1. A MODEL FOR INTERDISCIPLINARITY

We shall use the squash drawn in Fig. 10-3 as our
model for interdisciplinary teamwork. The essential com
ponents of this model are a core of competent and
dedicated workers; fleshed out by adaptive and balanced
leadership; held together and enhanced by frequent and
open communication; and supported by an institutional
framework that understands and rewards the extra time,
effort, and costs associated with successful interdis
ciplinarity.

Competent and Dedicated Workers- The "Core"
Quality interdisciplinarity demands quality in the

component disciplines, regardless of the disciplines of the
team members. Below are several other reasons for seek
ing only those who are highly competent in their
disciplines. Those who have a successful disciplinary
record command the respect of others. Furthermore, a
competent individual with a proven record is usually sel£
reliant and feels less threatened by interdisciplinarity,
which often generates insecurity because it follows new
courses of action or pioneers new techniques. Finally, the
professional who is well-grounded in a discipline is in a
good position to understand others' paradigms. l But
whether the professional chooses to do so or not is partly a
matter of personality. This respect for the knowledge that
each team member brings to a joint effort is critical to the
success of interdisciplinary teams. We shall discuss this
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Figure 10·3. A model for Interdisclpllnarlty.

STEM
(Institutional Support)

point further under "leadership."
The second major ingredient of the core is dedica

tion. This dedication must be focused on the goals of the
interdisciplinary effort. Members of the team must have
enough commitment to the project or program goals that
they are willing to endure the difficulties of collaboration
to achieve these goals. Thus, the team leader and those
who share the responsibility of achieving the inter
disciplinary goals should have a major role in selecting
team members.

Although desirable, an agreeable personality is not a
necessary attribute for an interdisciplinary team member.
Unfortunately, high motivation and competency are not
always combined with highly personable individuals. In
contrast, assignment of individuals who are not fully com
mited to team goals or who lack competency in their own
discipline almost ensures failure of an interdisciplinary
team.

Leadership - The "Flesh"
Given staff who are competent in their disciplines

and are strongly committeed to interdisciplinarity, the
leader must develop a collaborative style that enables each
member to fully contribute to the team's goals. Although
many leadership characteristics- are important, certain
characteristics are critical to successful interdisciplin
arity.

As with other team members, the leader must be
competent in one of the disciplines relevant to the team's
assignment and be committed to interdisciplinarity. The
leader must be sensitive to differences between the
members' disciplines. Each professional has, to some

IParadigm is the set of concepts, methodologies and vocabulary associated with a particular group or discipline at a given time. For
example,plant breeders work under a generally accepted set of assumptions, use common research approaches, and have a set of terms
that have special and carefully defined meanings for them.
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degree, a paradigmatic reference for viewing and solving
problems. This paradigm is part of the professional's train
ing and involves not only a mental framework for ap
proaching problems but also the use of terms with
specialized meanings. These two characteristics combine
to form a set of mental "tools" common to that profession.
An interdisciplinary leader should not only understand
these professional differences, but should also seek to pro
mote an appreciation for the differences among the team's
members.

Kuhn (19701 presents a thorough discussion of
paradigms, their relevance to science, and how they relate
to changes in scientific thought. Among the important im
plications for interdisciplinary research are these:

• A paradigm is both determined by and determines
those who share it.

• Because a paradigm tends to produce a strongly fo
cused view by those who subscribe to it, com
munication across paradigms is difficult and may
cause conflicts.

• Typically the more able scientist belongs to several
paradigmatic groups-usually closely related-and
is more open to the paradigms of others.

• Understanding a paradigm involves knowledge of
the symbolic generalizations, shared commitment
to certain beliefs, common values, and similar
frames of reference for problem solving inherent in a
specific paradigm.

In large measure the leader's success depends on the
ability to bring together, in a synergistic manner, the
unique perspective and competency of each member to
common goals. Closely related to achievement of this task
is the leader's ability to balance flexibility and authority in
dealing with team members. The leader must be firm in
bringing the team to a decision on the what and when of
component tasks but should leave the how to the in
dividual and collective ingenuity of the team. This re
quires a delicate balance of decisiveness and patience on
the leader's part.

A good summary of the theories underlying and the
characteristics associated with balancing task-oriented
with people-oriented styles-Le., concern over ac
complishing tasks versus concern over people's feelings,
motivations, etC.-can be found in Reddin (19701. Among
the indicators Reddin gives for the "integrated" manager
are (II capability to harmonize institutional and individual
goals, (21 reliance on common aims and ideals as the
source of authority, (31 ability to use a variety of par
ticipatory techniques, (4) capacity to depersonalize
authority, and (5) ability to develop a highly cooperative
~pproach toward achievement of organizational goals.

Another important trait of a successful inter
disciplinary leader is adaptiveness. The leader must use a
variety of styles and techniques depending on the issues
before the team and the stage of the team's effort. When a
leader is not capable of such adaptiveness, then alternative
strategies are needed, such as rotation of leadership among
team members, or strong delegation of leadership tasks.

These approaches, however, cost the team time and effort.
Team effectiveness can be increased through certain

exercises. Examples of useful exercises are described in a
handbook by Merry and Allerhand (19771. The basic steps
they recommend in team development involve the follow
ing:

11 brief problem-sensing
21 examining effects of differences in perception
31 listening and clarifying
41 giving and receiving feedback
51 looking at process and content
61 developing interactive skills
7) personal contracting with team members
8) follow-up procedures.

Another excellent reference on team building that includes
a description .of 46 team building activities is the manual
by Francis and Young (1979). To illustrate their approach,
we provide two of these activities in Appendix 10-C.
While useful, these exercises should be used judiciously
since most are derived from Western experiences.

One of the most direct exercises in team building is
to continuously refine objectives and tasks within the
generally agreed upon goals for the team. For simplicity,
we use a hierarchical arrangement of terms: "goals" are the
general purposes of the team effort, "objectives" are the
special targets to be achieved in reaching the goals, and
"tasks" are the jobs undertaken to achieve the objectives.

Definition of goals can generally be achieved readily.
Team members should be chosen who subscribe to these
goals. Experience has shown that teams sharing common
goals may still have difficulty defining and agreeing upon
objectives. Thus, one of the major roles of the inter
disciplinary leader is to bring about agreement on team ob
jectives and to translate them into tasks. Delineating and
assigning tasks and implementing work is also difficult.
Consequently, a great deal of open discussion is needed
during the initial stages. This process of objective and task
refinement needs continual feedback throughout the team
effort and requires skilled leadership in problem solving,
decision making, and implementing the results. At the
same time, this process provides an ideal opportunity for
the leader to build and maintain a strong collaborative
team.

An additional value of refining the objectives is the
continual evaluation of individual and team progress.
Careful identification of the measures of accomplishment
for each objective offers bases for measuring individual and
team performance. Because a team functions best when all
members contribute, tasks and responsibilities should
be clearly assigned, monitored, and corrected, when
necessary.

Frequent and Open Communication- The "Skin"
Communication has been discussed somewhat

under "leadership. II Obviously much time must be spent
in open give-and-take discussion in clarifying team objec
tives. Communication in interdisciplinary teams must be
open and continual. The first and foremost responsibility
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of the team leader is to ensure that this occurs, but each
team member must make the extra effort to help. No clear
choice as to the best way to achieve effective communica
tion can be prescribed. However, one almost universal
complaint from interdisciplinary teams is that the team
members did not spend enough time during the initial
stages of their work together. When available, a specIalist
with experience and graduate degree training in group
dynamics and interpersonal communications should help
the team develop these skills.

If sufficient effort has been invested initially, then
the preferred model is to keep communications on an in
formal, need-to-know basis. Periodically, the leader
should arrange a group review of progress toward objec
tives. Other actions by the leader to facilitate team in
teraction include common task assignments and having
members work at the same location. The leader must pro
vide the opportunity-i.e., time and space-for interac
tion.

Serious problems often develop when team members
are at separate locations. When separate locations are
necessary, the leader must exert extra effort and ingenuity
to promote interactions among the team. Techniques in
clude shared work plans, conference calls, site visits,
delegation of leadership tasks, and social events.

Institutional SUppOIt- The "Stem"
Interdisciplinary efforts frequently cut across

established institutional boundaries. In trying to foster in
terdisciplinarity, institutions should (1) assign a capable
team leader, (2) delegate authority to the team leader in
selecting team members, (3) allow sufficient time for
teams to learn how to work productively before judging
the results, (4) ensure adequate financial support, and (5)
give a clearly defined reward for the team as well as for in
dividual performance.

Selecting a good leader, from individuals with
limited or no experience leading interdisciplinary teams,
is not always possible. Those in authority must be
prepared to change leadership whenever the leader does
not perform satisfactorily. The team will provide plenty of
indications when such action is warranted. If difficulties
in leadership arise, an outside trouble-shooter may be
needed to aid the team leader in resolving the difficulties.
When the problem cannot be solved promptly, leadership
may have to be changed.

A frequent mistake when establishing inter
disciplinary teams is for higher authorities to force some of
their staff to become members of the team. The team
leader should resist such attempts and insist on having a
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major role in selecting team members. Because staff selec
tion is so important, higher authorities should allow team
leaders freedom in selecting their staff. Otherwise, the
authorities cannot logically hold the leaders responsible
for accomplishing their objectives.

Decision makers need to realize that while inter
disciplinary approaches may take more time and resources
than disciplinary approaches, the interdisciplinary ap
proach may be the only effective way to produce satisfac
tory results. In this sense, the interdisciplinary teams can
be truly cost-effective. Unless management believes in
the approach and is willing to make a full commitment,
interdisciplinary teams should not be formed. Although
some of the complexities may be anticipated, too often the
full range of complexities are not. Without an understand
ing of the time required to reach fully effective teamwork,
interdisciplinary activities may be halted before they have
had a fair chance of succeeding.

Finally, rewards should be provided for inter
disciplinary team members. This is difficult because
separating an individual's contribution from the team's is
often complex. Several management practices can be used
to offset these difficulties. Each team member should
receive a reward based on the team's performance. Further,
the team leader should rate each individual's contribution
to the team's output. Where appropriate, team members
may also be asked to rate fellow members' contributions.
When interdisciplinary teams are temporary and members
come from different organizations, the team leader and
higher management should inform these other organiza
tions of the team members' contributions to the team. Fur
thermore, provisions are needed to ensure that these other
organizations do not penalize team members because they
are not contributing directly to the parent organization's
activities.

10.6.2. APPLICATION OF INTERDISCIPLINARITY TO FSR&.D

Application of the foregoing concepts to FSR&D
relates to a number of general and specific considerations.
We present these considerations in the following two sec
tions.

General Considerations
FSR&D is an interdisciplinary effort reqUlnng at

least one and usually more interdisciplinary teams.
Therefore, FSR&D management needs to consider the im
plications at the different levels of operation and provide
suitable conditions for interdisciplinary teamwork.

Leadership in FSR&D may be a critical factor in many
developing countries because of the overload on existing
staff. When qualified national leaders are not available, a
country's decision makers will have to decide whether to
entrust the leadership of a new FSR&D project or program
to foreigners or to wait until the local staff can be properly
trained. In view of the desirability of local leadership, such
responsibilities should not be given to expatriates for more
than the first one or two years of an FSR&D activity. By
that time, the local staff should have received accelerated
training in FSR&D and have learned FSR&D processes and

methods under the expatriates.
Because FSR&D requires a long-term commitment

by a variety of disciplines, the core teams in the research
areas and in regional and national headquarters should be
assigned to their positions for at least one and possibly
several years. Rotations among these locations are useful
in acquainting team members with a range of situations
and activities.

When bringing new members into these groups,
assignments should be on a trial basis. The judgment of
the team leader along with team members should deter
mine if the new member is to be given a regular position.

In Sec. 7.4.1., we described a helpful device when
deciding on assignments whereby members of the FSR&D
team are asked to write their job descriptions according to
their interpretation of team goals and objectives. Team in
teraction leads to a workable set of descriptions and
criteria for evaluating performance and, consequently, for
setting responsibilities. Moreover, this device encourages
better understanding of how each team member con
tributes to team goals and objectives. Any serious disagree
ment among the members should be resolved before
finalizing the job descriptions. This same general process
can also be used for (1) preparing lists of equipment, sup
plies, and related needs and (2) for adjusting team objec
tives and tasks in light of new or unexpected cir
cumstances.

A work plan needs to be developed, which is the
"glue" that holds the team together. This work plan should
contain a summary description of the above activities, a
schedule for their completion, and a set of times or condi
tions for staff meetings. Finally, the entire team needs to
review and approve the work plan.

In some developing countries, problems among the
disciplines are less acute than in the industrialized
economies because of the staff's education. For instance,
many of the professionals engaged in FSR&D in
Guatemala have common agronomic training. Thus, hav
ing to learn the idiosyncrasies of other disciplines is not as
frequent or urgent. Other approaches that help keep
disciplines from dividing into self-interested groups is to
focus on solving farmers' problems and to measure team
success through farmers' acceptance of new technologies.
With such a focus, individual disciplines are able to iden
tify the nature and value of their contributions to the team
effort.

On the other hand, problems can arise. One type of
problem may occur when interdisciplinary teams are
formed by assigning staff from more than one ministry.
When this occurs, the team leader needs to be sure some
members are not discriminated against because their
parent ministry does not place as high a value on the
team's activities as the other ministries. Another type of
problem arises when 11) a discipline's members feel
superior or inferior to the other members, or (2) members
do not value small farmers or agriculture highly. These
feelings can block effective team interactions and are
especially critical when the discipline is key to the team's
success. When these instances arise, FSR&D's leaders
should take corrective action at the outset. Possibilities
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include moving the project to another ministry or chang
ing team membership.

Other problems can arise within interdisciplinary
teams that are older and more established (Pelz and An
drews, 1966). These authors suggest two concerns relevant
to FSR&.D. One is that teams do not remain open and flex
ible to new ideas and approaches. This problem may be
alleviated by adding new members from time to time and
by presenting the team with new challenges. The nature of
FSR&.D is such that the latter will usually happen of its
own accord. Another concern is that over time the team
may become less action oriented when its leader becomes
more facilitative and less directive. W~en this occurs, the
leader's contribution as an orchestrator of group processes
should probably be augmented by more active leadership
from those with strong technical capabilities.

Specific Considerations
Each of the FSR&.D activities offers a variety of op

portunities for developing effective interdisciplinary team
work. Following are some suggestions and examples from
actual practice.

Selection of the target and research areas gives the
FSR&.D team an early opportunity to develop an inter
disciplinary approach. Criteria for selection as well as con
sensus on final choices is an important team building op
portunity.

During problem identification, members with dif
ferent disciplines work together on a single task. Each
draws on the experiences of the others in finding out what
the farmers' most pressing problems really are.

In Guatelnala, social scientists are paired with
agronomists during the reconnaissance surveys (we pro
vide more details in Appendix 5-Q).

Opportunities for interactions among the members
are enhanced by having the pairings change each day. Re
searchers are encouraged to view the whole farm rather
than the narrow perspective of their own discipline.
Hildebrand (personal communication) has characterized
the initial stages of these surveys as one in which en
tomologists look for insects and soil scientists gather soil
samples; but by the time their work is finished, each has
given up looking at just his or her own specialty and con
centrates on identifying the key· factors confronting the
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farmers. Thus, a shortage of labor during critical planting
periods might be identified by any member of the team and
not be left to an agricultural economist.

In the above example team members are encouraged
to look beyond their disciplines by having them write
about other disciplines. In writing these reports, they have
access to specialists knowledgeable in the various sub
jects. The idea is to encourage members to view farmers
and their environments from other vantage points and to
begin to learn the terms and concepts of other disciplines.
In this way, for example, agronomists will learn
something about calculations of economic profitability
and social scientists will learn something about the ex
perimental designs for crop and animal studies.

Planning on-farm research begins with a workshop
to ensure interaction of all relevant specialists. The team
leader needs to see that some individuals do not exert un
due influence on the team because of their status, ex
perience in the region, or similar reasons. All members
should look at the whole system and be free to offer sug
gestions on all components, not just on topics pertaining
to their disciplines. Alternative hypotheses should be
identified. One method for this is through brainstorming
sessions in which ideas are quickly and freely offered
without thought as to their eventual practicality. After an
ample list of possibilities has been identified, further
study will show which possibilities to consider more
carefully. Such an approach broadens the range of
possibilities and helps to avoid settling too quickly on an
inferior plan of action.

On-farm experiments offer further opportunities for
team building. Zandstra et a1. (1981) suggests:

"Development of strong [interdisciplinary] ties can
also be assisted by the engagement of the whole
team in field operations normally under the respon
sibilty of a single team member. For example, the
entire team may participate in initial survey ac
tivities or selection of plots for pattern trials or
design of specific component techpology trials. Also,
members should visit each other's trials and discuss
the implications jointly. For example, the establish
ment of grain legumes after rice is an area where
several disciplines overlap. Standing rice stubble
helps suppress early season legume pests. It also
changes water losses right after rice harvest and
together with minimum tillage planting techniques
can save residual soil.moisture. Omission of tillage
requires the development of special planting tech
niques and the evaluation of weed control re;.
quirements. Where planting techniques require
substantial labor or specialized equipment, the opin
ion of economists about farmers' acceptance or
limits to expenditures must be considered."

This example illustrates the need for interdisciplinary
teamwork in FSR&D and some of the opportunities for its
accomplishment.

Finally, other opportunities will naturally present
themselves during this and the remaining activities in the

FSR&D process. In some cases, daily interaction is needed
between researchers dealing with rangelands, livestock,
crops, soil conservation, farmer preferences, societal con
straints, and economic matters. Such interactions are
especially pertinent when designing experiments, drawing
up terms of reference for studies, and evaluating the
results. Frequent interaction and cooperation should help
break down the too-often-encountered practice of in
dividuals narrowly guarding their sources of data. These
and similar suggestions should improve interdisciplinary
teamwork, which is so essential to successful FSR&D ac
tivities. We provide a checklist for successful inter
disciplinarity in Appendix 10-D.

10.7. GETTING STARTED

Because most decision makers know how to imple
ment new projects and programs in their countries, this
section will be short and will concentrate on technical
and financial assistance.

Decision makers and their staff-possibly an ad hoc
committee-will probably decide on an FSR&D approach
after having met with various leaders who are concerned
with research, extension, and agricultural production. The
need for change and the relative advantages of FSR&D
will, most likely, have been established through careful
study. Should a country decide on a scaled-down approach
or have sufficient funds of its own, the country can begin
preparing for FSR&D immediately. More likely, the
government will want to seek funds from extemal sources to
assist in implementing the project or program.

A variety of sources are available to help in this pro
cess. These include

• the foreign aid programs of many, if not most, of the
industrialized countries

• regional development banks and the World Bank
• regional agricultural research centers such as the

Tropical Agricultural Research and Training Center
ICATIEJ in Costa Rica and the Group for Studies and
Research in the Development of Tropical Agronomy
(GERDAT) in France

• international agricultural organizations such as the
Consultative Group on International Agricultural
Research (CGIAR) and the Food and Agriculture
Organization of the United Nations (FAO)

• private foundations such as Ford and Rocke
feller.

A common practice is to have one or more con
sulting teams assist the country in preparing an evaluation
of the technical, organizational, and economic feasibility
of undertaking such activities. The United States Agency
for International Development (USAID) customarily re
quires some form of preliminary evaluation that provides
the basis for deciding whether or not to proceed. If this
outcome is favorable, the next step is to prepare what
USAID calls a Project Paper. Those preparing this docu
ment look into the above mentioned types of feasibility
and related issues and come up with recommendations for



action. If the FSR&D approach still appears favorable and
the recipient government agrees with the findings, the
Paper becomes the basis for drawing up a funding agree
ment between. the government and USAID. This agree
ment may be a loan, grant, or both. Financial assistance of
this sort is usually accompanied by technical assistance
that aids the recipient in implementing the program and
helps assure the lender or donor that the funds are used as
intended.

Such financial assistance may provide for the costs
of expatriate advisers, equipment and materials purchased
abroad, sometimes domestic purchases, and training.
Some of the training will be formal- often received
abroad- but much of it will be informal. Funds for infor
mal training can be used for (I) sending staff to places like
CATIE and the International Agricultural Research
Centers lIARCs) and to seminars and short courses at
universities and (2) bringing in materials and specialists
to give instructions within the recipient country. Training
will be discussed more thoroughly in Chapter 11. Finally,
a portion of the funds may be set aside for conducting one
or more types of evaluation studies that report on progress
and help improve performance.

10.8. EVALUATION OF PRO,ECTS2

Projects are evaluated to learn about their perfor
mance and how to improve them. More specifically, such
evaluations 11) provide insight about project activities and
effectiveness, (2) suggest ways to improve project designs
and operations, and (3) provide a basis for reaching deci
sions on financial and technical support. Evaluation is
aided when the bases for evaluation are established during
the project design.

The discussion that follows relates to the evaluation
of project accomplishments rather than to analyses of new
technologies as discussed in Part 2 of Chapter 7. The
distinction between analysis in Chapter 7 and evaluation
in this section is a matter of scale. In Chapter 7, we con
centrated on the acceptability of new technologies to in
dividual farmers, whereas evaluation in this section refers
to acceptability of project results to project managers,
high-level decision makers in the government, and to
funding organizations.

10.8.1. TYPES OF EVALUATION

Evaluations can be divided into three basic
categories: built-in evaluations, special evaluations calling
for intensive reviews, and impact evaluations. Which of
these to use depends on available resources, the needs of
the situation, the preferences of host country officials, and
the requirements of donors or lenders. We discuss these
and related issues below.

Built-in Evaluations
Built-in evaluations are intended to provide a
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periodic appraisal of project accomplishments and prob
lems and to help improve project activities. These evalua
tions are designed to occur at prescribed intervals - usually
after critical points of accomplishment and in time to
make necessary changes. Evaluation plans should be
prepared during project design and made an integral part of
the overall project. Initially, the plans may be only rough
drafts, with details developed later. The purpose of these
early drafts is to identify the information needed so that
data can be collected as activities evolve. Such data are
then used in the evaluations.

These evaluations provide a series of links between
those responsible for managing the projects and those
responsible for their financial and institutional support. In
this way, evaluation findings can improve current opera
tions and can aid in future designs.

Special Evaluations
As the name implies, special evaluations are con

ducted for non-routine reasons, as when some part of the
project needs intensive investigation. These occasions
might arise when (I) management encounters problems
that it cannot resolve by itself, 12) an opportunity arises
that suggests possible changes in the scope or intensity of
activities, or (3) something is sufficiently interesting to
warrant special attention. Where unbiased appraisal of ac
tivities is needed, as when a project is in difficulty and the
involved groups agree to this type of evaluation, a special
review team may be contracted to do the study. In prin
ciple, this team of experts should have no vested interests
in the outcome; however, finding such individuals may
not be easy.

Impact Evaluations
These evaluations are usually conducted after the

project is completed so as to comprehensively review the
experiences and impacts of the project. Results can be used
as a basis for policy formulation, design of future projects,
and funding similar activities. This type of evaluation
normally involves project members because they are
familiar with the project's problems and accom
plishments. Particularly difficult aspects of such evalua
tions are (1) lack of information about the conditions and
aspirations for the project as originally designed, (2) what
conditions would have been like had the project not been
undertaken, and (3) the time lag for project actions to be
felt. For these reasons, results of impact evaluations need
to be judged cautiously and used primarily to gain impres
sions about the value of project activities. For a recent
review of the World Bank's experiences in impact evalua
tions see Weiner (1981); and for examples of evaluations
completed by USAID, see the studies of small farmer ac
cess roads in Colombia (1979), Kitale maize in Kenya
(1980a), and the impact of rural roads in Liberia (1980b).

An effective approach to impact evaluation, which
largely dispenses with base-line studies, is to use farm
records to measure farmers' acceptance of change. Com-

1For easier reading we will refer, in this section, to projects and programs simply as projects.



bining rates of acceptance, the degree of change, and the
potential number of farmers who might accept the change
will give a good base for judging overall project impact.
Hildebrand (1979) describes the process by ICTA in
Guatemala as:

"The evaluation of impact is being ac
complished through the use of the farm records be
ing kept in each one of the work areas. There are not
enough resources in the Institute, nor especially in
[the Rural Socioeconomic Unit], to conduct the cen
sus type survey that would be required periodically
to monitor impact and use of technology on a more
adequate basis. However, it is felt that the data ac
cumulated over time from the farm records suffi
ciently demonstate trends in adoption of the
technology being utilized and is an appropriate
substitute for a benchmark study and follow-up
studies for which the Institute has inadequate
resources. "

10.8.2. WHICH TYPES OF EVALUATIONS TO USE?

Perhaps the most frequent and useful approach is the
built-in evaluation in which teams are brought in to ap
praise accomplishments and to offer suggestions for cor
rective action. Special evaluations should be undertaken
only as the need arises. Impact evaluations have their
usefulness in supporting future activities; however, future
support is often forthcoming because of perceived needs
rather than because of reviews of past activities. Possibly
for this reason, widespread acceptance of impact evalua
tions has been slow.

10.8.3. DEVELOPING EVALUATION PROCEDURES

Evaluation procedures will vary according to (1) the
type of evaluation, (2) the particular needs for conducting
the evaluation, (3) data availability, (4) organizational re
quirements, and (5) the preferences of the evaluation
team. USAID has developed an evaluation procedure called
the Logical Framework that it has used since the early

1970's. The approach is a systematic means for linking
project inputs with outputs based on assumptions of
causality. The method forms one of the principal parts of
project justification when preparing the Project Paper and
is the basis for subsequent studies of project impacts.

In brief, the approach requires identification and nar
ratives on project goals, purposes, outputs, and inputs.
Goals refer to broad-gauged factors such as increases in the
level of production or income of particular groups. Pur
poses refer to specific accomplishments that contribute to
the attainment of the goals. Outputs are measures of per
formance in accomplishing the purposes. Finally, inputs
are the factors needed to change the outputs.

As may be apparent, careful thought is needed to
relate the contribution of inputs to outputs, outputs to
purposes, and purposes to goals. In the process, the analyst
is forced to identify indicators that can be used to verify ac
complishments and to state the assumptions on which
these relationships are based. While the process is com
plex when each aspect is considered in detail, in practice,
USAID uses the approach for guiding the analyst through a
logical thought process. The process produces better proj
ect designs and analyses than in the absence of such a
method.

We provide further details on the Logical Framework
in Appendix 10-E.

10.8.4. A CAVEAT ON EVALUATIONS

Project evaluations are important to the develop
ment process because they aid in identifying successes and
failures and provide some of the reasons. Moreover, some
form of evaluation will be made of a project whether or not
procedures are established. Consequently, we favor at
least some orderly and reasoned approach rather than none
at all.

Nevertheless, evaluations are not easy, as implied
earlier, and care must be taken not to confuse surrogate
measures of accomplishments with the real thing. By that,
we meanthat project managers and their superiors may set
up targets of accomplishment, such as (1) levels of expen
ditures against the budget, (2) number of full-time
employees, (3) number of trials and tests conducted, and
(4) number of contacts with farmers. But these are
primarily measures of activities, not accomplishments.
Where direct cause and effect relationships exist between
activities and results - and sometimes they do - then these
measures serve as meaningful surrogates for the tme goals
of a project. What is really wanted, however, are introduc
tions of new technologies and other factors to improve
farmers' welfare. The latter can be measured and
evaluated, but the process is more complex and takes more
time.

Another warning on evaluations is that those being
evaluated may feel threatened by both the process and the
results. Especially those evaluations directed to "finding
out what went wrong" can create splits among the team
members and cause other problems. Consequently, when
considering project reviews, top management should be
aware of these types of problems when it decides on (1) the



need for review, (2) the type of review, (3) who should do
the review, and (4) the use to be made of the results. One
way to lessen potential problems from evaluations is to in
form team members when they first come onto the project
that evaluations will be made and about the purposes of
the evaluations and the uses of the results.

10.9. PROJECT AND PROGRAM MANAGEMENT:
A TWO COUNTRY PERSPECTIVE

We will now examine two cases to illustrate how
some of the foregoing organizational and management
aspects of FSR&.D are being applied. In Honduras,
agricultural research effort is being restmctured to em
phasize the FSR&.D program and in the Philippines,
FSR&.D projects are being expanded. Each example pro
vides some insight into different organizational modes.

10.9.1. AN EXAMPLE FROM HONDURAS

Recently, the government of Honduras reorganized
agricultural research to focus on increasing small farmers'
production. Because more agencies are providing services to
small farmers than before, a farming systems approach was
selected to help in securing adequate cooperation among the
agencies.

A national level advisory committee for agricultural
research has been proposed. Its members represent the exten
sion service, credit agencies, farmers' organizations, the
agricultural education Institutes, and other relevant organiza
tions. This committee serves the General Directorate by pro
viding advice on basic policies and priorities relating to
agricultural research. Similar interagency consultative com
mittees are to be established for each of the country's seven
regions. There, they would advise the regional directors for
agricultural research.

The National Director of Research Is responsible for the
FSR&D program In general, but much of FSR&D's activities are
under the control of the regional directors of agriculture. The
National Director operates out of the capl.tal city and Is part of
the General Directorate for Agricultural Operations, which in
turn is part of the Ministry of Natural Resources. The National
Director and his staff (1) facilitate linkages between agencies
on major policy and administrative matters and (2) assume a
major role in reviewing research proposals from the regions
and in authorizing their budgets. A central research station
is located at the country's main experiment station near
the capital. Activities at the station include training and super
vising, and supporting research undertaken in the seven re
gions.

Within each region, a farming systems team Is being
recruited and trained to undertake on-farm analyses and to
test new technologies. These field teams Interact closely with
the regional experiment station, where disciplinary and com
modity scientists provide technical support. On request of the
field teams, these scientists undertake research relevant to
FSR&D.

The administration of research Is decentralized down to
the regional level. Each regional director for agricultural
research provides administration and support services for
research· in the region. Technical review committees are
established, consisting of technicians from headquarters staff
and the central experiment station. These committees review
the research projects for each area In terms of technical
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soundness and overall impact. (We provide additionallnforma
tlon on the Honduran program In Appendix 10-B).

10.9.2. AN EXAMPLE FROM THE PHILIPPINES

In the Philippines, cropping systems projects have been
underway for several years. Administrators plan to expand the
activities to eight new research areas. These areas will be
located where the government has embarked on major
development programs. Considerable attention is being
devoted to assure that off-farm institutional linkages and
management needs will support on-farm activities.

At the national level, a Multiple Cropping Committee has
been formed with representatives from (1) the Philippine Coun
cil for Agricultural Research, (2) the University of the Philip
pines, (3) the Bureau of Plant Industry of the Ministry of
Agriculture, and (4) the International Rice Research Institute.
This Committee serves as a staff agency to the National Food
and Agricultural Council. This Council is chaired by the
Minister of Agriculture and includes the heads of all the Impor
tant national agencies Involved in agricultural development,
such as credit and the national grain authority. The deputy
director of the Council also serves on the Multiple Cropping
Committee. In effect, the Council and the Committee generate
interagency coordination and support for the FSR&D projects.

The function of the Multiple Cropping Committee Is to
plan and monitor the entire FSR&D effort. The Committee has
a permanent secretariat of six who have bachelor's or master's
degrees In the agricultural or social sciences. The Committee
visits the field teams and monitors their work regularly. The
field team members are permanent employees of the Bureau
of Plant Industry, which has the responsibility for imple
menting research results. Since the Bureau is staffed primar
ily by agricultural scientists, it has a contract with agri
cultural economists to work with the field teams. Additional
staffing needs are coordinated through the MUltiple Cropping
Committee that, in turn, draws on government and university
staff.

In summary, the Bureau of Plant Industry Implements
the FSR&D activities, whereas the Multiple Cropping Commit
tee provides high-level technical advice and back-up services
to support the program. The Committee facilitates coordina
tion at the national and regional. levels and refers policy mat
ters to the Council.

10.10. A SUMMARY PERSPECTIVE

This chapter concerns implementation of FSR&.D
once the government has decided to proceed. One of the
first decisions concerns whether FSR&.D will be under
taken as a project or as a program. The decision makes a
difference in how other organizations in the government
will relate to FSR&.D. Next, we discussed the subjects of
organizational stmcture. Staffing requirements referred to
the field team, research specialists, extension's inputs, and
team leadership, with a section on staffing when a coun
try's resources are severely limited.

Next, we emphasized off-site management, giving
attention to institutional linkages, technical reviews and
support, logistics, and personnel management. We defined
the field team's roles as they relate to farmers, research
specialists, and extension workers, and commented on
other aspects of the field team. Because FSR&.D teams are
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made up of members from different disciplines, we pro
vided a section on interdisciplinary teamwork. We covered
"getting started" in a short section followed by a summary
on evaluation of FSR&D activities. Finally, we closed the
chapter with examples of FSR&D organization and
management in Honduras and the Philippines.
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Chapter 11
TRAINING



In most situations a country entering into FSR&D
will need to train a cadre of researchers and extension staff
in FSR&D's philosophy, concepts, and practices.
Capabilities in FSR&D can be acquired in various ways.
An approach of some organizations that we found appeal
ing involves (1) training a small group in FSR&Dj (2) hav
ing that group, with suitable assistance, develop in
country training programs for research, extension, and
technical assistantsj and (3) developing activities to com
plement these basic training programs. In planning the
size of its training effort, the FSR&D team should consider
staff replacements as well as additions to new staff.
Replacements can be a significant factor because of the fre
quently high demand by other government organizations
and by private companies for FSR&D staff members.

In this chapter we discuss the three points listed
above, provide information on educational opportunities
and materials, and close with a summary.

11.1. INITIAL EXPOSURE TO FSR&.D CONCEPTS

Those who will be responsible for FSR&D in a coun
try should receive concentrated training in FSR&D.
Various possibilities exist. For instance, FSR&D activities
can be started in the country with the help of an outside
group experienced in FSR&D. Such an approach places the
FSR&D staff alongside experts in the design and im
plementation of the FSR&D activities. Even with this ap
proach, a country needs to train additional FSR&D staff
who do not have the opportunity to work closely with the
experts.

Another approach, successfully applied by some
countries, is to send a core group of perhaps 5 to 10 to
centers specializing in applied on-farm research methods.
Centers .like CATIE, CIAT, CIMMYT, and IRRI provide
such training. Another possibility would be to send
trainees to a country, such as Guatemala, Indonesia, or
Senegal, in which FSR&D has been successfully im
plemented, provided suitable arrangements can be made
with these countries. An advantage of working with na
tional programs is that organizational and personnel ar
rangements, as well as financial realities, can be observed.

The members of this core group might be trained for
3 to 9 months and then return home to plan and imple
ment FSR&D activities. Concurrently with this training
abroad, the country could make arrangements to bring in
FSR&D specialists who could help the core group develop
the country's basic training programs in FSR&D.

11.2. DEVELOPMENT OF NATIONAL TRAINING
PROGRAMS FOR FSR&.D

Several national research organizations have in
tegrated FSR&D training programs into their ongoing
research activities. Two advantages of the national train
ing programs are (1) they provide the trainees the oppor
tunity to learn the practical concepts of FSR&D in the set
ting in which they will be working after they complete the
course, and (2) the trainees will be contributing directly to
the FSR&D effort while being trained. Waugh (personal
communication) estimates that approximately 50 percent
of the research trainees' time goes into activities support
ing ICTA's program.

While those responsible for this training usually
direct their attention initially to the training of re
searchers, they should also develop training programs for
the extension staff who will work closely with the FSR&D
teams. Below, we provide additional information on train
ing programs for researchers, extension workers, and
technicians. These comments draw heavily on
Guatemalan and Honduran experiences.

11.2.1. PROGRAMS FOR RESEARCHERS

In this section we discuss 11) the purpose of the na
tional training program for FSR&D researchers, (2) how to
start the programs, (3) trainees, and (4) course content.

Purpose

The primary purpose of the training program is to in
struct incoming staff in FSR&D's philosophy, concepts,
and approach. Those being trained, especially the early
ones, are expected to form the core of the FSR&D effort by
(1) being able to develop concepts and approaches suitable
to their conditions, (2) heading regional and field teams,
and (3) training others.

How to Start
Those with knowledge and experience in FSR&D

procedures are needed to plan the training program. Even
though some of the country's more senior researchers may
have attended one of the regional or international courses
on FSR&D, they will usually need help from outside
organizations. The primary reasons are (1) to provide the
national researchers with additional help during this
critical period of start-up, (2) to establish contact with one
or more collaborating institutions, such as a regional or in-
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temational agricultural research center or a universitYJ
and (3) to gain access to training staff and materials. In
ICTA's caseJ 11 Guatemalan researchers initially attended
a training program at CIAT in Colombia. During this
timeJ CIAT helped the Guatemalans plan their training
program and then supplied CIAT staff for the implementa
tion. In preparing the schedule of activitiesJ the FSR&D
leaders should allow team members enough time to adapt
what they learned during training to their local conditions.

Trainees
Desirable qualifications of all candidates for training

would be (I) to have a university degree in an agricultural
ly oriented curriculumJ (2) to be willing to work with
farmers in their fields and to live in a rural settingJ and (3)
to have an aptitude and desire for working as a member of
an interdisciplinary team. In GuatemalaJ many of the can
didates are relatively young and have either recently
received their degrees or lack only the thesis. For the latter
situationJ ICTA helps the students complete their theses
by collaborating with the university in (1) selecting the
thesis topicJ (2) providing counsel to the studentJ and (3)
allowing the student timeJ materialsJ and facilities for
conducting experiments.

ICTA customarily signs a 9 to 12 month contract
with the trainees. This is enough time for the trainees to

conlplete the national FSR&D training progranl. Then J

ICTA can decide if a trainee should be asked to join that
organizationJ be recommended to some other organiza
tionJ or be dismissed.

Course Content
A general approach to training is to corrLbine prac

tical field experience with theoretical training in each of
FSR&DJs principal features. This training program is a
full-time effort for the trainees in which part of their train
ing contributes directly to the FSR&D program. The pro
portion of practical to theoretical training is roughly three
or four to one. The programs take about 9 months in
Guatenlala and Honduras to adequately cover the planning
and conducting of experiments and to analyze and
evaluate the results.

The size of the groups to be trained at anyone time
depends on such factors as the capabilities of the trainersJ
available facilitiesJ the urgency of developing trained staffJ
the needs of the ongoing programsJ the ability of the
trainees to contribute to ,ongoing progranlsJ and the abun
dance and interest of qualified candidates. The training
staff needs to balance the' objectives of (IJ providing
trainees with adequate supervision and opportunities for
field experience and (2) making the best use of qual
ified and scarce trainers. In this regard, the FSR&D leaders



should use previously prepared training materials as long
as these materials can be adapted to local conditions.
FSR&D leaders can also seek help from expatriates to com
plement local trainers and to help prepare additional train
ing materials.

To give the reader an idea about the size of groups,
the first group scheduled to receive training in Honduras
was seven; groups trained in Guatemala generally range
from 10 to 15; and groups trained in production at CIM
MYT and IRRI have ranged from 25 to 50. Some number
between these extremes is probably best for most national
training programs in FSR&D.

A well integrated training program should use a
variety of instructional methods. Those used in
Guatemala and Honduras include progressing through
each of the FSR&D activities, such as characterizing and
defining the research areas, identifying problems and op
portunities for improvement, selecting collaborating
farmers and experimental plots, obtaining survey data,
designing and managing the experiments, designing farm
records and supervising the data collection, monitoring
climatic data, and analyzing and reporting on the results.
The trainees conduct the experiments on farmers' fields
and sometimes at the experiment station.

Waugh (personal communication) describes an in
structional method in which the trainees call in both ex
perienced specialists and farmers to obtain their advice in
identifying and resolving problems. For example, trainees
may first ask a group of specialists to study problems in
the farmers' fields and to answer the trainees' questions.
The group might meet in one or more fields for about an
hour as part of the training process. If potential solutions
to a problem are not identified, the trainees can undertake
experiments to gain new information. Also, the trainees
might call in a group of farmers to view the same problems
and to obtain their responses. This approach: (1) helps
establish good rapport between farmers and trainees, (2)
gives trainees an indication of the farmers' understanding
and ability to propose practical solutions to problems, (3)
makes trainees more aware of expertise available to the
region, and (4) provides trainees insigpt into the dif
ferences in the farmers' practical approach and the
specialists' reliance on scientific knowledge.

A well conceived training program should include a
variety of instructional methods; for example:

• Workshops and consulting periods can help the
trainees with their experimental designs, statistical
analyses, and economic calculations.

• Field days give the trainees the chance to exchange
ideas with their instructors, specialists, and
others.

• Seminars can provide the trainees with the oppor
tunity to decribe their experimental procedures and
results, problems encountered, and interesting
observations.

• Integration of training into ongoing FSR&D ac
tivities allows the trainees close contact with their
trainers under working conditions and offers the
trainees the opportunity to accept increasing respon-
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sibility as their training progresses.
• Classroom instructions with assigned readings and

problems can increase the trainee's knowledge in
areas requiring strength~ning, including instructions
in oral and written communication.

The academic training portion can be held during
slack periods between growing seasons. Trainees with
good agronomic or animal science skills generally need
help in the social sciences, while those "from the social
sciences need to learn more about agronomic and livestock
practices.

The foregoing training activities provide the trainers
with a variety of ways for evaluating the trainees' perfor
mances. Evaluations can be based on examinations cover
ing theoretical materials, written technical reports,
presentations and discussions in the seminars, and overall
impressions. The trainees, in tum, evaluate the course by
commenting on what they have learned and the methods
of instruction.

By the time the training has been completed, the
trainees should be well prepared for one of the positions on
the field teams. They will have learned about the FSR&D
approach, methods of applied research, and the sources of
information and assistance. These sources include
available literature, experiment station activities and
results, and the various disciplinary and commodity
specialists. In Appendix II-A, we provide a more complete
description of such a training program in Honduras.

11.2.2. PROGRAMS FOR EXTENSION

Somewhat different training programs are needed for
those in extension who will work with FSR&D research
ers. These programs should provide extension workers
with a basic understanding of the FSR&D philosophy, con
cepts, and general procedures. Extension workers trained
in FSR&D help most directly through their work with
farmer-managed tests, multi-Iocational testing, and pilot
production programs.

Except for the ESFSs, extension personnel will not
be expected to have as much research expertise as other
members of the FSR&D teams. In places where qualified
personnel are scarce, some extension workers may have no
more than the equivalent of a 10th grade education. Con
sequently, programs for extension workers will generally
emphasize working with farmers, collecting data and
monitoring activities, and diffusing information through
demonstrations, field days, printed materials, radio, and
possibly television.

The above types of training should help the exten
sion workers for activities, such as

• understanding and applying criteria for identifying
subareas

• selecting cooperating farmers
• conducting field surveys
• monitoring farm records and climatic data
• supervising farmer-managed tests and assisting with

researcher-managed trials
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• organizing and implementing multi-locational tests
and pilot production programs.

An important link exists between the first and last points.
To be effective in implementing the multi-locational tests
and pilot production programs, the extension workers
need to be able to distinguish subareas based on farmers'
characteristics, farming systems, and environmental con
ditions.

ICTA has given three training programs for exten
sion agents in Guatemala. These have been in-service
training in wh~ch the trainees participate in the training
program 1 or 2 days per week and spend the rest of their
time with their regular extension work. Because most of
the extension workers in Guatemala do not have
bachelor's degrees, the technical content of the training
material is at a different level from that of the researchers.
Even so, ICTA has been able, at times, to use some train
ing materials for both groups.

By being trained in FSR&.D, the extension workers
can materially help the FSR&D team in spreading its ex
periments over a broad area. This becomes possible by
having the extension workers look after a major proportion
of the farmer-managed tests. Not only can more tests be
conducted, but the researchers' time is freed for researcher
managed trials and other activities calling for their exper
tise. But this is only one of the advantages of training ex
tension workers. The extension service itself benefits. For
example, the extension workers:

• become an integral part of the technology develop
ment process and are no longer simply receivers of
new technologies

• can evaluate research results more objectively and
can become more persuasive in their dealings with
farmers, researchers, and others

• learn how to manage new technologies and thereby
develop stronger ties with researchers

• can use the farmer-managed tests for holding small
field days (Waugh, personal communication).

In Appendix II-B, we provide additional details on the in
service training program that ICTA has prepared for
DIGESA (extension).

11.2.3. PROGRAMS FOR TECHNICIANS

As FSR&D expands, additional technicians will need
training. In many countries most of the technicians to be
trained will have attended agricultural schools and many
will have the equivalent of a high school education.
However, some governments may have to use technicians
with less education or exposure to agriculture. During and
after training, these technicians can assist the field teams
and in many cases will spend more time on the farms than
other team members. In the Philippines, cadres of from 5
to 10 technicians support the efforts of the field team's
researchers.

The technicians' training should concern collecting



data, keeping records, setting up field trials, sampling of
yields, and related tasks. Instructions in FSR&D
philosophy, concepts, and practices should augment the
technician's training. Such training can be accomplished
best through association with more highly trained and ex
perienced staff and by sessions on special topics.

Experienced technicians should be consulted when
identifying training needs and be asked to assist in the
training. Such technicians are important in training other
technicians due to their active role as members of FSR&D
teams and to their generally good understanding of the
conditions under which the trainees will operate.
Moreover, the more capable and exerienced technicans
enrich the training process and, by this involvement, may
be able to advance more rapidly within the FSR&D
organization.

11.3. COMPLEMENTING ACTMTIES

In addition to the basic training programs directed to
researchers, extension workers, and technicians the
FSR&D leaders can also complement these programs in
other ways. These include non-degree training, graduate
degree training, and short-term activities. Each of these
will now be discussed.

11.3.1. NON-DEGREE TRAINING

Two factors combine to highlight the importance of
non-degree training. First, much of FSR&D is applied
research that does not require large numbers of staff with
advanced degrees. Second, most of the international
agricultural research centers and at least one of the
regional centers have very effective non-degree programs.
Also, universities occasionally offer applied research and
development courses at the non-degree level that may be
suitable for FSR&D staff.

Instead of spending the time to obtain a master's or
doctoral degree, the FSR&D programs are usually better
served by taking advantage of the non-degree programs
these institutions offer. For example, ICTA favors training
that combines a discipline with a commodity. Thus a
member of a field team might study bean diseases at CIAT.
Even though specialized in this way, members returning
to their field teams will once again have responsibilities
that encompass the whole farm. Eventually, one so trained
might become a specialist at a regional or national head
quarters. Other training possibilities include a soils scien
tist studying soil and water conservation at the Interna
tional Institute for Tropical Agriculture [llTA), an animal
scientist studying livestock systems modeling at ILCA, or
an ESFS studying communications and extension at IRRI.
We will discuss these centers further in Sec. 11.4.

In this manner, the requirements of the various
FSR&D teams can be met without serious disruption to
program activities. In fact, when the courses occur during
the "off-season," disruptions to the FSR&D activities may
be insignificant.
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11.3.2. GRADUATE DEGREE TRAINING

Even though FSR&D does not require large numbers
of staff with advanced degrees, sound scientific research
demands a core of well-trained researchers. When starting
an FSR&D program, a country will have to use whatever
staff is available and to perhaps borrow staff from other
organizations. But once the program is established,
FSR&D management will probably want to selectively
send some of its staff to graduate school. Those so trained
will, most likely, become the leaders and specialists at
FSR&D's national and regional headquarters and can
become the basis for developing a highly capable
institution in applied agricultural research. One of the
ways the Brazilian Agricultural Research Corporation
[EMBRAPAj developed its research capabilities during the
1970s was to send a considerable number of its staff to
graduate school.

However, FSR&D leaders need to be careful in the
way they approach educating their staff at the graduate
level, especially when such training occurs abroad. First,
some of the graduate programs may not be suitable for
FSR&D's needs. Second, time is needed to learn what type
of graduate training to recommend and to observe which of
the FSR&D staff are most suitable for the training. Third,
sending too many of the FSR&D team's key staff can
seriously obstruct progress, particularly during the early
years when FSR&D is becoming established. Finally, some
of those sent abroad are lost to the parent organization
because of the changes in the individual's and organiza
tion's interests.

We provide further comments on graduate training
possiblities in Sec. 11.5.

11.3.3. SHORT-TERM ACTIVITIES

The FSR&D leaders should consider ways to train
their regular staff through short courses, workshops,
seminars, and meetings. These activities help to maintain
the staff's professionalism, interests, and capabilities in its
work. Furthermore, such training can introduce new
material or refresh attendees in key subject areas. The
leaders may wish to conduct at least some of these ses
sions jointly with other organizations to ease the ad
ministrative and financial burden, develop cooperation
with other organizations, and spread the FSR&D
philosophy.

Short Courses
Considerable material can be offered and absorbed

by attendees through short courses of from 1 to 5 days,
provided the courses are carefully prepared, the topics are
specific enough, and the attendees have suitable
background in the subjects being presented. Topics might
include instruction in experimental design, plant or
animal diseases, weed control, statistical procedures,
sampling techniques, and economic analyses.

FSR&D staff from national headquarters would nor
mally be in a good position to present material in a way
that is most useful to the trainees. Often, consultants can
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complement this effort, provided their assignments are
carefully chosen and their presentations directed to the
specific needs of the training program. Where possible, ex
amples from the FSR&D program should be worked into
the training material. Instructional help might also come
from the faculty of universities within the country and
abroad; from international and regional agricultural
research centers; from international suppliers of materials
and equipment, such as agricultural chemicals; and from
others. Whether the instruction is provided in concen
trated packages or spread out depends on staff availability
and the urgency for learning the material.

Workshops
Workshops can provide the opportunity to learn how

to apply various procedures to practical situations. For in
stance, FSR&D leaders might use workshops to help their
staff learn the intricacies of a new statistical procedure,
the application of a new agricultural chemical, or better
ways to interview farmers. The setting could be in the
field as well as in the classroom.

Seminars
Seminars can be used to report on FSR&D results. In

Sec. 11.2.1., we spoke of trainees presenting the results of
their experiments. But FSR&D leaders may also want to
use seminars as a means for presenting research results
and other topics by their regular staff, visiting scientists,
and others. IRRI has a series of Saturday Seminars for
presenting the research results of its staff. Finally,

seminars can be used to acquaint others in the country
with the FSR&D staff and activities.

Meetings
The Asian Cropping Systems Network uses working

groups that meet in member countries about twice a year
to arrange for collaborative action and to report on their
research findings. These meetings, which last about one
week, provide convenient opportunities for researchers in
the host country to hear about FSR&D and to learn that
researchers in other countries have similar interests. This
last aspect has particular relevance when those promoting
FSR&D concepts seek to interest others in their country in
the legitimacy of the approach.

11.4. INTERNATIONAL AND REGIONAL CENTERS

Besides their regular research activities, the IARCs
also stress training, as the following quote from CGIAR
(1976) indicates

"While research is at the heart of a center's activities,
the training of research scientists and production
specialists to serve in the less developed countries
claims a large part of its time, its effort and its
budget. The number of persons trained at the centers
so far is well over 3,000, and the emphasis on this
kind of activity continues to grow."

Most IARCs and at least one regional center (CATIE) offer
a variety of training opportunities for FSR&D staff. Com
bined, the centers cover a wide range of commodities, sub
jects, and training arrangements:

• Examples of commodities are beans, cassava,
cowpeas, ground cover, livestock, maize, rice,
tropical pastures, and wheat.

• Subjects include communications, economics, inter
cropping, pest management, soil fertility and conser
vation, statistics, and technical writing.

• Training arrangements include postdoctoral fellows,
visiting research associates, research scholars,
postgraduate production interns, special trainees,'
and participants in short courses and professional
meetings.

Opportunities are also present for training leading to
graduate degrees, since most, if riot all, of the centers have
some form of cooperative agreement with universities. For
example, Cornell and Kansas State Universities have such
agreements with CIMMYT; IRRI cooperates with the
University of the Philippines at Los Banos in granting
master's and doctoral degrees; and CATIE offers a master's
degree in cooperation with the University of Costa Rica.

The IRRI program cannot meet the demand for some
of its courses, largely because of the expanding activities of
the Asian Cropping Systems Network. For one of these
courses, IRRI plans to reduce the training time from 6 to 3
months and thereby double the number of trainees accom
modated in the 6-month period. During the longer training



period, the trainees did most of the work in growing and
harvesting the crops. With the shorter period, the training
must be more tightly organized and IRRI staff must help in
growing the crops. Plantings have to be made earlier so
that the trainees will have an opportunity to study the
various stages of plant growth. The IRRI staff trains the
group as a unit during the first two months. Then, the staff
allows the trainees to specialize in an area such as
agronomy or economics. One of IRRI's concepts for these
programs is to train teams of four or five from the same
country. This approach provides the team members with a
common base of knowledge and experience when they
return home.

A few other illustrations should suffice to indicate
the nature of these programs. In addition to its training ac
tivities in Mexico, CIMMYT is setting up training centers
in selected geographical regions of the world. CATIE's
training and consulting work in farming systems research
has benefited Central American countries for some time.
Finally, postdoctorate fellowships at the IARCs aid in

transferring FSR&.D methodology to visiting scientists. An
important aspect of this association is that these visitors
work with senior researchers in planning and implement
ing research programs. This approach offers a few highly
educated staff the opportunity to learn from those ex
perienced in applied agricultural research.

We provide a fuller discussion of some of the training
activities of CATIE, CIAT, CIMMYT, ILCA, and IRRI in
Appendix ll-C, and a detailed listing of a 6-month training
program in cropping sytems at IRRI in Appendix 11-0.

11.5. UNIVERSITY PROGRAMS IN THE
UNITED STATES

We anticipate that the growing activity in FSR&.D
around the world will cause universities in the United
States to begin adding FSR&.D courses to their agricultural
curricula. Cornell University, Kansas State University,
Michigan State University, and the University of Florida
have demonstrated such interest; and we expect other



204 • Training

universities with strong agricultural programs to follow
suit. Below, we propose tentative statements about the ob
jectives and approaches to university programs in FSR&D
in the United States. Our statements are tentative because
these programs are still evolving.

11.5.1. OBJECTIVES FOR UNIVERSITY PROGRAMS

A suitable objective for a land-grant university in the
United States concerning FSR&D might be the following:
To provide a sound academic foundation for the growing
interest in FSR&D that integrates the relevant disciplines
(1) for understanding farmers, farming systems, and
farmers' environment; (2) for identifying problems and op
portunities relevant to farmers and society; and (3) for
developing solutions in a way that allows the university to
be more effective in its teaching, research, extension, and
service activities.

11.5.2. APPROACH FOR UNIVERSITY PROGRAMS

Below are some thoughts concerning the approach
for development of university programs in FSR&D. Some
of these ideas come from Gilbert et al. (1980).

• Students should specialize in some agriculturally
related discipline; as yet, FSR&D has not evolved
into a separate discipline.

• An introductory course in FSR&D can be used to
convey the philosophy, concepts, and methods of
the approach.

• A graduate seminar would be useful in exploring
FSR&.D topics still in the formative stages, such as
classification of areas to facilitate the transfer of
research results, application of systems analysis
tools, and the practicality of ecological concepts as
an integrator of the physical, biological, and social
sciences.

• A course is needed that stresses an interdisciplinary
and applied approach to problem identification for'
mixed enterprise farms as typically encountered in
the developing countries.

• Another course is needed that shows the diversity of
farming systems throughout the world to aid
students in identifying and understanding a farming
system's most distinguishing features.

• FSR&D concepts should be integrated into tradi
tional courses by teaching sections specifically
related to FSR&D, such as multiple cropping in
agronomy, crop-livestock interactions in animal
science, survey techniques in rural sociology, and
farm management in agricultural economics.

• Arrangements should be made for students to work
in the field as members of interdisciplinary groups.

• Universities should explore the possibilities of hav
ing their graduate students conduct their field
research in collaboration with one of the regional or
international agricultural research centers.

• Because FSR&D concepts are new and evolving, ini
tial curricula should be developed slowly and make

effective use of faculty with demonstrated
capabilities in FSR&D.

• Interested faculty should be provided with incen
tives to become more active in interdisciplinary
research directed toward the problems of small
farmers in developing countries. The United States
Government is providing some help through the Ti
tle XlI program to develop courses and interest facul
ty in this type of work.

Finally, an example of a group approach to the doc
toral dissertation is that of six students who did their
course work at Cornell University and their field work as a
team with CIMMYT in Mexico. The students were re
quired to produce both a research project in the areas of
their specialty and a team research project. The degree of
overlap was left to the discretion of the student and his ad
viser (Contreras et al., 1977).

11.6. TRAINING MATERIALS ON FSR&D

Besides those mentioned previously, trammg
materials and references on FSR&D include Farm Manage
ment Research for Small Farmer Development (Dillon and
Hardaker, 1980), various watershed management manuals
from the Food and Agriculture Organization [FAO) of the
United Nations, Reaching Rural Families in East Africa:
Handbook for Extension Workers (FAO, 1973), Region,
Farm and Agroecosystem Characterization: The
Preliminary Phase in a Farm System Research Strategy
(Hart, 1980), Small Farm Development (Harwood, 1979),
and Education of Development Technicians (Trail, 1969).
Mead (1955) proposed six principles for introducing
technical change to small farmers which we present in Ap
pendix II-E. Also, two references in Spanish are
Agroecosistemas: Conceptos Basicos (Hart, 1979) and
Agroecosistemas de Mexico: Contribuciones a la Enseiian
za, Investigaci6n y Divulgaci6n Agriola (Hernandez X.,
1977). Finally, additional references in French for Franc
ophone, West Africa can be found in the works of ISRA
(Institut Senegalais de Recherches Agricoles) and the
Groupement d'Etudes et de Recherches pour Ie Developpe
ment de l'Agronomie Tropicale (GERDAT) headquartered
in Paris.

11.7. SUMMARY

Adequately trained FSR&.D teams are the key to ef
fective implementation of the FSR&D approach. While
various means can be taken to provide this training, we
favor an approach that involves (1) sending a small group
to one of the IARCs or a regional center for concentrated
training in applied on-farm research; [2) having the team
return to develop national training programs in FSR&D
with assistance of FSR&D specialists from the centers, the
universities, or other organizations; and (3) providing ad- .
ditional training opportunities for the rest of the FSR&D
teams.

The national training programs for the research staff
should cover the range of FSR&D activities. Training pro-



grams for the extension staff should concentrate on exten
sion's role in supporting research and in transferring
technologies from research to extension. Training should
also be considered for the technical assistants who work
with the field teams. Those not being trained in one of
these three programs can benefit from selected non-degree
and graduate degree training and through short coursesJ
workshopsJ seminarsJ and meetings.

The lARCs and regional centers can be a source of
non-degree as well as degree training. In time, the univer
sities are expected to provide a means for training students
in FSR&D philosophYJ conceptsJ and methods. FinallYJ
trainers in FSR&D should take advantage of existing train
ing materials of the type noted above.
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ACSN
AICRPDA

AVRDC

BAEX

BIFAD

CATIE

CENTA

CGIAR

CIAT

CID

CIMMYT

CIP

CSU

CRIA

DCI
DIGESA

Asian Cropping Systems Network
All India Coordinated Research Project
for Dryland Agriculture
India
Asian Vegetable Research and Develop
ment Center
Taiwan
Bureau of Agricultural Extension
Philippines
Board for International Food and
Agricultural Development
Washington, D.C.
Centro Agron6mico Tropical de In
vestigaci6n y Enseiianza (Tropical
Agricultural Research and Training
Center)
Costa Rica
Centro Nacional de Tecnologia
Agropecuaria [National Agricultural
Technology Center)
EI Salvador
Consultative Group on International
Agricultural Research
Washington, D.C.
Centro Internacional de Agricultura
Tropical [International Center for
Tropical Agriculture)
Colombia
Consortium for Interna~ional Develop
ment
Tucson, Arizona
Centro Internacional de Mejoramiento
de Maiz y Trigo IInternational Maize and
Wheat Improvement Center)
Mexico
Centro Internacional de la Papa [Interna
tional Potato Center)
Peru
Colorado State University
Fort Collins, Colorado
Central Research Institute for
Agriculture
Indonesia
Developed Country Institution
Direcci6n General de Servicios Agricolas
IGeneral Directorate for Agricultural Ser
vices)
Guatemala

EAP

EMBRAPA

ESFS
FAD

FSR
FSR&D

GERDAT

lADS

IAR

IARC

ICA

ICARDA

ICRISAT

ICTA

IER

fiCA

Escuela Agricola Panamericana IPan
American School of Agriculture)
Honduras
Empresa Brasileira de Pesquisa
Agropecuaria (Brazilian Agricultural
Research Corporation)
Brazil
Extension Specialist in Farming Systems
Food and Agriculture Organization of the
United Nations
Rome
Farming Systems Research
Farming Systems Research and Develop
ment
Groupement d'Etudes et de Recherches
pour Ie Developpement de l'Agronomie
Tropicale (Group for Studies and
Research in the Development of Tropical
Agronomy)
France
International Agricultural Development
Service
New York
Institute for Agricultural Research
Ahmadu Bello University
Nigeria
International Agricultural Research
Center
Instituto Colombiano. Agropecuario
IColombian Agricultural Institute)
Colombia
International Center for Agricultural
Research in the Dry Areas
Lebanon
International Crops Research Institute
for the Semi-Arid Tropics
India
Instituto de Ciencia y Tecnologia
Agricolas IAgricultural Science and
Technology Institute)
Guatemala
Institut d'Economie Rurale IInstitute of
Rural Economics)
Mali
Instituto Interamericano de Ciencias
Agricolas lInter-American Institute of
Agricultural Sciences)
Washington, D. C.
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IITA

ILCA

ILRAD

INCAP

INIAP

IPPC

IRRI

ISRA

International Institute for Tropical
Agriculture
Nigeria
International Livestock Centre for Africa
Ethiopia
International Laboratory for Research on
Animal Diseases
Kenya
Instituto de Nutrici6n de Centro
America y Panama (Nutritional Institute
for Central America and Panamaj
Guatemala
Instituto Nacional de Investigaciones
Agropecuarias (National Institute for
Agricultural Researchj
Ecuador
International Plant Protection Center
Corvallis, Oregon
International Rice Research Institute
Philippines
Institut Senegalais de Recherches
Agricoles (Senegalese Institute for
Agricultural Researchj

LDC
ORD

PNIA

ROCAP

TAC

USAID

WARDA

Senegal
Less Developed Country
Organismes Regionaux de Developpe
ment (Regional Development Organiza
tionsj
Upper Volta
Programa Nacional de Investigaci6n
Agropecuaria (National Program for
Agricultural Research)
Honduras
Regional Office for Central American
Program
Guatemala
Technical Advisory Committee of the ..
Consultative Group on International
Agricultural Research
Washington, D.C.
United States Agency for International
Development
Washington, D.C.
West Africa Rice Development Associa
tion
Liberia
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Below are terms related to FSR&D as we have used
them in this book. We selected for inclusion those 11) that
are central to FSR&D, 12) that we have defined to meet our
special needs and whose definitions may differ for other
uses, and (3) that may not be familiar to the reader.
Agroclimatic environments: Areas with similar agrocli-

matic conditions but not necessarily contiguous,
where a crop exhibits roughly the same biological
expression so that we would obtain, for example,
similar variety or fertility responses within a given
environment, everything else being equal.

Baseline data: Data collected before a project begins-e.g.,
on crop yields, labor input, or market prices
- against which a project's results can be evaluated.

Biological factors: Those 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 is
biologically practical based on current knowledge of
the attributes of the plants or animals.

Biological system: A term referring to cropping and
livestock systems.

Climatic analysis: The analysis of data, over time, on such
factors as precipitation, maximum and minimum
temperatures, relative humidity, wind, and radia
tion.

Coefficient of variation (C.V.): A measure of the relative
variability among experimental units of measure
and/or plot sizes lLittle and Hills, 1978). The coeffi
cient of variation, denoted by C.V. IXI, is the ratio of
the standard deviation ISxl to the mean IXI expressed
as a percent:

C.V.(X) = Sx . 100.
X

Collaborating farmers: Farmers chosen or who have
volunteered to cooperate with an FSR&D project by
II) allowing researchers to conduct experiments on
their farms, or 12J agreeing to test and evaluate new
technologies themselves.

Commodity-oriented research: The focusing of research
on one or more crops or animals by studying them in
considerable detail. Commodities selected for em
phasis should be the result of prior investigation
demonstrating their importance to the farming
system.

Commodity specialists: Researchers who have been trained
to work with a specific crop or animal.

Component technology: The knowledge of individual
technical factors involved in plant or animal produc
tion. The term includes studies of cropping patterns
as well as management practices and comes largely
from national and international experiment stations,
where research is conducted with only a few vari
ables in a well-defined environment.

Confidence interval: The population mean Ux is
somewhere between X - zSx and X + zSx' The in
terval,is called a confidence interval for Ux' The zSx
is some multiple of the standard deviation of the
sampling distribution X. (Neter et aI., 1973).

Cropping patterns: The crop species grown on a given field
during a 12-month period. Cropping patterns include
single, multiple, mixed, strip, and ratoon cropping.

Cropping systems: This term means subsystems within
the farming system comprising one or more crops
and all components required for production, in
cluding the interactions among crops, other
household enterprises, and the physical, biological,
and socioeconomic environments.

Cropping systems research: Such research concentrates on
crops and cropping patterns, alternative manage
ment practices in different environments, and in
teractions between crops, between crops and other
enterprises, and between the household and en
vironmental factors beyond the household's control.
The procedures are similar to farming systems
research, but the breadth is generally less.

Cultural practices: Farmers' regular practices such as
land preparation, seed selection, crop establishment,
and fertilization.

Disciplinary research: The process of approaching the ob
ject of study- in this case the farming system or a
portion of it - from the perspective of a particular
discipline, e.g., economics.

Disciplinary specialists: Researchers who have been trained
in a particular field of study, such as agronomy,
animal husbandry, agricultural economics, and rural
sociology.

Double cropping: Growing "two crops in sequence,
seeding or transplanting one after the harvest of the
other" ITAC, 1978). Such practices are also called se
quential cropping.

Economic environmental factors: Factors such as (I) the
availability of credit, (2) marketing potential and
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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: Activities and investments that pro
duce benefits in excess of costs when the time value
of money is considered. Other things being equal, in
vestors and managers wish to maximize benefits
over costs subject to various constraints, social
pressures, and attitudes toward change and risk,
leisure, and so on.

Enterprises: Activities undertaken to produce an output
that contributes to total production or income of the
farm family. Enterprises in FSR&D typically con
cern crops, livestock, processing or otherwise
upgrading agricultural commodities produced on the
farm, productive nonagricultural activities carried
out on the farm - such as handicrafts - and produc
tive off-farm activities by the household members.

Environmental factors: Those factors over which the
farmer has little direct control. They include the
physical, biological, and socioeconomic aspects of
the farmer's setting.

Experimental variables: Those variables in an experiment
that the researcher tests.

Extension specialist in farming systems (ESFS): An
employee of the extension service who specializes in
FSR&D. These specialists will be members of
various FSR&D teams and act as an important
liaison between research and extension.

Farmer-managed tests: On-farm experiments managed by
farmers to learn how farmers respond to suggested
improvements.

Farmer's environment: In FSR&D, those conditions under
which the farmer operates that include physical,
biological, economic, and sociocultural conditions.

Farming: An activity carried out by households on
holdings that represent managerial units organized
for the economic production of crops and livestock
(Ruthenberg, 1971).

Farming systems: A unique and reasonably stable arrange
ment of farming enterprises that a household
manages according to well-defined practices in
response to the physical, biological, and
socioeconomic environments and in accordance
with the household's goals, preferences, and
resources. These factors combine to influence out
put and production methods. More commonality
will be found within the system than between
systems. The farming system is part of larger
systems and can be divided into subsystems.

Farming systems research and development (FSReJD): An
approach to agricultural research and development
that (1) views the whole farm as a system, and (2)
focuses on the interdependencies among the com
ponents under the control of members of the farm
household and how these components interact with
the physical, biological, and socioeconomic factors
not under the households' control. The approach in
volves selecting target areas and farmers, identifying

problems and opportunities, designing and ex
ecuting on-farm research, and evaluating and im
plementing the results. In the process, opportunities
for improving public policies and support systems af
fecting the target farmers are also considered.

Farm records: For FSR&D, the type of accounts kept by
members of the farm household on specified ac
tivities associated with individual crops or animal
types. Input and output activities are often kept
daily, with farmers sometimes receiving help from
the field team's technical assistants.

Field teams: The field teams work with farmers in their
fields. Such teams often consist of agronomists,
economists, and supporting technicians. Where,
livestock is important, an animal scientist should be
part of the team; where irrigation is practiced, an ir
rigation engineer can be a key member of the team;
and where women are responsible for growing im
portant crops or performing critical operations, field
teams should include women.

Financial feasibility: A condition when cash resources are
sufficient to meet cash requirements both in
amounts and timing. Financial infeasibility means
an insufficient amount of cash when needed.

Frequent interview survey: A type of survey involving the
collection of data from a limited number of farms on
a regular basis.

Homogeneous farmer groups: Those who farm under
similar conditions and in similar ways so that
recommendations for changes in technology will
likely be accepted by the majority of them (see
recommendation domain).

Household: The household comprises the farmer and other
members of the farmily, is both a consuming and
producing unit, and is 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.

Informal surveys: Surveys undertaken without formal
sampling procedures, pretested questionnaires, and
other means that permit statistical analysis of the
data.

Infrastructure: The supportive features of an economy
often provided by government, but sometimes pro
vided by private industry, such as transportation,
electricity, water, communications, and govern
mental organizations.

Iterative process: An approach that involves repeating
activities and calculations to arrive at improved
solutions through a series of successively better ap
proximations.

Intercropping: Growing "two or more crops simultane
ously in the same plot in different, but proximate
stands. In this system, one crop system is part of the
other crop's environment" (TAC, 1978).

Interdisciplinary: Involves frequent interactions among
those from different disciplines who work on com
mon tasks and come up with better results than had
they worked independently.



Land type: A set of locations for which it is possible to
develop common technologies.

linear programming: A mathematical procedure that
determines an optimal decision by maximizing or
minimizing an objective function subject to a set of
specified constraints. The objective and constraint
functions are linear.

Livetock patterns: The animal species raised by the family
over some period.

Livestock systems: Subsystems within the farming system
made up of a set of one or more animals and compris
ing all components required for their production, in
cluding the interactions among the animals, other
household enterprises, and the physical, biological,
and socioeconomic environments.

Livestock systems research: A process similar to cropping
systems research but with procedures that reflect the
inherent differences between cropping and livestock
systems - e.g., fewer numbers of animals than
plants.

Management factors: Those factors the farmer can control
through management decisions including such
variables as cropping and livestock patterns, crop
varieties, field cultural practices, fertilization, pest
control, irrigation management, harvest data, sale of
crop or animal products, use of labor, animal, or
mechanical power, and post-harvest losses.

Mixed intercropping: Growing IItwo or more crops
simultaneously intermingled in the same plot with
no distinct row arrangement" (TAC, 1978).

Mixed systems: Cropping, livestock, and possibly other
enterprises present within the farming system.

Mixed systems research: Follows a process similar to that
for cropping systems research, except for the pro
cedures that reflect the inherent differences between
cropping and livestock systems-e.g., fewer num
bers of animals than plants. Also, the researchers
focus their attention directly on the interactions bet
ween crops and livestock.

Monoculture planting: Growing a single crop on the land
at one time or the repetitive growing of the same
crop on the same land.

Multidisciplinary: A combination of disciplines involved
in an assignment not necessarily working in an in
tegrated or coordinated manner.

Multi-locational testing: The process whereby new
technologies developed in a research area are tested
at other locations within the target area to learn
what adjustments, if any, are needed before diffusing
the technologies more broadly and intensively.

Multiple cropping system: "A system in which more than
one crop is grown on the same plot of land in one
year" (TAC, 1978).

Nonexperimental variables: Those variables in an experi
ment that the researcher is not testing. They are
divided into those that the researchers cannot con
trol, such as weather, and those that they can con
trol, such as farming operations. For on-farm
research, the FSR&.D team generally tries to hold the
latter at the farmers' level, but sometimes may use
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the level recommended by the extension service.
On-farm research: In FSR&.D, the process of conducting

researcher-managed and superimposed trials and
farmer-managed tests on farmers' fields, and the pro
cess of conducting related studies of farm manage
ment and environmental conditions influencing the
farmer.

Paradigm: A set of concepts, methodologies, and
vocabulary associated with a particular group or
discipline at a given time. For example, plant
breeders work under a generally accepted set of
assumptions, use common research approaches, and
have a set of terms that have special and carefully
defined meanings for them.

Partial budget analysis: A IIform 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" (Brown, 1979).

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-e.g., 100 to 500 hectares.

Primary information. Data collected specifically for the
current activity.

Program approach: An approach to FSR&.D that involves
institutionalizing FSR&.D 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 FSR&.D program.

Project approach: An approach to FSR&.D involving ini
tiating one or more projects that incorporate FSR&.D
procedures. Projects tend to have specific scopes of
work to be completed by a certain time by staff and
organizations that are disbanded upon the project's
completion.

Rain-fed farming: The growing of crops or animals under
conditions of natural rainfall. Water may be stored
in the crop field by bunding, as with lowland rain-fed
rice, but no water is available from permanent water
storage areas.

Random sample: A sample drawn so that every unit in the
population or subpopulation has an equal probability
of being selected.

Ratoon cropping: The development "of a new
crop-without replanting-from buds on the root
system, stubble, or stems of the preceeding crop.
Some ratoon crops may be included in multiple crop
ping systems" (TAC, 1978).

Recommendation domain: "A group of roughly
homogeneous farmers with similar circumstances
for whom we can make more or less the same recom
mendation. Recommendation domains may be
defined in terms of both natural factors [e.g., rain
fall) and economic factors (e.g., farm size)" (Byerlee
et al., 1980).
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Reconnaissance survey: A field survey method of data col
lection that usually comes after secondary data col
lection. Also known as quick, informal or ex
ploratory surveyor in Spanish, sondeo.

Relay intercropping (relay cropping): "Growing two or
more crops in sequence, seeding or transplanting the
succeeding one some weeks before the harvest of the
preceding crop" (TAC, 1978).

Replication: A treatment applied to more than one ex
perimental unit (Little and Hills, 1978).

Research area: The location within the target area where
the FSR&,D team develops improved technologies.
The location may represent the whole target area or
only some of the subareas.

Researcher-managed trials: On-farm experiments
managed by researchers to develop new technologies
under farmers' conditions.

Resource feasibility: An action or project that is practical
in terms of available resources-i.e., land, labor,
capital, and management.

Row intercropping: The growing of "two or more crops
simultaneously in the same plot in distinct rows"
ITAC, 1978).

Secondary information: Published or unpublished data
collected for purposes other than the current activi
ty.

Sequential cropping: "One crop is planted after harvest of
the first. (Sometimes called relay planting in West
Africa.)" [Harwood, 1979).

Shifting cultivation: A method of cultivation in which
"several crop years are followed by several fallow
years with the land not under management during
the fallow. The shifting cultivation may involve
shifts around a permanent homestead or village site,
or the entire living area may shift location as the
fields for cultivation are moved" (Harwood, 1979).

Significance level: The greatest probability that a re
searcher is willing to accept that he or she will reject
a hypothesis when it should be accepted. Biological
researchers frequently set the significance level at 5
percent, but other values are also used.

Single crop system: A "system in which only one crop is
grown on the same plot of land in one year" ITAC,
19781·

Single interview survey: A questionnaire or schedule ad
ministered only once to farmers selected by formal
sampling procedures and conducted by trained inter
viewers.

Slash and bum: A type of shifting cultivation in high rain
fall areas where bush or tree growth occurs during
the fallow period. The fallow growth is cleared by
cutting and burning; see shifting cultivation.

Small-scale farming: A situation in which farmers fre
quently have difficulty obtaining sufficient inputs to
allow them to adequately use the available
technology as would medium- and large-scale com
mercial farmers. Small does not, necessarily, refer to
the area of land held.

Social scientists: Individuals who conduct research in
such areas as economics, sociology, anthropology,

political science, geography, and communication.
Sociocultural acceptability: In FSR&D, this term refers to

the probability that a new technology will be accept
able to farmers within the context of their particular
culture and community.

Sociocultural factors: The influences that community and
culture exert on farmers.

Socioeconomic factors: Such factors include, for example,
access to markets, available support services, norms
and customs related to land use, and division of
labor.

Sole cropping: The growing of only one crop at a time on a
plot of land.

Sondeo: A Spanish word for a survey; see reconnaissance
survey.

Standard deviation: A measure of the absolute variability
among experimental units of measurement and/or
plot sizes. The standard deviation, denoted by Sx'
is defined as

s _ - 1"i.(X-X}2
x - V n -1

where x: is the arithmetic average, n is the number of
items, and x represents the values of individual
observations (Neter et aI., 1973).

Stratification: The process of dividing an area or popula
tion into relatively homogeneous subgroups to in
crease sampling efficiency.

Subareas: A subdivision of a target area or target groups of
farmers, with common physical, biological, and
socioeconomic factors.

Subsistence farmers: Farmers producing primarily for their
needs, with the resulting low capacity to purchase
inputs for production or consumption.

Superimposed trials: Relatively simple researcher
managed experiments applied across a range of
farmer-managed conditions.

Support Services: Systems that will determine the ap
propriateness of a new technology- e.g., roads,
transportation, markets, available credit, irrigation,
and sources of supply for seed, herbicides and fer
tilizer.

System: Any "set of elements or components that are in
terrelated and interact among themselves. Specifica
tion of a system implies a boundary delimiting the
system from its environment. Two systems may
share a common component or environment, and
one system may be a subsystem of another" (TAC,
1978).

Systems approach: An approach for "studying the system
as an entity made up of all its components and their
interrelationships, together with relationships be
tween the system and its environment. Such study
may be undertaken by perturbing the real system
itself (e.g., via farmer-managed trials or by pre- ver
sus post-adoption studies of new technology) but
more generally is carried out via models (e.g., ex
perimen ts, researcher and/ or farmer man
aged on-farm trials, unit farms, linear program
ming and other mathematical simulations) which to



varying degree simulate the real system" (TAC,
19781·

Target area: A geographical area selected for an FSR&D
project based on the needs of the people living there
or to take advantage of the area's agricultural poten
tial. Criteria forse1ection are normally set by key na
tional and regional decision makers~

Target populations: Populations of farmers with similar
cropping and livestock patterns, methods of produc
tion, and potentials that FSR&D teams select for
research and development; such populations are also
called target farmers.

Technology: The combination of all the management
practices used for producing and otherwise managing
a given crop, crop mixture, livestock, or other farm
activity.

Treatment: A "dosage of material or a method that is to be
tested in the treatment" (Little and Hills, 19781. In
troducing or testing a crop variety or an animal is a
kind of treatment.

Variable: An element or factor subject to change or varia
tion.

Variance: A term representing the square of the standard
deviation (Sil, which is the most common statistical
measure of dispersion.

Whole farm analysis: A methodology designed to search
for optimal solutions through incorporation of
farmers' objectives, farming systems, and resources
to arrive at improved cropping and livestock patterns
and management practices for overall farming
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systems performance.
Whole farm approach: An essential characteristic of

FSR&D in which FSR&D teams look at the whole
farm setting to identify problems and opportunities,
note interrelationships, design and conduct ex
periments, and evaluate results. This is not to be
confused with whole farm analysis.
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APPENDIX P-A
PROJECT CONTRIBUTORS: FIELD CONTACTS,
PARTICIPANTS IN THE WORKSHOPS AND
PRETESTING, AND REVIEWERS

As noted in the Acknowledgments, we received
substantial and timely assistance throughout the life of
the project from those knowledgeable and interested in
FSR&.D. Below are the names of [I) the principal contacts
we made during our trips overseas, (2) the participants in
our August 1979 and June 1980 workshops, (3) the par
ticipants in the August 1980 pretesting of the book of
guidelines, and (4) reviewers of the book's third draft.

CONTACTS DURING FIELD TRIPS

The following list contains only a single name for
each of the organizations visited. However, the number of
persons contacted during visits to these organizations was
usually much greater. For all of those contacted, we offer
our thanks for the time spent and information received. To
help identify the organizations, we have broken the list
into geographical regions. Some of these persons have
changed positions since our visits, which mainly occurred
from January 1979 to August 1980.

CENTRAL AMERICA

Heman Ever Amaya, Head, Agricultural Economics De
partment, Centro Nacional de Tecnologia Agrope
cuaria [CENTAJ, Ministerio de Agricultura y
Ganaderia, San Salvador, EI Salvador.

Mario R. Contreras, Director of Research, Investigaciones
Agropecuarias, Ministerio de Recursos Naturales,
Tegucigalpa, Honduras.

Robert D. Hart, Crop Ecologist, Tropical Agricultural
Research and Training Center [CATIEJ, Turrialba,
Costa Rica.

Ramiro Ortiz D., Technical Director, Instituto de Ciencia
y Tecnologia Agricolas (ICTA), Guatemala City,
Guatemala.

NORTH AMERICA

Antonio Turrent F., Profesor de Suelos, Colegio de Post
graduados, ENA, Chapingo, Mexico.

Donald 1. Winkelmann, Director, Economics Program, In
ternational Maize and Wheat Improvement Center
(CIMMYT), EI Batan, Mexico.

SOUTH AMERICA

Eliseu Roberto de Andrade Alves, President, Brazilian Ag
ricultural Research Corporation [EMBRAPA),
Brasilia, D.F., Brazil.

Douglas Horton, Head, Social Science Unit, International
Potato Center (CIP), Lima, Peru.

Ruben Jaramillo, Divisi6n de Estudios Socioecon6micos,
Colombian Agricultural Institute (ICA), Bogota,
Colombia.

John 1. Nickel, Director General, International Center for
Tropical Agriculture (CIAT), Cali, Colombia.

EAST AFRICA

Michael Collinson, Farm Management Specialist, Interna
tional Maize and Wheat Improvement Center (CIM
MYT), Regional Office in East Africa, Nairobi,
Kenya.

John Liwenga, Chief Research Officer, Ministry of Agricul
ture, Dar es Salaam, Tanzania.

David Pratt, Director, International Livestock Centre for
Africa (ILCA), Addis Ababa, Ethiopia.

WEST AFRICA

B.T. Kang, Acting Leader, Farming Systems Program, In
ternational Institute for Tropical Agriculture (IITA),
Ibadan, Nigeria.

M. Louis Sauger, Director General, Institut Senegalais de
Recherches Agricoles [ISRA), Dakar, Senegal.

Dustin Spencer, Head, Development Department, West
Africa Rice Development Association (WARDA),
Monrovia, Liberia.

FAR EAST

Y. Hayami, Professor of Economics, Tokyo Metro
politan University, Tokyo, Japan.

J.C. Moomaw, Director, Asian Vegetable Research and
Development Center (AVRDC), Shanhua, Taiwan,
Republic of China.
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Dong Wan Shin, Korea Rural Economics Institute, Office
of Rural Development, College of Agriculture, Seoul
National University, Seoul, Korea.

SOUTHERN ASIA

S.L. Chowdhury, Project Director, All India Coordinated
Research Project for Dryland Agriculture (IDFP),
Hyderabad, India.

Murray D. Dawson, Agricultural Research Program, Min
istry of Agriculture, Joydapour, Bangladesh.

Wayne Freeman, Director, International Agricultural De
velopment Service-Integrated Cereals Project (IADS
ICP), Department of Agriculture, Kathmandu,
Nepal.

Zahidul Hoque, Bangladesh Agricultural Rice Institute
(BARI), Bangladesh.

N.K. Jain, Director, Indian Agricultural Research Institute
(IARI), New Delhi, India.

J. Kampen, Acting Head, Farming Systems Research
Group, International Crops Research Institute for
the Semi-Arid Tropics IICRISAT), Hyderabad, In
dia.

M. Rahman, Bangladesh Agricultural Research Council
(BARC), Dacca, Bangladesh.

Dr. Seethanaman, Director, All India Coordinated Rice
Improvement Program (AICRIP), Hyderabad, In
dia.

M.S. Swaminathan, Director General, Indian Council of
Agricultural Research (ICAR), New Delhi, In
dia.

MIDDLE EAST

Harry S. Darling, Director General, International Center
for Agricultural Research in the Dry Areas
(ICARDA), Beirut, Lebanon.

SOUTHEAST ASIA

Kawi Chutikul, Dean of Agriculture, University of Khon
Kaen, Khon Kaen, Thailand.

A. Gomez, Team Leader, Multiple Cropping Program,
University of the Philippines at Los Banos [UPLB),
Los Banos, Philippines.

Jerry L. McIntosh, Cropping Systems Agronomist, Cooper
ative Central Research Institute for Agriculture/
International Rice Research Institute [CRIA/IRRI),
Bogor, Indonesia.

Banpot Na Pompeth, Assistant Dean of Agriculture, Kaset
sart University, Bangkok, Thailand.

Manu Seetisarn, Dean of Agriculture, University of
Chiang Mai, Chiang Mai, Thailand.

Dr. Tamin, Director, The Malaysian Agricultural Re
search and Development Institute (MARDI), Ser
dang, Malaysia.

Hubert G. Zandstra, Head, Cropping Systems Research
Program, International Rice Research Institute
(IRRI), Los Banos, Philippines.

AUGUST 1979 WORKSHOP

The three-day workshop held in Fort Collins, Col
orado, during August 1979, gave the project staff the op
portunity to (I) discuss major FSR&D issues, 121 consider
the book of guidelines' contents and method of presenta
tion, and (3) obtain suggestions for conducting the project.
A distinguished group of FSR&D practitioners, who
represented an important part of the FSR&D effort around
the world, attended. This meeting was helpful in setting
our project on a proper course and in establishing working
relationships with many of those actively engaged in
FSR&D. Attendees were

FSR&D SPECIALISTS

Suryatna Effendi, Director, Bogor Research Institute for
Food Crops, Bogor, Indonesia.

Robert D. Hart, Crop Ecologist, Tropical Agricultural Re
search and Training Center (CATIE), Turrialba,
Costa Rica.

Richard R. Harwood, Director of Research, Rodale Press,
Inc., Emmaus, Pennsylvania.

Peter E. Hildebrand, Agricultural Economist, Rockefeller
Foundation Adviser to the Agricultural Science and
Technology Institute (ICTA), Guatemala City,
Guatemala.

Bert A. Krantz, Emeritus Soils Specialist, University of
California at Davis, Davis, California.

Jerry L. McIntosh, Cropping Systems Agronomist, Cooper
ative Central Research Institute for Agriculture/
International Rice Research Institute (CRIA/IRRI),
Bogor, Indonesia.

David W. Norman, Professor of Economics, Economics
Department, Kansas State University, Manhattan,
Kansas.

Donald L. Plucknett, Deputy Executive Director, Board
for International. Food and Agricultural Develop
ment (BIFAD), United States Agency for Interna
tional Development (USAID).

Donald L. Winkelmann, Director, Economics Program, In
ternational Maize and Wheat Improvement Center
(CIMMYT), El Batan, Mexico.

Hubert G. Zandstra, Head, Cropping Systems Research
Program, International Rice Research Institute
IIRRI), Los Banos, Philippines.

OBSERVERS

Bruce H. Anderson, Executive Director, Consortium for
International Development (CID), Logan, Utah.

Jerry B. Eckert, Team Leader, Lesotho Agricultural Sector
Analysis Project, Colorado State University,
Maseru, Lesotho.

Kutlu Somel, Deputy Director, Economic and Social Re
search Institute, Middle East Technical University,
Ankara, Turkey.

A. Wayne Wymore, Professor of Systems and Industrial
Engineering, University of Arizona, Tucson,
Arizona.



USAID MONITOR

J. Kenneth McDermott, Associate Director, Office of
Agriculture, Bureau for Development Support,
United States Agency for International Development
(USAID), Washington, D.C.

ADVISORY COMMITTEE

Gerald M. Burke, Assistant Academic Vice President, New
Mexico State University, Las Cmces, New Mexico.

Frank S. Conklin, Professor, Department of Agricultural
and Resource Economics, Oregon State University,
Corvallis, Oregon.

William Furtick, Dean, College of Tropical Agriculture
and Human Resources, University of Hawaii,
Honolulu, Hawaii.

Jack Keller, Department Head, Agricultural and Irrigation
Engineering, Utah State University, Logan, Utah.

James R. Meiman, Dean, Graduate School, Colorado
State University, Fort Collins, Colorado.

Martin Waananen, Assistant Director of Resident Instmc
tion, College of Agriculture, Washington State
University, Pullman, Washington.

PROJECT STAFF

Jen-hu Chang, Professor of Geography, Department of
Geography, University of Hawaii, Honolulu,
Hawaii.

Ann Perry-Barnes, Research Assistant, Department of Ag
riculture and Resource Economics, University of
Hawaii, Honolulu, Hawaii.

Perry F. Philipp, Professor of Agricultural Economics, De
partment of Agricultural and Resource Economics,
University of Hawaii, Honolulu, Hawaii.

Michael D. Read, Graduate Research Assistant, Depart
ment of Agronomy, Colorado State University, Fort
Collins, Colorado.

John S. Roecklein, Graduate Resear~h Assistant, De
partment of Agricultural and Resource Economics,
University of Hawaii, Honolulu, Hawaii.

Willard R. Schmehl, Professor of Agronomy, Department
of Agronomy, Colorado State University, Fort Col
lins, Colorado.

Willis W. Shaner, Associate Professor, College of Engi
neering, Colorado State University, Fort Collins,
Colorado.

Tom S. Sheng, Research Associate, Industrial Engineering
Program, Colorado State University, Fort Collins,
Colorado.

JUNE 1980 WORKSHOP

This two-day workshop held during June 1980 al
lowed a small group of FSR&D specialists to meet with
project staff.to review the first draft of the book of guide
lines and offer suggestions for subsequent drafts. The in
vited specialists have impressive practical experience in
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developing FSR&D concepts and procedures. Conse
quently, they provided valuable inputs during the early
writing stage. Those attending were

FSR&D SPECIALISTS

Peter E. Hildebrand, Visiting Professor, Food and Resource
Economics Department, University of Florida,
Gainesville, Florida.

David W. Norman, Professor of Economics, Economics
Department, Kansas State University, Manhattan,
Kansas.

Hubert G. Zandstra, Head, Cropping Systems Research
Program, International Rice Research Institute
IIRRI), Los Banos, Philippines.

CONSULTANT

George M. Beal, Research Associate, Communication In
stitute, East-West Center, Honolulu, Hawaii.

USAID MONITOR

J. Kenneth McDermott, Associate Director, Office of
Agriculture, Bureau for Development Support,
United States Agency for International Development
(USAIDl, Washington, D.C.

PROJECT STAFF

Jen-hu Chang, Professor of Geography, Department of
Geography, University of Hawaii, Honolulu,
Hawaii.

Robert E. Dils, Professor Emeritus, College of Forestry and
Natural Resources, Colorado State University, Fort
Collins, Colorado.

Gary E. Hansen, Research Associate, Resource Systems In
stitute, East-West Center, Honolulu, Hawaii.

Helen Kreider Henderson, Lecturer in Anthropology, Uni
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APPENDIX 2-A
MATHEMATICAL MODELING

Small-scale farming, especially subsistence farming
in developing countries, is complex because II} farm
households typically engage in many enterprises, (2) in
teractions among enterprises are closely linked, and (3) the
households have varied objectives. When a system is com
plex, researchers and others have many opportunities for
suggesting improvements to the system. However, iden
tifying optimal solutions, even when data are adequate, is
beyond the capabilities of simple, straightforward ap
proaches. Under such conditions, mathematical modeling
aids researchers by helping them to (1) understand how the
system functions, (2) identify key factors in the system,
13) consider alternatives for improvement, and (4) search
for optimal or substantially improved solutions.

As noted in Sec. 2.7.2. of Chapter 2, this book con
tains little on mathematical modeling. We omitted model
ing because we found little to indicate that mathematical
modeling in FSR&.D at the national level will become
widespread in the near future. Whatever optimization
work we encountered was being conducted mainly by
other organizations for other purposes. Closely associated
with mathematical modeling is the researcher's use of
schematic or conceptual models. These do have ap
plicability for this book, which we discuss in Sec. 5.4.3.
and in Appendix 5-J.

Although mathematical modeling does not 'have
much application to national level FS&.RD efforts pres
ently, we believe that it will as FSR&.D becomes better
established and as FSR&.D teams become more sophisti
cated in their approaches. With this possibility in mind,
we will report briefly on some modeling work at IRRI,
ILCA, and CATIE and then list some of the studies re
ported in the literature.

MODELING AT IRRI

Our review of IRRI's modeling efforts revealed work
in two basic areas. First, IRRI uses simulation models of
rice production to relate the influence of weather on 11)
rice growth and yields and (2) pest and disease damage.
IRRI also uses these models to estimate water available to

plants based on rainfall and evaporation. These models are
of the simple water balance, toposequence1 water balance,
single crop, and toposequence crop types. Even though
IRRI is continually testing and refining these models, its
staff reports that much work is still needed in making
them more useful for rice research.

Second, IRRI is working with linear and goal pro
gramming as applied to whole-farm analyses of ex
periments with rice farms in some Southeast Asian coun
tries. When these whole farm procedures are verified and
implemented, they are expected to help central research
institutes identify new technologies and adjust existing
technologies to farmers' systems.

MODELING AT ILeA

ILCA has made modeling of livestock systems one of
the cornerstones of its activities. It uses modeling in four
basic ways. First, herd-level models are being used to
study animal growth, fertility, and death rates in complex
environments. Results from these models provide ILCA
with information for making preliminary assessments of
research and development options.

Second, ILCA is applying planning models to farm
ing systems in which livestock is integrated with crop pro
duction. These linear programming models provide im
proved resource allocation alternatives at the farm and
regiona11eve1s, including new technology possibilities in
different regions of East Africa.

Third, ILCA plans to use national policy models for
(I) regional evaluation of land use; {2} study of economic
trends, such as future supply and demand for livestock and
livestock products; and {3} evaluation of the terms of trade
between the pastoral and cropping sectors.

Fourth, as part of its initial conceptualization of the
systems with which it works, ILCA is using schematic
models to trace out the development paths of alternative
research strategies.

MODELING AT CATIE

Of CATIE's modeling activities, we are most
familiar with Hart's work. He has taken the ecosystems
concepts of Odum {1971} and applied them to farming

lRelates to the lateral flow of water through a series of adjacent fields in a way that facilitates growing crops in sequence (Angus and
Zandstra, 1979).
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Figure 2·A·1. A generalized qualitative model of a farm system
with socioeconomic and agroecosystem subsystems and In·
puts, outputs, and between.subsystem flows of money,
materials, energy and Information (Hart, 1980a).

A Farm System

Agroecosystem Type: 1

Agroecosystem Type: 2

Agroecosystem Type: N

Soclo·Economlc
Subsystem

systems. Hart's approach involves breaking systems into
subsystems and tracing through the flows of money,
materials, energy, and iilformation, as shown in Fig.
2-A-l. The boxes within the farm system are the
household llabeled socioeconomic subsysteml and the
cropping and livestock systems llabeled agroecosystem
types 1, 2, ... nl.

One of Hart's 11980a) activities at CATIE was to use
such a model as a basis for gathering weekly data for an en
tire year on the activities of a farm family in Honduras.
The results of this study were used to identify the farming
system's main components arid the physical and money
flows of the system. Hart has also used the same approach
as part of CATIE's training program lHart, 1979 and
1980bl·

To our knowledge, Hart has not applied simulation
or optimization procedures to these data. Nevertheless,
the data have allowed Hart and others to gain considerable
knowledge about the structure and money and material
flows of the farming systems under study. More will be
said about Hart's work in Appendix 5-1, which is on con
ceptual models.

REFERENCES ON FSR&.D MODELING

We close this appendix with a listing of some of the
modeling activities that may interest researchers in
FSR&D. The list is for readers who wish to gain an idea
about the types of studies and information currently
available. We have broken the list into major topics and
have included a few general references for the reader who
is not familiar with mathematical modeling's terms or
concepts.

AERIAL RECONNAISSANCE

• Landsat Computers and Development Projects
(Adrien and Bumgardner, 1977)

• LACIE: A Proof-of-Concept Experiment in Global
Crop Monitoring lMacDonald and Hall, 1977)

CLIMATE

• Climatic Factors and the Modeling of Rice Growth
and Yield lAngus and Zandstra, 19791

• A Model for Predicting Soybean Yields from
Climatic Data lHill et aI., 19781

• Simulation of Influence of Climatic Factors on Rice
Production lKenlen, 19761

ECONOMICS

• Measuring the Economic Benefits of New
Technologies to Small Rice Farmers lBarlow et aI.,
19791

• New Cropping Patterns for Iloilo and Pangasinan
Farmers: A Whole Farm Analysis lJayasuriya, 1979)

• Optimal Multiple Cropping Systems for the Chiang
Mai Valley lThodey and Sektheera, 1974)

• Economics and Design of Small-Farmer Technology
lValdes et aI., 1979)

EVAPOTRANSPIRATION

• Model for Predicting Evaporation from a New Crop
with Incomplete Cover (Ritchie, 1972)

• Modeling of Potential Evapotranspiration and Solar
Radiation for Different Regions of the Philippines
(Tamisin et aI., 19791

LINEAR PROGRAMMING

• Linear Programming Applications to Agriculture
(Beneke and Winterboer, 1973)

• Linear Programming Methods lHeady and Candler,
1958)

• A Farm Level Linear Programming Analysis of Dry
Land and Wet-Land Food Crop Production in In
donesia lMcCarl, 19781

• Linear Programming for Smallholder Agriculture
(Nelson, 19741

LIVESTOCK

• Initial Application of Modeling Techniques in
Livestock Production Systems Under Semi-Arid
Conditions in Africa lAnderson and Trail, 1978)

• A General Cattle Production Systems Model. I:
Structure of the Model and II: Procedures Used for
Stimulating Animal Performance lSanders and Cart
wright, 1979a and 1979bl

MISCELLANEOUS

• Incorporating Multiple Objectives into Plans for
Low-Resource Farmers lFlinn and Jayasuriya, 1979)

• One Farm System in Honduras: A Case Study [Hart,
1980al



• Operations Research (Hillier and Lieberman, 1974)
• Rice and Risk: Decision-Making Among Low

Income Farmers lRoumasset, 1976)
• Rational Farm Plans for Land Settlement in In

donesia: A Study Using Programming Techniques
(Wardhani, 1976)
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SIMULATION

• A Primer on Simulation and Gaming lBarton, 1970)
• Small Farm Improvement Strategies: The Implica

tions ofa Simulation Study ofIndigenous Farming in
South East Ghana (Low, 1975)
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APPENDIX 3-A
REVIEW OF FSR&D ACTIVITIES

In this appendix, which augments our discussion in
Chapter 3, we summarize some of the more pertinent
facets of current FSR&D activities under the headings of
national and international FSR&D programs. The national
programs are the most relevant for this book, but those in
ternational programs that are actively cooperating with na
tional governments in developing programs and activities
appropriate to their needs are relevant too.

Additional details on these programs may be found
throughout this book. Also, recent reviews of FSR&D pro
grams throughout the world are contained in the
Technical Advisory Committee [TAC) report (1978) and
Gilbert et al. [1980). References for some of the national
programs are: for Brazil, EMBRAPA (1978); for
Guatemala, ICTA (1976); for Honduras, PNIA (1981); for
Indonesia, CRIA (1979); for Nepal, His Majesty's Govern
ment Department of Agriculture (1979); and for Senegal,
ISRA/GERDAT (1977). Additional references for some of
the international centers are CATIE (1979), CGIAR (1976),
CIAT [1980), CIMMYT (1978), CIP (1977), ICARDA
(1978), ICRISAT (1979), UTA (1978), ILCA [1980), IRRI
11977a and 1977b), and WARDA (1978).

NATIONAL FSR&.D PROGRAMS

Several national programs have been initiated during
the past decade. Two of these are the programs of the
Agricultural Science and Technology Institute [ICTA) of
Guatemala and the Senegalese Institute for Agricultural
Research [ISRA). Other important FSR&D efforts are by
countries that are members of the International Rice
Research Institute's IIRRI) Asian Cropping Systems Net
work IACSN) headquartered in the Philippines. Recently,
additional FSR&D programs have been established while
other programs are being planned and still others have
elements of FSR&D in their approaches.

Agricultural research in Guatemala was reorganized
in 1973 to bring improved technologies to the small-scale
farmers throughout the country. The program is coor
dinated out of Guatemala City with offices in seven of the
eight regions of the country. Programs are developed
within the regions under the direction of regional directors
and the general guidance of the technical director and pro
gram coordinators from the central office. Using rapid

surveys, ICTA has developed an effective means for strat
ifying groups of farmers and identifying their problems.
The emphasis is on on-farm experimentation and evalua
tion that relies heavily on understanding farmers' condi
tions and applying technologies previously developed on
experiment stations.

Among the oldest of the national FSR&D programs
is that involving the Experimental Units [Unites Ex
perimentales in French), which are part of the ISRA pro
gram in Senegal. Twenty villages were selected at two
sites for studying farm systems and identifying constraints
to the acceptance of new innovations, technologies, and
practices being developed at nearby experiment stations.
Interdisciplinary teams of researchers work with farmer
cooperatives and extension representatives to evaluate
farmers' problems and responses to change. The program's
key is its intensification of agriculture through land im
provement that embodies land consolidation, improved
cultivation through deep plowing using animal traction,
phosphate replacement, fertilizers, improved seed, diver
sification of crops, four-year rotations, incorporation of
organic matter into the soil, and agroforestry. This ap
proach takes advantage of the limited rainfall, maintains
soil fertility, and raises overall productivity.

Member countries of the ACSN, organized in 1974,
have several programs with an FSR&D emphasis. The Net
work stresses systematic and integrated research on
specific problems of small farmers in various target areas.
One of the older and more active of these is the National
Multiple Cropping program of the Central Research In
stitute for Agriculture [CRIA) in Indonesia. The program
started with locations in West Java and Central Lampung
as the target areas. The objective of CRIA's program is to
identify and remove constraints to more intensive crop
ping patterns using combinations of improved component
technologies and new or modified cropping patterns. The
results will help the government to resettle farming
familes in less crowded areas.

A more recent FSR&D program is that of the
Ministry of Natural Resources in Honduras. This program
centers around an interdisciplinary group of graduates
from Cornell University, who completed coordinated doc
toral dissertations on tropical maize production.

In 1977 Nepal began its integrated cereals project
that follows a farming systems approach.

EMBRAPA 1Brazilian AgriculturalResearch Corpora
tion) is using interdisciplinary teams at Petrolina, in the
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Northeast, to identify appropriate cropping systems for
semiarid areas.

Only recently, several other FSR&D projects have
been integrated or are being planned. In Lesotho, team
leaders are emphasizing the extension component. Mali is
receiving funds from several donors for an FSR&.D project
that will be initiated in the southern part of the country.
The United Nations Food and Agriculture Organization
(FAO) is assisting the Egyptian government in the develop
ment of an FSR&.D program in that country. Upper Volta
has a farming systems unit that is coordinating its efforts
with the regional activities of the SAFGRAD (Semi-arid
Food Grain Research and Development) project. Kenya
and Zambia have initiated training programs in response
to the International Maize and Wheat Improvement
Center's (CIMMYT) efforts to integrate farming systems
concepts into that region; and Tanzania is considering a
large program in FSR&.D. Swaziland is designing an
FSR&.D project. And the government of Gambia has re
quested an FSR&.D project. Since our review is not com
prehensive, other FSR&.D activities are, undoubtedly,
underway or are being planned.

INTERNATIONAL FSR&D PROGRAMS

Several of the International Agricultural Research
Centers [IARCs) and at least one regional center have been
active in FSR&.D. IARCs were given a material boost by
the findings, recommendations, and CGIAR (Consultative
Group on International Agricultural Research) acceptance
of the TAC report. This report strongly supported con
tinued efforts of the IARCs in FSR&.D. IRRI, ICRISAT (In
ternational Crops Research Institute for the Semi-arid
Tropics), llTA (International Institute for Tropical
Agriculture), ILCA [International Livestock Centre for
Africa), and ICARDA (International Center for
Agricultural Research in the Dry Areas) have farming
systems in their mandates; CIMMYT is following a com
modity approach to farming systems; CIP (International
Potato Center) is carrying out some aspects of FSR&.D; and
CIAT (International Center for Tropical Agriculture)
formerly had a farming systems program, but has absorbed
these activities into its commodity programs. Many of
these centers provide valuable training for those from the
national programs. This training ranges from cropping
systems to commodity and disciplinary research-both
on-farm and on-station.

The program with the most far-reaching influence
on national programs is the cropping systems research of
IRRI. Ten countries have been organized into the Asian
Cropping Systems Network to promote national programs
capable of absorbing improvements generated both by IRRI
and by the interactions of the member countries. In addi
tion to IRRI's manuals (e.g., Zandstra et a1., 1981),
publication of the proceedings of its Saturday Seminars
and the Network's workshops are also very useful in
understanding the intricacies of cropping systems
research.

The programs of ICRISAT and llTA.come closer to
the conceptualization of "farming systems in the large"

(see Sec. 3.4.1.) in that they cover the range of small
farmers' activities, including preservation of their en
vironments. ICRISAT has focused on means of capturing
and preserving rainfall so as to obtain higher yields on the
main crop and open up the possibilities for a second crop.
These practices include, among other things, improved
tillage, use of broadly graded beds and furrows, and surface
water storage. Such efforts could lead to a substantial
alteration to the system, because farmers in the semiarid
tropics customarily have enough moisture for only one
crop a year.

llTA has concentrated on developing a replacement
for the present system of shifting cultivation in the humid
and subhumid tropics. The focus of its efforts along these
lines includes minimum and no tillage, ground covers,
alternative means of clearing, improved implements,
multiple cropping, and maintenance of soil fertility. The
traditional systems are being threatened by population in
creases and the pressure to reduce the periods of fallow,
with the accompanying problems of erosion and fertility
loss.

Both the approaches of ICRISAT and llTA attempt to
increase production substantially more than if farmers
follow their present patterns and trends. As a conse
quence, the programs are comprehensive and long-run in
scope. Most of the work has been confined to on-station
research because, as they put it, they are still attempting
to learn the technical relationships among the system's
components. Neither program, however, has gone far in
studying livestock or mixed-farming systems.

CIMMYT, through the lead of its Economics Pro
gram, is using a cropping systems approach in finding
ways to improve the efficiencies of wheat-based and
maize-based systems. As long as these two commodities
are an essential part of the small-scale farmers' cropping
system, CIMMYT will assist in improving their overall
cropping patterns and farm management practices. The ap
proach of their regional offices, such as those in Ecuador
and East Africa, takes the socioeconomic and physical en
vironments about as they are. That is, the researchers
operate within the constraints the farmers customarily
face and try to improve factors under the farmer's contro1.
On the national level, two CIMMYT manuals (Perrin
et a1., 1976 and Byerlee et a1., 1980) are directed toward
conditions specific to developing countries and are there
fore particularly usefu1. In East Africa, CIMMYT has re
cently begun regularly publishing a farming systems news
letter.

The other international centers have been less active
in FSR&.D because of their late entry into the field, the
complexity of the tasks, or the emphases of their man
dates. ILCA's program centers on research applied to the
basic livestock systems of Africa. Its program is in the ini
tial stages and the ILCA staff is still concerned with
methodological procedures. One procedure involves the
monitoring of livestock projects to determine some of the
institutional and social reasons for acceptance and rejec
tion of alternative livestock technologies. ILCA's program
includes the study of small ruminants in Nigeria, in
vestigations of the cropping-pastoral situations in Mali, a



study of trypanotolerant livestock across the center of
Africa, modeling in Botswana, and experiments in
Ethiopia.

ICARDA, which was established in 1976, has had a
delayed start due to the unsettled conditions in the Middle
East~ where its principle activities are centered. Its overall
efforts are directed toward working with the drier regions
of Western Asia and Northern Africa. Of its several pro
grams, FSR&D is the largest. ICARDA has decided to ap
proach farming systems with few constraints on the
analysis. That is, most everything is subject to investiga
tion should the initial analysis so indicate. In pursuing
this approach, ICARDA has undertaken a lengthy baseline
study of conditions in its area of responsibility.

CIAT used to have a farming systems program as
such, but has now placed its FSR&D efforts in the com
modity programs for beans, beef, cassava, rice, and swine.

After significantly improving potato varieties and
management practices, CIP has begun on-farm experi
ments on how to persuade farmers to accept these im-
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provements. CIP began research in 1977 that resembles
CIMMYT's approach in concentrating on a commodity
within the farmer's cropping system.

Finally, for the group financed by CGIAR, the West
Africa Rice Development Association IWARDA) is coor
dinating and supporting technically some on-farm studies.
This work is still formative. The extent to which signifi
cant farming systems programs emerge-except for
Senegal and Upper Volta-remains to be seen.

The regional program of the Tropical Agricultural
Research and Training Center ICATIEJ, headquartered in
Costa Rica, is conducting both fundamental and applied
research in FSR&D. CATIE staff is exploring fundamental
concepts in FSR&D, such as ecological systems, case
studies of farm families, soil texture gradients, clima
tological analogs, multiple cropping, and plant efficiency
in use of energy. CATIE also conducts non-degree and
degree training at the master's level and directly assists its
Central American members in implementing FSR&D pro
grams.
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APPENDIX 4-A
ILLUSTRATION OF THE USE OF GENERAL FARM
DATA TO HELP ESTABLISH
RECOMMENDATION DOMAINS

Byerlee et a1. (1980) define a recommendation do-·
main as a group of farmers with about the same character
istics and environmental conditions for whom similar rec
ommendations can be made (see Sec. 4.2.1. in Chapter 4).
Below, is an illustration of the use of general farm data to
help in distinguishing among different recommendation
domains. Table 4-A-1 (see p. 244) and the description are
taken from Byerlee et a1. (1980) without alteration:

"The table shows an example of assembling
descriptive statistics by recommendation domains
in a tropical maize producing area. Initially three
recommendation domains were distinguished a)
large-scale farmers, b) farmers of the land reform pro
gram growing maize on flat land and c) farmers of the
land reform program growing maize on sloped land.
The research program decided to focus on the latter
two groups where potential pay-offs in terms of pro
duction and income equality were greater. The basic
difference in practices of farmers is seen to be in land
preparation where farmers with flat land generally
use tractors while farmers on steep land use hoes or
simply slash with a cutlass. Other practices are
essentially the same for both recommendation do
mains. The base practices for on-farm experiments
would then consist of tractor ploughing and harrow
ing on flat land and hoeing on steep land, the local
variety planted at a density of 35,000 plants/ha,
weeded by hand with the first weeding about four
weeks after planting and use of insecticide but no
fertilizer. "

APPENDIX 4-B
GROUPING FARMERS INTO
HOMOGENEOUS POPULATIONS

In Sec. 4.2.1. in Chapter 4, we discussed methods for
identifying those within similar environments who farm
in similar ways. In this book, we refer to similar en
vironmental conditions as subareas. Others refer to
farmers who follow similar practices and are alike in other
ways as recommendation domains. Appendix 4-A shows

how Byerlee et a1. 11980) used a description of various
farmers' practices to identify two recommendation do
mains. In this appendix, we provide further information
o.n grouping farmers into relatively homogeneous popula
tions as the basis for designing and recommending im
proved technologies.

This appendix reports on a situation in the Central
Province of Zambia that involved approximately 350 000
people living within an area of about 120,000 sq km. 'The
following sections are quoted from Collinson 11979):

"The smallest administrative division in Zam
bia is the Ward. There were 72 Rural Wards 11975
boundaries) in Central Province averaging about
1000 households each. (Numbers varied widely,
mainly within the 200 - 3000 range, about 50%
were within ± 500 of the average.) Information col
lected at the ward level is aggregated into relatively
few farmer groupings and the aggregation process
smoothes out small inaccuracies arising in the ward
level information. For programme implementation
purposes the resulting groupings can be specified in
terms of Districts and Wards, units already in use in
agricultural planning and administration.

"A questionnaire was developed to collect
descriptive information about farming in the wards.
The questionnaire is shown as (Table 4-B-1]. It
sought to tap the experience of agricultural staff
locally involved in day-to-day agricultural ad
ministration in the areas to be covered. Fore
knowledge of their likely biases was used to try to
ensure balanced information. Data collection was
organised through the four District Agricultural of
fices in the Province. The questionnaire was ad
ministered by the research economists to Station Of
ficers, that is agricultural extension staff, each in
charge of 5 - 10 wards with several Camp Officers
subordinate to them.

"Before the survey proper the questionnaire
was tested in two locations to evaluate the relevance
of the questions and to improve the phrasing in put
ting the question to the respondent. During the
survey proper the economist first discussed the
wards with the District Agricultural Officer seeking
information on:

(].) The proportion of Traditional, Emergent and
Large Scale farmers in the ward, a hierarchial
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Table 4-A·1. Tabulation of farmer practices by recommendation domain-tropical maize (Byerlee et al., 1980).

General Farm Data

Average Farm Size (ha)
Area In Maize In August (ha)
Area In Tree Crops (ha)

Annual Cropping Pattern In Selected Field
Per cent Maize-Maize
Per cent Malze-Malze-Beans
Per cent Malze,-Squash-Malze
Per cent Other Systems

Land Preparation
Per cent Plough-Harrow (with tractor)
Per cent Harrow Only (with tractor)
Per cent Hand Hoe
Per cent Chop Only or Chop and Burn

Planting
Per cent Plant "Improved" Variety
Distance Between Rows (cm)
Distance Between Hills (cm)
Average Seeds per Hili
Per cent Replant

Weeding
Per cent Weed with Horse or Tractor
Per cent Weed with Hoe
Per cent Weed Twice
Average Time of First Weeding (weeks after planting)

Other Inputs
Per cent Apply Insecticides
Per cent Use Fertilizer

Production
Average Yield (ton/ha)
Per cent Maize Sold

division already recognised by the Ministry of
Agriculture.

(2) For each of these farmer categories:
(aJ The main power source used.
(b) The approximate, typical area cul

tivated.
Ic) The main crops grown for food and for

cash.

"This initial information was used as a check
on Station Officers responding to the detailed ques
tionnaire for each ward. Discrepancies were iden
tified and taken up with the Station Officer con
cerned. If he stuck to his response the discrepancy
was taken up with the District Agricultural Officer.

"Several approaches to data tabulation were
tried to facilitate interpretation. A straightforward
tabulation is essential. Its value for interpretation is
enhanced if, as far as possible, wards which are con
tiguous on the ground are also continuous in the
table. Some compromise is inevitable. The ordering
of the ward data in the table is helped by drawing a
grid on the ward maps. The wards are numbered as
they are touched by the grid moving either North to

Recommendation Domain
Flat Land Steep Land

11.1 10.2
4.6 2.6
3.5 2.7

31 37
33 33
12 10
24 20

38 0
24 0
34 68
3 27

18 3
103 102
92 94

3.7 3.9
26 35

15 3
85 97
83 80

4.5 3.8

86 82
2 0

1.2 1.1
63 56

South or East to West. Two other approaches to
tabulations followed the identification of the major
sources of variation between wards in different parts
of the Province. First information on these major
sources was written onto the map in each ward to
help crystallise the boundaries between zones. The
second approach was to build 'trees' on the main
sources of variation. For example wards were first
grouped on the basis of power source. These groups
were then split on the basis of the main starch staple
food. These sub groups were split on the basis of ma
jor cash sources and so on. The process is easiest if
wards are first grouped on variables which have
fewest categories. The process gets too complex after
three or four variables have been considered but
helps to improve the understanding of sources of
variation which are related.

"The key step in interpretation is deciding the
sources of variation which are critical in dictating
resource allocation in farming systems of the area.
Identifying these key variables reduces the collected
information to manageable proportions. However,
the key variables will vary from area to area. Due to
the homogeneity in climate and altitude in Central
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Table 4·8·1. Farm system zoning questionnaire, Central Province, Zambia (Collinson, 1979).

DISTRICT WARD NO. FARMER GROUP

A. ANIMALS 1. THREE MAIN 1
KEPT BY TYPES OF 2
MOST FARMERS ANIMALS KEPT 3

2. IF CATILE, MAlN 1
PURPOSES FOR 2
KEEPING 3

B. FOODS GROWN (G) 1. STARCH STAPLES 1
OR BOUGHT (B) 2
BY MOST FARMERS 3

2. RELISH CROPS TO 1
FLAVOUR STAPLES 2

3
3. ANIMAL PRODUCTS 1

FOR FOOD 2

C. MAIN CASH 1. NEW CASH CROPS 1
SOURCES FOR AND % GROWING 2
MOST FARMERS 2. CROP SALES AS 1
(OVERALL RANK) A CASH SOURCE 2

3. LIVESTOCK AS A 1
CASH SOURCE 2

4. OFF FARM 1
CASH SOURCE 2

D. LAND USE 1. YEARS CULTIVATED 1
AND METHODS AND 2. TYPICAL AREA (HA) 1
TIME OF 3. MAIN METHODS OF 1
MOST FARMERS LAND PREPARATION 2

4. MAIN MONTHS OF 1
LAND PREPARATION 2

E. HIRE AND 1. TYPES OF HIRED 1
PURCHASE OF LABOUR & PAYMENT 2
RESOURCES BY 2. WORK DONE BY 1
MOST FARMERS HIRED LABOUR 2

3. MAIN INPUTS 1
PURCHASED AND 2
CROPS USING 3

Province differences in timing over the crop calendar
were unimportant. In mountainous regions in par
ticular, varying crop calendars and cropping oppor
tunities would compound the number of identified
groups.

"The cost of identifying homogeneous fanner
groups for Central Province, using this method
ology, are low. In tenns of professional mandays
three stages can be distinguished.

(a) Preparation: 6 - 8 mandays.
(i) Developing and testing the question

naire
(ii) Arranging the programme of District

visits
(iii) Preparing background material and

maps.
(b) Data collection: 6 - 10 mandays.

Administering a questionnaire for
some 100 Ward/fanner category com
binations to some dozen station of
ficers called in to their District Of
fices.

lc) Domain identification: 8 - 12 mandays.
(i) Tabulation of the collected data (can

be done by clerks)
(ii) Interpretation of the data

liii) Deriving, describing and mapping
Recommendation Domains.

"Some 20 - 30 professional mandays are re
quired for the whole exercise. Allowing for the need
to arrange Station Officers meetings, to travel to
District Offices, and for delays in mapping, a tum
around time of two months for some 100 enumera
tion units is feasible."
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APPENDIX 4-C
SELECTION OF FSR&D AREAS

We continue in this appendix with the topic of area
selection as presented in Sec. 4.2. of Chapter 4 and in Ap
pendixes 4-A and 4-B. This appendix, quoted from CRIA
(1979), outlines procedures for selecting target areas,
subareas lsub-districts), and a research area (villages) for
cropping systems research in Indonesia.

The team follows three steps in selecting a rural
community as the research area:

"First, a target area is identified which is a relatively
homogenous agro-climatic area including several
districts ... and several thousand hectares. Then the
Cropping Systems Research Coordinator must
decide which edaphological conditions to study such
as rainfed, ... irrigated ... lfull, 7-9 months or 5
months irrigation), . . . and other conditions. Sec
ond, one or several sub-districts . . . are selected
from among these districts that include a large area
in the desired research environment. Next, one or
more villages . . . characteristic of each desired en
vironment are selected."

IIVILLAGE SELECTION

"The selection of the [villages] involves several
considerations. The research staff visits each of the
chosen [sub-districts] and collects from the exten
sion office the secondary data listed in Table [4-C-1].

"Once the secondary data is collected, a matrix
is prepared for each [sub-district]' with the [village]
forming the rows and the data forming the columns,
as shown in Table [4-C-2].

"After transforming the [village] secondary
data to the 'Data matrix' [Table 4-C-2], the mean
value for each characteristic is calculated. These
mean values taken together may be interpreted as a
description of the 'typical or representative [village].'
To identify the [village] which is most represen
tative of the population of [villages], first the mean
value for each characteristic is subtracted from the
respective values associated with each [village

Table 4·C·1. Data required for systematic selection of rural
communities as research areas In Indonesia (Adapted from
CRIA,1979).

The following paragraphs describe target areas, sub
district selection, and village selection:

liTARGET AREAS

"The selection of target areas for cropping
systems field research is based on four criteria. First,
target areas are usually regions identified by the
Government as priority agricultural development
zones. Second, the area must be representative of a
large agro-climatic zone so that the research results
will have widespread applicability. Third, the en
vironment must be of a type in which the research
staff believes there exists agricuhural technology
that, with slight modifications, it will be possible to
increase yields and cropping intensity. Finally, the
target area must have some marketing and in
frastructural development or is in the process of be
ing developed.

IISUB-DISTRICT SELECTION

"In selecting the sub~districts ... , the primary
consideration is to identify an area which has a large
number of hectares of the desired land use type. The
research staff visits each [district] extension office
and collects secondary data for each [sub-district]
about the number of hectares in rainfed, technical ir
rigation, semi-technical irrigation, simple irrigation,
annual crop upland, and perennial crop upland.
Based on these data, the [sub-district] with the
largest area of the desired land use type is selected.

Data

Distance from main road (km)

Area In each land use class
(ha)

Relative area in each slope
class (percent)

Relative area in each soil tex
ture (percent)

Area planted to each crop, by
month (percent)

Population, by economic ac
tivity (number)

Rainfall by month for past 10
years (mm)

Participants (number) In the
rice production program of
the government

Months during which Irriga
tion water Is available (per
cent of area with less than
5, 6-7, 8-9, and 10-12
months of irrigation per
year).

Draft animal population
(number)

Tractor population (number)

Purpose

To guarantee that the rural
community Is easily
accessible

To permit the selection of
rural communities with the
largest area In the desired
land use class

To avoId rural communIties
with atypical topography

To avoid rural communities
wIth atypical solis

To IdentIfy current production
level

To determine Importance of
agricultural employment

To determine number of
months 100 mm or more of
rain and probability of less
than 100 mm at beginnIng
and end of cropping season

To determine the availability
of credit and level of tech
nology In the rural com
munIty

To identify areas accordIng
to Irrigation regimes

To determine the availability
of draft power

To determine the availability
of mechanical power



Table 4·C·2. CharacterIstics of sample rural communities In sub·dlstrlct (Adapted from CRIA, 1979).

Distance Land Use (ha) Soil (%) Cropping (%)* Yield (tlha)* Farmer Bimast(%) Power

Village (km) Irrigated Rainfed Upland Clay Silt Sand LLR C CV LLR C CV popula- members (hal
tion (%) animal)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)

1. Maritengae 6 600 5,000 700 55 30 15 60 30 10 3.0 0.7 6.7 75 45 10
2. Panca Rijang 10 4,000 1,000 600 50 20 30 70 20 15 2.8 0.5 5.4 63 33 15
3. Branti 15 8,000 2,000 1,000 90 5 5 80 15 5 4.1 1.3 10.6 81 68 6
4. Watang Pulu 7 3,000 100 2,000 75 13 12 68 25 7 3.4 0.8 8.4 68 60 21
5. Dua Putue 4 600 900 6,000 85 5 10 75 5 20 3.5 1.0 9.0 74 50 9

Mean 8 3,200 1,800 2,100 71 15 14 71 19 11 3.4 0.9 8.0 72 51 12

*LLR = lowland rice, C = maize, and CV = cassava.
tBimas is the acronym for a production organization.

Table 4·C·3. Absolute deviation from the mean of each characteristic (Adapted from CRIA, 1979).

Distance Land Use (ha) Soil (%) Cropping (%)* Yield (tlha)* Farmer Bimast(%) Power

Village (km) Irrigated Rainfed Upland Clay Silt Sand LLR C CV LLR C CV popula- members (hal
tion (%) animal)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)

1 2 2,600 3,200 1,400 16 15 1 11 11 1 0.4 0.2 1.3 3 6 2
2 2 800 800 1,500 21 5 16 1 1 4 0.6 0.4 2.6 9 18 3
3 7 4,800 200 1,100 19 10 9 9 4 6 0.7 0.4 2.6 9 17 6
4 1 200 1,700 100 4 2 2 3 6 4 0.0 0.1 0.4 4 9 9
5 4 2,600 900 3,900 14 10 4 4 14 9 0.1 0.1 1.0 2 1 3

*LLR = lowland rice, C = maize, and CV = cassava.
tBimas is the acronym for a production organization.

~
+:0-
........
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Table 4·C·4. Rank-order of rural community characteristics for all rural communities In the sub-district sample (Adapted from CRIA,
1979).

Characteristic *

Vii/age
No. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) Total

1 2 3 5 3 3 4 1 5 4 1 3 2 3 2 2 1 44
2 2 2 2 4 5 2 5 1 1 2 4 3 4 4 5 2 48
3 4 4 1 2 4 3 4 4 2 3 5 3 4 4 4 3 54
4 1 1 4 1 1 1 2 2 3 2 1 1 1 3 3 4 31
5 3 3 3 5 2 3 3 3 5 4 2 1 2 1 1 2 43

*See Tables 4-C-2 and 4-C-3.

(Table 4-C-311. This difference is the deviation from
the mean for each characteristic. Next for each
characteristic the [village] with the smallest devia
tion from the mean is assigned the value of I, the
[village] with the second smallest deviation is
assigned the value 2, etc., until all [villages] have
been ranked in terms of deviation from the mean
[Table 4-C-4]. Finally, after ordering all [villages] for
all characteristics each row [representing one
[village]) is summed. This gives a single index value
for each [village]. The [village] with the smallest in
dex value will be most representative of the popula
tion of [villages]."

From Table 4-C-4, village No.4 is the most represen
tative one. Unless this village has some characteristic that
precludes its selection, the team chooses it as the research
area.

APPENDIX 4-D
CLIMATIC ZONES IN SOUTHEAST ASIA

IRRI (1974) distinguishes four major rainfall zones
and several subzones in Southeast Asia; part of these areas
are shown in Fig. 4-4 in Chapter 4 of this book. The IRRI
researchers selected these zones and subzones according to
their importance for growing rice. They explained their
selection process as follows:

"By grouping available information on rainfall
profiles together, several of the most prominent rain
fall patterns were selected. Some countries like In
donesia and the Philippines have done this type of
study (e.g., based on more than 4,000 sites in In
donesia, around 150 dominant rainfall profiles were
selected). The first criterion used for selecting major
climatic zones was monthly rainfall. An arbitrary
boundary was set at 200 mm. This amount is based
on two assumptions: [1) Losses due to evapotrans
piration, although variable over the year, generally
amount to around 100 mm per month; and (2) Losses
due to percolation and seepage, although variable
depending on soil characteristics, are generally set at
around 100 mm per month.

"The second criterion was the number of
months with 200 mm or more rainfall. An arbitrary
boundary was set at five to nine consecutive wet
months. If there are less than five consecutive wet
months the possibilities of growing two crops are
limited. If there are more than nine consecutive wet
months the Southeast Asian farmer is most likely to
grow two crops of puddled rice.

"Based on these criteria, the following zones
were delineated.

"1) Zone I. Areas with more than nine con
secutive wet months with more than 200 mm rain
fall per month [Fig. 4-4 in Chapter 4]. This zone in
cludes the major part of Kalimantan and East
Malaysia, central Sumatra and along the northwest
coast of Sumatra, and isolated spots in Java, primar
ily the southwestern part. In addition, isolated spots
exist near the mountains. Eastern Mindanao, the
Visayas, and Luzon in the Philippines come into this
group.

"2) Zone II. Areas with five to nine consecutive
wet months with more than 200 mm rainfall. This
zone covers the major part of Sumatra, the western
and central Java, the major part of West Malaysia,
the southern and eastern part of Thailand, and the
southern part of Burma. Eastern and central Luzon,
the Visayas, and Mindanao in the Philippines come
into this group. A major part of Vietnam and Laos are
also classified as Zone II.

"Since this zone is of major interest for mul
tiple cropping, it is divided into four subdivisions:

a) Zone ILL Areas with five to nine con
secutive wet months and with 100 to 200 mm rain
fall per month during the remaining part of the year.
. . . South Sumatra, Kalimantan, west Java, north
Sulawesi, northeast Malaysia, southwest Malaysia,
and Mindanao have this type of climate. Year-round
cropping is possible with puddled rice.

b) Zone 11.2. Areas with five to nine con
secutive wet months and with 100 to 200 mm rain
fall per month during the remaining part of the year
and with another minor rainfall peak.... These
areas are found only north of the equator but below
10 0 N (e.g., north Sumatra, north Borneo, northwest



Malaysia, and the southern tip of the Thailand
peninsula). This zone is equally suitable for multiple
cropping although farmers are likely to grow two
crops of puddled rice . . . .

c) Zone II.3. Areas with five to nine con
secutive wet months and with at least 2 months of
less than 100 mm rainfall . . . . This area covers large
parts of central and east Java, southern Thailand,
eastern and southeast Thailand, southern Burma,
and major parts of the Philippines.

d) Zone 11.4. Areas in the southeast and east of
Thailand are characterized by a sharp end to the
rainy season; the dry season in these areas and in
parts of Burma is very pronounced with virtually no
rain during 2 to 3 months .... The other extreme is
found on the west coast of Burma where, during the
rainy season, peaks of over 1000 mm of rain per
month occur.

"3) Zone III. Areas with two to five consecutive
wet months. Although the wet season may often be
too short to grow two crops, areas that receive 100
mm or more of rainfall per month during the dry
season have been separated from those that receive
less than 100 mm per month during the dry season:

al Zone III. 1. Areas with two to five con
secutive wet months but with at least 100 mm rain
fall per month during the remainder of the year ....
These areas are located in major parts of Sulawesi,
Malaysia, and northern Sumatra.

b) Zone III.2. Areas with two to five con
secutive wet months and a pronounced dry season
with at least 2 months less than 100 mm rainfall per
month.... East Java and the major part of central
and north Thailand are covered by this pattern. The
island of Palawan in the Philippines, the central part
of Vietnam and a large part of central Cambodia and
southern part of Laos.

"4) Zone IV. Areas with less than two con
secutive wet months. These areas are located in
northeast Thailand, north Burma, east Kalimantan
and some spots in Sulawesi, central Cambodia and
central Visayas in the Philippines. They are not
suitable for any type of agriculture unless additional
water is available...."

APPENDIX 4-E
PHYSIOGRAPHIC REGIONS IN
SOUTHEAST ASIA

In Southeast Asia, IRRI [19741 uses the following
four physiographic classifications with which different
forms of rice cultivation are closely associated; see Fig. 4-5
in Chapter 4 for part of this area. The classifications are as
follows:

1/1. COASTAL PLAINS OF MARINE,
DELTAIC, AND FLUVIAL ORIGIN

a. Regions which flood deeply during the
wet season, where cropping, other than with rice, re-
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quires extensive drainage. Examples are part of the
Bangkok Plain and the Mekong Delta.

b. Regions which do not flood deeply or
where sufficient drainage has been installed to con
trol deep flooding. With their better water control,
these land regions have potential for intensified
cropping. Examples are the Bangkok Plain, Mekong
Delta, and northwest Malaysia.

"The major soils are Inceptisols, Entisols, Ver
tisols, and Histosols.

112. INLAND TERRACES AND PLAINS OF
ANCIENT ORIGIN, USUALLY WELL DISSECTED

These are not divided on the basis of flooding
because most of them probably do not flood deeply.
An example is Northeast Thailand. The major soils
are Ultisols and Alfisols.

1/3. INLAND TERRACES, FANS, AND
VALLEYS OF RECENT ORIGIN

a. Regions which flood deeply during the
wet season and where cropping other than with rice
would require extensive water control in the form of
dams in the catchments, and river embankments.
Such areas are intersected by major rivers and have
limited potential for multiple cropping except in
areas where dry season irrigation is possible. Large
areas of Bangladesh fall into this category.

b. Regions which do not usually flood
deeply. These are normally the terraces, valleys, and
fans of smaller rivers with limited catchments. Such
areas are common within all of the region's rice
growing areas.

"The major soils are Inceptisols, Entisols, and
Vertisols.

1/4. SLOPING LANDS

a. Terraced for paddy rice production.
Depending on soil stability, terraces may be made on
slopes up to 100 percent. The stability of terraces
depends on soil character, Oxisols generally giving
stable terraces. Major areas are Java and adjacent
islands. The major soils are Oxisols and Entisols.

b. Unterraced lands. Upland rice is grown
on these lands. Sometimes as part of a stable
agricultural system, but more commonly as part of a
shifting cultivation system. These unterraced lands
are widely scattered in all of the region's rice growing
areas. The major soils are Ultisols and Alfisols."

APPENDIX 4-F
RESEARCH AREA SELECTION IN
ICRISAT'S VILLAGE LEVEL STUDIES

When a target area or subarea is large, the FSR&D
team may want to break the subarea into subdivisions us-
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ing administrative units (see Sec. 4.3.6. in Chapter 4).
Such a process was followed for a village study in India
(Jodha et aI., 1977). In selecting research areas represen
tative of the target area- an agroclimatic zone in this
case-ICRISAT (International Crops Research Institute for
the Semi-Arid Tropics) went through three steps:

1) selection of a district
2) selection of a subdivision of a district
31 selection of villages [research area).

We quote from this study, with the permission of Jodha et
al. (1977):

"SELECTION OF DISTRICTS

"Since the purpose of the [Village Level
Studies] was to understand the factors affecting the
traditional system of farming in different
agroclimatic zones, it was decided to purposefully
select three districts representing major agro
climatic'zones within the semi-arid tropics of India.
Basic factors considered for selection of districts
were soil types, pattern of rainfall, and relative im
portance of crops like sorghum, pearl millet, pulses
and groundnuts - crops in which ICRISAT is
primarily interested. District selection was also in
fluenced by the availability of a nearby agricultural
university/research station from where planning
and logistical assistance could be obtained. Other
things being equal, distance from Hyderabad was a
factor considered in district selection, as it was felt
important that the senior staff of the Economics Pro
gram be able to regularly visit and stay in the
villages."

SELECTION OF A SUB-DMSION

"For selection of villages for study, the first
step was selection of a [sub-division] in each of the
selected districts [administrative units within Indian
states]. There is a real possibility of fairly large
inter-[sub-division] differences within a district;
these differences often become obscured when
district averages are presented. To guard against the
consequences of such a possibility and also to take
full advantage of availability of [sub-division] data,
the following procedure was adopted for [sub
division] selection.

"Relevant [sub-division]-level details of all the
districts adjoining the selected district and/or show
ing broad similarities to the selected district were
compiled and compared. The [sub-division] within
the selected district reflecting the situation of the

majority of the [sub-divisions] in the region (com
.prising the districts considered) was finally selected.
Thus the selected [sub-divisions] represent the situa
tion of a broad homogeneous region rather than the
administrative district in which it happens to be
located.

For sub-divisions, "details of about 40 different
characteristics were collected from district census
hand books, district statistical reports, and un
published records of the Indian Bureau of Economics
and Statistics. The variables selected broadly
represented the natural and man-made resource base
and their utilization patterns in the [sub-divisions]
and included density of population, extent of
literacy, density (number per hundred hectares of
net sown area) of cultivators, agricultural laborers,
cattle, buffaloes, sheep and goats, iron and wooden
plows, electric pumps plus oil engines, number of
tractors per 1000 hectares of net sown area, percen
tage of forest area, barren and uncultivable lands and
net sown area to total geographical area, cropping in
tensity, extent of net sown area irrigated, contribu
tion of different irrigation sources, average rainfall
and rainfall intensity, percentage shares of wheat,
rice, sorghum, pearl millet, chickpea, pigeonpea,
cotton, groundnut, total cereals and total pulses to
the gross cropped area, and proportions of villages of
different size. l

"By looking at the numerical values of each of
the characteristics, various class-interval ranges
were setup. On the basis of these classifications, fre
quency distributions of the forty variables across
[sub-divisions] were derived. The frequency-distri
bution tables were used to determine the modal class
ranges wherein the majority of the [sub-divisions] in
the region fell. [Sub-divisions] of selected districts
which fell within the modal range class of values of a
particular variable were considered as representative
of the region as far as the variable under question
was concerned. [Sub-divisions] were thus examined
for their representativeness with respect to each of
the considered variables (or characteristics qualify
ing the majority of the [sub-divisions] in the region).
Two or three [sub-divisions] which scored the
highest (i.e. had a maximum of features characteriz
ing the majority of the [sub-divisions] in the region)
were chosen; one of these was then selected as the
final choice. Before final selection, it was ensured
that the selected [sub-division] qualified on the basis
of crucial variables like net sown area, average rain
fall, extent of irrigation, and proportions of impor
tant crops. When more than one [sub-division] was
found to qualify for selection, their position was
more closely examined before final selection."

1Details about average size of land holding were proposed for consideration but the required [sub·division] data were not readily
available for many [sub-divisions] and could not be done except for Mahbubnagar and its adjoining districts. Similarly, comparison of
[sub-districts] in terms of communication and educational facilities, extent of electrification, etc., could not be done for want of com
parable data for all the [sub-divisions].



SELECTION OF VILLAGES

"For selection of villages within the selected
[sub-division/sub-divisions], the predominant char
acteristics of the latter were kept in mind. A number
of villages were chosen to represent typical
characteristics of the [sub-division] lin terms of
cropping pattern, land-use, irrigation, etc. J. In order
to select the village truly representing the traditional
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situation, those having special programs or more
than normal support or resource transfers from out
side, or those located nearer towns and highways,
were not considered. Some 12 to 20 villages were
visited for each of the villages finally selected."

Members of the local research station and the
district agricultural departments cooperated informally
with the ICRISAT team in the final village selection.
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APPENDIX 5-A
PHYSICAL RESOURCES OF THE
RESEARCH AREA AFFECTING
BIOLOGICAL PRODUCTION

In Sec. 5.4.1., we discussed the farmers' physical set
ting. In this appendix, we outline data forms for the
FSR&D team's use in summarizing secondary information
of physical resources in the research area. Tables 5-A-l to
5-A-3 are typical of those that might be used for climate,
land types, and soil types, respectively.

For detailed information on climate, see Appendix
6-A; and for land types and land evaluation, see Appendix
5-B. For summary sheets when observing physical and
biological conditions for crop and livestock conditions
during reconnaissance surveys, see both the Tables 5-1 and
5-2 in Chapter 5 and Appendix 5-P. Finally, for data forms
to identify, characterize, and monitor physical and
biological conditions during on-farm cropping and
livestock experiments, see Appendixes 7-A and 7-B,
respectively.

Table 5·A·1. Information from climatic records.

Ra/nfa II
Annual averages and varlatlons _
Monthly distribution
Critical flooding or drought perlodst.- _
Variability from average during cropping season _

Temperature
Monthly averages and variations
Maxlmum·mlnlmum during critical periods of the cropping
season _

Wind
Prevailing dlrectlon"-- _
Average velocity and variations _
Critical periods and conditions _

Solar radla tlon
Monthly distribution

Table 5·A·2. Information on land types from published sources.

Descriptive Percentage Major soil Irrigated or Significant
term * of research type nonir- features for

area riga ted crop pro
duct/ant

·For example, hili or ridge tops, hillsides, valley bot
toms.

tFor example, very erodible, floodplain, high water
table.

Table 5·A·3. Information on soli types from surveys.

Name
Texture of surface soli
Soli depth
Water table depth
Slope
Drainage characteristics
Distinctive production limitations· _

• For example, strongly acidic, salt affected, low fertility,
thin soli, poor aeration, compact subsoil, and slow Infiltration
rates.

APPENDIX 5..B
LAND TYPES AND LAND EVALUATION

An important part of characterizing the research area
is to identify land types and to evaluate their potential for
agricultural production. We describe how such char
acterization fits into problem identification under the

PREVIOUS PAGE BLANK
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Physical Setting in Sec. 5.4.1. In this appendix, we provide
additional details on these two subjects. The first part of
this appendix describes "land types." A land type is a set of
locations for which it is possible to develop common
technologies. To divide a given area into such land types,
the FSR&D team must first have a good knowledge of that
area. Such information may be available from secondary
sources. If not, a land evaluation survey must be made.
The second part of this appendix lists six principles FAO
suggests for guiding land evaluation surveys.

LAND TYPES

Because environments differ with areas, an area
should be analyzed in terms of the major land types
represented. According to Zandstra et a1. (19811 "A set of
sites that have similar cropping pattern determinants is
defined as an environmental complex or cropping systems
land type." They explained:

"Land types must be sufficiently different to
merit the development of a different technology for
each of the land types. Ultimately extension services
will introduce any new cropping systems technology
developed for a region to the farmers. Recommenda
tions cannot be tailored to individual fields, but have
to be generalized to a considerable extent. This
unavoidably implies a loss of adjustment of the
recommendation. The best division of an area into
land types is then that division that provides the
greatest fit of the recommendations used for the area
with the [fewest number of] land types.

"Recommendations (and therefore land types)
may be stratified according to differences in farm
types (large or small, with or without bullocks),
water supply, soil characteristics, cropping history,
infrastructural features or others. It is useful to con
sider possible extension strategies with respect to
the contemplated land type divisions, as the capaci
ty of the extension services can influence the impact
of cropping system research results."

Zandstra et a1. (1981) reported that the factors for
distinguishing land types in an area are those that "most
strongly influence performance of cropping patterns in the
area. Careful observation and study of existing cropping
systems in the area generally give important indications of
what these factors may be."

Zandstra et a1. (1981) offered the following general
guide for classifying land types for crop-oriented research
which, they pointed out:

"will need to be modified to suit specific conditions
of a site and the information available.

"1. Separate land types into dryland and
wetland.

"2. Differentiate between irrigated and rainfed
land. Rainfall will normally not vary sufficiently
from location to location within a site to consider

stratifying the area on the basis of rainfall. Irrigation,
however, can vary greatly.... With respect to irriga
tion the source (tank, river diversion, shallow well,
deep well) and the duration of irrigation (total dura
tion and the weeks before the onset of the rainy
season and after the end of the rainy season during
which irrigation is available) can be important.

"3. The next most important land qualities for
identifying different land types are landscape and
geomorphology. Although they do not intrinsically
influence crop production, they are associated with
many determinants, such as depths of water table,
water enrichment potential, slope, soil texture, and
fertility.

"4. In wetland areas, the lowest and highest
position of the water table can be of great relevance
to the type of cropping pattern suited for that land
type. An area with a shallow water table
« 1m) during the dry season may have a vastly dif
ferent production potential than one with a deep
water table (> 2m). In areas subject to flooding the
water table will be above ground level for part of the
year and duration of flooding will become an impor
tant determinant.

"5. Because of its effect on soil water relation
ships, soil texture is probably the next most impor
tant determinant of cropping systems. Substantial
differences in clay content may justify the recogni
tion of a different land type and the development of a
different technology for it.

"6. Soil fertility and soil chemical conditions
can often be corrected through management inputs.
Where differences in such factors are great, or dif
ficult to correct, an additional stratification asso
ciated with these factors may be used. This may be
particularly of interest to areas subject to soil salini
ty, extreme acidity or toxicities.

"7. Identify major socioeconomic differences
that occur within the site. These may be substantial
ly different farm types or market conditions. Such
differences can often be expressed in different recom
mendations through analytical means and may not
require stratification of experimental activities.
They should, however, be reflected as different land
types for extension purposes."

Zandstra et a1. (1981) considered a sketch il
lustrating the typical spatial relationships of the land types
found at the site to be valuable (Fig. 5-B-1). Zandstra et a1.
(1981) also stated that a "brief table showing rough
estimates of land that occur in each type and the dominant
current use and possible potential uses of each, will help
convey the land type divisions to others [Table 5-B-1]. It
also provides a preliminary guide to the land types on
which research will have the greatest payoff. Only land
types which occupy a major portion of the target area of
the site and which present good prospects for improved
cropping patterns should be considered in the research pro
gram...."
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Figure 5·8·1. Schematic sketch of typical relationships of the land types found In the research areas (Zandstra
et al., 1981).
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Table 5·8·1. Land types, their major characteristics and present and potential uses (Adapted from Zandstra et al., 1981).

Rainy Major
Land type % Major soli season Flooding present Potential

No. Name area types water table Hydrology * hazard use use
depth (m)

1 Summit 15 Balo loam >5 Pluvlc Absent Tree crops As Is
2 Sidesiope 10 Balo loam >2 Fluxlc Absent Corn-rice Corn-rlce/mung
3 Plateau Rlce-(soybean,

(wetland) 25 Ablo Sici. 2·3 Fluxlc Absent Rice-fallow mung)
4 Plateau

(dryland) 5 Balo loam 2·3 Cumullc Absent Pasture As Is
5 Plain 27 Alba Sici. 1-2 Cumullc 2 In 10 Rice-fallow Rice-rice

fluxl-cumullc Mung-rlce-sorghum
6 Bottomland 7 Alba Sici. <0.5 Cumulo- 41n 10 Rice-rice Rlce.rlce-rlce

Loba clay deluglc Rice-rice
7 River terrace 5 Olab sandy >3 Fluxlc 1 In 10 Corn + rice, Cassava + corn +

loam pulses rice-pulses
Corn + pulses

8 Home garden 5 Alba Sici. >3 Fluxlc 1 In 10 Fruits, herbs, As is
vegetables

9 Bed and fur- Loba clay <0.5 Cumulo- 1 In 10 Rice + vege- Expand area
row fields deluglc tables

*These terms follow the hydrological classification as defined in the Glossary to Zandstra et al. (1981). They are
"CUMULIC - derived from accumulation. Descriptive of a wetland type where 100 mm of accumulated water will stay for more

than 7 days, when the soli has been puddled, even without any water addition from rain or Irrigation.
"DELUGIC - derived from deluge. Descriptive of a land type where the water level stays for more than 2 weeks duration at a

depth greater than 30 em, which Is above the normal height of bunds or dikes, during high rainfall months.
"FLUXIC - derived from the flux or passing through. Descriptive of a wetland type where free water remains In the field when

the soli has been puddled, but the depletion rate of free water, including evapotranspiration losses, Is more than 10 mm per day.
"PLUVIC - derived from pluvia or rain. Descriptive of a land type where water contributed by rain or Irrigation does not stay for

more than 3 hours on the soli even If the soli has been worked wet ...."
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LAND EVALUATION

Techniques have been developed for evaluating the
suitability of land according to its characteristics, poten
tial uses, and the situation. One of the more widely used
approaches is that developed by FAO 11976),1 which the
reader may wish to consult. Following are six basic prin
ciples from that publication:

/Ii. LAND SUITABILITY IS ASSESSED AND
CLASSIFIED WITH RESPECT TO SPECIFIED
KINDS OF USE

This principle embodies recognition of the
fact that different kinds of land use have different
requirements. As an example, an alluvial
floodplain with impeded drainage might be highly
suitable for rice cultivation but not suitable for
many forms of agriculture or for forestry.

The concept of land suitability is only mean
ingful in terms of specific kinds of land use, each
with its own requirements, e.g. for soil moisture,
rooting depth, etc. The qualities of each type of
land, such as moisture availability or liability to
flooding, are compared with the requirements of
each use. Thus the land itself and the land use are
equally fundamental to land suitability evaluation.

"ii. EVALUATION REQUIRES A COMPARISON OF
THE BENEFITS OBTAINED AND THE INPUTS
NEEDED ON DIFFERENT TYPES OF LAND

Land in itself, without inputs, rarely if ever
possesses productive potential; even the collection
of wild fruits requires labour, whilst the use of
natural wilderness for nature conservation requires
measures for its protection. Suitability for each use
is assessed by comparing the required inputs, such
as labour, fertilizers or road construction, with the
goods produced or other benefits obtained.

"iii. A MULTIDISCIPLINARY APPROACH
IS REQUIRED

The evaluation process requires contribu
tions from the fields of natural science, the
technology of land use, economics and sociology.
In particular, suitability evaluation always incor
porates economic considerations to a greater or
lesser extent. In qualitative evaluation, economics
may be employed in general terms only, without
calculation of costs and returns. In quantitative
evaluation the comparison of benefits and inputs in
economic terms plays a major part in the deter
mination of suitability.

It follows that a team carrying out an evalua-

tion requires a range of specialists. These will
usually include natural scientists (e.g. geomor
phologists, soil surveyors, ecologists), specialists
in the technology of the forms of land use under
consideration (e.g. agronomists, foresters, irriga
tion engineers, experts in livestock management),
economists and sociologists. There may need to be
some combining of these functions for practical
reasons, but the principle of multidisciplinary ac
tivity, encompassing studies of land, land use,
social aspects and economics, remains.

"iv. EVALUATION IS MADE IN TERMS RELEVANT
TO THE PHYSICAL, ECONOMIC AND SOCIAL
CONTEXT OF THE AREA CONCERNED

Such factors as the regional climate, levels of
living of the population, availability and cost of
labour, need for employment, the local or export
markets, systems of land tenure which are socially
and politically acceptable, and availability of
capital, form the context within which evaluation
takes place. It would, for example, be unrealistic to
say that land was suitable for non-mechanized rice
cultivation, requiring large amounts of low-cost
labour, in a country with high labour costs. The
assumptions underlying evaluation will differ from
one country to another and, to some extent, be
tween different areas of the same country. Many of
these factors are often implicitly assumed; to avoid
misunderstanding and to assist in comparisons be
tween different areas, such assumptions should be
explicitly stated.

"v. SUITABILITY REFERS TO USE ON A
SUSTAINED BASIS

The aspect of environmental degradation is
taken into account when assessing suitability.
There might, for example, be forms of land use
which appeared to be highly profitable in the short
run but were likely to lead to soil erosion, pro
gressive pasture degradation, or adverse changes in
river regimes downstream. Such consequences
would outweigh the short-term profitability and
cause the land to be classed as not suitable for such
purposes.

This principle by no means requires that the
environment should be preserved in a completely
unaltered state. Agriculture normally involves
clearance of any natural vegetation present, and
normally soil fertility under arable cropping is
higher or lower, depending on management, but
rarely at the same level as under the original
vegetation. What is required is that for any pro
posed form of land use, the probable consequences for

lReprinted from A Framework for Land Evaluation: Soils Bull. 32 by FAO. 1976. By permission of the Food and Agriculture
Organization of the United Nations, Rome.



the environment should be assessed as accurately
as possible and such assessments taken into con
sideration in determining suitability.

"vi. EVALUATION INVOLVES COMPARISON OF
MORE THAN A SINGLE KIND OF USE

This comparison could be, for example, be
tween agriculture and forestry, between two or
more different farming systems, or between in
dividual crops. Often it will include comparing the
existing uses with possible changes, either to new
kinds of use or modifications to the existing uses.
Occasionally a proposed form of use will be com
pared with non-use, i.e. leaving the land in its
unaltered state, but the principle of comparison re
mains. Evaluation is only reliable if benefits and
inputs from any given kind of use can be compared
with at least one, and usually several different,
alternatives. If only one use is considered there is
the danger that, whilst the land may indeed be
suitable for that use, some other and more
beneficial use may be ignored."

APPENDIX S-C
MARKETING FACTORS AFFECTING
SMALL FARMERS

In Sec. 5.4.1, we outlined some of the economic fac
tors that make up the farmers' environment. Among the
more important economic factors are those dealing with
farmers' marketing of their outputs and their purchases of
productive inputs. In this appendix, we present a checklist
for such inputs and outputs, which the FSR&D team can
use as background material for developing and analyzing
alternative technologies. The team should use the
checklist selectively by concentrating on those portions
relevant to its situation. In time the team will probably
want to develop its own checklist. We caution the team
not to try to answer each of the questions in the list before
initiating on-farm research. Rather, the list should be used
as a reminder of factors that may be important when con
sidering how alternative technologies are influenced by
the farmers' economic environment.

For additional information on marketing, we refer
the reader to the sources we used in preparing this appen
dix. They include Planning Technologies Appropriate to
Farmers: Concepts and Procedures (Byerlee et aI., 1980),
The Design of Rural Development (Lele, 19751, The
Economics of Agricultural Development (Mellor, 1966),
Getting Agriculture Moving (Mosher, 1966), and Assess
ment of the Capacity of National Institutions to Introduce
and Service New Technology (Smith, 1977).

The checklist that follows is divided into two parts:
one dealing with markets for farm products and the other
dealing with inputs to farm production.

MARKETS FOR FARM PRODUCTS

This section deals with market factors important

Appendixes to Chapter 5 • 259

when farmers sell their products. These factors relate to
general market characteristics, pricing, transportation,
storage, processing, information, farmer organizations,
regulation, and other government involvement.

GENERAL MARKET CHARACTERISTICS

For each of the major markets in which the farmers
normally trade, the team should consider checking

• commodities traded in the market- e.g., the major
grains and livestock and other important com
modities

• periods when the market operates- e.g., days of the
month or week, hours of the day

• daily volume traded by commodity
• available physical facilities- e.g., market stalls,

roofed storage areas, cold storage, livestock pens
• available services - e.g., grading, inspection,

weighing, feeding, market information, packaging,
transportation

• market fees
• farmer access to the market- e.g., can farmers sell

their products themselves or must they go through
intermediaries

• types of traders operating in the market-e.g.,
private traders, cooperatives, government agencies

• number and size of traders-e.g., only small traders,
small and large traders, only large traders

• degree of monopoly power, collusion, farmer ex
ploitation

• reasons for controlling traders - e.g. , as related to
control of storage, processing, transportation, credit,
relations with central marketing groups

• market channels-e.g., farmer-consumer, farmer
peddler-consumer, farmer-itinerant trader-con
sumer, farmer-retailer-consumer, farmer-village
trader-central market receiver, farmer-processor

• degree of specialization in the market by product and
function

• kind and importance of contract arrangements be
tween buyer' and farmer- e.g., farmers contract to
deliver a specified quantity and quality of product at
a given time and the buyer guarantees the price of
the product and suppHes the farmers with inputs.

PRICING

Market prices for farmers' products can be critical in
determining farmers' potential responses to change. For
the farmers' major markets, the team should consider the
following:

• price stability by commodity- e.g., seasonal, yearly
• frequency and extent of price fluctuations
• reasons for instability of seasonal prices- e.g., insuf

ficient storage facilities, lack of buffer stocks
• price spreads between markets and reasons-e.g.,

poor transportation, inadequate market reporting
• steps taken to increase price stability
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• government's role in helping private traders-e.g.,
financing, giving technical assistance, providing
forecasts of future supply and demand

• price stabilization schemes by the govern
ment- e.g., price guarantees, price floors and ceil
ings, marketing boards

• methods used by government to influence
prices- e.g., using buffer stocks, setting quotas on
production or marketing, subsidizing local demand,
promoting exports.

TRANSPORTATION

Transportation facilities and costs influence which
products are produced in an area. Transportation affects
marketing margins, arrival time, quality of commodities,
and consequently the prices farmers receive for their out
put. Thus, the team should consider

• suitability of access roads for motorized trans
port-e.g., seasonal and year-round

• availability, quality, dependability, and cost of
transportation services-e.g., bus, truck, boat, train

• availability of refrigeration facilities, which are often
essential for perishable products - e.g., fish, milk,
fresh fruits and vegetables.

STORAGE

Storage comes into play because most farm products
are harvested seasonally whereas demand is often year
round. Farmers usually attempt to store most of their
nonperishable crop production intended for family use.
Also, where feasible, both governments and farmers can
frequently benefit by increasing storage to provide buffer
stocks. These stocks help dampen seasonal and annual
price fluctuations. In addition, perishable products require
cold storage to extend the period of their availability. In
this regard the team should check

• type, capacity, quality, and cost of nonrefrigerated
on-farm and off-farm storage

• type, capacity, quality, and cost of refrigerated
storage and supporting ice and refrigeration plants.

PROCESSING

The commercial production of many agricultural
products such as palm oil, tea, coffee, rubber, sugar, and
dairy products requires nearby processing plants. The rais
ing of some perishable products may become profitable
only if seasonal surpluses or low grades can be processed.
However, processing is not limited to perishable crop and
livestock products. Even if sold in their original form,
agricultural products may need to be cleaned, dried, ar
tificially ripened, graded, and packaged. They may be
shelled, ground, mixed, baked, pasteurized, or otherwise
transformed.

Factors for the team to check are

• capacity, level of use, and modernization of process
ing plants

• specialization of processing plant equipment
• possibilities for using processing plants for other

crops and during other seasons than the plants' nor
mal use

• quality and cost of plant outputs.

INFORMATION

When local merchants are the farmers' only source of
market information, farmers are at a disadvantage when
selling their products. On the other hand, governments
can help provide farmers with information. Items to con
sider in this regard are

• existence of market information by the government
• reliability and currency of the information
• method of conveying information- e.g., radio, mail,

posters, bulletins
• types and grades of products for which information

is provided
• types of information given- e.g., today's prices, sup

ply and demand conditions in local and central
markets; today's information compared with infor
mation from the previous weeks, months, years; ex
pected shipments; weather, current crop and live
stock conditions; and the outlook

• farmers' understanding of the terms and quality
grades used in the market reports

• information farmers obtain from government
sources compared with that from merchants.

FARMER ORGANIZATIONS

Farmer organizations can also be important to small
farmers. Thus, the team might look into

• the kinds of farmer organizations operating in the
market-e.g., cooperatives providing a single ser
vice, such as selling, buying, bargaining, and credit;
and multipurpose cooperatives providing combina
tions of these services

• the efficiency and fairness of each organization's
operations

• each organization's share of the market
• farmers' understanding of the concept and functions

of these organizations and the farmers' role in them.

REGULATION

Governments frequently regulate markets and cer
tain marketing activities. Thus, the team might look into
the following aspects of these regulations:

• trading rules
• standard weights and measures
• quality and grade standards for selected com

modities
• contracts and agreements.



OTHER GOVERNMENT INVOLVEMENT

So far we have mentioned government activities in
pricing, information, and market regulation. In addition,
the government may perform other functions such as buy
ing, selling, transporting, storing, and processing.

The team should consider checking

• marketing activities in which government agencies
are directly involved

• ways in which government agencies compete with
private traders and farmer organizations

• use of nongovernmental channels by government
agencies-e.g., the Taiwanese Government's use of
farmers' associations for buying rice

• government monopolies in marketing.

INPUTS TO FARM PRODUCTION

. In this section, we discuss economic aspects of farm
inputs such as purchased supplies, tools and equipment,
labor and traction, and credit. Below are items an FSR&D
team may want to check:

PURCHASED SUPPLIES

• adequacy of inputs at time when farmers need them
• packaging in quantities suitable for farmers' needs
• adequacy of financing
• degree of traders' monopoly power, collusion, and

farmer exploitation
• role of government in market surveillance, provision

of input information, and subsidies.

TOOLS AND EQUIPMENT

• availability of reliable suppliers of tools and equip
ment

• adequacy of stocks, spare parts, and servicing
facilities

• availability of local mechanics for making repairs
• availability of custom services such as plowing,

harvesting, and spraying.

LABOR AND TRACTION

• on-farm and off-farm employment opportunities
• rates of pay for such employment
• supply of labor for hire
• opportunities, rates, and conditions for renting trac

tive power such as oxen and tractors.

CREDIT

• how farmers finance their purchases of productive
inputs

• farmers' short-term needs-e.g., cash, hired labor,
and storage facilities

• farmers' intermediate needs- e.g., buying animals,
equipment, and financing consumption following
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serious crop failures
• farmers' long term needs- e.g., land improvement

and wells
• share of total farmers' needs in each of the above

categories financed from their own resources and
with the help of relatives and friends

• amounts and purposes of farmers' borrowings in
each of the above categories from different types of
lenders-e.g., money lenders, dealers, processors,
cooperatives, banks, and government agencies

• interest rates, repayment conditions, and security
requirements

• rates of defaulted loans by type of loan and lender.

APPENDIX 5-D
THE SOCIOCULTURAL ENVIRONMENT

As indicated in Sec. 5.4.1. in Chapter 5, FSR&D
teams need to be aware of the sociocultural environment
of the research and target areas. Farmers who operate
within this sociocultural setting are restricted by it in
some matters, and make good use of it in others. Those
trained in the social sciences are needed to interpret the
subtleties of this environment; however, we feel this short
appendix can alert FSR&D teams to some of the concepts.
Below, we have included sections on religion, norms and
customs, and social institutions.

RELIGION

Religion plays an important role in agriculture
because it contains a culture's ideas about the relationship
between people and nature. For example, religious
ceremonies may accompany first planting and harvest.
Some religious practices are related to the ecosystem. Har
ris (1966) found that cattle are more important to Hindus
in India as a source of milk, plow traction, and dung for
fuel and fertilizer than as a source of meat protein. Rap
paport (1968) found religion instrumental in regulating the
pig population and redistributing pig surpluses in the pro
tein hungry region of New Guinea.

Some religious practices do not appear to have any
beneficial influence on farming, but are, nonetheless, im
portant to farmers. For example, the Mayans put seven
com kernels in each hole at planting (seven is a holy
number for the Mayans), measure seven quarto between
com hills and rows, and show reluctance to thin young
com plants because com is regarded as a form of tradi
tional deity among these Centrai American Indians.

The FSR&D team should be aware of how religious
values relate to agricultural systems. Although religious
beliefs are difficult to change by applying external
pressure, most religious systems are general enough to ac
commodate substantial changes in farming methods.

NORMS AND CUSTOMS

Norms are the acceptable standards of behavior of a
society, while customs are the ways people actually
behave. FSR&D teams need to be aware of the positive and
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negative influences that both can have on their activities.
For example, most communities have norms that govern
how quickly change should be accepted. In some com
munities, rapid acceptance of a new technology gives
farmers status, while in other communities the same
behavior is not respected. In either case, the teams should
not underestimate the persistence with which local com
munities retain their norms and customs.

SOCIAL INSTITUTIONS

Every society has established institutions for govern
ing interpersonal relationships. Of particular interest to an
FSR&D team are the traditional social institutions for con
trolling land, stratifying the populations, and exchanging
labor. These include corporate kin groups, social classes,
agricultural associations, leadership, and factions.

CORPORATE KIN GROUPS

Corporate kin groups-Le., people with a common
ancestry-own and control land in many traditional
societies. These groups allocate land to members depend
ing upon the availability of land and a variety of other
criteria.

If land is abundant, every heir may receive a portion
of the corporate kin group's land. But, if land is scarce, the
land may pass undivided to a single heir. Communal land
holding systems, such as these, may create problems for
FSR&.D teams because individual farmers may be unwill
ing to make permanent improvements in land they do not
control.

SOCIAL CLASSES

Wealth, power, and education may stratify com
munities into social classes. FSR&D teams should be
aware of the social classes in the research area because the
social classes may determine who works for whom and
who controls agricultural inputs.

AGRICULTURAL ASSOCIAnONS

Most traditional societies contain associations with
agricultural roots- e.g., work exchange and water manage
ment groups. These associations frequently provide ser
vices that individual farmers cannot provide on their own.

LEADERSHIP

Established leaders may be concerned about the in
fluence an FSR&.D team may have on their community.
Therefore, the team should identify formal and informal
political and social leaders to learn the source and limits of
their authority. These leaders can be approached for sanc
tion and advice and should be kept informed of the team's
progress. The team needs to exercise considerable judg
ment in its dealings with local leaders. For example, if a
team becomes closely identified with a particular leader
and that leader loses his or her authority, the team's
credibility could be lost.

FACTIONS

The team may find itself in a community divided by
factions. In such a situation, the team should try to remain
neutral. However, the team may need to move to another
community if the factions begin to nullify its work.

APPENDIX 5-E
AN EXAMPLE OF SOCIOLOGICAL RESEARCH
Adoption of Agricultural Technology by the
Queche Indians of Guatemala

Sometimes an FSR&.D team may want to learn more
about how farm households make decisions, as we
discussed under the Household as an Integrating Unit in
Sec. 5.4.2. in Chapter 5. This appendix discusses the ap
plication of scientific methods in sociology to learn about
farmer acceptance of new technologies. Below, we provide
a brief description of a study by Beal and Sibley (1967) to
illustrate the approach. This illustration, which makes
use of statistical procedures to test hypotheses, is more
formal than many studies about farmers' acceptance of
new technologies. This research effort occurred in Guate
mala in one of the areas of ICTA's concentration; however,
the study preceded the ICTA program.

We present this synopsis of the Beal and Sibley
(1967) study to illustrate

• sociological research methodology
• how this type of research can contribute to an

understanding of why farmers act as they do and how
this understanding can aid in gaining farmer accep
tance of improved practices.

The sections that follow are Beal's account of their work.

RESEARCH METHODOLOGY

For this research process:

1) The social scientist starts with a research problem.
In this case, the objective was to understand and to
predict why and how farmers accept or do not accept
tested and recommended farming practices and
technology. .

2) The social scientist translates the problem into
generally researchable terms. In this case, the depen
dent variable- that which we are trying to pre
dict-was the adoption of recommended farming
practices and technology. Next, we selected those
independent variables that we thought should have
been related to, accounted for, or predicted farmer
adoption. Social scientists usually derive indepen
dent variables in one or more ways: (a) from
theories, which in this case are theories about
human behavior; (b) from a review of past research
in the area; or (cl from observation and explanation
of farmer behavior.

Drawing from these three sources, we il
lustrate our conceptual framework in Fig. 5-E-1. In a



Figure 5·E·1. Conceptual framework for analysis of Individual
behavior (Beal and Sibley, 1967).

greatly oversimplified form, we theorized that the
individual has certain predispositions to act a certain
way- the inner circle of Fig. 5-E-1. If we understand
those predispositions, we assume we should be able
to determine relationships, and understand and
predict behavior.

First, we assumed four categories of predis
positions: attitudes, knowledge, past behavior, and
certain personal characteristics that directly or in
directly predispose a person to act in a certain way.
Second, we theorized the farmers' behavior concern
ing farm practices that would be articulated through
the farm firm - the second circle. Third, we theo
rized a farmer's behavior would be conditioned or in
fluenced by the farmer's perceptions, beliefs, and
feelings about the relevant environment in which he
or she acts-e.g., market, technology, and input
systems such as transportation, credit, communica
tions, and information.

In addition, as researchers, we objectively col
lected information on what the situation was in the
relevant environment- the outside circle. Thus, we
assumed that the difference between farmers'
perceptions and researchers' observations can be
determined and used for educational purposes and
planning strategies for change.

3) The social scientist delineates subconcepts within
the general level concepts. For example, within the
general level concept of attitudes, we chose attitudes
toward (a) scientific methods in farming versus
traditional methods, lb) taking risks, lc) being able
to control nature, ld) profit accumulation, and Ie)
the government.

Under knowledge subconcepts, we focused on
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markets, transportation, credit, and farm inputs
such as fertilizers. Under past behavior, we chose
such things as nonfarm jobs, visiting outside the
community, use of information sources, and
marketing behavior. Under personal characteristics,
we chose such subconcepts as education, literacy,
and age. Finally, we used the same process to specify
subconcepts under firm characteristics, as well as
environmental variables such as markets, input
structure, and credit.

4) The social scientist hypothesizes about the relations
among these concepts based on theory, past
research, and observations. For example, we would
expect to find a positive correlation between educa
tion and adoption and between perceived fair treat
ment from a credit source and obtaining credit.

5) The social scientist develops measures for each con
cept and subconcept. For example, we measured the
dependent variable-adoption- by several scores
composed of the use and degree of use of 19 farming
practices recommended by the Guatemala Extension
Services and the Ministry of Agriculture. The prac
tices related to such factors as fertilizer and chem
icals, planting rates, animal vaccination, and im
proved seeds. In terms of the independent variables,
our measurements covered a variety of conditions,
such as the very simple, e.g., age; the relatively
straightforward, e.g., the credit-orientation score;
and the relatively complicated, e.g., attitude scales
based on pre-survey sample data meeting acceptable
scientific criteria for scale acceptance.

6) Finally, the social scientist (a) develops a question
naire, including all the necessary items and
measures, then pretests and revises it, lb) delineates
the population of farmers for generalization and
draws a sample to be interviewed, lc) secures and
trains interviewers, then legitimizes and manages
the collection of field data, ld) codes data and places
the data on analysis cards, Ie) analyzes data using fre
quency tables, central tendency and zero order cor
relation methods, regression analyses, analysis of
variance, and other statistical tests, If) interprets the
data and statistical tests, and (gJ writes a report.

SOME FINDINGS

In all, we used 51 independent variables in this
study. Taken in total, these 51 variables explained about
78 percent IR2 = 0.78) of the variation in farmers' adop
tion of farming practices. We will now discuss a few ex
amples that illustrate some of our findings. We list these
findings according to subconcepts, with the general level
concept shown in parentheses.

CONTROL OVER NATURE jATTITUDESJ

We found a wide range in attitudes among the
, farmers interviewed regarding their control over nature.
Many farmers felt a person's life was predetermined, God
controls the person's life and farming, God gives special
powers to certain individuals so they can farm well and
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become rich, and they cannot do much to improve their
lot by using fertilizer, weed killers, and new methods-a
fatalistic attitude set. Other farmers believed they could
control their environment by using new technology. As
hypothesized, those who felt they could control their
destiny-control over nature-were more prone to adopt
new technology- a zero order correlation of r = 0.41 with
adoption. Thus, researchers and extension specialists
working with farmers should recognize these feelings,
note the range among farmers, and then decide either to
try changing these values through education, demonstra
tion, field tests, and the like, or to try working around
them.

Other attitudes were significantly and positively
related to adoption in the hypothesized direction.

KNOWLEDGE OF CREDIT IKNOWLEDGE)

Farmers who thought of credit as a source of funds
for investment, rather than for consumption, could (1) cor
rectly specify the source of credit, (2) describe what pur
chases could be made with the credit, and (3) tended to
adopt new·farming practices to a much higher degree than
did those who had a low knowledge of credit (r = 0.20).
Thus, an FSR&.D project might experiment with a program
to educate farmers on (a) the use of credit as a production
factor, (b) legitimate sources of credit, (c) types of credit
available, and (d.) strategies for obtaining credit. Then, the
researchers could assess the extent of increased use of new
technologies and increased production.

COSMOPOLITAN (PAST BEHAVIOR'

Those farmers that more often traveled from their
village and visited Guatemala City, rather than staying in
the local village, were much more prone to adopt new
technology-zero order correlation of r = 0.45. Thus, an
FSR&.D program might try to give farmers a more outward
looking perspective to see if this changes their behavior at
home.

INFORMATION COMPETENCE (PAST BEHAVIORj

Those farmers who used knowledgeable sources of
information-e.g., Ministry of Agriculture and Exten
sion-regarding farming practices rather than neighbors,
relatives, and friends had much higher adoption
scores - zero order correlation of r = 0.43. Reaching
farmers with highly credible sources of information ap
pears to be important to acceptance.

AGE (PERSONAL CHARACTERISTICS)

Younger farmers will adopt more practices (r =
0.24). It will be more difficult to reach older farmers and
get them to adopt new practices. A recognition of this
generality could lead researchers and extension agents to
concentrate on younger farmers when diffusing research
results.

TILLABLE ACRES OWNED (FIRM CHARACTERISTICS)

As might be expected, those farmers who owned the
largest number of tillable acres had higher adoption scores
(r = 0.30). This finding suggests another basis for
categorizing farmers into separate, more homogeneous
groups.

MARKET ORIENTATION SCORE IPERCEPTIONS)

We found a wide range of farmer perceptions about
the market for com and wheat if farmers doubled their
yields; the difficulty in selling the increase; whether the
farmer would get a good price; and how the individual is
treated when buying inputs and selling crops. Those who
possess positive perceptions toward these phenomena
have a higher adoption score (r = 0.24). For example,
farmers who saw the marketing structure, price, and treat
ment as incentives rather than constraints were more likely
to have adopted the technologies. Thus, an FSR&D proj
ect might propose ways (a) for improving the marketing
structure and the treatment of the farmer, and (b) for help
ing the farmer understand the marketing structure as an
opportunity rather than a constraint. Also, if farmers have
reason to think they will be treated "very fairly" when they
go for credit, they are more likely to adopt a new tech
nology.

CONCLUDING COMMENTS

These are examples of the findings and potential use
of more formal sociological studies. For an excellent sum
mary of findings and a large number of generalizations
from a pool of over 6,000 adoption-diffusion studies for
many parts of the world, see Rogers and Shoemaker
(1971). For books on methodology in the social sciences,
including statistical technlques, see Kerlinger (1973) and
Lin (1976). Finally, two publications that provide insights
into the communication aspects of development and diffu
sion are a selected bibliography by Rahim (1976) and Com
munication and Development by Rogers (1976).

APPENDIX 5-F
DECISION MAKING BY SMALL
FARM FAMILIES

Many factors influence the decisions farm families
make about adopting new technologies. Those hoping to
influence farmers' decisions should understand and accept
the many-faceted nature of the farmers' decision making
process. In Sec. 5.4.2. in Chapter 5, we presented six fac
tors that help to explain this process. These concerned
farmers' characteristics, knowledge, beliefs, attitudes,
behavior, and goals. In this appendix, we provide addi
tional factors influencing farmers' decisions. These are the
family structure, labor supply, income, savings, and at
titudes toward risk.



FAMILY STRUCTURE

Two basic types of family structure are the nuclear
family and the extended family, both of which are strongly
influenced by the family's requirements for labor. The
nuclear family consists of the husband, wife, and their
children. This form commonly occurs if productive land is
both limited and located close to villages. The extended
family is a grouping of two or more nuclear families. This
form includes (1) members of several generations, (2)
members of one generation as when married brothers and
sisters live in the same household, and (31 a man or a
woman with more than one spouse. The extended family
provides a larger labor force and usually occurs when land
holdings are scattered and fertile land is abundant.

Sahlins (1957) contends that patterns of land use
determine the familial structure in Moala, Fiji, and that
the extended family structure found there is specifically
adapted for exploiting the family's scattered resources.
Netting (19651 discussed the Kofyar of Northern Nigeria
who, when changing from intensive to extensive cultiva
tion methods, enlarged their household work groups by
changing from a nuclear to an extended family structure.
While this example may suggest flexibility in family struc
ture, new technologies are more readily adopted when
such structural changes are not required.

FAMILY LABOR SUPPLY

In developing countries, farming typically involves
the productive labor of most household members. When
looking at the workers in the farm household, the team
must be aware of the roles of women and children.
Children gather wood and water, perform various agri
cultural tasks, tend animals, and care for babies, thus free
ing mothers for agricultural work. In this way, children
contribute substantially to the household's labor supply.
In Java, White (quoted in Biggs, 19781 found that women
15 years old and older worked more than 25 percent more
hours than did men.

Family members generally have their individual
responsibilities for working in the fields, processing
agricultural products for home and the market, and caring
for livestock. And, at times, when labor demands are
heavy, as with planting, weeding, and harvesting, the
whole family may work together.

FAMILY INCOME

Fluctuating incomes resulting from periodically
poor harvests or forages are a way of life for most small
farmers. Families traditionally have been able to smooth
out their incomes and labor requirements by exchanging
labor whereby farm families help each other with planting,
weeding, and harvesting, and by sharing in the output.

Recently, however, more cash transactions are
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replacing reciprocal labor arrangements. Consequently,
farm families are having to devise means for obtaining
cash for these needs. In some cases, cash has become
necessary to pay for even some of the family's subsistence
needs.

Opportunities for obtaining cash include (1) labor for
hire, both in agriculture and in off-farm employment, (2)
sale of agricultural produce, including animals, (3) sale of
handicrafts, (4) renting out draft animals, and (5) renting
or selling land.

FAMILY SAVINGS

Although considerable variation occurs among small
farmers, even those with good managerial skills may be
unable to save money because of their low income levels
and fluctuations in environmental conditions. Often,
small farmers will put what small savings they do generate
into livestock-as a means of savings, gaining prestige,
and for other purposes.

ATTITUDES TOWARD RISK

The decisions of small farmers concerning the adop
tion of new technology are influenced by their perceptions
of risk. Decisions are frequently based on ensuring sur
vival when conditions are unfavorable. Thus, small
farmers generally prefer known technologies over new
technologies, even though the new technologies may, in
fact, be better in terms of both average results and
variability of results. An advantage of the on-farm ex
periments in FSR&D is that farmers have an opportunity
to observe the results of new technologies firsthand. In
this way, the spread between farmers' perceptions about
the risks of new technologies can be brought closer to the
new technologys' actual risks.

APPENDIX 5-G
DECISION TREES: A METHOD
FOR LEARNING ABOUT FARMERS'
DECISIONS

FSR&.D teams need to continually seek a better
understanding of how farmers make decisions about new
technologies. In Sec. 5.4.2., we discussed the farming
system and some factors to consider about the way farmers
make decisions. In this appendix, we present a summary
of an analytical method Gladwin (1979)1 used involving
decision trees. An approach using decision trees sub
divides farmers' decisions into their basic elements. Glad
win's work is "part of a larger attempt to view [a project]
through the eyes of the proposed adopters of the new
technology- the farmers." Below, is a summary on deci
sion trees, Gladwin's methodology, and a section on
discovering decision criteria:

lReprinted from Economic Development and Cultural Change, 28:1:155-173, by C.H. Gladwin by permission of The University of
Chicago Press. Copyright 1979 by The University of Chicago. 0013-0079/80/2801-0009$01.58.
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"METHODOLOGY

mine what information is actually used in making
decisions, as opposed to information unused in deci
sion making which may nevertheless be given in
response to interview questions.

"Producing a decision-process model can be
considered to have five steps:
"1. The researcher observes the decisions
made by a small sample of 20-30 decision
makers. Given their decision behavior, he or
she observes and elicits the site-specific deci
sion criteria that decision makers use in their
decision rules. Discovering decision criteria is
the most difficult part of the model-building
process and will be discussed in more depth in
the next section.
"2. Using the language and categories that the
decision makers themselves use, the re
searcher puts the decision criteria into a
flowchart.
"3. To be sure that the flowchart is descrip
tivelyadequate, the researcher tests its predic
tions against the decisions made by the sample
of decision makers used to built it.
"4. The researcher models the flowchart, that
is, gives a more general, less site-specific inter
pretation to the language and categories deci
sion makers use. From the flowchart, a purely
descriptive statement of the decision process,
the researcher should find more general, cross
cultural decision criteria underlying the spe
cific categories used by the decision makers. In
other words, the researcher should find the
'deep-structure' rules underlying the 'surface'
rules. An example of a deep-structured rule in
this paper is: I will adopt if, with the recom
mendation, I will maximize profit subject to
risk, knowledge, and capital or credit con
straints. An example of a surface rule is: I will
not adopt the recommendation if I plant en
seco in arenal soils and do the first cultivation
before 'the rains come.' Clearly the 'model' of
the decision is the deep-structure rule.
"5. The researcher tests the model by using it
to predict the decisions made by a new, dif
ferent, representative sample of decision
makers....

"Since the aim of a decision model is to
predict the farmer's decision, the proper test of
the model is percent predictability- the ratio
of correct predictions of farmers' choices di
vided by the total number of farmers who made
the choice.

Cost >
Manure
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/
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"DECISION TREES

". . . to empirically study farmers' adoption
decisions, it was necessary to posit both a theory
about how people make choices and a methodology
for studying a particular choice. The theory of choice
used in this study assumes that people, in choosing
between two alternatives, do not make complex
calculations of the overall worth or utility of each
alternative. Rather, people tend to use procedures
which simplify their decision-making calculations
[Cyert and March 1963; Simon, 1969; Tversky,
1972; Quinn, 1976]. Hierarchical models or trees,
with decision criteria at the nodes or branching
points of the tree, can represent such procedures.
The decision criteria can either be simple orderings
of alternatives on some aspect or dimension or factor
of the alternatives (e.g., Is cost fertilizer < costmanure?l
or they can be constraints that must be passed or
satisfied (e.g., is cost fertilizer ~ $70?). In either case,
the criteria or constraints are discrete rather than
continuous; that is, the alternative "fertilizer" either
passes the criterion or constraint or it does not. A
decision tree is thus a sequence or series of discrete
decision criteria, all of which have to be passed along
a path to a particular outcome or choice. For exam
ple, in the simple, hypothetical, decision-tree model
of the choice between chemical fertilizer and
manure in [Fig. 5-G-l], fertilizer must pass both cost
and productivity criteria for the farmer to choose the
outcome, 'try fertilizer.' If fertilizer fails either con
straint, the model predicts that the farmer will keep
on using manure.

<Yields
Fertilizer

/
yes

Figure 5·G·1. A hypothetical example of a decision tree (Glad·
win, 1979).

"Given a form of decision model, a plan to
'discover' the particular criteria decision makers use
in a specific decision context is necessary if one is in
terested in more than the psychological processes
underlying choice. The major methodological con
cern is thus to find the specific aspects and con
straints decision makers are using. One must deter-

"DISCOVERING DECISION CRITERIA

"Before the general cross-cultural decision
criteria can be assembled into a decision model, the
site-specific categories and surface rules used by
decision makers in a given locality must be elicited
and or observed. The method used in step 1 to



discover the site-specific decision criteria has five
steps: la) The interviewer holds other decision
criteria constant and isolates the criterion of in
terest. Ib) With the sample of decision makers whose
behavior varies only on the criterion of interest, the
interviewer looks for contrasts over decision
makers, space or time. Ic) Once a constrast in deci
sion behavior is found, the interviewer elicits the
decision criterion. (d) Once the decision criterion is
elicited, the interviewer tests it on another decision
maker. The criterion is correctly specified if it 'cuts'
the sample of decision makers into two subsets:
those who pass or satisfy the criterion and decide to
do X and those who fail the criterion and decide not
to do X. (e) If the criterion is not correctly specified
(Le., if it does not cut) the interviewer must acquire
more information. In fact, he must acquire the
cognitive strategies used by farmers to grow the crop
in question. With more knowledge and understand
ing of the farming system, the interviewer then
revises the criterion and tests the new version on
another farmer. This process is repeated until the
criterion cuts or predicts decision behavior."

APPENDIX 5-H
DESCRIBING EXISTING CROPPING SYSTEMS

This appendix, quoted directly from Zandstra et a1.
(1981), gives step-by-step instructions in how to prepare
tables of data describing the most important features of ex
isting cropping systems in a new research area. The pur
pose is to aid the reader in knowing how to collect data for
problem identification, as we described in Part 1 of Chap
ter S. Zandstra et a1. (1981) wrote:

"1. First record major crops and varieties for
each land type recognized at the site, and time
periods when they are grown [Table S-H-I]. If more
than one crop schedule is followed, specify each and
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number them. If the same varieties and same crops
are grown at the same time but on different land
types, crops should be listed separately and iden
tified by different numbers.

"2. For each land type record major cropping
patterns, and include idle land, tree crops, pasture,
etc. as patterns if land where they are grown is
cultivable [Table S-H-2]. Denote each pattern by
capital letters and show the approximate percentage
area of cultivable land planted to each. Use the same
crop definitions as those used in [Table S-H-I]. Area
in each crop and cropping intensity in a site will be
computed from this data. To denote planting ar
rangements in time and space, use a hyphen I - ) if
crops are sequenced; use a plus I+) if crops are
planted simultaneously (more than 2/3 of growing
season overlaps); use a slash II) if crops are planted
in relay (less than 1/3 growing season overlap). For
example, a cropping pattern of dry-seeded rice fol
lowed by a sorghum mungbean intercrop, in which
melons are interplanted into the sorghum after
mungbean is harvested would be presented as
follows:

[Dry-seeded] rice - sorghum + (mung
bean - melons)

A crop of sorghum in which mungbeans are relayed
would be presented by:

Sorghum I mungbean

When appropriate, the multiple cropping index
(MCI) or land use intensity can be calculated for
each land type. It is often useful to present cropping
patterns in diagramatic form, indicating planting
and harvesting times of each crop (Example [I]).

Example 1. "Preparation of a cropping pattern diagram
"Each crop In the pattern should be presented In

this diagram. Begin by Indicating the 'first month of the
growing season below the diagram. Indicate the plant·
Ing dates of each crop with a single line and the

Table 5·H·1. Crops produced In each land type, their growing period and yield (Zandstra et al., 1981).

Crop Varieties Land Time Estimated
type period yield (t/ha)

Rice 1 RD3, Bahagla, IR8 Irrigated I 15/4·1519 3.5,2.7,3.0
Rice 3 Fastvar, IR30 Irrigated II 1/4-15/7 3.2,4.5
Rice 4 Fastvar, IR34 Irrigated II 1/8·15/11 3.2,4.3
Rice 2 Fastvar, IR30 Ralnfed wet

land 15/4·15/9 2.7,3.0
Cassava 2 Local early matur· Ralnfed wet

Ing variety land 15/9-15/4 9
Cassava 1 Local variety Dryland 15/4-30/12 13
Corn 11 15/4-118-

Cassava 3 Local varieties Dryland 30/12 1.8, 10.0
Corn 2 DMR 2, Local var. Dryland 15/4·1118 1.9,1.0
Corn 3 DMR 2, Local var. Dryland 15/8-1/12 2.4, 1.4
Corn 4 DMR 2, Local var. Dryland 15/1·11/4 1.6,0.9
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Table 5·H·2. Cropping patterns, their land use duration, land type association and frequency (Zandstra et al., 1981).

Pattern No. of Landtype
months

A. Rice 1 5 Irrigated I
B. Rice 2· 12 Rainfed

Cassava 2 wetland
C. Cassava 1· 12 Dryland

Corn 4
D. Corn 11 12 Dryland

Cassava 3·
Corn 4

E. Corn 2- 12 Dryland
Corn 3·
Corn 4

F. Rice 3- 7.5 Irrigated II
Rice 4

G. Tree crops 12 Dryland
H. Idle land 12 Rainfed

wetland
I. Other 6 Dryland

Aggregate for the site t

*Multiple Cropping Index
tWeighted on the basis of % cultivable land

harvesting dates with a double line. The acceptable
range of planting dates for each crop should be in
dicated by a diagonal line covering the range of planting
dates. A double line indicating the expected range of
harvesting dates (not necessarily the same as range of
planting dates) defines the period over which this crop is
expected to occupy this plot. Write the name of the crop
between the two lines. Then proceed with the next crop.
In the case of a cropping sequence, use the same line,
Indicating again the range of planting dates and
harvesting dates expected for this second crop. Again
indicate the type of crop between t~e two lines. Con
tinue this on the same line If a third crop Is planted In se
quence. In case any or more than one of these crops Is
combined with a crop planted in sequence or In relay,
use the remaining rows In the diagram. Again indicate
the range of planting and harvesting dates for each
crop. The first example [below] shows a 'trans-

% Cultivable MCI* Land use
land computation intensity

20 100x .20=20 5/12 x .20 = .08
20 200x.20=40 12/12 x .20 = .20

15 200x.15=30 12/12 x .15 = .15

10 200 x .10=20 12/12 x .10 = .10

10 300 x .10 = 30 12/12 x .10 = .10

5 200 x .05= 10 7.5/12 x .05 = .03

5 100 x .05 = 5 12112 x .05 = .05
5 Ox.05=0 0/12x .05=0

10 100x.10=10 6/12 x .10 = .05

165 .76

./ Dry-seeded rice ~V Sorghum /l
I I I / Mun9bean~ Melons ./
I I I I I I

M AM J J AS 0 N D J F M A

mungbeans are harvested. The growing season In this
example starts In April.

"3. Enumerate the principal cropping system
(combinations of cropping patterns on a farm) and
percentage of all farms at the site that follow each
system. Number each system by Roman numerals
and check to insure that all patterns included are
identified in [Table 5-H-2]. For ease of reference, the
system may be named according to an important
feature, as shown in [Table 5-H-3]."

/' Transplanted Rice /:../Mungbean~
I I I I I
I I I I I

Table 5·H·3. Description of cropping systems at a site
(Adapted from Zandstra et al., 1981).

S o N D J F M A M J J A S o
Cropping
system System's name *

Cropping
pattern

% of farms on
which observed

*Thls Is any name convenient to label the system.

planted rice followed by mungbean' pattern in a
region where the growing season starts towards the end
of October. In this case the period of transplanting (not
seedIng) [s Indicated, as ... when the cropping pattern
will start to occupy this plot. The second example pro
vided [second column] shows a cropping pattern of dry
seeded rice followed by a sorghum mungbean intercrop,
In whIch melons are [nterplanted Into the sorghum after

I
II

III
IV

Other

Irrigated rice A, F
Wetland rice-cassava A, B
Mixed wetland-upland B, C, D
Mixed upland C, D, E, G, I

20
15
25
30
10
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Table 5·1·1. Yearly recurring variations In wage rates and cash'avallablllty for a typical farm household (Zandstra et al., 1981).

Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

What dally wage rates are
usually paid during each
month In the area?

In which months Is there additional
labor (fill In A) or Loss of Labor
(L) In the area?*

When are farm labor requirements
highest (H) and lowest (L)?

How many adult family members are
available for work?

In what months Is It most difficult
to meet expenses?

(Highest _
(Normal _

(Lowest

*From migrating labor, school holidays, religious or cultural reasons.

Table 5·1·2. Crop production capital of a typical farm (Zandstra
et al., 1981).

% of farmers

APPENDIX 5-1
SAMPLE FORMS FOR DESCRIBING
ON-FARM RESOURCES USED
IN CROP PRODUCTION

"On-farm resources are factors available for crop
production that can be modified and allocated by farmers
and can be identified and measured within farm boun
daries" (Zandstra et aI., 1981). Tables 5-1-1 through 5-1-4
from Zandstra et aI., 1981, illustrate formats for present
ing data about on-farm resources that are needed in prob
lem identification-see Part I, Chapter 5. We have includ
ed tables for recording (1) yearly recurring variations in
wage rates and cash availability for a typical farm
household, (2) crop production capital of a typical farm, (3)
sources of credit for agricultural production in the area,
and (4) the technical experience and practices of a typical
farmer.

-------- Rental cost*
Who own Who rent (fA)

Water buffalo

Oxen

Sprayer

Tractor

Tiller

Irrigation pump

Thresher

Rice blower

Drier

Other

*Per ha or per day, as appropriate; Jff = Monetary unit.



270 • Appendixes to Chapter 5

Table 5·1·3. Sources of credit for agricultural production In the
area (Zandstra et al., 1981). APPENDIX 5-J

CONCEPTUAL MODELS
Source Size of

credit *

Official bank

Family

'Friends'

Commercial lenders

Others:

% of farm
householdst

% cost!
annum; We spoke of conceptual models in Sec. 5.4.3. and

briefly in Appendix 2-A. In this Appendix, we will go into
more detail about alternative types of conceptual models.
We begin with two examples that are little more than
layouts of the farm and homestead and then provide two
functional diagrams- one a mixed system in Nepal and
the other one on livestock in Africa. Finally, we present
two examples of rather detailed drawings of farming ac
tivities.

LAYOUTS OF FARMS AND HOMESTEADS

Table 5·1·4. Technical experiences and practices of a typical
[farmer] (Zandstra et al., 1981).

*Average amount per loan transaction.
tldentlfles how many farmers use each source (Can add

to more or less than 100)
;Calculated as:

Duration (months)

Most have
heard of

In this section, we present Figures 5-J-1 and 5-J-2
that represent increasing detail about the farm layout and
the farming system. Fig. 5-J-1 is representative of a small
farm in Guatemala (McDowell and Hildebrand, 1980).
There, we can observe how the authors show the types of
crops, location, and relative size of land devoted to each
purpose. As a minimum, FSR&D teams should prepare
such drawings when describing the more relevant types of
farming systems in the research area.

Fig. 5-J-2 is another drawing from McDowell and
Hildebrand (1980) that shows animal-keeping facilities,
and trees. Such drawings can be sketched rapidly and are
useful in studying the types and efficiencies of household
activities.

x 100

Usual
practice

12

Some have
tried

xInterest + other costs (~)

Value of credit <.tt1)

Rice planting methods
Dry broadcast FUNCTIONAL DIAGRAMS

Dry furrows
Wet broadcast
Transplant: Uses seeder

or transplanter
Upland planting

Row planting
Intercropping
Relay cropping, zero tillage

Weeding after planting
Harrowing
Interrow cultivation
Handweedlng: _U_s_e_s_a_n_lm_a_ls _

Uses herbicide
Fertillza tion

Basal
Broadcast
Band or hili application
Spilt application
Special equipment

Insect control
Manual
Commercial Insecticides
Locally produced Insecticides
Use of sprayer

Chemical disease control

Functional diagrams such as those in Figures 5-J-3
and 5-J-4 aid the researcher in understanding the processes
affecting crops and animals. Fig. 5-J-3 is an example that is
a bit more abstract than Figures 5-J-1 and 5-J-2. This
diagram shows the variety of farming enterprises, the in
teractions of the farm household (Farm Resources) and the
local community ('Community' Owned Production Re
sources), and the farmer's market transactions (Off-farm
Interactions). Preparation of a diagram such as this re
quires understanding the farmers' activities, how the farm
household fits into the local community, and the extent
the farmers trade in the market. By the time the FSR&D
team understands the underlying factors in this type of
diagram, it will have a good start on being able to describe
the farming system. This will aid the team considerably in
identifying farmers' problems and opportunities and
subsequently in planning on-farm research.

Fig. 5-J-4, which concerns water and energy flows
through a plant-eating animal in Africa, aids the researcher
in understanding the processes affecting crops and ani
mals. Through presentation of flows of key elements - in
this case water and energy-researchers are in a good posi
tion to understand some of the more complicated aspects
of the systems they are studying. When quantitative
values are placed on these flows and interactions, the
researchers have a basis for setting up more complex
models and for designing research activities. This diagram

John M
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Figure 5·J·1. Land use of a small farm typical of the western highlands of Guatemala (McDowell and
Hlldebrand,1980).

-
Wheat

poooo- Maize

Grass
Maize

Potatoes

P--- Maize
Wheat Maize

Forest Farmstead and Fruit
Wheat

Bush Beans G~·Iden
Maize Wheat Maize

Wheat

Figure 5·J·2. Family living quarters and anlmal·keeplng facilities on a farm In the western highlands of Guatemala.
[This figure Is an enlargement of the farmstead and fruit area found In Figure 5·J·1] (McDowell and Hildebrand, 1980).
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Figure 5·J·3. Conceptual model of the production system of a
Nepalese hili farm (Harwood, 1979).

illustrates concern over flows of key resources, which is
typical of other efforts, such as the measure of water
balances- Le., water inflows and outflows-for irrigation
systems.

Fig. 5-J-5 by McDowell and Hildebrand (1980) elaborates
on the same type of figure presented in Chapter 5-Le.,
Fig. 5-2-by providing data for each of the household ac
tivities. The values shown in the boxes represent the
percentages associated with these activities. For example,
the box labeled crops shows that the farm produced maize
and the other boxes show how the maize was distributed:
namely, 70 percent as feed for the animals, 19 percent as
food for the family, 10 percent going to the market, and 1
percent as seed.

Fig. 5-J-6 by Hart conforms to the ecological means
of presentation, as introduced in Appendix 2-A. More
detailed work by Hart (1980a) allows these interactions to
be quantified also. But in this case, the quantification is in
terms of physical quantities such as kilograms of maize fed
to the chickens and consumed by the family and the
kilograms of potatoes sold in the market, and the cor
responding cash payments. An interesting finding from a
similar study of a Honduran family (Hart, 1980b) is that
the family stored maize much as one would money, selling
small amounts to cover household requirements and ma
jor amounts to cover production requirements.

Off·farm
Interactions

Farm Resources

firewood
Homestead., Area Home

Compost
Industry

\ FO~der

~ Upland \ Fuel

Livestock
~

\
Trees
\"- feed Lowland Paddy \

e \

Forest Land

"Community" Owned
Production Resources

DETAILED DRAWINGS

Figures 5-J-5 and 5-J-6 are the result of considerable
effort to understand the nature of the systems under study.

Energy for Maintenance

Body Heat

I I
~--------------------------~

I

/ I "I
CE------l-i-+----1

I

Body Fluid

Figure 5·J·4. Water and energy flow through a herbivore In tropical Africa (ILCA, 1980).

r-----------~~-----------,
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Food Energy
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Figure 5·J·5. Distribution of labor, Income (sales of products or off·farm labor), and purchases of exogenous sources for small
cropllivestock farm In the western highlands of Guatemala (McDowell and Hildebrand, 1980).

MARKET*

, ,~
",.

Cheese 20
I

Whey 3 ,.
Labor 80 Furniture 25

Fert. (chem) 100 Cheese
Sweaters 7 .fQQg,80 Clothes 50

Pesticides 100 Whey 2 Labor 43 Pork 90
Beef 100

Implements 80 Feather Flowers 100 Misc. 50
Veg. Seed

Furniture 75 Fuel...
Sweaters 93 - -candles 100
Labor 25 ~

--'" / '"'\ .. Ocote 100
- HOUSEHOLD Misc. H-- Medicines 75

I
Cloth 100 Concentrates 100

~ Yarn 100 Medicines 100
Clothes 50 Baby Chicks 100
Transport 90 Heifers 50

Maize 10 Sawing Lumber 100
Wheat 60

Food
,

Potatoes 50 Maize 19 rLaborVeg. (wild) 55 Wheat 20 121Veg. (garden) 50 Fava 85 ,Ir Food Honey
Beans 100 50

Milk 10 Milk 2
Veg. (wild) 15

Labor 20 Cream 98 Fat Pigs 97
,Ir Veg. (garden) 50 Feed L...-- Pork 3 Baby Pigs 70

Fruit 100
Whey 95 Chicken 42 Eggs 60

Maize Leaves ... Eggs 40 Chickens 58

CROPS Fuel Honey 50 f4 Cull Hens 100

~
~ze Cobs 100 Raw Material Puppies 100
Medicines Milk 88

Maize ~ 25 Feathers 20
Wheat

Potatoes 'I
Fava
Beans - - ANIMALS- :.
Fruits

Wild Vegetables ..
Feed Cattle

Garden Vegetables """Maize Grain 70 Swine

Medicinal Herbs ~ Maize Stover 100 Chickens

Compost Wheat Straw 100 Bees

~ Manure 100 Potato Vines 50 Dogs

+
Feathers 80

Wild Vegetables 30
Cull Potatoes 100 hMaize Stover 50 Pollen (bees) ...

Wheat Straw 50
,Seed Leaf Mulch 50

Maize 1 (forest) Feed
Wheat 20 - ""C;itle 25
Potato 10 - Bees ..
Fava 15

Fuel H-Firewood 100 - I 1
Pine Cones 100 I

On Farm: FOREST AND GRASSLAND
IRaw Materials

Handles 100
Lumber 100

*Values are percentages
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Figure 5·J·6. A typical small commercial farm system In La Esperanz8, Honduras (Hart, 1980a).
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APPENDIX 5-K
MIXED CROPPING AND LIVESTOCK SYSTEMS

In Sec. 5.4.3. in Chapter 5, we discussed how con
ceptual models could be used in analyzing farming
systems. Fig. 5-2 in that section depicted a cropping and
livestock system typical for humid upland conditions in
Asia (McDowell and Hildebrand, 1980). That figure
showed the linkages between crops and livestock, the
household, and the market. To provide more background
on both the value of conceptual modeling and the model's
linkages between components, we provide a discussion of
this Asian system in Part 1 of this appendix; and in Part 2
of this appendix, we provide a more general discussion of
the linkages between cropping and livestock systems
typical of semi-arid Africa.

PART 1: DESCRIPTION OF A HUMID UPLAND
FARMING SYSTEM IN ASIA

In this part, we quote directly from McDowell and
Hildebrand (1980) concerning their description of the
mixed farming system for humid upland Asia:

"The upland system [Fig. 5-2] is widespread
over the humid tropics of Asia. There are well
developed farmsteads with permanent, cleared fields
but with no bunding and no irrigation. The major
crops are rice, maize, cassava, wheat, kenaf,
sorghum, and beans. Most households have small
numbers of several species of animals, with swine
and poultry prevalent. Following these in popularity
are cattle and buffalo. Sheep and goat numbers are
normally low. Where tall-growing crops (maize and
sorghum) are cultivated, cattle are kept to utilize
crop residues. In rice areas buffalo predominate. Fre
quently, one or two buffalo or cattle are kept for use
in land preparation and to provide transport for
crops, crop residues, and to some extent members of
the family. Swine are tethered or penned, and cattle
or buffalo are tethered at night in order that manures
may be collected and to avoid theft. The manures are
frequently composted with crop residues. Poultry
are usually free-roving.

"Fuel is not yet a severe problem in much of
the humid-upland systems but is becoming increas
ingly so as more and more forests are cleared.

"The farm infrastructure is variable, developed
for some areas but extremely limited for others.
Land tenure and social services are also variable.
Many upland areas are distant from markets.

"The land ranges from rolling hills to steep
slopes. The soils have moderate fertility, and in
general drainage is good. Erosion hazards are classed
as moderate. The rainfall is seasonal and erratic
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within the rainy season, thus periods of moisture
stress are frequent.

"Among the assets of this system are some
possibility for multiple cropping, excellent potential
for crop and animal integration, good potential for
small-holder dairying with crop rotation, and
feasibility of cooperative production and marketing.
Rice is milled at the village level; therefore, rice bran
and other by-products are available for supplemen
tary feeding of animals. Some of the current limita
tions to increased output are inadequate or absent
credit and animal health services, insufficient power
for tillage [Duff (1978)], and limited access to
markets. In addition, farms are often so geograph
ically fragmented that much potential for grazing is
lost. Considering the assets and liabilities, the
potential appears good for change through increased
cropping intensity, especially of fodder crops for
animal feeding; increased animal holdings in order
that farmers could have scheduled outputs for
marketing; expanded farm infrastructure; extended
use of draft power; and larger milk supplies.

"With time, the upland areas of Asia promise
to meet a rising demand for milk and meat through
greater crop/animal integration [De Boer and Weis
blat (1978J].

"Integration on small farms will minimize the
need for feed concentrates in animal production, and
there is some potential for on-farm self-sufficiency
in power (gasohol, biogas, and animal draft) based on
conversion of sweet potatoes and cassava."

PART 2: LINKAGES BETWEEN CROPPING AND
LIVESTOCK SYSTEMS IN SEMI-ARID AFRICA

To illustrate the importance of understanding the
linkages between cropping and livestock, we have ex
cerpted from McCown et a1. (1979),1 which contains ex
amples for semiarid Africa. In these excerpts, the authors
have isolated various interactions between cultivation and
livestock production. Following are sections on (1) the
basic differences between the two production systems, (2)
interactions when agricultural and pastoral production
take place in different management units, and (3) interac
tions when agricultural and pastoral production take place
within the same management unit. McCown et a1. (1979)
reported:

"Although the majority of people in semi-arid
Africa sustain themselves primarily by growing
crops, this means of production is not practiced by
all, nor is it the sole means practiced by the major
ity. Because of inadequate rainfall and high evapora
tion rates, average crop yields are low, and the risk of
crop failure is high. Traditionally the inhabitants of
these regions have relied on domestic grazing

IThis material is reproduced by permission of the authors and the publisher. Copyright Ie) Springer-Verlag, Berlin, Heidelberg, 1979.
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"BASIC DIFFERENCES BETWEEN THE TWO
PRODUCTION SYSTEMS

animals to supplement their food supply. The
ultimate degree of this dependence is embodied in
pure pastoralism; however, semi-arid Africa has a
wide range of variation, both in the nature and the
degree of economic dependency on livestock.

"In the light of these differences between
agricultural and pastoral production systems, it is to
be expected that successful farmers in semi-arid
regions might invest surplus in livestock, and that
unsuccessful pastoralists might resort to farming. In
the discussion of various types of interdependencies 
which follows the importance of both forms of adap
tation can be seen.

". . . crop production and animal production
tend to take place in different management units,
typically belonging to different ethnic groups. This
dichotomy is, however, far from absolute: most
pastoralists grow some crops, and most farmers keep
some animals. Variation in the balance struck
between the two activities and the nature and degree
of interdependencies between the activities must
be viewed as different forms of adaptation. Under
standing the patterns of variation in these forms in
space and time requires, in addition to information
on environmental conditions, an appreciation of the
major differences between the two production sys
tems."

The following are some comparisons:
"I. Both systems require the same kind of pro

duction factors: land lfields, pastures), capital
lseeds, herds), and labor.

"2. In neither system does the right to use of
land usually require capital expenditure. lIn this
geographical region, grazing rights are almost
universally free.) The situation with respect to
cultivation rights is more variable, but purchase or
rent of land is exceptional.

"3. The amount of capital required for sub
sistence in pastoralism is high relative to that in
agriculture. This is related to the differences in the
annual rates of returns on seed lID-SOx) and on
animals (O.l-lx, in terms of reproduction).

"4. In agriculture, labor is (invested in the
land, and the requirements are highly seasonal; in
pastoralism, labor is invested in the heEd, and the re
quirements are relatively constant.

"5. Agriculture is labor-intensive, with in
crease in labor during the peak requirements periods
providing the greatest marginal returnsj pastoralism
is capital-intensive, with increase in herd size pro
viding greatest marginal returns.

***

"INTERACTIONS WHEN AGRICULTURAL AND
PASTORAL PRODUCTION TAKE PLACE IN
DIFFERENT MANAGEMENT UNITS

"Historically, the interactions between pas
toralists and agriculturalists involving agricul-·
tural economic consequences can be classified as
nonexistent, positive, or negative. Examples are
given here of each class, as well as some indication
of recent trends in the nature and importance of each
interaction, or linkage.

"Competition Linkage
"This occurs when the same resource lland) is

ecologically suitable for both agricultural and
pastoral production. Where this is the case, relative
political power is likely to determine the land use

*

"Exchange Linkage
"This linkage is mediated by the transactions

between agriculturalists and pastoralists involving
goods, or both goods and services. Exchange of goods
is the typical linkage when agriculturalists and
pastoralists have similar consumption profiles, and
the livelihood of one group is partially dependent on
the products of the other. Examples are numerous.
Traditionally, nomadic pastoralists such as Moors,
Tuareg, Fulani IPeulh), and Baggara camp for at least
part of the year in close proximity to agricultural
areas, during which time they exchange products,
e.g., milk, ghee (butterfat), meat, and hides, for
millet and sorghum.

"No Supporting Linkage
"In this case, pastoralists and agriculturalists

are self-sufficient units, Le., the pastoralists rely on
animal products and the agriculturalists have a con
sumption profile based on agricultural products.
Traditional relations between Masai and Kikuyu
might illustrate this situation, but because of
pacification and expanded consumption profiles
resulting from improved communication and educa
tion, it is unlikely that distinct examples could still
be found today.

"Ecological Linkage
"In this case, the practice of one activity in

fluences the other through its effects on the
ecosystem. For example, during the dry season
natural forage is in short supply, and the quality is
normally very low. The residues of most crops,
which are of little or no value to the cultivator, pro
vide a superior diet for the pastoralist's herds. At the
same time, manure deposited on the fields as the cat
tle graze is beneficial for the subsequent crop.

*

*

**

*
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"INTERACTIONS WHEN AGRICULTURAL AND
PASTORAL PRODUCTION TAKE PLACE WITHIN
THE SAME MANAGEMENT UNIT

pattern. During the centuries just prior to coloniza
tion, much control was exercised by belligerent
pastoralist groups. With pacification and increased
central authority, the balance of power has shifted
decisively to the cultivators.

"At present, two basic trends are profoundly
altering the land use relationships between pastor
alists and agriculturalists. To begin with, land is
becoming increasingly scarce. The rapid growth of
the rural population is expanding cultivation at the
expense of the best grazing land. Increased cultiva
tion of industrial crops has hastened this trend, as
has government reservation of public lands (van
Raaij, 1974).

"The second trend is that of increased in
dividualization· of land tenure. Although this rarely
means that land is individually owned, the tradi
tional'free range' philosophy whereby livestock has
free access to water and fodder reserves of
rangelands, fallow lands, and harvested fields is in
creasingly challenged by cultivators who want to
control access to their holdings. Cultivators in
northern Nigeria will admit that there long existed a
system of tacit consent whereby Fulani pastoralists
could graze their cattle on fields as soon as the
harvest was completed, but there is a general feeling
among cultivators that times have changed. Par
ticularly in densely populated and commercialized
cropping areas tensions and conflicts arise during the
post-harvest period, and court records reveal an an
nual spate of cases against pastoralists for damage to
late-maturing crops (van Raaij, 1974:36). Competi
tion is minimal in the rainy season when supplies of
feed and water are generally ample. Pastoralists nor
mally go to drier areas unsuited for cultivation, in
part because the feed value of range species in these
areas is superior. It is in the dry season that the com
petition is acute, with permanent water sources as
the focal points.

• •

"Food Linkage

"Usually the investment linkage is supported
by a food linkage, as in the case where the
agricultural producers supplement their· diet with
meat and milk products from their herds and flocks.
Some groups rely heavily on milk from large ani
mals. The Songhai of Mali, for example, rely on cat
tle, and the Somalis rely on cattle and camels. Even
in communities that lack a major cattle sector, the
more successful farmers often keep cattle (Hill,
1972:217). More commonly, however, cultivators
keep small stock, such as poultry, sheep, and goats,
to supply themselves with animal products.

•••

tural to the pastoral sector. This strategy implies
growth in the enterprise; it gives security both in
terms of food (animals can be eaten or transacted),
and in terms of mutual support (animal distribution
can be used as a means for obtaining assistance from
other people). The fact that livestock, especially cat
tle, are so highly valued as an investment all over
Africa makes this the most typical form of integra
tion of livestock into agricultural enterprises. A
great many, perhaps most, of the cattle owned by
cultivators serve little other purpose.

"It is common practice among the Wolof
(Ouolof) of Senegal, the Mossi of Upper Volta, the
Bambara and other tribes of southern Mali, the
Hausa of northern Nigeria, and the Fur of the Sudan
to entrust their cattle to the care of neighboring
pastoralists. Since the benefits of keeping the cattle
close at hand are appreciable (regular milk supply,
lower risk to the investor, and, in some cases,
manure production), one would expect to find con
tractual herding only where local resources such as
forage, labor for herding, and animal husbandry
skills are traditionally inadequate. Nevertheless,
this practice is found also in communities that
possess enough grazing resources to maintain
modest herds but which have invested in more cattle
than these local resources can support.

•••

"Livestock ownership benefits a cultivator
either directly, or indirectly via benefits to crop pro
duction. This section discusses first investment and
food linkages, which are directly beneficial, and then
manure, draft, and fodder linkages.

"Investment Linkage

"If ... livestock are present in the economy,
this implies an opportunity for investment and con
sequently an incentive to increased agricultural pro
duction. One would thus expect that the cultivators
would be stimulated to achieve a higher level of pro
duction in order to convert value from the agricul-

"Manure Linkage

"In traditional agriculture the manure linkage
is associated with intensive cultivation. Intensive
cultivation systems are usually associated with high
population densities. This can be seen in refugee hill
areas of Cameroon, Nigeria, Mali (Morgan and Pugh,
1969:104), and Wakara Island, Lake Victoria (Ruth
enberg, 1971:118). Marginal returns of labor are fre
quently less under these intensive systems than
under many extensive systems of cultivation.

"With increasing political security, population
pressures have been relieved through migrationfrom
the hill areas to the plains. Such migration is typi-
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cally accompanied by a change in the cultivation
system. Given the preferred balance between labor
and consumption, easier access to land implies that
a point will be reached sooner or later where op
timization of returns on land and labor give way to
extensive shifting cultivation with less need for
manure. With increasing population pressure and
better agricultural technology, this trend is being
reversed again, and there is increasing reliance on
manure to increase soil fertility.

"Draft Linkage
"This linkage was rarely found in traditional

agriculture in semi-arid regions. There were,
however, some interesting exceptions. Along the
Nile, oxen provided the draft power both for plowing
and for the Persian wheels used in irrigation. In the
Kheiran depressions in Kordofan (Sudan), an un
usual farming system has evolved. The system in
volves a combination of intensive agriculture based
on irrigation from groundwater with ox-drawn water
wheels in the dry season, and extensive shifting hoe
cultivation in higher-lying areas in the rainy season.
With increasing involvement in the market econ
omy, the draft linkage has grown in importance,
especially in West Africa.

"Fodder Linkage
"For livestock as well as for humans, the dry

season is a nutritional bottleneck. Except in the per
manently wet lowlands, no pasturage grows until
the onset of the rainy seasonj meanwhile, herds con
sume the stores of standing hay. To make matters
worse, the nutritive value of this forage steadily
decreases as its tissues cure and weather. There is,
therefore, a great need to produce forage crops
superior in dry-season quality to range forage. More
over, a sown leguminous fodder crop or ley would be
more effective in restoring soil fertility than a bush
or grass fallow. This practice, more than any other,
is the key to mixed farming along the lines
developed in Europe and North America. The main
question is whether the value of livestock products
and service and enhanced soil fertility outweigh the
value realized from alternative uses of labor and
land. In most of the dry tropics of Africa the pressure
on land is not yet sufficient, nor is the price struc
ture favorable, for a fodder linkage based on sown
leys.

"An important fodder linkage of a different sort
does occur widely where a crop that provides either
human or industrial products also provides dry
season feed as a by-product. Normally, of course, the
primary products guarantee sufficient returns on
land and labor to justify cultivation."

*,

*

*

*

*

*

APPENDIX 5-L
DATA COLLECTION IN A RURAL SETTING

Collecting data in rural settings can present prob
lems that, if not considered at the outset, will hamper
FSR&D's effectiveness. Under Sec. 5.8 in Chapter 5, we
provided general comments about data collection. In this
appendix, we provide additional background that is ap
propriate for both informal and formal methods of data
collection.

Following are sections on securing local leaders' sup
port, obtaining cooperation from farmers, incentives for
interviewees, conducting interviews, additional com
ments on interviews, and problems in interviewing. Much
of this appendix is based on the work of Bernsten (1979),
Byerlee et a1. (1980), and Kearl (1976).

SECURING LOCAL LEADERS' SUPPORT

Most farmers will be suspicious and yet curious
about researchers who enter their village. FSR&D re
searchers need to recognize this fact and understand that
small villages are complicated social systems.

Thus, the FSR&D team needs to determine how best
to approach farmers within their setting. This often means
identifying local leaders and seeking their support. These
leaders may be officials of the affected ministries, local
authorities, traditional leaders, merchants, and others.
Also, social scientists who are familiar with the village
structures within the research and target areas can help the
team in this regard.

In some cases the team will find that village leaders
are highly esteemed and in other cases the leaders are not
respected. For cases where the leaders are highly es
teemed, the team needs to seek the leaders' support. Gain
ing their support

• reassures the farmers of the team's intentions, and
thereby reduces farmers' suspicions and encourages
them to cooperate with the team

• helps elicit meaningful answers from the survey's
respondents

• allows the team to check the accuracy of the inter
view data with the leaders.

When talking with leaders, the researchers should

• explain the project
• emphasize that the farmers' answers will be kept

confidential
• stress that no names or individual responses will be

given to governmental agencies
• explain how the farmers will be selected or sampled
• keep the leaders informed on the project's progress.

Some researchers will sample-i.e. select-the
names of farmers with the leaders present. This approach
assures the leaders of the techniques being used. If the
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names of the leaders are not pulled in the samples, some
researchers interview the leaders anyway and then exclude
those interviews from the data analyses 10gunfowora,
1976a).

Generally, gaining the support of the leaders takes
time and researchers should be patient. Some researchers
have found staying in the village for some time before
beginning the survey, attending social gatherings, eating
with the farmers and leaders, becoming known, and other
wise associating with leaders helps the survey go more
smoothly lEI Hadari, 1976a).

Failure to make the necessary contacts with leaders
in advance of surveys has produced situations of un
cooperativeness by village farmers because some leaders
have reacted negatively to the surveys. El Hadari (1976b)
reported an incident in which the first day's interviewing
went smoothly. On the second day, the villagers were un
cooperative. The researchers finally learned that the key
merchant had threatened the villagers. In this case, the
survey was designed to collect information on buying,
selling, and lending. The merchent was trying to protect
his interests and keep outsiders from learning of his trans
actions.

OBTAINING COOPERATION FROM FARMERS

Once the researchers gain the leader's support, the
researcher should then seek the support of the farmers
before beginning the interviews. Some researchers in
crease the awareness of the project through radio. Other
researchers begin with a village meeting in which they ex
plain the project.

From here, the interviewers must then contact
specific farmers who were sampled and are to be inter
viewed. In Appendix 5-W, we discuss the importance of
carefully selecting and training interviewers. Researchers
need to be aware that the farmers' perceptions of the inter
viewers may influence the farmers' cooperativeness. Many
of the interviewers' characteristics, such as the sex, age,
dress, tone of voice, politeness, respectfulness, and social
and ethnic group, influence the farmers' answers IBern
sten, 1979).

In the initial contact with farmers, the interviewers
try to gain the farmers' cooperation and to schedule the in
terview. The interviewers need to explain how the farmer
was selected, what information will be needed, how the
information will be used, the confidentiality of the infor
mation, and the potential benefits to the farmer. The in
terviewers should encourage questions from the farmers
and answer their questions.

In scheduling the interview, the interviewers need to
arrange a time and place convenient for the farmer.
Generally, researchers should not schedule a survey when
the farmer is busy. For this, the interviewers should know
the farmers' daily and weekly work cycles IBernsten,
1979).

The place of the interview should be where the
farmer can be relaxed and not distracted. Some interviews
work best in the home, others under a shade tree, and

Appendixes to Chapter 5 • 279

others in the farmers' fields. Interviewing farmers in their
fields provides the interviewers with a chance to observe
the crops. In some cases, the interviewers might offer to
help the farmer for awhile before beginning the interview
IByerlee et aI., 1980).

INCENTIVES FOR INTERVIEWEES

Generally, experienced researchers avoid giving in
centives to individual farmers for being interviewed. Such
incentives can create budget problems and dissatisfaction
in the village among those who were not interviewed.

However, some researchers have found it necessary
to reward individuals who spend excessively long times
with the researchers, and tradition, in some cultures, dic
tates a token gift for the chiefs, priests, or elders. Such
gifts are indirectly meant for the land or the earth god
(Nabila, 1976a). Norman (1976a) justified the giving of
something to the whole community rather than to in
dividuals. For example, the team might ensure the com
munity receives fertilizers or credit. To approach the issue
of incentives realistically, the team needs to know the
culture and farmers' customs.

CONDUCTING INTERVIEWS

The interviewer should first greet the farmers
according to local custom and treat the farmers with
respect. If the local language requires it, the interviewers
should use the "polite" form of address. The interviewer
should not interview the farmer from a vehicle, and the in
terviewer should try to avoid positioning himself above
the farmer. If possible, the interviewer should try to talk to
the farmer alone, with no other farmers, friends, or family
present.

The conversation should open with locally accepted
"polite talk" and then the interviewer must explain the
purpose of the research. In some cultures taking notes in
the respondent's presence may be resented. In the case of
lengthy, detailed questionnaires, this cannot be avoided.
For short questionnaires or informal interviews, the inter
viewer can memorize the questions and later record the
results.

In beginning, the interviewer should make clear to
the farmer that there are no "correct" or "incorrect"
answers- that the interviewer is interested in what the
farmer does and thinks. The interviewer should be careful
of his or her responses or reactions to the farmer's answers
and avoid unwittingly guiding the farmer by indicating ap
proval or disapproval of an answer. If a question causes
silence, or the farmer seems unwilling or unable to
answer, the question might be rephrased.

The interviewer must be sensitive to the farmer's
available time. In general, 1Y2 hours is the maximum for a
single interview, while interviews of 35 to 40 minutes are
best. Of course, if the farmer is in a talkative mood, the in
terviewer may want to continue longer.

After all relevant topics have been covered, or the
farmer's attention is needed elsewhere, the interview
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should end. As at the beginning of the interview, the inter
viewer must be courteous and respectful. The farmer
should be thanked for his or her time, and left with the
proper local farewell. And before leaving, the interviewer
may arrange to meet the farmer again, or to explain the
next steps of the investigation.

ADDITIONAL COMMENTS ON INTERVIEWS

The team members must be willing to accept local
customs, living conditions, and culture if they want to in
terview farmers and obtain useful information. If team
members complain about living conditions, the local peo
ple may consider the interviewers or researchers as being
hypocrites. Furthermore, Nabila (1976b) suggested that
the interviewers and researchers be willing to conduct the
interviews in a relaxed manner. This includes being ready
to sit on the bare ground and pay respects to the leaders if
the tradition demands it.

Other researchers have found spending time at the
beginning of the interview listening to farmers' problems
puts the farmer in a more cooperative mood (Gafsi,
1976a).

Sometimes researchers or interviewers will en
counter individuals who want to be interviewed but whose
names were not sampled. Refusing to interview them may
antagonize them and create problems when interviewers
seek information from those whose names were sampled.
To handle such situations, Nabila (1976c) reported train
ing the interviewers to go through the motions of inter
viewing those who insisted on being interviewed. Thus,
questions were asked and notes taken, but the data were
not added to the sample.

PROBLEMS IN INTERVIEWING

Several problems might develop during the inter
views, which we will now discuss as being interviewer
based, farmer-based, and miscellaneous.

INTERVIEWER-BASED PROBLEMS

Some interviewers begin paraphrasing the questions,
others change the order of the questions and still others
rush through the interview (Bernsten, 1979).

Each of the changes an interviewer makes in the
questionnaire can introduce bias into the data collected. In
the training sessions, and in the interviewers' instruction
manual, the researchers must instruct the interviewers
how to read each question, how to rephrase questions,
how to probe when necessary, and how to pace an inter
view. We discuss the training of interviewers and the in
terviewers' instruction manual in Appendix 5-W.

FARMER-BASED PROBLEMS

Some farmers may refuse to cooperate, others will be
reluctant to cooperate, and still others will be missed
(Bernsten, 1979).

Even after working with local officials and leaders,
learning the local customs and going through all other sug
gested steps, some farmers or individuals will refuse or be
reluctant to cooperate.

Often farmers are uncooperative for reasons, such as
(1) they do not see any relationship between the research
and their well-being, (2) they believe the interview'ers are
seeking information for tax purposes, (3) they detest the
invasion of their privacy concerning income and in
debtedness, or (4) they want some tangible reward for be
ing interviewed (Ogunfowora, 1976b).

In some cases adequately explaining the purpose of
the project, how farmers were selected, and the criteria for
the interviews overcomes the problem. An alternative ap
proach is to assign a different interviewer to the farmer
who is reluctant to cooperate. Furthermore, having a
leader force farmers to be interviewed usually produces
poor results.

Sometimes interviewers cannot locate the farmers
they are to interview. Again, the procedures to handle
such situations should be included in the interviewers' in
struction manual and in the training sessions. Bernsten
(1979) recommended first trying to find out when the
farmer would return and then returning at that time to
reschedule the interview. The researchers need to
establish a standard rule for all interviewers to follow for
such problems. A commonly used guideline is to make
three attempts at different times of the day on different
days of the week. If the farmer cannot be reached, then an
alternative individual is interviewed. This is where sam
pling with replacements comes in, as we discuss in Appen
dix 5-V. Such changes usually do not create serious prob
lems unless the number of missing individuals exceeds 15
percent of the individuals randomly selected (Bemsten,
1979).

MISCELLANEOUS PROBLEMS

Several problems might delay or hamper the speed of
the survey. First, inappropriate individuals may be
selected despite the random sampling designs. If, after
beginning the interview, the interviewer learns an inap
propriate individual has been selected, the interviewer
should terminate the interview (Bemsten, 1979). Second,
interviewers and researchers need to be prepared for poor
weather conditions that prevent or delay reaching the in
dividuals to be interviewed. In such cases, the researchers
need to decide whether to delay or to eliminate the inter
views from the sample. However, eliminating names may
introduce biases into the data. Third, on occasion, the in
terviewers have transporation that breaks down, in which
case the interviewer needs to arrange for alternative
transportation or wait for repairs.

The aforementioned situations and circumstances
are common to many surveys. Thus, the researchers need
to be prepared to solve these problems as they arise. The
best approach is for the researchers to (1) try to anticipate
such problems, (2) train the interviewers to handle as
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many of the problems as possible, and (31 come to the in
terviewers' aid for those problems they cannot handle.

These and related issues are discussed in the remainder of
this appendix.

FRAMEWORK FOR ANALYZING TIME ALLOCATIONS

EXCERPTS FROM LEARNING ABOUT RURAL
WOMEN

As part of the Population Council's Studies in Fam
ily Planning, Zeidenstein 119791 prepared a special issue
on rural women's roles and status in different societies.
We have selected portions of five articles from this issue
that deal with methods of gathering information about
farm women.

Table 5·M-1. Comparisons of time allocations to rural activities
between women and men for the first 14 waking hours In
Zlmtenga, Upper Volta. Reprinted with the permission of the
Population Council, from Brenda Gael McSweeney, "Collec
tion and analysis of data on rural women's time use," Studies
In Family Planning 10, no. 11/12 (NovemberlDecember 1979), p.
381.
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Average time
allocated
(minutes)·

Women MenActivity

A. Production, supply, distribution
1. Food and cash crop production

Sowing
Weeding, tilling
Harvesting
Travel between fields
Gathering wild crops
Other crop-production activities

2. Domestic food storage
3. Food processing

Grinding, pounding grain
Winnowing
Threshing
Other processing activities

4. Animal husbandry
5. Marketing
6. Brewing
7. Water supply
8. Fuel supply

B. Crafts and other professions
1. Straw work
2. Spinning cotton
3. Tailoring
4. Midwifery

McSweeney (1979) reported on an approach for
gathering data on women's activities. This was adapted
from the work of the African Training and Research Center
for Women of the United Nations' Economic Commission
for Africa. This approach compares time spent by women
and men on agricultural and household activities. Results
of such a study for the village of Zimtenga in the north
central zone of Upper Volta are shown in Table 5-M-1.

APPENDIX 5-M
GATHERING DATA ABOUT WOMEN

• women's role in making decisions about agricultural
production and marketing

• the amount and type of agricultural work women
perform

• women's level of knowledge of agricultural
technologies and their production tasks

• women's control over and use of agricultural re
sources

• women's access to services such as extension, credit,
and training.

In many cultures, women playa major role in small
scale agriculture. They produce crops and tend livestock,
as well as care for the family. Consequently, FSR&D
teams must understand how women participate in agri
cultural activities if the new technologies are to be fully
relevant.

This appendix, which ties in with the discussion in
Sec. 5.8. on data collection, begins with background infor
mation on women and then provides selections on collect
ing data about rural women from Learning About Rural
Women, a recent publication edited by Zeidenstein (19791.

• Who participates in decision making regarding
specific agricultural tasks?

• Who is generally in charge of carrying out the task?
• What is the average intensity of participation?
• How much time is spent on the task?

The necessary information on women varies from
situation to situation. But as a minimum, researchers
should learn the following:

MEASURING WOMEN'S PARTICIPATION IN
AGRICULTURE

To obtain the most accurate information, researchers
should formulate specific questions and, whenever possi
ble, interview women directly.

Because cultural and religious practices sometimes
keep male researchers from talking directly with women,
FSR&D teams may need to have women interview women
within the household. Additional information about rural
women can be obtained from rural health centers, family
planning clinics, and rural development groups.

Another problem linked to gathering accurate data
on women is that researchers as well as women tend to be
influenced by their ideas of what women ought to do. This
will influence how they perceive women's roles. Conse
quently, FSR&D teams should obtain answers to the
following questions:
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*Based on time budgets prepared by direct observation.
tWhen observation did not last the full 14 hours.

MEASURING RURAL WOMEN'S ECONOMIC ROLES AND
CONTRIBUTIONS IN KENYA

Smock (1979) described special survey forms used in
Kenya's Integrated Rural Survey to gather information on
the contributions of each household member to agri
cultural production and household tasks. The question
naire used to augment the survey had three sections: (l)
background data on the respondent and the household, (2)
participation of family members in agricultural produc
tion, and (3) participation of family members in other
household work. We now present a summary of the
headings and categories of responses for the three forms:!

5. Other crafts/professions (e.g., metal
work, pottery, weaving cloth, beekeep-
ing, etc.) 0 35

C. Community 27 91
1. Community projects 27 0
2. Other community obligations 0 91

D. Household 148 4
1. Rearing, initial care of children 18 0
2. Cooking, cleaning, washing 130 1
3. House building 0 0
4. House repair 0 3

E. Personal needs 158 269
1. Rest, relaxing 117 233
2. Meals 21 29
3. Personal hygiene and other personal

needs 20 7
F. Free time 77 118

1. Religion 2 6
2. Educational activities (learning to read,

attending a UNESCO meeting or class) 17 4
3. Media (radio, reading a book) 0 14
4. Conversation 14 69
5. Going visiting (including such social

obligations as funerals) 43 19
6. Errands (including going to purchase

personal consumption goods, such as
kola, next door) 1 6

G. Not specifiedt 18 0
Total work (A, B, C, D) 587 453
Total personal needs and free time (E, F) 235 387

male head, senior wife of
male head, junior wife of
male head, only wife of
son of male head, senior
wife of son of male head,
junior wife of son of male
head, other.

One, two, three, four.

No formal schooling, 1-2
years primary, 3-4 years
primary, 5-8 years pri
mary, 1-2 years second
ary, 3-4 years secondary,
4 + years secondary.
One, two, three, four.

No formal schooling, 1-2
years primary, 3-4 years
primary, 5-8 years
primary, 1-2 years second
ary, 3-4 years secondary,
4 + years secondary.
Never married, formerly
married, currently mar
ried.
Less than 1 year, 1-3
years, 4-7 years, 8-15
years, 16-25 years, more
than 25 years.

Females 15 and over,
males 15 and over,
females 6-14 not at
school, males 6-14 not at
school, females 6-14 at
school, males 6-14 at
school.
ISame categories as
above.)

Adult females, adult
males, adult females and
children, adult males
and children, entire fam
ily, family and hired
labor, hired labor, tractor
service.

5. Number of years
married

4. Respondent's marital
status

2. Age of respondent
3. Respondent's highest

level of formal
education

6. Age of respondent's
husband

7. Respondent's husband's
highest level of formal
education

8. Number of generations
in household

9. Number of generations
that regularly work on
holding

10. Number of residents in
household

11. Number whose main
occupation is working
on holding

12. Who takes the major
share of the responsi
bility for preparing the
land for farming?

Form 2: Participation of Household Members in
Agricultural Production.

This form is concerned with the participation in
agricultural activities of the following groups: females 15

Average time
allocated

(minutes) *

Women Men

Possible Responses
Female head, only wife of

Table 5·M·1 (cont.)

Activity

Form 1: Background Data.
Question

1. Identity of respondent

lReprinted with the permission of the Population Council from Audrey Chapman Smock, "Measuring rural women's economic roles
and contributions in Kenya," Studies in Family Planning 10. no. 11/12 (November/December 19791, pp. 386-389.



and over, males 15 and over, females 6-14 not at school,
males 6-14 not at school, females 6-14 at school, and
males 6-14 at school. Participation is broken down into
planting, weeding, harvesting, and marketing. Participa
tion is measured as one who does not work, works regular
ly, and works sometimes. Information is gathered for 10
major crops.

Form 3: Involvement of Household Members in
Other Household Work.

This form seeks information on the same six
household groups as Form 2. For these groups, participa
tion in the following tasks is recorded: fetching firewood,
fetching water, buying food, caring for children, cleaning
house, preparing and cooking food, herding sheep and
goats, or caring for cattle and poultry.

CIRCUMVENTING PROBLEMS OF ACCESSIBILITY TO
RURAL MUSLIM WOMEN

Safai (1979) described a study undertaken by the
Government of Iran to determine the type and amount of
agricultural labor performed by rural women. The team
used Persian women for interviewers. In addition, a man
originally from the area who was familiar with the
customs and dialect was on the team. The team preceded
its appearance in each village by a visit to the village head
man or some other village official, who helped the team
select sample families.

The team administered a computer coded question
naire to selected women. The questionnaire concerned a
question regarding every task relevant to rice and tea- the
two principal crops. Each woman was asked her degree of
participation in each task. Researchers, after checking the
answers in several ways, used the results to determine
how much women contributed to various stages of the
agricultural cycle.

WHAT RURAL WOMEN KNOW: EXPERIENCES IN
BANGLADESH

Martius-von Harder (1979) focused on the activities
in which women in rural areas have an important role (the
specific activities in which they have a key function), the
demands agricultural production places on them, and the
approaches for integrating women into the process of rural
development.

Martius-von Harder (1979) found

• women who cannot move about freely could not
answer correctly questions about the household's
property, soil quality, irrigation, or marketing

• women could not answer questions related to the
minutes or hours to complete a task, since they are
not accustomed to thinking in these terms

• when people were asked for information outside
their areas of knowledge, they gave immediate, but
generally incorrect answers

• both men and women could give correct answers
when the quantities were two or three, but not when
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they were 10 or more.

The findings of Martius-von Harder (1979) supported
the wisdom of pretesting questionnaires and interpreting
results carefully.

WOMEN IN RICE CULTIVATION:
SOME RESEARCH TOOLS

Mencher et a1. (1979) used diaries and personal inter
views to collect data on women's participation in a rice
crop cycle in India. Literate women kept diaries of all their
agricultural activities and a few women who did not
cultivate rice also kept diaries for comparison purposes. Il
literate women kept charts, similar to those designed by
Hatch (Appendix 5-X). Also, literate village women visited
selected households to collect additional data on women's
agricultural activities.

APPENDIX 5-N
ASSESSMENT OF SECONDARY DATA

In Sec. 5.9., Chapter 5, we stated that secondary data
could be a good source of information. For this to be true,
the FSR&D team needs to ascertain the accuracy of the
data. This appendix provides guidelines for checking on
possible errors in data because of improper collection,
analysis, and interpretation.

Below are two lists of questions an FSR&D team
should ask about the secondary data. Depending on the
answers, the team can then decide whether to use the data
and, if so, what limitations the team should place on the
data's use. When the team is unable to answer some of the
questions, it will have to rely on its judgment about the
data's accuracy.

• When were the data generated?
• What was the source for the data and what is the

general reputation of the source?
• Do the data have any stated limitations about their

use?
• What were the stated assumptions concerning con

clusions drawn from the data?
• Are the methods used for collecting, tabulating, and

analyzing the data stated? If not, can they be ascer
tained?

• Are the methods still reliable or have subsequent
practices indicated certain weaknesses?

• Are those who took part in generating the data still
available for consultation?

• What methods were used to collect the data? Did the
researchers use observations, physical measure
ments, analyses of other secondary data, or inter
views by researchers or enumerators?

• Did the basis for collecting data change during the
period for which the data are reported and, if so, how
does this affect estimates of trends?

• Do the data contain gaps that could cause statistical
errors in their use?
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AN EXAMPLE

What keeps you from obtaining more maize from
your fields?

APPENDIX 5-P
ILLUSTRATIVE TABLES FOR COLLECTING
DATA DURING RECONNAISSANCE SURVEYS

The importance of each reason to the farmers could now
be estimated by asking farmers to rank the four possi
bilities from most to least important.

By applying this approach to the more relevant ques
tions of the informal survey, the team will have estab
lished a firmer basis for quantifying farmers' activities and
reactions.

ImportanceReason

Insects

Lack of fertilizer

Inadequate water

Other

quency of each category.
Here, we have suggested the unit of analysis was the

category of response. Other bases for analysis can be
selected depending upon the problem and topic being
undertaken. For further details on content analysis, see
Content Analysis in Communications Research (Berelson,
1971) and Advances in Content Analysis (Rosengren,
1980).

In our discussion of reconnaissance surveys in Sec.
5.10.1., Chapter 5, we discussed various means for gather
ing data about farmers, their means of production, and
their environment. The reader may recall that recon
naissance surveys, as we described them, are relatively
short explorations that help FSR&.D teams (1) understand
the farming systems in the research area and (2) identify
the more relevant problems and opportunities for improve-

We will illustrate the method using one of the ques
tions that an FSR&.D team might ask of a farmer during an
informal interview. For example, the team might have
asked farmers about their maize yields and the farmers
might have said they wanted to increase their yields. Then
the team members might ask farmers, "What is limiting
your maize, production?" After each interview, the team
summarizes the response and estimates the percentage of
time the farmer devotes to each reason. At the end of the
day, the team decides what the major reasons are based on
and the amount of time devoted to each reason.

Thus, the team might find that farmers mentioned
insects, lack of fertilizer, or inadequate water as the major
production constraints. The team could then frame ques
tions for subsequent interviews more definitively. For ex
ample, a formal questionnaire might include the following
question:

APPENDIX 5-0
ANALYSIS OF THE CONTENT OF
INFORMAL INTERVIEWS

• What was the physical setting for the interviews?
• Were other members of the interviewee's family

present or were any friends present?
• How were the individuals selected for interview?
• What percent of the target population of farmers was

interviewed?
• Were the questions open-ended or close-ended?
• In what sequence were the questions asked?
• Was a sampling error calculated and is it known?

One of the disadvantages normally associated with
informal surveys, as discussed in Sec. 5.10.1., Chapter 5,
is the lack of quantified data. One way to tum part of the
information obtained through informal surveys into quan
tified data is through content analysis. This appendix pro
vides a brief overview of this process - a technique that
can be applied to the analysis and quantification of
responses to open-ended questions. Open-ended questions
are those in which respondents are free to elaborate on a
subject as they wish.

If the FSR&.D teams write brief summaries of
farmers' responses to informal surveys, these summaries
provide the raw material for content analysis. An advan
tage of converting what appears to be qualitative data into
quantitative data is that the teams gain further insight into
the farmers' responses and can thereby draw firmer conclu
sions from the data.

Let us assume the researchers are looking for the
principal categories of farmer responses to a question.
First, the researchers write definitions for each category in
such a way that all anticipated responses are covered.

Once the definitions are prepared, coders analyze the
responses. Using the definitions, the coders separate the
responses by category. The researchers must check the
coders' work to be sure that the coders agree on how to
categorize the responses. This is accomplished by having
the coders categorize a number of the same responses. For
this check, called intercoder reliability, researchers gener
ally seek a correlation of at least 80 percent.

If a correlation of 80 percent is not achieved, the
researchers rewrite the definitions and test the new defini
tions until the desired level of correlation is reached.
Then, the coders analyze all responses and tabulate the fre-

When data are gathered by interview some addi
tional questions need to be asked of those who might be
familiar with the way the interviews were conducted.
Below are some questions.

By asking the above types of questions, the re
searchers should be in a better position to evaluate the
usefulness of the secondary data. If the answers to the
above types of questions lead the researchers to have
doubts about the data, they should seek advice from those
experienced in evaluating the validity of secondary data.
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Table 5·P·1. General Information on typical farms In the
research area.

Table 5·P·1 (cant.)

M. Type of household: e.g., nuclear or extended _
Ethnic background _
Numbers in household _
Rights and obligations of members, by age and sex _
Characteristics of members:

Literacy and education, _
Health _

Knowledge: e.g., farming and off·farm experiences __
Beliefs: e.g., what the person thinks is true
Attitudes: e.g., feelings, emotions, sentiments
Behavior: e.g., past actions
Goals _

Other
N. Miscellaneous: e.g., help from others, obligations _

(hectares)D. Farm land use
Crops
Other tillable

purposes
Pasture
Forest
Other: e.g., fish

ponds
Wasteland

Total
Note: Totals for C and D

should be equal.
E. Other information about land

Number and sizes of land parcels in farm _
Distances from farmhouse to fields
Percentages of total farmland suitable for:

motorized equipment
Irrigation

Access to other land and resources: e.g., community pas·
ture and forest, roadside pasture _

F. Farm enterprises

A. Dates of data collection Collector _
B. Farm access

Distance to nearest road usable by: e.g., motorcycle, 4·wheel
drive vehicle, truck. _

Distance to nearest all-weather road _
Distance to other transportation facilities: e.g., river, canal,
airfield, railroad

C. Farm land status (hectares)
Privately owned
Rented
Other: e.g., village
or tribal land
Total

Major enterprise Minor enterprise
Crops: e.g., species, varieties, principal uses

Cereals
Root crops
Vegetables
Fruit
Other tree crops
Other: e.g., sugarcane,
sisal

Animals: e.g., breeds, sex, number, principal uses
Cattle
Buffalo
Sheep
Goats
Swine
Poultry

Nonagricultural enterprises: e.g., spinning, weaving, pottery
making
G.Farmlabor: _

H. Power, equipment, and tools
Power _
Equlpment, _
Tools _

I. Farm buildings and facilities
Storage facilities _
Processing facilitles:..- _
Livestock housing and yards _
Irrigation facilities
Other _

J. Marketing of output:
K. Acquisition of inputs: _
L. Estimates of income, expenditures, and savings

Farm income _
Farm expenditures _

Off·farm Income
Savlngs _

ment. Researchers participating in the surveys gather in
formation through observations and informal discussions
with those in the area.

Tables 5-P-1 to 5-P-5 in this appendix are included to
illustrate the type of information practitioners have found
useful during this phase of FSR&D. The tables cover infor
mation about the household, the farm, farming enter
prises, crops and cropping patterns, farm management
practices, and livestock. We urge the readers to consider
these tables as checklists that can be used in recording
relevant information as it becomes available. These tables
are not designed as formal questionnaires in which infor
mation is sought for each item and the data are subjected
to statistical analyses. Such an approach would divert the
team's attention from the true nature of the reconnaissance
survey, which is to learn about farmers' conditions in a
quick and informal way. More detailed and statistically
valid information is generally obtained later from formal
surveys, as we discuss in Sec. 5.10.2. Even as a checklist,
these tables contain considerably more information than
is gathered by those who follow the sondeo approach (see
Appendix 5-Q).

Finally, because these tables are examples of the
types of information the teams may wish to collect,
FSR&D teams will undoubtedly need to modify them to
meet their specific needs. This modification includes
altering table format to provide sufficient space to record
the data.
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Table S·P·2. Principal sale cropping patterns In the research
area.

Table S·P·3. Intercropplng pattern.

Dates of data collection Collector _
Description of the Intercropplng pattern _
Estimated percentage of the research area In the intercropplng

pattern

Dates of data collection Collector _
Description of each cropping pattern _
Estimated percentage of the research area in the cropping

pattern
Species
Variety
Dates of seedbed preparation
Range of planting dates
Range of harvesting dates
Crop yields
Turnaround times (days)

Crops In the pattern
Variety
Range of planting dates
Range of harvesting dates
Crop yields

First
species

Second Third
species species

Table S·P·4. Farm management practices and costs for principal crops in the research area.

Cropping pattern _
Dates of data collection _

Crops
Collector _

Activity

Land
preparation

Seeding and
emergence

Chemical
fertilizer

Pest
Control

Irrigation

Description

Power sources: hand animal tractor custom _
Land preparation methods _
Dates: begun ended _
Requirements: labor__materials__tools & equipment__other__
Costs: labor materials tools & equipment other _

Power sources: hand animal tractor custom _
Seeding or planting methods _
Seeding or planting rates _
Dates of seeding or planting
Soil moisture at germination _
Plant stands _
Requirements: labor__materials__tools & equipment__other__
Costs: labor materials tools & equipment other _

Types of fertilizer
Power sources: hand animal tractor custom _
Methods of application _
Dates of application _
Rates of application _
Requirements: labor__materials__tools & equipment__other__
Costs: labor materials tools & equipment other _

Principal weeds, insects, diseases, other pests
Power sources: hand animal tractor custom _
Methods of controls: hand chemical other _
Dates of control _
Control procedures
Kinds of chemicals _
Requirements: labor__materials__tools & equipment__other__
Costs: labor materials tools & equipment other _

Sources of water: canal pump well other _
Power sources: hand animal motor _
Water availability: daily weekly monthly _
Methods of irrigation _
Requirements: labor__materials__tools & equipment__other__
Costs: labor materials tools & equipment other _



Table 5·P·4 (cont.)

Activity

Harvest

Threshing,
cleaning,
& drying

Crop

Crop
disposal

Farm
storage

Crop
residue
disposal

Application
of animal
manures

Description

Power sources: hand animal tractor custom _
Methods _

Time period from planting to harvest (days)
Harvest losses _

Requirements: labor__materials__tools &equipment__other__
Costs: labor materials tools &equipment other _

Power sources: hand animal tractor custom _
Methods _

Requirements: labor__animals__tools &equipment__other__
Costs: labor materials tools &equipment other _

Total yields
Percent in each quality grade _

Method of disposal & percent of total: sale
barter home use farm use other _

Place of sale: standing in field at farm gate _
to wholesaler to processor to consumer _

Sales prices for each quality grade
Marketing operations: cleaning sorting

grading packaging transporting other _
Requirements: labor__materJals__tools &equipment__other__
Costs: labor materials tools &equipment other~__

Type of products stored
Storage facilities: type quality capacity _
Amounts and periods of storage
Storage losses: quantity quality timing _
Losses due to: insects diseases rodents _

water other _
Requirements: labor__materials__tools &equipment__other__
Costs: labor materials tools & equipment other _

Composts for field application
Types of residue _

Methods of preparation
Methods of application _
Rates of application _
Dates of application _
Requirements: labor__ materials__ tools & equipment__ other__
Costs: labor __ materials __ tools &equipment __ other __

Home uses of organic residues
Types of residue _
Used as heating fuel: how managed _
Used as building material: how managed
Other _

Type of manure
Power sources: hand other _
Methods of application _
Rates of application _
Dates of application _
Requirements: labor__materials__tools &equipment__other__
Costs: labor materials tools &equipment other _

287
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Table 5·P·5. Management practices for livestock In the research area.

Kind of animal Location
Dates of data collection Collector _
Inventory:

Reasons for keeping animal

Products: e.g., quantity, quality, value
Milk _

Meat
Breeding
Manure _

Hides
Other

Power: e.g., plowing, water pumping
Transportation
Other: e.g., keeping down weeds, threshing, savings

Methods and costs of marketing and utilization:

Breeding and offspring

Numbers in breeding herd: females males _
Natural or artificial insemination
Breeding seasons
Breeding efficiency _
Number born per year: litters offspring _
Numberofoffsp~ngweanedperyear ~

Number sold, consumed, given away per year
Other _

Diseases, parasites, and metabolic problems

Infectious diseases by organisms
Bacteria: e.g., brucellosis, leptrospirosis
Virus: e.g., BVD (bovine virus diarrhea), Newcastle disease, hog cholera
Fungi: e.g., ringworm and other systemic fungus infections

Noninfectious diseases: e.g., tetanus, blackleg ~

Parasites
Internal: e.g., flukes, tapeworms _
External:e.g.,flies,lice,ticks _

Metabolicproblems:e.g.,fauijynut~tion ~

Degree of occurrence and methods of control
Controls

Effectiveness ~

Requirements and costs: labor materials
tools &equipment other _

Feeding

Method of feeding: e.g., range herding, roadside herding, grazing in fenced pasture
Kinds of feed

Pasture and forage _
Green feed _

Hay, silage
Root crops: e.g., cassava, sweet potatoes, taro
Grains _

Grain by-products
Protein concentrates: e.g., soybean meal, fish meal, bone meal
Commercial feed mix
Additives: e.g., vitamins, minerals, salt ~

Surplus fruits or vegetables: e.g., breadfruit, bananas
Household garbage _

Other
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Table 5·P·5 (cant.)

Indicate the importance of each method of feeding and the importance and quality of each kind of feed by
SeasonSex ofa-n:-im-a~I;------------------------------------------

Age of animal
Condition of a-=n-;-:im=-=-al;-:a:-:n:-:d;-a:-:n-:i=m:-:a71-u-se-:-e-.g-.~, b:-r-e-e"""7d:-in-g-,:-Ia-c"':""ta~t::-in-g-,-w-o-r:-k:-in-g-,:-id:-:-Ie--------------------

Feeding problems
Requirements and costs: labor materials _

tools &equipment other ------------------
Keeping and housing

Keepinganimalsonopenrange~~---~-~~-~------------------ ~
Keeping animals in enclosure at night, open pasture during day _
Keeping animals in fenced pasture

Types, qualities, and conditions of fencing
Amount of separation by sex and age
Amount of herd rotation
Amount and timing of closing pastureforhaying~ _
Watering facilities
Pasture upkeep
Requirements and costs: labor materials

tools & equlpment other
Keeping animals in stable ------------------

Kind of materials used in building stable: e.g., wood, cement _
Condition of stable and quality of maintenance
Kind of stable and construction
Availability of open-air pens
Facilltiesforyoung,lactating,andsickanimals ~ _
Other
Requirements and costs: labor materials

tools & equipment other _

Sanitation

Animal sanitation
Housing sanitation: e.g., methods of washing, rotating, disinfecting
Water sanitation
Manure and urine sanitation
Product storage and process:-in-g-s-a-n""';"it:-"a-:-:ti:-"o-n--------------------------------
Requirements and costs: labor~ materials _

tools & equipment other _

Other., _

APPENDIX 5-Q
SUMMARY OF THE SDNDED METHODOLOGY
USED BY ICTAl

Under Sec. 5.10.1., Informal Methods, we discussed
the reconnaissance survey and concluded with a note on
the sondeo, the Spanish term for a reconnaissance survey.
Hildebrand (1979al summarized ICTA's approach to the
sondeo methodology in a report, which we quote:

"INTRODUCTION

"The sondeo is a modified survey technique
that has been developed by ICTA as a response to
budget restrictions, time requirements and the other

methodology utilized to augment agricultural infor
mation in a region where technology generation and
promotion is being initiated. The purpose of the
sondeo is to provide the information required to
orient the work of the technology generating team.
The cropping systems are described, the agro
socioeconomic situation of the farmers is deter
mined and the restrictions they face are defined so
that any proposed modifications of their present
technology are appropriate to their conditions. In
order to understand the methodology, it is first
necessary to understand how ICTA is organized.

"Without entering into the organization at the
national level, the regional organization will be
discussed. Each of the regions in which the Institute

lReprinted from Agricultural Administration, Vol. 8, 1981, by permission of Applied Science Publishers Ltd.
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functions has a Regional Director who is the
representative of the Director General of the In
stitute and of the Technical Director. Within the
region, each area in which work is being carried out
is [supervised by] a 'Sub-regional delegate', a techni
cian who has a minimum amount of administrative
responsibilities. All the technicians, from whatever
discipline or program, who work in the area are
responsible to him. This multi-disciplinary team is
usually comprised of some or all of the following:
plant breeders, pathologists, a technician from
socio-economics and approximately 5 general
agronomists who are the Technology Testing Team.
This group, backed up by the national Coordinators
of Programs (com, beans, etc.) and Support Discip
lines (socioeconomics, soil management) are respon
sible for orienting and conducting the generation and
promotion of technology in the area. The work in
cludes basic plant breeding and/or selection on the
(usually small) experiment station in the area, farm
trials, tests by farmers of promising technology,
evaluation of acceptability of the technology tested
by farmers, and economic production or farm
records maintained by farmers with the help of the
technicians. In order to provide the original orienta
tion to the team, the sondeo, or reconnaissance
survey, is conducted by members of the Technology
Testing Team who are going to work in the area,
sometimes personnel from the appropriate Program,
and a team from socioeconomics comprised of one or
more of the following: anthropologists, sociologists,
economists, agricultural economists and/or engi
neers. Usually, there are 5 people from Socio
economics and 5 from the Technology Testing
Team who form a 10 man sondeo team for an area.

"If ICTA is to work in an area not previously
defined, such as by the bounds of a land settlement
or irrigation project, one of the objectives of the
sondeo is to delimit the area. This is done by first
selecting the predominant cropping system used by
potential target farmers in the area and later deter
mining the area in which this system is important.
The reason that a homogeneous traditional or pres
ent cropping system is used is that it is this cropping
system that ICTA will be modifying with new or im
proved technology. Hence, having a well-defined,
homogeneous system with which to work simplifies
the procedure of generating and promoting tech
nology. The premise on which selection of a homo
geneous cropping system is based is that all the
farmers who presently use it have made similar adjust
ments to a set of restrictions which they all face,
and since they all make the same adjustments, they
must all be facing the same set of agrosocio
economic conditions.

"Besides delimiting the area of this homo
geneous system, the tasks of the sondeo team are to
discover what agro-socioeconomic conditions all the
farmers who use the system have in common, then

determine which of them are the most important in
determining the present system, and therefore,
would be the most important to consider in any
modifications to be made by the team in the future.
Finally, the end product of the sondeo is to orient the
first year's work in farm trials and plant selection
and it also serves to locate future collaborators for
the farm trials and for the farm record project.

"Because the farm trials are conducted under
farm conditions, during the first year they provide an
additional learning process into the conditions that
affect the farmers and are invaluable in acquainting
the technicians with the realities of farming in the
area. The farm records which are also initiated the
first year, provide quantifiable technical and cost in
formation on the technology being used by the
farmers. At the end of the first year's work, then, the
technicians have not only been farming under the
conditions of the farmers in the area, but they also
have the information from the farm record project.
For this reason, it is not necessary to obtain quan
tifiable information in the sondeo. Additionally, the
sondeo is not a benchmark study. More reliable in
formation for evaluation of the impact in the area is
available from the farm records, which gain in value
each year.

"THESONDEO

"The primary purpose of the sondeo, then, is to
acquaint the technicians with the area in which they
are going to work. Because quantifiable information
is not needed, it can be conducted rapidly and no
lengthy analyses of data are required following the
survey to interpret the findings. No questionnaires
are used so farmers are interviewed in an informal
manner which does not alienate them. At the same
time, the use of a multidisciplinary team serves to
provide information from many different points of
view simultaneously. Depending on the size, com
plexity and accessibility of the area, the sondeo
should be completed in from 6 to 10 days at a
minimum of cost. Areas of from 40 to 150 km2 have
been studied in this period of time. Following is a
description of the methodology for a 6 day operation.

"DAY 1

"The first day is a general reconnaissance of
the area by the whole team as a unit. The team must
make a preliminary determination of the most im
portant cropping system that will serve as the key
system, get acquainted in general terms with the
area and begin to search out the limits of the
homogeneous system. Following each discussion
with a farmer, the group meets out of sight of the
farmer to discuss what each one's interpretation of
the interview was. In this way, the team members
begin to get acquainted with how each other thinks.



Interviews with fanners (or other people in the area)
should be very general and wide-ranging because the
team is exploring and searching for an unkown
number of elements. (This does not imply/ of
course/ that the interviews lack orientation.) The
contribution or point of view of each discipline is
critical throughout the sondeo because the team
does not know beforehand what type of restrictions
may be encountered. The more disciplines that are
brought to bear on the situation/ the greater is the
probability of encountering the factors which are/ in
fact/ the most critical to the farmers of the area. It
has been established that these restrictions can be
agro-climatic/ economic or socio-cultural. Hence/ all
disciplines make equal contributions to the sondeo.

"DAY 2

"The interviewing and general reconnaissance
of the first day serve to guide the work of the second
day. Teams are made up of pairs: one agronomist
from the technology testing team and one person
from Socioeconomics who work together in the in
terviews. The 5 teams scatter throughout the area
and meet again either after the first half-day (for
small areas or areas with good access roads) or day
[for larger areas or where access is difficult and re
quires more time to travel). Each member of each
team discusses what was learned during the inter
views and tentative hypotheses are formed to help
explain the situation in the area. Any information
concerning the limits of the area are also discussed
to help in the delimitation. The tentative
hypotheses or doubts raised during the discussion
serve as guides to the following interview sessions.
During the team discussions/ each of the members
learns how interpretations from other points of view
can be important in understanding the problems of
the fanners of the region.

"Following the discussion/ the team pairs are
changed to maximize interdisciplinary interaction
and minimize interviewer bias and they return to the
field guided by the previous discussion. Once again
following the half-day or day's interviews the group
meets to discuss the findings.

"The importance of these discussions follow
ing a series of interviews cannot be over-stressed.
Together the group begins to understand the rela
tionships encountered in the region, delimit the
zone and start to define the type of research that is
going to be necessary to help improve the technology
of the farmers. Other problems such as marketing
are also discussed and if solutions are required/ ap
propriate entities can be notified.

"However/ it is important to understand the ef
fect that these other limitations will have, if not cor
rected, on the type of technology to be developed so
that they can be taken into account in the generation
process.
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"DAY 3

"This is a repeat of day 2 and always includes a
change in the makeup of the teams after each discus
sion. At least a minimum of 4 interview discussion
cycles is necessary to complete this part of the
sondeo. If the area is not too complex/ the cycles
should be adequate. Of course/ if the area is large
enough that a full day is required for interviewing
between each discussion session, then four full days
are required for this part of the sondeo.

"DAY 4

"Before the teams return to the field for more
interviews on the fourth day/ each member is as
signed a portion or section of the report that is to be
written. Then/ knowing for the first time what topic
each will be responsible for, the teams/ regrouped in
the fifth combination, return to the field for more in
terviewing. For smaller areas, this also is a half day.
In the other half day/and following another discus
sion session/ the group begins to write the report of
the sondeo. All members should be working at the
same location so that they can circulate freely and
discuss points with each other. For example, an
agronomist who was assigned the section on com
technology may have been discussing a key point
with an anthropologist and may need to refresh his
memory about what a particular farmer said in a
brief discussion with him. In this manner, the in
teraction among the disciplines continues.

"DAYS

"As the technicians are writing the report, they
invariably encounter points for which they have no
answer, nor does anyone else in the group. The only
remedy is to return to the field on the morning of the
fifth day to fill in the gaps that were felt the day
before. A half day can be devoted to this activity and
finishing the writing of the main body of the report.

"In the afternoon of this day/each team
member reads his written report to the group for
discussion/ editing and approval. The report should
be read from the beginning just as it will be when
finished. As a group, the team should approve
and/or modify what is presented.

"DAY 6

"The report is read once again, and following
the reading of each section, conclusions are drawn
and recorded. When this is finished, the conclusions
are read once again for approval and specific recom
mendations are then made and recorded both for the
leTA team who will be working in the area and for
any other agencies that should be involved in the
general development process of the zone.
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liThe product of the sixth day is a single report
generated and authored by the entire multi-disci
plinary team and should be supported by all of the
members. Furthermore, after participating for all six
days with each other, each member should be able to
defend all the points of view discussed, the conclu
sions drawn and the recommendations made.

"THE REPORT

ITo a certain extent, the report of the sondeo is
of secondary value because it has been written by the
same team that will be working in the area. But just
the fact that they have written it, is where most of
the value lies. By being forced into a situation where
many different points of view had to be taken into
consideration and coalesced, the horizons of all will
have been greatly amplified. On the other hand, the
report can serve as orientation for non-participants
such as the Regional Director or Technical Director
in discussing merits of various courses of action.
However, it is also obvious that the report will ap
pear to be one written by 10 different persons in a
hurry, which is just exactly what it is! It is not a
benchmark study with quantifiable data that can be
used in the future for project evaluationj rather
it is a working document to orient the research pro
gram and that served one basic function in just be
ing written.

"The exact format and content of a report of a
sondeo will vary according to the area being studied
and the nature of the crops or livestock enterprises
included. Following is a brief description of an
outline of a report recently completed in one area of
Guatemala where small grains and vegetables were
of primary interest.

"PURPOSE

Describes the reason the sondeo was under
taken and the dates.

"HOMOGENEOUS TECHNOLOGY

Describes the principal characteristics of the
technology regarding the crops of interest found
within the limits of the area and the important dif
ferences outside the area that changed the nature of
the cropping system and defined the limits of the
area.

"DESCRIPTION OF THE DELIMITED AREA

Geographical limits, altitude, soils, other im
portant features and includes a map drawn with the
boundaries as precise as possible.

"LAND

Land tenure and farm size were important

restrictions in the cropping system and were de
scribed.

"LABOR

General labor availability and periods of scar
city and the special tasks performed by women in the
homogeneous system were described.

"CAPITAL

The capital flow in the traditional system
which provides the funds for investing in both the
basic grains and the vegetables was described and the
poor functioning of the small farm credit system was
noted.

"CORN

The most important components of the com
production system were described.

"BEANS

The role beans play in the system and their
lack of general importance were described.

"VEGETABLES

The production system and the marketing of
vegetables were described.

"LIVESTOCK ACTIVITY

The special importance of livestock and the
livestock-crop interaction were discussed.

"CONCLUSIONS

Conclusions for each one of the above sections
were drawn with special emphasis on their meaning
to the future work of ICTA.

"RECOMMENDATIONS

Those relevant to ICTA and to other entities in
the Public Agricultural Sector as well as the private
sector.

"COORDINATING THE SONDEO

liThe disciplinary speciality of each member of
the sondeo team is not critical so long as there are
several disciplines represented, and, if the sondeo is
in agriculture, a significant number of them are
agriculturalists. At least some of these should also
be from among those who will be working in the area
in the future. The discipline of the Coordinator of
the sondeo is probably not critical either, if he is a
person with a broad capability, an understanding of



agriculture (if it is an agricultural sondeo) and ex
perience in surveying and survey technique.
However, the coordinator must have a high degree of
multi-disciplinary tolerance and be able to interact
with all the other disciplines represented on the
team.

liThe coordinator, in a sense, is an orchestra
director who must assure that everyone contributes
to the tune, and that in the final product, all are in
harmony. He must control the group and maintain
discipline. He arbitrates differences, creates en
thusiasm, extracts hypotheses and thoughts from
each participant, and ultimately will be the one who
coalesces the product into the final form. It is,
perhaps not indispensable that he has had prior ex
perience in a sondeo, but it would certainly improve
his efficiency if he had."

APPENDIX 5-R
GUIDELINES FOR PRE-SURVEY SEQUENCE

Reconnaissance surveys, as discussed in Sec. 5.10.1.
and the sondeo as detailed in Appendix 5-Q, provide
researchers with a way of informally collecting informa
tion about farmers. We now present a series of guidelines
from Collinson (1979) that researchers should find helpful
in focusing their attention on specific aspects of the farm
ing system:

"DETAILED GUIDELINES FOR PRE-SURVEY
SEQUENCE: BY DISCUSSION WITH FARMERS

"I. DESCRIPTION OF THE LOCAL FARMING SYSTEM

"(1) Enterprise pattern and end uses
[a) List the crops grown and livestock kept

by local farmers. Note for each one
whether it is grown by the majority or
few local farmers. If a few only, what is
special about those few, e.g. large with
plenty of land and capital, close to
specialized markets or processing
facilities, old and traditional, etc.

(b) For each major crop list the varieties
grown, give the local name and, where
possible, relate to known variety
names. Assess whether each variety is
important to most farmers, to a few, or
to all on particular occasions. Detail
why it is important.

(c) For all major crops, varieties and
animals, list the end uses to which they
are put. This should include the fruit in
the case of crops and any other part of
the plant used as a product. Animal
products and by-products are equally
important. Where different varieties of
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the same crop may be grown by the
same farmer it is particularly important
that differences in end uses are de
scribed.

(d) For each identified product, including
varieties with different end uses, detail
the sequence which is followed when it
is taken from the plant in the field or
from the animal. Include when it is
taken in the life cycle of the plant, how
it is prepared or processed or used, and
if sold what exact use is it then put to.
In describing these end uses it is impor
tant to be detailed right through the se
quence.

(e) Note particularly any crops, crop
varieties or animals
[i) that used to be widespread among

farmers of the area but are now
disappearing. Assess why such
crops, varieties or animals are
disappearing

(ii) that have recently become pop
ular with farmers of the area and
appear to be spreading. Assess the
reason for their popularity.

"(2) Food supply and preferences
(a) Detail the main dishes eaten by farm

families in the area. The constituents
of the dishes and the preferred state of
each constituent. What alternative
constituents are used when preferred
ones are not available?

(b) List the preferred starch staples and
relishes, and the substitute staples and
relishes used when preferred ones are
scarce. Indicate on a chart:
(i) the months when each is readily

available from farm production.
(ii) months when supplies may be

uncertain.
[iii) months when supplies are def

initely not available from farm
production.

(c) Assess whether any new foods are
becoming popular and replacing tradi
tional ones.

(d) List foods commonly purchased by
farm families
(i) all the year round
(ii) at certain periods of the year

which should be specified.
(e) If major foods are bought at certain

periods assess whether
most farm families buy some ma
jor foods at particular periods in
some years.

(f) If families have to resort to buying only
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in some years assess how frequently
this is and the reasons for this problem
arising in those years.

(g) See whether prices of the major foods
vary over the year. Give an indication
of price levels at seasons when food is:
[i) plentiful
(ii) scarce.

(h) Which is the most difficult period of
the year for feeding livestock and why?

"(3) Cropping calendar

For each crop, and where different
varieties are grown by the farming com
munity, for each variety, indicate
[a) the usual planting time for the crop
[b] the range in possible planting times, in

cluding the latest time that farmers
will consider it worthwhile to plant
that crop or variety

(c) the length of time the crop spends in
the ground

[d) the usual harvest time for that crop.
Also assess the major reasons for

farmers planting each crop variety at the
time they do.

"(4) Cash sources and uses
[a) List the major crops and livestock prod

ucts sold by farmers in the area and the
main channels through which each is
sold.

(h) Assess whether prices earned through
the major outlets are subject to large
variations
(i) between seasons
Iii) within seasons.
Seek to identify. reasons for large varia
tions, examples of the extent of varia
tions and, for within season variations,
the periods of high and low prices.

(c) Assess the 'usual' level of cash incomes
from the major products sold on local
farms.

Id) For products that are foods as well as
sources of cash evaluate the different
circumstances in which farmers will
decide to sell rather than store for food.
Assess which circumstances are most
common in sales decisions.

(e) Assess how common is off farm em
ployment among farmers and farmers'
families, the main types of off farm
employment and the usual level of cash
income earned from these sources.
Distinguish temporary and permanent
off farm work. For temporary work
identify the periods of the year when it
is undertaken. Evaluate whether this is
because opportunities arise then, or

farmers' need cash at these times.
(f) Assess what are farmers' main cash ex

penditures during the year. When do
these arise?

[g] List the purchased inputs recom
mended to farmers in the area, assess
how far farmers know of them and
what proportion use them. When are
the major inputs purchased during the
year? Assess whether the farmer has
cash at this time.

[h] How much does the typical local
farmer spend on purchased inputs in a
year?

"(5) Husbandry
Detail the husbandry practices which

most farmers follow for their maize crop. It
is important that the description is as de
tailed as possible.
(a) How does the farmer decide where he

will plant his next maize crop? What
factors does he consider in the deci
sion?

(b) Land preparation
(i) What is the method of land

preparation?
Iii) When, in relation to the start of

the rains and to planting time,
does the preparation start?

[iii) What sequence of work is in
volved if there is more than one
operation?

(iv) How does the farmer work j does
he prepare a whole field before
planting, or prepare and plant a
bit the same day, or what?

[vI What is the final form of seedbed?
[vi) Are there alternative methods of

land preparation?
(c) Planting

(i) What is the arrangement of plants
in the field: maize and any mix
tures?

(ii) Where other crops are mixed in,
it will be important to describe in
what sequence all the crops are
put in the ground.

[iii) How do farmers plant in relation
to rainfall: dry planting before
rain, the same day as rain falls,
within a limited period after
rains?

(iv) Do farmers just make one plant
ing of maize each season or are
there usually several?

(v) Do farmers commonly have to
replant or fill in fields?

(vi) What is the method of putting the
seed in the ground, and how



many seeds are put per hole?
Id) Weeding and thinning

Ii) What implement or implements
are used for weeding and what
pattern of work is followed be
tween the plants in the ground?

Iii) How soon after planting is the
first weeding done? Does the tim
ing vary very much with condi
tions/ if so how much and which
conditions?

liii) How many weedings will nor
mally be done? Will this vary
with the date of planting/ the
weather or the soil in the field
selected?

liv) Do they thin the maize plants
either in the row or from each
planting hole? If so at what age?
Do they use the thinnings for cat
tle feed?

Ie) Pest control
Ii) major pests for which control is

sought
Iii) timing and method of control.

Assessment of proportion of local
farmers using pest control.
If) Use of fertilizer on maize lif any)

Ii) type of fertilizer/ source
Iii) usual rate/ method and time of

application.
Assessment of proportion of local

farmers using fertilizer.
Ig) Use of leaves/ tops and stalks for cattle

feeding
Ii) proportion of local farmers using
Iii) method of feeding to animals
liii) for leaves/ number of pickings

made/ number of leaves taken
and the timing in relation to
plant growth

liv) for tops/ stage of plant growth
that the top is taken. Is this a
critical time for cattle feed?

[h) Method and timing of harvesting and
storing
Ii) At what stage does harvesting

begin?
[ii) What method is followed in pick

ing cobs/ dehusking/ shelling and
disposing of stover?

liii) How is the crop stored? Is any
preservative used?

Ii) Seed selection and preservation
Ii) Do the farmers usually select

seed in the field or from their
stored harvest? If from store/
when is it selected?,

Iii) What criteria do local farmers use
when they choose next year/s
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seed from their own crop?
liii) Do they process and preserve the

chosen seed in a special way?
Is the crop treated in any other way/

either while in the field or in the
household?

"2. IDENTIFICATION OF RESOURCE CONSTRAINTS

"(1) Land

la) Are farms in the area registered or held
under traditional custom?

Ib) What proportion of the area of land held
by the typical local farmer is cultivated
in anyone season and what proportion
is under grass or fallow?

[cl Is the arable area changed periodically
and allowed to fallow?

Id) Are crops rotated/ if so what crop se
quences are followed?

Ie) Can farmers get new land: by clearing/
by renting/ by purchase? If so how far
away would new land for clearing be?
How much money would be needed to
rent or purchase an acre? Would this
vary by the type of soil and location of
the piece of land?

If) Soil types and maize management
lil Do farmers prefer a specific type

of soil for growing maize/ if so
which and why?

Iii) Do farmers prefer a special loca
tion for their maize crop?

(iii) Do farmers vary the soil type
and/or location where they grow
their maize depending on the sort
of season they expect? If so what
influences their decision?

"(2) Labour

la) What is the busiest month of the year
for local farmers? During this month
what work are they doing mainly and
with which crops?

Ib) Is this the busiest month every year/ or
does it vary from year to year?

Ic) Which is the second busiest time of the
year for local farmers and what work
are they doing then and on which
crops?

Id) Do many local farmers hire any labour?
Ii) permanently throughout the year
Iii) temporarily for a particular job or

particular period?
liii) When farmers hire casual labour

what month or months is it
mainly hired and for what type of
work?



296 • Appendixes to Chapter 5

Ie) Do many farmers hire machinery? If
so is it tractor or ox driven, which
operations is it mainly hired for, at
which time of the year and for which
crops?

(f) How much money will a typical farmer
spend on hired labour and machinery in
a year-if any?

"3. FARMERS ASSESSMENT OF HAZARDS

"(1) Yield variability

la) What variation do farmers expect in
maize production from season to
season:
[i) What sort of production would

they expect in a 'bad' year?
(ii) How frequently do such bad years

occur in the area?
liii) What are the main factors that

make a year bad for maize?
liv) What sort of production would

they expect in a 'good' year?
Repeat for the three or four major

crops in the system.
(b) As far as the farmers are concerned

low yields in which crop are the
most serious for them and their fam
ilies?

lc) What measures do they take to combat
the effects of low yields when they oc
cur-how do they manage when pro
duction of this vital crop fails?

"(2) Rainfall problems
(a) Which crops sometimes give poor

results because of rainfall?
(b) With reference to maize, which type of

rainfall problem is most serious?
Ii) late start to th~ rains
(ii) too little rain during the growing

season
(iii) early finish to the rains
liv) too much rain.

lc) When did this type of rainfall problem
occur on a widespread basis in the area
and give a poor maize crop?

ld) Discuss with farmers how they react to
this type of failure; i.e. they know their
next maize harvest will be poor:
Ii) in preserving food supplies in the

household
(ii) in managing their farms to offset

the effect on their food supplies?
It may be important to go through this

sequence with reference to another major
starch staple- sorghum where grown- and
a major relish crop.

"(3) Pests and diseases
(a) What do local farmers consider as their

major pest and disease problems?
Specify
[i) crops and pests
(ii) frequency with which the prob

lems occur.
(bJ Do local farmers believe they have any

means managing their farms to prevent
these pests and diseases occurring? Dis
cuss them one by one.

(c) Do local farms have any way to treat
the crops or the land once they see
these pests and diseases appearing?
Discuss them one by one.

"4. FARMERS OPINIONS ON COMPONENTS
OF CURRENTLY RECOMMENDED
MAIZE TECHNOLOGY

"From the Ministry of Agriculture write
out, in full, the current recommendations for
growing maize in the area. Taking one compo
nent of the improved management at a time
discuss it with local farmers. Attempt to assess
the problems which each component presents to
them in their situation."

APPENDIX 5-S
SUGGESTIONS FOR DEALING WITH FARMERS'
RECOLLECTION OF INFORMATION

Having to rely on farmers' recollection of informa
tion has its disadvantages, especially for frequently
repeated activities, such as those occurring daily or week
ly. Below are suggestions by Norman on factors that in
fluence recall and by Gucelioglu on two methods of in
quiry. Both are from Kearl (19761. The topic of farmers'
recall is taken up in Sec. 5.10.2. in Chapter 5. Norman
11976b) reported:

IIFACTORS THAT INFLUENCE RECALL

/lIn many developing areas, and northern
Nigeria is no exception, nearly all farmers are il
literate and consequently no records on farming
transactions are kept. Therefore memory recall is
critical in collecting data. Lipton and Moore [1972]
have drawn a useful distinction between single point
and continuous data and between registered and
nonregistered data. The continuum ranging from
single point to continuous data refers to the length of
time taken to complete an activity. The continuum
ranging from registered to nonregistered refers to the
extent to which circumstances influence the respon
dent's ability to remember the quantities of an ac
tivity. Securing reliable data in the continuous



nonregistered class requires frequent interviewing if
measurement errors are to be kept at a reasonable
level/ since memory recall will not be good.

"Unfortunately/ while measurement errors can
be reduced by more frequent interviewing of rela
tively small samples/ sampling errors are reduced
through using large samples. The research worker
with fixed resources must invariably face an unplea
sant choice between either trying to minimize
measurement or sampling errors.

"When we have tried to reduce measurement
errors to a reasonable level/ frequent interviewing
has been supplemented with direct observations on
certain critical variables. Without frequent inter
viewing we find it almost impossible to obtain
reasonable estimates of labor utilization/ particu
larly of family labor/ which is a major input in tradi
tional agriculture.

"What Ifrequent interviewing' should mean in
the northern Nigeria context was subjectively deter
mined. Ideally one should decide the acceptable
degree of measurement error and then determine the
minimum frequency of interview and necessary
research resources to meet the requirement. This
becomes impossible when little is known about the
environment and data are being collected on many
different variables/ as in a farm management study.
We collected data at two levels of frequency:

Class I-Data collected twice weekly [e.g./
labor/ seed and fertilizer inputs by field/ etc.).

Class 2-Data collected infrequently (e.g./
farm inventory/ retail prices/ crop rotation and land
tenure patterns/ conversion ratios/ etc.)."

Gucelioglu (1976) reported:

TWO METHODS OF INQUmy

"In studies concerning household expenditures
there are two main methods of inquiry:

1. Asking families to enter daily or weekly in
come and expenditures in a special notebook..

2. Collecting information about income and
expenditures by periodic interviews.

"Both methods have advantages and disadvan
tages. The first depends primarily on the family/s
understanding of budgeting and its cooperation in
maintaining a daily or weekly accounting. The main
responsibility nevertheless falls upon the inter
viewer. Because questions on expenditure always
cover a period of past time/ the problem of faulty
recall always exists.

"In choosing the collection method to be used
in the rural areas in Turkey/ we tried to combine the
two systems and notebooks were given to the
literate member of the household who was asked to
write down income and expenditures. In addition/
interviewers visited the households weekly to ob
tain information on income and expenditures. What
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is the optimum frequency of visits? We visited each
household once a week/ on the day following the
weekly village open-air market. Thus the inter
viewers were able to visit each household four or five
times a month.1I

APPENDIX 5-T
VALIDITY FROM THE SOCIAL SCIENCE
PERSPECTIVE

When the FSR&D team obtains information by
means of interviews/ it needs to be aware that some of the
information may not be valid. We discussed some of these
issues as part of Frequent Interview Surveys in Sec. 5.10.2.
In this appendix/ we introduce the concept of validity from
the social science perspective/ identify some of the threats
to validity/ illustrate the concept with examples/ and pro
vide selected references.

CONCEPT OF VALIDITY

Why is this appendix needed? FSR&D/s inter
disciplinary nature suggests that using insights and ap
proaches from many fields can advance the art and science
of FSR&D work.

The question of validity arises whenever researchers
try to make causal inferences about the results of the in
troduction of a new technology. At this point/ we stress
that validity must be considered not only in the biological
context/ but in the sociological context as well.

Suppose a farmer increases crop production after
receiving advice on the application of fertilizers to the
crop. How much of this yield can be attributed to the fer
tilizer? The prudent researcher will ask/ "What factors
besides the fertilizer might have contributed to the in
creased yield? Could the farmer or the environmental set
ting have contributed to the increase?1I

To begin to answer these questions/ we turn to
sociology/ psychology/ communication/ and evaluation
research/ and consider how these disciplines make cause
and effect inferences. One of the major issues in making
causal inferences about a social program is the validity of
the program/s results. Validity can be explained by asking/
"Are we measuring what we think we are measuring? Can
the differences observed be attributed to the treatment?
Can some of the differences be attributed to factors other
than the treatment?1I

The social sciences discipline offers explanations
based on statistical/ construct/ internal/ and external fac
tors. These factors/ which we now explain/ often have
relevance for FSR&D:

• Statistical validity deals with conclusions about the
association of a presumed cause and a presumed ef
fect (Cook et aI./ 1977).

• Validity constructs are usually abstract concepts
that social scientists try to measure/ for example/ a
farmer's attitude about some factor in an experi
ment. Of concern is the accuracy of the inferences
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that researchers attach to experimental results
(Cook et aI., 19771.

• Internal validity deals with whether the experimen
tal treatment caused the observed results.

• External validity deals with the ability to extend the
treatment's results to other settings.

In FSR&D, internal validity must be considered during the
on-farm research and analysis, while external validity
must be considered when extending the results of the proj
ect to other farmers.

If researchers do not consider the validity issue, they
may conclude a treatment or technology works when it
does not, or conclude that a treatment did not work when
it did. Social scientists have developed categories for dif
ferent threats to external and internal validity. Specifi
cally, Campbell (1975) identified nine threats to internal
validity and six threats to external validity. The internal
threats are history, maturation, instability, testing, in
strumentation, regression, artifacts, selection, experimen
tal mortality, and selection-maturation interaction. Exter
nal threats are interaction effects of testing, interaction of
selection and experimental treatment, reactive effects of
experimental arrangements, multiple-treatment infer
ence, irrelevant responsiveness of measures, and irrele
vant replicability of treatments.

EXAMPLES OF THREATS TO VALIDITY

To minimize this appendix's length, we have
selected six threats to validity to illustrate the points.
Readers seeking additional information can consult this
appendix's references.

HISTORICAL THREAT

FSR&D researchers might find historical threats to
validity a problem. Events, situations, or factors that occur
during a study could cause a result that might mistakenly
be attributed to a treatment. For example, prices might
rise sharply during the study. Because of these increased
prices, farmers might weed, cultivate, and harvest their
crops more carefully than during the previous season.
Such factors might account for some or all of a crop's in
creased yield rather than the technological treatment be
ing tested.

MATURATION THREAT

Maturation, another threat to internal validity, is a
change in the farmers during the study. For example,
farmers might learn a new cultivation technique and apply
this technique without the FSR&D researchers' knowledge
of the change. Maturation is simply changes in the farmers
over time that might account for some of the differences in
yields.

TESTING THREAT

Another internal threat to validity is that of testing.

By knowing an FSR&D project is going on in their area or
on their farm, the farmers might behave differently. For
example, knowing they are part of a project or study may
influence farmers to give more attention and care to their
crops and animals than the farmers would under normal
conditions.

SELECTION THREAT

The selection threat to validity could be an issue, if,
for the previous year, the FSR&D researchers measured
yields from the poorest of the poor farmers. By the laws of
chance, yields from the group will be higher the following
season-even without any treatment.

INTERACTION THREAT

In any study, the question arises as to how far the
researchers can generalize the results. One of the threats to
external validity of a study's results is that of the interac
tion effects of testing. Simply stated, farmers might react
to being involved in a study and this might influence the
treatment. If farmers know an FSR&D project is going on,
they may become more sensitive to the ways they farm
and change their farming practices. These changes might
interact with the treatment and account for some in
creases in productivity. Thus, when the technology is ex
tended to other areas, the results might be significantly
less than the study's results.

EXPERIMENTAL TREATMENT THREAT

Another validity issue is the reactive effects of the
experimental treatment. For example, the researchers
might provide inputs-fertilizers, additional oxen, trac
tors, or labor- to work the fields and then apply an ex
perimental treatment. Under normal conditions, the
farmers may not have the inputs and thus the study's
results could not be generalized to farmers without the
same inputs.

DEALING WITH THREATS TO VALIDITY

How then does the researcher deal with external and
internal threats to validity? The answer is by using ex
perimental and quasi-experimental research designs. In
FSR&D, researchers apply experimental designs when
they randomly assign farmers, their fields, or other units
to particular treatments or controls. The researchers apply
quasi-experimental designs when they nonrandomly
assign farmers, fields, or other units to particular treat
ments or controls.

Researchers will seldom be able to use a design that
rules out all threats to validity. Instead, the researchers
can concentrate on plausible threats to validity and seek
the best possible design under the given conditions.

A HYPOTHETICAL EXAMPLE

At this point, we present a hypothetical example to
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Table 5·T·1. A hypothetical design illustrating different poten·
tlal gains of rice under treatment and no treatment.

illustrate how the design can be used to identify some of
the threats to validity.

Consider a group of farmers with relatively
homogeneous characteristics who farm on the same soil
types, grow similar crops, and follow similar management
practices. In the initial surveys, the FSR&D team found
that yields averaged about 1000 kg of rice per hectare for
the last growing season. As a result of further analysis, the
researchers hypothesized that an application of zinc
sulfate at 5 kg Zn per hectare would increase yields by 30
percent or more.

To test this hypothesis, the researchers randomly
selected four groups of farmers within the project's area.
For groups A and B, the researchers asked the farmers to
report the last season's yield, which was 1000 kg per hec
tare.

For groups A and C, the researchers provided zinc
sulfate for the farmers' crops. Later, researchers asked all
farmers to measure and report their rice yields for the
season (see Table 5-T-1).

The question arises as to how much of the 600 kg
gain for group A and the 450 kg gain from C should be at
tributed to the zinc sulfate and how much can be ex
plained by other factors?

By comparisons of the before and after yields among
the groups, the more plausible yields can be determined.
This experimental design provides procedures for testing
the various threats to validity-e.g., history, maturation,
testing, instrumentation, regression, selection, mortality,
the interaction of selection and maturity, and the interac
tion of testing and treatment [Campbell and Stanley,
1966).

In this appendix, we identify each group by letter
and subscript indicating the time of the measurement of
the yield. For example, Al = group A measured at time
one and B2 = group B measured at time two.

Elaborating on the data and threats to validity and
comparing D2 with Al or BI suggests that the yields at
time one were lower. Several plausible explanations can be
offered for the 50 kg gain. First, the yields at time one may
be lower than normal and time two yields will naturally
increase [regression). Second, some factor may account for
the difference-possibly more favorable weather condi
tions or farmers had more time or assistance to work their
fields (history). Third, the farmers may have changed their

Time One
Yield

Group kg/hectare

Treatment Time Two
kg In Yield
per hectare kg/hectare

measuring techniques and the yields appear to increase
(instrumentation) .

Thus, the basis for determining the yields would be
to subtract D 2 from C2 (1450-1050), which gives a yield in
crease of 400 kg per hectare attributable to the zinc sulfate.
Then how can the 150 kg difference (600-450) per hectare
be explained?

By subtracting the 50 kg gain attributed to regres
sion, maturation, history, and instrumentation from the
100 kg gain (B 2 - BI), we can speculate that 50 kg of the 150
kg difference may be the effect of testing. By knowing an
experiment was going on, the farmers may have changed
some farming methods that boosted yields slightly.

At this point we have explained 50 kg of the 150 kg
difference. How do we explain the remaining 100 kg dif
ference? The testing-treatment interaction may have ac
counted for the differences. By knowing they were part of
the treatment group, the farmers who received zinc sulfate
might have thought the chemical must improve the crops.
Then, they began giving the crop additional attention, or
when harvesting the crop or measuring the yield, they may
have been more careful than usual.

What should the FSR&D team expect when it begins
extending zinc sulfate to other farmers who are not part of
the program? Most likely, the increased yields will be less
than 400 kg per hectare.

This discussion has not explained all threats to
validity, nor discussed the many experimental and quasi
experimental designs that might be used. More can be
learned about this subject from Campbell and Stanley
[1966), Cook and Campbell (1976), Haskins (1968), and
House (1980), as well as the two references mentioned at
the outset of this appendix.

• information about the farmers' practices on a par
ticular crop-from land preparation to post-harvest
operations

• information about the harvest including what pro
portion the farmers market, what proportion the

APPENDIX S-U
QUESTIONNAIRE DESIGN

PRELIMINARY CONSIDERAnONS

To begin, the FSR&D team needs to determine what
the questionnaire should produce. Depending upon the
situation, a variety of information might be needed. Here
are some examples:

In Sec. 5.10.2., Chapter 5, on formal methods, we
suggested several points to consider in designing question
naires. This appendix, based primarily on Kinnear and
Taylor (1979), Bernsten (1979), and Byerlee et al. (1980),
provides additional guidelines on the topic. Below are sec
tions on [1) preliminary considerations; (2) question con
tent, format, wording, numbering, and sequence; (3)
physical layout and length; and (4) pretesting and revi
sions.

600
100
450
50

Apparent
Gains

(kg)

1600 (A2)
1100 (B2)
1450 (C2)
1050 (02)

5
o
5
o

1000 (A1)
1000 (B1)

A
B"
C
o
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farm family consumes, and how the farmers use the
crop residues

• information about farmers' knowledge of plants,
soils, weather, animals, hazards, and crop damages

• information about those factors of the total farming
system that bear on a particular crop- e.g., labor,
bottlenecks, crop sequences, rotations, the family's
food preferences, seasonal consumption patterns,
and cash flows.

One way of determining the data needed is to for
mulate tentative hypotheses to focus the team's attention
on specific topics. Some of the hypotheses will be specific
while others will be general. For example, specific
hypotheses might concern factors used to determine yields
and input variability, and general hypotheses might be
related to management strategies if little is known about
the farmers' management practices.

Next, the FSR&D team needs to consider at least
two problems that might arise in designing the question
naire. First, some team members may feel that informa
tion related to their field is more important than that of
other team members. Here is where the team leader must
resolve the issue by encouraging an interdisciplinary ap
proach.

The second problem arises as to whether all farmers
are asked the same questions or whether some farmers are
asked more detailed questions. For example, if the sample
of farmers is stratified by farm size, the team may want to
ask farmers with the largest farms detailed questions
related to mechanization possibilities, practices, and prob
lems. Small farmers, on the other hand, might be asked
questions that focus on draft animals and hana labor.

QUESTION CONTENT

Next, the team must develop questions for each of
the variables in the hypotheses and determine the farmer's
ability and likelihood of answering the questions. Here,
the objective is to sensitize the team and to identify prob
lems that could develop related to the ~uestions. A ques
tion could be too sensitive to be answered truthfully, if at
all-for example, questions related to cash flow analysis
and profitability. The social scientists on the team might
be able to point out potential conflicts and suggest
methods of dealing with such problems.

Three basic issues must be acknowledged

• Farmers may not have thought about the issue raised
by the question. If used, such questions will result in
the collection of pseudo - i.e., misleading - data.

• Farmers may not know the answer to the ques
tions- e.g., total number of hours spent in land
preparation- or they may not recall the exact infor
mation required.

• Farmers may know the answer to the question, but
give incorrect information because the question was
poorly phrased - e.g., the farmer may not include the
days of labor provided by helpers if this question

were asked, "How long did it take you to plant this
field of wheat?"

QUESTION FORMAT

Questions can usually be broken down into four
categories: open-ended, multiple choice, dichotomous, or
tabular. An open-ended question requires the interviewer
to write out the response, while the multiple choice ques
tion allows him to check the appropriate response
category. A dichotomous question, an extreme case of the
multiple choice question, allows only two alternative
responses- e.g., yes-no, daytime-nighttime, buy-grow,
etc. Tabular questions start with a question and proceed to
a table where the interviewer fills out row after row of in
formation.

We suggest the advantages and disadvantages of
these question formats in Table 5-U-1.

QUESTION WORDING AND NUMBERING

The three basic issues mentioned earlier can be over
come by carefully selecting the variables for which the
questions will be written, by carefully wording the ques
tions, and by carefully sequencing the questions. To il
lustrate these points, we quote examples from Bernsten
(1979).

1. Every question should focus on one point and
have only one answer:

Poor wording: "During the 1977-78 wet season, did
you operate a farm and engage in nonfarm
work?"

Clearer wording: "During the 1977-78 wet season,
did you operate a farm?"
"During the 1977-78 wet season, did you
engage in nonfarm work?"

2. Questions should not contain vague words such
as many, often, and frequently.

3. Every question· should use terms the farmers
commonly use rather than the technical terms of the
team's researchers.

4. Every question should be neutrally phrased to
avoid biasing the respondent. This includes words or
phrases that are emotionally charged or those that suggest
approval or disapproval.

Poor question: "Do you believe [the President's] land
reform program has helped the farmers in this
village achieve ownership of land?"

Clearer question: "Do you believe land reform has
helped farmers in this village achieve owner
ship of land?"

5. Every question should be phrased so that the
respondent cannot feel which answer is preferred. Leading
the respondents can be a serious problem created by the
wording of questions and the tone of the interviewer's
voice.

Poor question: "During the 1978 wet season, did you
follow the superstitious practice of giving food
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Table S-U-1_ Advantages and disadvantages of four question-response formats (Based, In part, on Marketing Research by T.C. I<ln
near and J.R. Taylor; copyright ~ 1979 McGraw-Hili Book Company; used with the permission of McGraw·HIII Book Company).

Tabular
(Data recorded

Dichotomous in columns or
Type Open-Ended Multiple Choice (two responses) tabular form)

Advan- 1. Good first question; 1. Faster and less 1. Easy to admin- 1. Much information
tages allows general aUi- costly to admin- ister can be gathered

tude to be expressed Ister than open- with few questions
ended questions

2. Establishes rapport 2. Less chance of 2. Fast and easy
(gains cooperation) interviewer bias to code

3. Provides researchers
with good insights
into questions

Disad- 1. Potential for inter- 1. Design of questions 1. Can get substan- 1. Interviewers must
vantages viewer bias takes longer - an- tial measurement be highly skilled

swers must be exhaus- error
tlve and mutually
exclusive

2. High costs and much 2. Potential of Intro· 2. Many questions are
time Involved In duclng bias by not suitable for
coding choice of alterna- "yes/no" responses

t1ve presentations
or by the order of
the questions

3. Extra weight given 3. Restricts answers to
inadvertently to more only choices provided
articulate respondent by the researchers

to the rats so they would not damage your rice
crop?"

Better question: "During the 1978 wet season, did
you give food to the rats so they would not
damage your rice crop?" "If you did give food to
the rats, what was your purpose?"

6. Every question should specify the relevant time
period for consideration.

Poor question: "Did you plant high yielding varieties
on the rice parcel you operated?"

Clearer question: "During the 1977-78 wet season,
did you plant vnly high yielding varieties on
the rice parcel you operated?"

7. Questions that concern management practices
often can be clarified by increasing the similarity in the
way the questions are asked.

Poor format: "Did you buy any fertilizer during the
1977-78 wet season?"
"During this wet season of 1977-78 did you
purchase any insecticide?"
"Was any rat poison purchased for use on your
farm during the 1978 wet season?"

Clearer format: "During the 1978 wet season, did
you purchase any fertilizer?"

"During the 1978 wet season, did you purchase
any insecticide?"
"During the 1978 wet season, did you purchase
any rat poison?"

8. Frequently, a pre-qualifying question will be
necessary to verify that the question of interest applies to
the respondent. Such pre-qualifying questions can reduce
the chances of collecting misleading - pseudo - informa
tion.

Poor question: "During the 1977-78 wet season, was
fertilizer available at the local supply store
when you wanted to fertilize your rice land?"

Clearer question: "During the 1977-78 wet season,
did you grow rice?"
"During the 1977-78 wet season, did you apply
fertilizer on your rice land?"
(Omit the following question if the answer to

either of the above two questions was
negative.)
"During the 1977-78 wet season, was fertilizer
available at the local supply store when you
wanted to fertilize your rice crop?"

9. Many questions relate to farming practices in
general. Small farmers often have numerous separated
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parcels of land on which different practices are followed.
Questions on management practices should be asked with
respect to individual parcels. A tabular question might
work well in such a case.

10. Questions that require accurate answers for ag
gregate values will be more reliable if the amounts are first
collected on an individual basis-e.g., on a weekly,
monthly, or per parcel basis - and then summed by the
researchers.

Poor question: "From your 1977-78 wet season
harvest, how many kg of paddy did you sell?"

Clearer question: "From your 1977-78 wet season
harvest, how many kg of paddy did you sell
during the following months?"

March

April

May

etc.

Total

11. Unrealistic questions should not be asked.
These refer to questions about information the farmers are
not likely to know, recall, or wish to divulge.

12. Each question should be numbered. This is done
to ease the interviewer's task and to aid in the processing
of data. Main sections are given a number, then questions
within that section receive the section number as well as a
number to indicate its position within the section. An ex
ample follows:

1. O. Farmer's Socioeconomic Characteristics
1.1. "How old are you?"
1.2. "How many children live in your
household?"

1.2.1. "How many are males under 15
years?"
1.2.2. "How many are females under 15
years?"

2.0. Employment Activities of Farmer
2.1. "During the 1977-78 wet season, did you
work for pay on anyone else's farm?"
2.2. "During the 1977-78 wet season, did you
work for pay in nonfarm activites?"

QUESTION SEQUENCE

Sequence the questions in an orderly flow that will
seem logical to the farmer. Usually the team can divide
the questions into separate areas of interest. Byerlee et al.
!1980) suggested the following progression for topic sec
tions on the farmer's activities:

1) screening questions to determine if the farmer
fits the requirements of the sample

2) facts about management practices used on a par
ticular crop-Le., from land preparation to post-harvest
operations, including the farmer's use of inputs

3) facts about disposition of crop- e.g., yields,
marketing, storage, and crop residues

4) opmlOns about specific management practices
and the severity of hazards, problems, and constraints for
the crop

5) important facts and opinions about the total
farming system that bear on a particular crop - e.g., labor
bottlenecks, crop sequences and rotations, livestock,
manure for crops, food preferences, seasonal consumption
patterns, and cash flows.

Such an arrangement should avoid frequent changes
of topics or flipping the pages of the questionnaire
backward or forward.

PHYSICAL LAYOUT AND LENGTH

The first page of the questionnaire shows the official
name and address of the project, which often assures
farmers of the questionnaire's authenticity. A short, writ
ten statement explains the survey to the farmer. It should
include

1) the objectives of the program and of this survey
2) explanations of how and why the farmer was chosen
3) how the information will be used
4) an explanation of the confidential nature of the

survey.

The interviewer should begin with a section on the
farmer's name, village, location, and any other informa
tion that might be required should the farmer need to be
contacted again. Each topic section should have a brief
written introduction preceding it. Sensitive questions or
groups of questions may require a preliminary explanation
as to their necessity. Once again, stress the confidentiality
of the information.

As a general rule leave a sufficient amount of blank
space for open-ended questions. A blank space for answers
to multiple choice questions should be placed near the
right-hand margin for each question. This facilitates
coding and editing. All instructions should be in bold face
or capital letters so as to attract the interviewer's atten
tion.

The length of the questionnaire is important. The
longer the questionnaire, the more difficulty the inter
viewer will have in holding the farmer's attention. Ideally,
administering a questionnaire should take no longer than
one hour. If a questionnaire {takes longer, it should be
divided and administered on separate days.

PRETESTING AND REVISIONS

Pretesting involves five activities:

I) Select the personnel. Only a few experienced in
terviewers and the research team should do the pretesting.

2) Translate the questionnaire, if required. If the
researchers on the team do not speak the language of the
farmers, the questionnaire must be translated. The follow
ing process helps ensure that the translation is correct.
Each question is explained in detail to the translator. This



translator then writes a version of each question in the
farmer's language. A second translator converts the tran
slated version hack into the original language. Finally, the
original question is compared with the twice translated
version and any inconsistencies are worked out by the
translators and the research staff.

3) Develop an operations manual. With a large
number of questions and a number of codes for each ques
tion, an operations manual must be assembled that will
guide the interviewer in the field. The instructions are a
supplement to the definitions or information found in the
questionnaire itself and explain how to ask and fill out the
responses for each question.

4) Move to location. The pretest team must move to
the site and locate farmers that have the same socio
economic characteristics as do the farmers in the sample.
The team should exclude any farmers who are included in
the sample.

5) Check for problems in the questionnaire. Prob
lems may occur in the questions, the sequencing of the
questions, the format, or the coded responses. Problems
with a question usually exist when:

• the same answer is given by each farmer
• the farmer cannot answer the question
• answers indicate that the question is misunderstood
• when the respondent takes a long time to answer.

These problems may have resulted from an illogical
ordering of the questions, poor translation, unfamiliar
terms, or complicated grammatical constructions.

The format should be simple enough so that the
average interviewer has no difficulty administering the
questions. When problems do arise, experienced inter
viewers can usually provide appropriate solutions.

The pretest should be viewed as an exercise that,
among other things, seeks to elicit all the possible
responses that will be given for each question. Com
prehensive codes can then be developed for the formal
survey, thus speeding the data processing phase.

APPENDIX 5-V
SAMPLING

In Sec. 5.10.2., Chapter 5, on formal methods of data
collection, we concentrated on surveys and said additional
information would be provided in an appendix on sam
pling. Thus, this appendix elaborates on why researchers
should sample, the sampling process, sampling unit, lists,
sampling methods, deciding on sampling methods, and
determining the sample size. For this, we draw on the
works of Slonim (1960), Babbie (1973), Kearl (1976), and
Bemsten (1979).

WHY SAMPLEl

Several points emerge from survey research
methodologies that explain why researchers should sam
ple the items lin statistics, called the population) they are
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studying. First, consider the differences between a census
and a sample. A census is a complete enumeration of all
units within the population while a sample is generally a
small number of the population's units. For both a census
and a sample, the researchers then look at predetermined
characteristics - in the case of FSR&D, the researchers
want to know about characteristics of the farming system.

If done properly, sampling can accurately reveal the
characteristics of the population under study and can re
quire much less time, money, and personnel than does a
census. From a sample, the researchers can then generalize
about the whole population.

Like the other scientific concepts and techniques
upon which FSR&D is based, statistical sampling requires
an understanding of the procedures if they are to be applied
properly. Thus, this appendix introduces some fundamen
tal concepts of sampling. For further information, the
FSR&D teams may want to review the references noted
above, or other references suitable for the developing
countries. Also, the teams may want to consult with em
pirical sociologists, communications researchers, or
others with similar expertise.

THE SAMPLING PROCESS

The sampling process requires the researchers to

1) specify the sampling unit
2) obtain an adequate list of these units
3) determine the acceptable degree of accuracy of the

sample
4) determine the sample size
5) select the sampling method
6) select the sample.

Then, the researchers complete the remaining steps of the
survey.

SAMPLING UNIT

Whenever FSR&D researchers want to know more
about the farming systems being considered, they usually
focus on units such as farmers, households, or villages. In
survey methodology, these units are called the sampling
unit or sometimes the unit of data collection. The re
searchers must specify and define the sampling unit they
want to study. This step is critical because it influences
the sampling methods a researcher uses and facilitates
identifying lists from which researchers sample (Bem
sten, 1979; Beirut Seminar Working Group, 1976a).

LISTS

Most researchers sample from population lists
- commonly called sampling frames. To be assured of the
quality of the final data, the researchers must evaluate the
quality of the lists before they begin sampling.

The units on the list should include all units of the
population to be studied. If not, the purpose of sampling is
defeated- the researcher cannot generalize to the in-
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dividuals beyond the list from which the sample was
selected. Too often, lists will be inaccurate because they:

• are old and do not include individuals who have
moved into or left the area, or who have died

• are incomplete
• contain individuals atypical of the populations to be

studied
• do not contain the characteristics important for the

study.

Following are several problems in using lists at the
village level, as identified by Bemsten (1979):

"1) Extension agent lists may include only farmers
visited by the agent. Use of this frame will prob
ably produce data that suggest an unrealistically
progressive, well informed, and successful farm
population.

"2) Irrigation parcel lists usually include an entry
for each parcel in the system. Thus, farmers
with large, fragmented holdings would have a
greater chance of being selected than individuals
farming only one parcel.

"3) Land tax lists often include only land owners.
Consequently, leaseholder and share tenant
farmers would be excluded.

"4) Head tax lists may exclude women, nonresident
farmers and may be incomplete.

"5) Census lists may exclude 'individuals who have
arrived since the last census and nonresident
farmers.

116) Voter lists are often out-of-date and may not in
clude nonresident farmers, farmers who don't
own land (when property ownership is a condi
tion for voting), and women in areas where only
men are permitted to vote.

117) Farmer lists are often out-of-date and may ex
clude nonresident farmers.

"8) Government production program participant
lists will exclude farmers who aren't program
participants.

119) Government pump and tractor owner lists may
exclude both farmers who obtained the unit out
side the official loan program and equipment
renters; and will include farmers who no longer
own or use the equipment...."

And Bemsten (1979) indicates maps or aerial
photographs can be useful, but some sampling schemes
may overrepresent the farmers with large land holdings. In
closing his discussion of sampling frames, Bernsten (1979)
indicates a census might be used where no sampling frame
exists. However, censuses are time-consuming, expen
sive, require many enumerators, and often miss some of
the population.

In some cases, researchers may want to develop their
own lists. At this extreme, developing a complete list
means doing a census, while, at other times, it requires

careful compilation using existing lists. The researchers'
decision will hinge on the need for the lists and the costs of
generating them.

SAMPLING METHODS

In this section, we discuss three types of nonrandom
sampling- purposive, accidental, and quota; and five
types of random sampling- simple random, systematic
ordered, stratified random, cluster, and multi-stage.

NONRANDOM SAMPLING

Although nonrandom sampling cannot produce data
from which researchers can safely generalize to larger
populations, some researchers use nonrandom sampling
methods. If nonrandom sampling is used, researchers have
no way of knowing whether the individuals interviewed
represent the population being studied. However, inter
viewing such individuals does provide researchers with a
IIfeeling" about the population, which, at times, is suffi
cient justificiation for the method.

Purposive Sampling
The researchers establish a series of characteristics

of the sampling units they want to study. And, without
using a population list or specifying selection procedures,
the researchers select and interview the sampling units
that supposedly conform to the desired characteristics of
the population (Bemsten, 1979).

A hypothetical example of a purposive sample would
be to categorize farmers according to those who raised
maize and beans, had more than four children, two cows,
and 15 chickens, came from a common village, and
lived on moderately sloping lands. The researchers would
then seek, in no predetermined way, farmers meeting
these characteristics. When such a farmer would be found
the researchers would interview the farmer and then con
tinue seeking similar farmers until the desired number had
been interviewed.

Accidental Sampling
The researchers, in a haphazard way, select and in

terview anyone they meet.
A hypothetical example of an accidential sample

would be to interview the first 10 individuals the re
searchers met when walking along a path to a village.

Quota Sampling
Bemsten (1979) suggests using quota sampling

where researchers want to stratify their samples and have
lists for the entire population, but not according to strata.

Using the overall population list, the researchers
draw a random sample. Then interviewers are given the
names and sent out to conduct the interviews. To begin,
the interviewers ask a series of screening questions to
place the individual into a particular stratum. If the
screening question places the individual into a stratum
and the quota has not been filled, the interviewer com-



pletes the interview. The process is repeated until the
quota for the stratum is filled. If the screening questions
reveal an individual that would be placed in a stratum
whose quota has been filled, the interviewer terminates
the interview IBemsten, 1979).

Although individuals from the master population
were selected at random, the researchers cannot generalize
about the strata's characteristics because the number of in
dividuals to be interviewed in each stratum was specified
by the research design and is not, necessarily, represen
tative of the whole population (Bernsten, 1979). We
should point out that some writers such as Babbie (1973)
and the Beirut Seminar Working Group [1976a) call this
nonprobability sampling.

With nonrandom sampling, unbeknown to the
researchers, biases may enter into the selection of the in
dividuals to be interviewed. Thus, researchers must be
cautious because they have no way of identifying and
eliminating biases. Simply, a selection bias creates a
serious threat to the validity of the data. In Appendix 5-T,
we discuss the validity issue further.

In some cases, the expense of probability sampling
may be prohibitive and thus nonprobability sampling
might be used if the researchers are careful in their ap
proach and interpretation of the data (Babbie, 1973; Kear1,
1976).

RANDOM SAMPLING

With random sampling, the selection bias and threat
to validity are minimized; and researchers can estimate
the sampling error and can generalize about the whole
population.

With random sampling (1) each unit in the popula
tion has a chance of being selected and (2) researchers will
know the probability of selecting a particular unit and can
control for sampling error (Slonim, 1960; Bemsten, 1979).

The sampling error is the researcher's measure of
how close the statistics represent the larger population.
The sampling error includes two elements: the confidence
interval and the confidence level. For example, researchers
might report that they are 95 percent confident that be
tween 40 and 50 percent of the farmers in the area use in
secticides. This means that 95 percent of the time the in
tervals so computed will actually contain the true value
for the whole population. In the above example, 95 percent
is the confidence level and 40 to 50 percent of the farmers
using insecticides is the confidence interval- Le., 45% ±
5%.

We will now elaborate on some of the methods of
random sampling.

Simple Random Sampling
By using this method, the researchers assure

themselves that each unit in the population has the same
chance of being selected. Although simple random sam
pling is easy to implement, obtaining an adequate pop
ulation list can be difficult [Bemsten, 1979).

Starting with a population list, the researchers deter-
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mine the number of units in the population and the sam
ple size- the number of units to be selected for study.
Researchers then number the units in the population from
1 to N. Using procedures outlined in most general
statistics textbooks, the researchers generate a random
number and select the corresponding numbered unit from
the population. This process continues until the whole
sample has been selected [Bemsten, 1979).

Systematic Ordered Sampling
For a systematic ordered sample, researchers start

with a random number on the list and then take every kth

unit on the list. If the researchers want to draw a sample of
20 farmers from a population list of 500 farmers, the
researchers would divide the population size by the desired
sample size to obtain the sampling interval, k. In this case,
k = 500 + 20 = 25, which means that every 25th unit on
the population list is to be sampled. Using a table of ran
dom numbers, the researchers first select a number be
tween 1 and 25. For this example, the randomly selected
number is 9. The researchers then select farmer number 9
and then every 25 th farmer thereafter.

Generally researchers prefer systematic random
sampling over simple random sampling because sys
tematic random sampling is quicker and easier to use
(Bemsten, 1979). However, researchers must be sure the
units are listed randomly. Ordered lists-for example, a
list ranking farmers from those producing the most ~o the
least rice per hectare-would introduce bias into the sam
ple and should not be used.

Stratified Random Sampling
Here, the researchers separate the units into strata

having the desired characteristics and randomly select
samples of units from each stratum (Bemsten, 1979).
Tollens (1976) suggested various strata possibilities for
dividing populations. These include crop production
systems, climate, soil types, farm size, sex, and tribal dif
ferences.

The strata the researchers select should be relevant
for the research objectives and the population, be easy to
use, and contain enough units that statistically reliable
comparisons can be made (Bemsten, 1979). Furthermore,
the population should be homogeneous within the
stratum and heterogeneous among strata.

The primary disadvantage of a stratified random
sample is that the researcher must know enough about the
population being studied to place the units into the proper
strata (Bemsten, 1979).

Cluster Sampling
Cluster sampling entails first obtaining a list of

grouped units - for example, villages - and sampling these
units. Then, the researchers obtain lists of subunits-for
example, farmers-from each of the selected clusters and
samples from the subunit lists for each cluster. Bemsten
(1979) points out that cluster sampling reduces the costs of
interviewing farmers because they tend to be close
together; however, sampling bias may be introduced
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because geographically close units may be more similar to
each other than are dispersed units.

Multi-stage Sampling
The previously discussed sampling schemes are

relatively straightforward and do not, on their surface, ap
pear complex. Multi-stage sampling is more complex in
that researchers combine several sampling techniques to
draw their sample.

Bemsten (1979) explained this procedure as follows:

"After the population is initially sampled, the
resulting subpopulation is again sampled. This pro
cedure can be repeated as many times as desired to
build up a survey sample with the required char
acteristics. For example, suppose we want to draw a
sample of farmers in Central Luzon, Philippines, but
one-third must be rainfed, canal irrigated, and pump
irrigated. In order to reduce travel costs, we list all of
the provinces and randomly select three provinces.
In each of these three areas we list the population of
villages and then randomly select two. In each
village, we obtain a list of farmers in each irrigation
class. Then, we randomly select a given number of
cases from each of the three sub-populations. If we
desired to have 20 cases in each of the three irriga
tion classes in each of the two villages in each of the
three provinces, a total sample size of 360 cases
would be required."

The advantages of multi-stage sampling are that
researchers usually find obtaining the list of the large units
relatively easy; the focus on subunits reduces the costs of
having to have population lists for which only a limited
number of subunits will be drawn; and the cases, when
selected, are usually close together (Bemsten, 19791.

The main disadvantages of multi-stage sampling in
clude the complex sampling prC?cedure and the difficulty
in generalizing to the clusters from the samples (Bemsten
1979). '

DECIDING ON SAMPLING METHODS

The researcher must consider a number of factors
before selecting the sampling scheme for the particular
study. First, researchers need to consider the data needed
and the generalizations they would like to make about the
target population. This, in tum, influences the research
design for the study.

With the ~esired research design in mind, the re
searchers must then consider the availability of sample
lists. The most decisive factors are available funding, the
time required for the research design, and the expertise of
key researcher staff.

After weighing these factors, researchers will need to
select that sampling method that best fits their needs. We
have not tried to provide more detailed guidelines to the
selection of sampling methods because conditions and
needs vary so widely.

SAMPLE SIZE

Bemsten (1979) pointed out that determining the
sample size using the various formulas provided in
statistical textbooks is academic and that the usefulness of
such formulas for projects similar to those found in
FSR&D may be quite limited. He stressed that researchers
are often interested in several different parameters and
each requires a different sample size to obtain a particular
level of precision. Thus, he recommended that researchers
sample enough units from the population to have a
minimum of 20 cases for each major sampling category.

Using this approach, one way to arrive at the total
sample required is to prepare dummy tables for comparing
those variables the researchers want to consider. While
each cell within the table should have a minimum of
about 20 units, more would be better. The comparisons
among variables that need to be made will then determine
the total sample size.

Researchers generally increase the sample size to
reduce the standard error-a measure of sampling error.
But, as the sample size increases, so do sampling costs,
and often a high level of precision is not worth the addi
tional cost. For example, Collinson (1976) reported that
using a sample of 100 farmers would produce a standard er
ror of 10 percent. To reduce the standard error by 25 per
cent (to 7.5 percent) would (1) require increasing the sam
ple size by 80 percent (to 180 farmers), (21 increase the
costs for a single interview by 45 percent, and (3) increase
the costs for multiple interviews by 60 percent. Thus, for
many projects budget restrictions have more influence on
s~mple sizes than does the researchers' desire for preci
SIon.

Finally, researchers should draw additional units
when preparing the sample so that they will have enough
should some of the units not be available or suitable. By
doing this,beforehand, time will be saved and the integrity
of the sample will be maintained.

In closing, we stress that sampling can be complex
and time consuming and the errors costly. Researchers not
experienced in this type of work should seek advice from
experts, who would be able to provide the guidance needed
for obtaining meaningful results in an efficient manner.

APPENDIX S-W
SELECTING, TRAINING, AND
SUPERVISING INTERVIEWERS

In Sec. 5.10.2. in Chapter 5, we introduced the topic
of formal surveys and referred to this appendix for addi
tional details about interviewers. The topics of this appen
dix include the criteria for· selecting interviewers, deter
mining the number of interviewers, hiring and training in
terviewers, and supervising their work.

CRITERIA FOR SELECTING INTERVIEWERS

FSR&D teams need to select their interviewers
carefully to help assure that their surveys produce useful



data. While the characteristics of good interviewers may
vary from country to country, they should generally have a
friendly, yet professional, approach to their work.

From worldwide experience, several criteria have
emerged to help in choosing good interviewers. These
criteria concern personality, language, education, farming
knowledge, sex, racial and ethnic background, motivation
and honesty, and residence in the area. We briefly expand
on these criteria in this section, which draws on the works
of Bernsten (1979) and several who are quoted in Kearl
(1976).

PERSONALITY

Interviewers need to have a friendly, outgoing per
sonality and a sincere interest in the farmers and the proj
ect. Individuals who appear threatening or are negative
toward the farmers seldom make good interviewers. On
the other hand, overly friendly interviewers may spend too
much time visiting with a farmer when they could be in
terviewing other farmers.

LANGUAGE

The interviewers must speak the language and
dialect of the farmers if they are to collect useful data. Not
understanding the language or dialect causes errors.

EDUCATION

The interviewers should have enough education to
complete the questionnaires without difficulty. Gener
ally, multiple choice questionnaires require less education
to administer than do open-ended questionnaires. Several
researchers have found that a high school education is ade
quate for most interviewers. Ogunfowora (1976c) pointed
out that highly educated interviewers produce more
reliable data, but their turnover rate is high. They use their
job as an interviewer to advance their careers.

FARMING KNOWLEDGE

Interviewers need to know the farmers'language and
terms for different farming and household practicesj other
wise interviewers may obtain erroneous information.

SEX

Sometimes, the sex of the interviewer is crucial. In
some cultures women interviewers are needed to inter
view women, while in other cultures men make better in
terviewers. Gafsi (1976b) suggested that at least one of the
interviewing team be a women.

RACIAL AND ETHNIC BACKGROUND

Usually, the interviewers should be of the same
racial and ethnic background as the individuals to be inter
viewed. Interviewers of different racial and ethnic back
grounds may be perceived as threatening. Also, the dif-
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ferences in backgrounds may result in the collection of er
roneous data.

MOTIVATION AND HONESTY

Researchers have found that the best interviewers
are highly motivated and honest. Potential interviewers
who are only moderately motivated may become
discouraged and quit partway through the survey, and
some may even falsify the data.

RESIDENCE IN THE AREA

Generally, researchers have found that interviewers
should come from the study area. EI Hadari (1976c) sug
gested this because (1) researchers need not worry about
their lodging and transportation, (2) such interviewers
often know people in the villages, (3) farmers are not as
suspicious as when an outsider visits them, and (4) such
interviewers know the farmers' language and terms.

NUMBER OF INTERVIEWERS

We cannot provide firm answers about the number
of interviewers needed for a survey since the circum
stances of each survey are so different. Instead, researchers
need to consider several factors in determining the number
of interviewers to hire:

• the length of the questionnaire and the time required
to complete the interview

• the average number of interviews that can be com-
pleted in one working 'day

• the total number of interviews to be completed
• the number of days or weeks allocated for the job
• travel time between interviews
• the time required for interviewers to travel from

their homes or places of living to the area where they
will be interviewing

• the interviewers' experience.

To illustrate the calculations, consider that an
FSR&D team wants to know how many interviewers are
needed to interview 100 farmers in two weeks. The team
estimates that each questionnaire takes an hour to ad
minister. From experience, the researchers know that an
hour interview takes from two to three hours of the inter
viewer's time. For this illustration, we will assume that an
average interview will require three hours and the inter
viewers will, therefore, be able to complete three inter
views per day. The interviewers are scheduled to work six
days per week. Thus, during the two weeks, one inter
viewer will be able to complete 36 interviews-i.e., 3 in
terviews/day x 12 days. Therefore, three interviewers
would be needed- i.e., 100 interviews + 36 inter
views/interviewer = 2.8, which rounds to 3.0. Since in
terviewers would be hired on a full-time basis and, to
allow for contingencies, we would recommend that four
interviewers be hired.

We recommend the extra interviewer to allow for
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unforeseen problems, such as an illness or when an inter
viewer quits. On the other hand, experienced researchers
caution against hiring too large an interviewer staff. Bern
sten (1979) says that by hiring a small number of inter~

viewers, the possibilities of introducing bias into the data
are reduced and the quality of the data is improved. Fur
thermore, hiring a small interviewer staff allows those
who are hired to improve their interviewing skills, pro
duce better data, and learn a skill they can use again.
Thus, we suggest hiring enough interviewers to do the job,
but the FSR&.D teams should keep the number of inter
viewers small enough to produce quality data.

FSR&.D teams undertaking surveys for the first time
should consult those experienced in this type of work. In
this way, the team will learn about problems unique to
such surveys; moreover, if those being consulted have con
ducted surveys previously in the research area, the team
will learn about the area as well.

HIRING INTERVIEWERS

Once the candidates have been selected, some
researchers test them to assess their skill in handling the
interviews and completing the questionnaires. According
to Bernsten (1979) these tests assess the candidates'
abilities to II) make simple mathematical calculations, (2)
follow instructions, /3) write legibly, (4) speak fluently,
(5) understand the farmers' language, and (6) understand
farmers' practices.

Alternatives for acquiring interviewers include hir
ing them permanently or temporarily, or borrowing them
from other organizations. The following discussion on this
subject is based, in part, on Bernsten (1979) and on
statements by Collinson, Norman, and Flinn as contained
in Kearl(1976).

Researchers experienced in conducting surveys in
rural areas generally favor hiring a permanent staff of inter
viewers. Several reasons emerge

• Once trained, the interviewers caI\ be used on other
surveys, which shortens subsequent training periods
and reduces costs.

• Interviewer skills require time to develop and, once
trained, the interviewers' skills continue to improve
and they produce better results.

• Experienced interviewers require less supervision.
• Researchers might use probationary periods to select

the more effective interviewers for permanent posi
tions.

• Permanent interviewers generally have a more pro
fessional commitment than temporary interviewers.

Although most researchers favor permanently hired
interviewers, some tend to see temporary interviewers as a
reasonable approach for FSR&.D projects. Bernsten (1979)
suggested interviewers might be hired from such sources
as agricultural research staff, extension agents, local of
ficials, and teachers. But in selecting them, the researchers
should look into a candidate's reputation. Also, with tem
porary interviewers, the research team spends less time

discussing conditions of service-e.g., vacations and in
surance- with the candidates (Bernsten, 1979).

Borrowing interviewers from other groups produces
mixed results (Flinn, 1976a). By borrowing interviewers
from other agencies, the researchers may be creating con
flicts between the interviewers' responsibilities to the
FSR&.D project and their parent organization. The Beirut
Seminar Working Group (1976b) pointed out that help can
sometimes be obtained from the extension service, since
the extension agents are government employees. How
ever, because the extension staff may view research
surveys as embodying an evaluation of extension's effec
tiveness, agents used as interviewers may not be able to
maintain their objectivity during the interviews.

TRAINING INTERVIEWERS

Interviewers should complete a training program if
they are to adequately conduct the interviews. Overall,
the training program is intended to provide interviewers
with background on the survey's purpose and to ensure the
interviewers know how to administer the questionnaire.
The following presentation stems from Bernsten (1979),
Byerlee et a1. t1980), and Ogunfowora, Flinn, and the
Beirut Seminar Working Group in Kearl(1976).

Ideally, all interviewers should ask questions in the
same way so the responses would be the same as if all in
terviews were conducted by the same individual. Thus,
the approach to a training program is to produce a team of
interviewers who administer the questionnaire uniformly
without biasing the results.

Preparation for the training program begins while
the questionnaire is still being developed. At this time,
researchers need to begin writing an instruction manual
for the interviewers. Generally, instruction manuals in
clude

• a short orientation to the team's research and the
survey

• how to approach the individuals to be interviewed
• an orientation to the questionnaire
• how to ask questions
• an explanation of each question, including its pur-

pose
• explanations about probing techniques
• how to make any required calculations
• instructions on logistics, pay, and related matters
• instructions on observing and recording observa

tions in a log, whenever these are part of the inter
viewer's responsibilities.

The detail and complexity of the manual depend
upon the level of supervision planned for the interviewers.
If interviewers will conduct all interviews in remote
villages with little or no supervision, the manual needs to
answer most of the questions an interviewer might ask. If
interviewers are supervised closely, the interviewers'
manual will need less detail.

Next, the researchers need to decide on the length of
the training program. Times might range from three days



for simple questionnaires of one hour to two weeks when
the questionnaires are longer and complex. In either case,
the level of training should be geared to the interviewers
with the lowest skills. If the interviewers are to conduct
the interviews in phases, the training might begin with an
intensive session of several days and then be followed with
short reviews before each of the subsequent phases.

In addition to training, some researchers use the
training sessions to identify those who would be poor in
terviewers. In fact, some researchers stipulate those atten
ding must successfully complete the training sessions if
they are to be hired.

While various approaches are possible, depending on
the researchers' objectives and the interviewers' experi
ence, Bernsten (1979) and Flinn(1976b), among others,
suggest that training sessions cover the following points:

• an orientation to the research and the survey
• a discussion of the specific objectives of the survey
• the role of the interviewers
• an orientation to survey and FSR&D terminologies
• an orientation to the farming system being studied
• how the individuals to be interviewed were sampled
• how to approach the individuals to be interviewed
• building rapport with the person being interviewed
• a review of each question and its purpose
• techniques for probing and rephrasing questions
• training in special skills such as field measurements

and estimating yields
• reviewing and editing the completed questionnaire
• practice interviews in the classroom
• practice interviews in the field
• the timetable for the survey
• administrative details such as pay, terms of hire, and

logistics.

In some cases, interviewers may be asked to make
observations of farmers, the farm, and its operation. If
FSR&D researchers anticipate using interviewers in this
role, the training sessions must include some work on
how to (1) be effective and efficient observers, (2) 'keep a
field diary, and [31 write up their observations.

SUPERVISING THE INTERVIEWERS

Once the interviewers have been trained, the re
searchers normally supervise the interviewers throughout
the interviewing process, provide the necessary logistical
support, keep up the interviewers' morale, and spot-check
for falsified interviews. These ideas, and the following
discussion on this topic, are taken, in part, from Bemsten
(1979) and the inputs of Norman and the Beirut Seminar
Working Group to Kearl (1976).

The researcher's supervisory role includes collecting
and editing questionnaires; checking the questionnaires
for legibility, completeness, consistency, and accuracy;
discussing problems with the interviewers; and when
necessary, shifting the interviewers' assignments.

Bemsten (1979) commented on the important role
researchers play in providing logistical support to inter-
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viewers. They make sure interviewers have an adequate
supply of questionnaires, pens, and paper; a waterproof
container for questionnaires; and provisions such as boots
and umbrellas. He further stressed the importance of pay
ing the interviewers on time.

Furthermore, the researchers' presence in the field
helps boost interviewer morale. Without this, inter
viewers may become disheartened and quit. When this
happens the researchers must recruit and train replace
ments, which can be highly disruptive. Thus, researchers
should visit interviewers regularly, supervise their work
closely, and respond to their personal problems and needs.

The researchers can improve interviewers' morale in
other ways such as (1) having interviewers work in teams,
(2) choosing interviewers whose families live in the area,
(3) providing bonuses for completing the assignments, (4)
providing transportation or reimbursements for transpor
tation expenses, and (5) providing rain gear.

Finally, we need to mention a problem that
sometimes occurs - the falisification of interviews. Inter
viewers have been known to complete questionnaires
without ever having talked with the intended persons.
This creates erroneous data and might nullify the entire
survey. Thus, most researchers spot-check the work of
their interviewers by visiting with some of the individuals
whose questionnaires have been completed. In doing this,
the researcher might ask the persons whose names are on
the completed list to clarify a particular response. If the re
searcher finds an individual who says he or she was not in
terviewed, most researchers will want to varify all of that
interviewer's completed questionnaires and interviews.
Occasionally, the interviewer will simply have made a
mistake in identifying the person; or, the person may have
forgotten about the interview. Thus, the researcher should
not jump to conclusions until after completing a thorough
investigation. Then, if the researcher finds that the inter
views were falsified, the interviewer will usually be
dismissed.

APPENDIX 5-X
FARM RECORD KEEPING

Hildebrand has come out strongly in favor of farm
record keeping as an efficient means for gathering data
about farmers over time. We discussed some of these
aspects in Sec. 5.10.2. in Chapter 5. In Part 1 of this appen
dix, we include considerable portions of the report of
Hildebrand 11979b) on ICTA's farm record project; and in
the second part, we include excerpts from Hatch (1980) on
record keeping by illiterate farmers.

PART 1: ICTA'S FARM RECORD PROJECT

In this part, we extract from Hildebrand's report
(1979b), which includes sections on the history of the proj
ect and current procedures. Current procedures include
sections on selection of collaborators, managing and
analysis of the data, and reports. Also included are sample
tables and calculations.



for each farmer who participated in the project. Each
farmer was given a folder which contained a labor
summary, an input summary and a general summary
for his own crop showing how much he made or lost
that year. The folders were presented in a meeting in
which all participated and in which the results were
discussed.

"In order to process the additional amount of
data being accumulated by the growth of the project,
analysis of the records was modified. First, instead of
tabulation sheets that were found to be unwieldy,
summary sheets for inputs, [Table 5-X-2]; manual,
animal or mechanized labor, [Table S-X-3]; and a
General Summary, [Table 5-X-4], were designed.
Although the daily work sheets were different for
each of the work areas to account for differences in
measures and other characteristics of the farms, the
summary sheets were the same for all the zones so
they could be analyzed in a standard format. Pro
grams were written for hand-held programmable
calculators (HP-67 and TI-59) so that all basic
analyses could be made rapidly and efficiently.
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"HISTORY OF THE PROJECT

"From the beginning, the project was con
ceived as a crop record project and was not intended
as a farm record program. That is, no attempt was
made to take full farm inventories, impute deprecia
tion costs of equipment to each crop, enter into
household expenses and/or use of farm products,
etc.; rather family owned machinery and animal
power, family labor and ... land rent were all
charged at the current contract or hired cost for
similar items. This characteristic had three impor
tant advantages. One is that it held to a minimum
the amount of time and bother the farmer had to put
into the data gathering process. Second, training of
personnel was simplified, and third, the analyses
were simplified. This probably was one of the main
reasons the project has had the success it has en
joyed. Had it been designed as a full farm record
project from the start, it would have been so com
plicated that it probably would have failed before
producing enough dat~ to demonstrate its produc
tivity.

*

*

*

*

*

*

*
"The farmers were given simple sheets, [Table

5-X-l] on which they were to write their activities
each day for the crop on which they were keeping
records. These "Daily Work Sheets" were kept as
simple as possible and included only the information
that could not be obtained in periodic visits by the
technicians. Those details were left for another sheet
that the technician filled out during visits with the
farmers.

"Following each cycle of work (land prepara
tion, planting, weeding, etc.) the technician col
lected the daily work sheet after varifying facts with
the farmer and took them to the office where he
transferred the information to tabulation sheets.
Following the end of the harvest and final collection
of information, the tab sheets were analyzed to pro
vide the final report for leTA and to prepare a report

Table 5·X·1. Dally record sheet, Region IV 19_ (Hildebrand, 1979b).

"CURRENT PROCEDURES

"Selection of Collaborators
"At the present time, with many of the field

personnel of the Institute involved in the record
keeping project, some of the farmers who are col
laborators in field trials or Farmers' Tests are also
record keepers. This has the advantage of minimiz
ing travel distances and number of farm visits while
it also tends to increase communication between the
participating farmer and the technician. It has the
disadvantage of possibly biasing the sample towards
those farmers who are most cooperative. However,
any sample of small farmers that includes only those
who are willing to keep records will be biased to a
certain extent. In practice, bias is kept to a

FARMER'S NAME FARM NO. ROAD
CROP AREA HAS SECTOR _

DATE WORK DONE No. OF

[UNITS]

MATERIALS USED

CLASS QUANTITY

No. OF PERSONS

FAMILY HIRED

WAGE

DAY [UNIT]

WITH FOOD

(YES OR NO)
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Table 5·X·2. Input summary (Hildebrand, 1979b).

REGION _
TOWN _

SUB-REGION _
COUNTY _

NAME _
CROP HECTARE _

INPUTS, EACH APPLICATION HECTARES QUANTITY

TOTAL PER HECTARE

Table 5·X·3. Labor summary (Hildebrand, 1979b).

PRICE

PER UNIT

VALUE

TOTAL PER HECTARE

DATE

REGION SUB·REGION _
TOWN COUNTY _

NAME _
CROP HECTARE _
COSTOFRENTPERHECTARE~ _

WORK DATE AREA FAMILY LABOR

MAN·DAYS $

HIRED LABOR

MAN·DAYS $

TOTAL

MAN·DAYS $

PER HECTARE

MAN·DAYS $

minimum by utilizing farmers who use the same
cropping systems and practices the [field] team is
modifying, on the assumption that most farmers
who use that particular system should be fairly
representative of the population. Also, some farmers
who are not collaborators in trials and Farmers' Tests
are also included in the record keeping project.

"Illiteracy has been somewhat of a problem in
selection of collaborators that is worse in some areas
than others. However, it has been found that in
many families, one of the children has had enough
schooling to be able to manage the simple daily work
sheet. But it has also been found that even though
the farmer is literate, many do not like to fill out the
sheet for several reasons. One is that at the end of
the day they are tired, and writing represents an
especially burdensome task to which they are not ac
customed. Others are afraid of getting the form dirty
or tom. Some of these make notes on separate paper
and when the technician visits, ask him to transfer it
to the daily work sheet. The technicians report that
in most cases, it is they and not the farmers who

ultimately fill out the daily sheet. This requires
more frequent visits on the part of the technician
than otherwise would be necessary, but also
broadens the nature of the sample and minimizes the
problem of illiteracy.

"Managing the Data

"In each area office, a folder is made for each
crop and each farmer. As the daily sheets are brought
in, they are put in the appropriate folder and when
the technician from Socioeconomics has the time he
transfers the data to the summary sheets.

"For each crop, the technician also fills out an
additional sheet which contains such information as
planting distances, prices of inputs and product, pro
duction, land rent, etc. This sheet becomes a perma
nent part of the file and part is also transferred to the
general summary and the other summary sheets. At
the end of the crop year, the technician should have
most of the summary sheets filled out and need only
add the final data to complete his files.

"Carbon copies of each of the summary forms
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PRODUCTION AND INCOME

PROFIT

COSTS

Animal labor

appropriate information on the inputs, calculated us
ing another program.

"The labor program also provides information
of the proportion of labor that is hired or family, the
value of a day's work for both and the average daily
wage rate considering all the work done on the crop
[Table 5-X-6].

"From the table on the detail of practices and
inputs, those most representative of the area are
chosen and transferred to a "Typical Technology"
table, [Table 5-X-7]. This table demonstrates the
technology that is most common or most typical for
the zone based first on area, but in cases where one
or two non-typical farmers possess a large part of the
area, the number of farmers who use the practice or
input is also used.

Table 5·X·5. Detail of agronomic practices and Inputs used:
wheat: Quezaltenango, Region 1,1978 (Hildebrand, 1979b).

No. Col/abora tors: 53 Area: 29.23 Has

Percent of Man-days
Col/ab Area per ha $/ha Dates

PRACTICES
Manual labor

Incorporating
organ ic matter 2 13.06 28.57 1-15/1

•
•

Hoeing 43 30 33.57 53.33 1/5-15/6

•
•

1st Applic. Herbicide 83 92 4.29 6.79 1-30/7

•
•

Animal labor
Plowing 6 16 3.86 33.54 1-15/6

•
•

Mechanized
Plowing 17 17 1.86 23.87 1-15/3

•
•

INPUTS Quantity
Seed perha Prices
Gloria-74 32 40 4.39 cwt 60.63 13.82
Xelaju-66 23 18 4.11 cwt 50.69 12.32

•
•

Fertilizers
1st fertilization

16-20-0 25 17 6.47 cwt 62.11 9.60
•
•

2nd fertilization Urea 49 56 2.63 cwt 28.06 10.67
Herbicides
Hedonal Esther 25 26 2.33 Its 7.00 3.00

•
•

NAME
CROP _ HAS _

FARM HECTARE CWT

SUB-REGION
COUNTY _

ITEM

"Analysis of the Data
"One calculator program analyzes all the labor

data whether manual, animal or mechanized. The
program produces a detailed table of all operations or
practices used in the crop, the percent of col
laborators who used each practice, the percent of the
area on which it was used, the number of man-days
[or animal or machine days) used per hectare and the
cost per hectare. The modal dates of each operation
are determined manually and added to the table,
[Table 5-X-5]. This same detailed table also includes

are made so that one copy can be transferred to the
[national headquarters] for national analysis pur
poses while one copy remains in the [regional head
quarters] office for use by the local team. The techni
cian also fills out a separate folder on which all the
summary forms have been printed and this folder is
given to each farmer as a permanent record. By print
ing the farmers' forms on the inside of the folder,
possibility of loss and getting dirty is minimized.

"In order to analyze the data, all the input
forms for a particular crop are grouped, all the
manual labor forms are grouped, etc. In this manner,
the data can be rapidly transferred to the calculators
for analysis. The data are also filed permanently in
this form for rapid retrieval.

cwt Produced

Family labor

Inputs

Value of Production

Hired labor

Mechanized labor

Management, 10% of direct costs
Interest, 5% of direct costs

Land rent

LOSS

TOTAL DIRECT COSTS

TOTAL COSTS

Table 5·X·4. General summary (Hildebrand, 1979b).

REGION
TOWN



Table 5·X·5. Family and hired labor, per hectare: wheat:
Quezaltenango, Region I, 1978 (Hildebrand, 1979b).

No. Collaborators: 53 Area: 29.23 Has

Class Man-days Total cost Cost/day

No. % $ % $

MANUAL LABOR
Hired 26.87 67 49.79 72 1.85
Family 13.11 33 19.63 28 1.50
Total 39.98 100 69.42 100 1.74

ANIMAL LABOR
Hired 0.41 44 2.46 37 6.00
Family 0.52 56 4.19 63 8.06
Total 0.93 100 6.65 100 7.15

MECHANIZED
Hired 2.20 99 37.67 100 17.12
Family 0.02 1 0.03 0 1.50
Total 2.22 100 37.70 100 16.98
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/lAlthough the typical technology is the most
representative of the area, many people prefer to
utilize the weighted average cost of production tak
ing the total cost of each practice and dividing it by
the total area in the crop. This information is
transferred to another table, [Table 5-X-8], in such
form that it shows the different major categories of
expense. This information is then added to another
table that includes yields of the crops, the prices ob
tained on the average by the farmers using that par
ticular system, and gross income. Net income is
calculated deducting both direct and indirect costs,
[Table 5-X-91.

"Reports
/ITo be useful to the [fieldl teams and the Com

modity Programs, the reports of farm records must
be made available rapidly. A standard format has
been developed to facilitate this task. The report in
cludes a description of the area and of the type of
farmer who has been keeping records. This informa
tion helps orient readers from outside the area or
region. Then, a description of the year as it influ
enced crop production and prices is included to help
judge the results. The information included in this

Table 5·X·7. Typical technology: wheat: Quezaltenango, Region I, 1978 (Hildebrand, 1979b).

No. Collaborators: 53 Area: 29.23 Has

ITEM Form Percent of Dates $/ha

Col Area

Practices
Forming beds Manual 40 34 1-15/6 44.01
Seeding, fert and cover 91 84 1-30/6 31.61
Apply herbicide 83 92 1-3017 6.79
2nd fertilization 49 55 15·3017 3.47
Cutting and carrying 79 64 15-30/11 27.47
Threshing (hand labor) 100 100 1-15112,

1-15/1 6.80
Threshing (machine) Mechanized 96 82 same 38.47---
Total 158.62

Inputs Kind Quantity/ha
Seed Gloria-74 32 40 4.39 cwt 60.63
Fertilizers

1st Applic. 20-20-0 75 83 6.71 cwt 64.20
2nd Applic. Urea 49 56 2.63 cwt 28.06

Herbidices
1st Applic. 2-4-0 Esther 25 26 2.33 Its 7.00

159.89

DIRECT COSTS 318.51
Interest, 5% of Direct Costs 15.93
Management, 10% of Direct Costs 31.85
Land rent 76.77

TOTAL COSTS OF PRODUCTION 443.06
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Table S·X·8. Summary of direct costs for one hectare: wheat:
Quezaltenango, Region I, 1978 (Weighted Average)
(Hlldebrand,1979b).

Table S·X·9. Income .and expense, per hectare: wheat:
Quezaltenango, Region I, 1978 (Hildebrand, 1979b).

No. Co/labora tors: 53 Area: 29.23 Has

description should indicate whether results were
better/ much better/ worse or much worse than
average. Usually/ the technicians will have this in
formation readily available from their visits with
farmers even in the first year of the project in an
area.

"Following this general discussion/ each crop
or crop system is presented utilizing the tables
discussed previously. Only short discussions need to
be made concerning each table as they are designed
to stand on their own.

"From the General Summary sheets/ [Table
5-X-4L the frequency distribution of yield/ costs and
income can be calculated and included in the report
in graphic form. The report should also include com
parisons with previous years when more than one
year/s data are available. These comparisons can in
clude yield/ prices/ income/ stability of systems/ use
of technology, etc. By maintaining a constant record
of farms in an area over a period of time/ changes in
use of technology can be monitored and used for pur
poses of evaluation even when no benchmark stud
ies of the area were made.

II Finally/ it is useful to include an appendix
that describes all the practices used on the crops and
referred to in the report in their local terminology.
This can be written beforehand and does not need to
occupy the time of the technician during the critical
period following harvest.'/

Total

53.86 18

Area: 29.23 Has
Value

$

11.64 615.29

615.29

305.77
15.29
30.58
76.77

428.41

186.88

Price
$/cwt

52.86

Yield
cwt/ha

A gameboard for farm enterprise accounting "is
the primary instrument of the system. It consists of
a piece of thick cardboard- approximately 12 inches
square- which is divided into a grid of up to seven
columns and up to six rows. Each column cor
responds to a single crop enterprise lmaximum six
crops or crop associations) with the exception of col
umn 7/ which may be used to monitor on-farm ac
tivities not specifically attributable to a crop/ for ex
ample fence repairs, collecting firewood/ construct
ing farm structures/ weeding and repairing irrigation
canals/ etc. In contrast/ the six rows of the board cor
respond to the five stages of the crop cycle-land
preparation/ planting/ cultivation tasks/ harvest/ and
marketing- plus one row for recording off-farm
employment activities. Since there are seven spaces
in this last row/ the household could record its off
farm employment by individual days of the week/ or
it can assign separate spaces to different members of
the family. An illustration of the Crop Board is
presented in [Fig. 5-X-1].

IIFor each space of the gameboard in use a nail
or hook is inserted. From it may be hung a variety of
color-coded counting chips representing different
units of production costs/ units of product
harvested/ and units sold. The chips representing
production costs are square-shaped; they include

ITEM

PART 2: HATCH'S RECORD KEEPING SYSTEM
FOR ILLITERATE FARMERS

The problem of record keeping among illiterate
farmers was mentioned earlier. In this part/ we present an
illustration of some of the work of Hatch [1980) with il
literate farmers in three Bolivian villages. Hatch ac
complishes much of what is normally recorded in writing
by using gameboards/ pictures/ and colored chips. Follow
ing is a brief illustration of his approach:

NET INCOME

CROP
Wheat

GROSS INCOME
COSTS
Direct costs
Interest, 5% of direct costs
Management, 10% of direct costs
Land rent

Total costs

3

47

32

9.50

$ %

99.14

143.27

305.77 100

No. Collabora tors: 53

ITEM Partial

$ %

Manual Labor
Land preparation 34.37 11
Planting 27.54 9
Cultural practices 10.59 3
Harvest 26.64 9
Animal Power
Land preparation 8.54 3
Planting 0.86 0
Cultural practices 0.00 0
Harvest 0.10 0
Mechanized
Land preparation 11.20 4
Planting 1.63 1
Cultural practices 0.14 0
Harvest 40.89 13
Inputs
Seed 52.16 17
Fertilizer 79.67 26
Herbicides 11.44 4

TOTAL 305.77 100



Figure 5·X·1. Game board for farm enterprise accounting
(Hatch, 1980).
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Table 5·X·10. Summary sheet for crop enterprise (Translated
from Hatch, 1980).

/
/

I
I,
I
\
\
\

HI~'
o

~.
Seed

~~
Animal Labor Tractor Day

o

ti
Insecticides

o

Name of farmer Cropping year _
CROP RESULTS

Species and variety Area planted (ha) _

Activity Detailed expenditures Amount Price Total value

Land Family labor
preparation Hired labor

Machinery
Animal labor
Other

TOTAL
Planting Family labor

Hired labor
Machinery
Animal labor

Seed
Fertilizer
Other

TOTAL
Cultivation Family labor
tasks Hired labor

Machinery
Animal labor
Fertilizer
Insecticide
Other

TOTAL

chips for (I) family labor, (2) hired labor, [3) animal
labor, (4) machinery use, (5) seed, (6) fertilizer, (7)
insecticides, and (8) irrigation water. The chips for
units of harvest are round and yellow in color. So
long as consistency is maintained, each chip may
represent whatever unit of measurement the par
ticipating household may be most familiar with-for
example, sack, double-sack load, hundredweight,
box, ton, etc. Similar round chips, this time colored
orange, are utilized to count units of crop products
sold.

"For any given crop the household begins with
the land preparation stage and starts to assemble
chips in accordance with the day-by-day use of its
own and purchased inputs. [EXAMPLE: the family
utilized on its com crop 2 days of oxen for plowing, 4
days of family labor, 2 days of hired labor, and 4
hours of irrigation water during Land Preparation.
Thus, a total of 12 chips of four different colors
representing different inputs would be hung on the
nail corresponding to the column for corn and the
row for land preparation.) When the first stage is
completed, the collection of chips for the second
stage-Planting- begins, and so on. At periodic in
tervals (every 2-4 weeks) the household is visited by
a paratechnician supervisor. He empties the chips
from the nail corresponding to any crop stage which

Harvesting Family labor
Hired labor
Machinery
Animal labor
Other

TOTAL
Other Land rentals
costs Interest payments

Other
TOTAL

Total direct costs for the crop
Crop production
By·products
Total value of crop production
Less direct costs
Profit (gross margin)

has been completed. He sorts and counts the chips.
Then he converts the chip-counts into numerical
values of quantity, unit price, and total value. These
are recorded on a summary sheet - one stage at a
time- the format for which is presented in [Table
5-X-lO]. At the end of the harvest period the
paratechnician summarizes the data from all stages,
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calculating total income, total costs, and net in
come."

APPENDIX 5-Y
MONITORING AND OBSERVATIONAL
ACTIVITIES

In Sec. 5.10.2., Chapter 5, we indicated that ILCA
uses monitoring techniques to investigate how livestock
production systems change with the introduction of
production-oriented projects. In this appendix, we
elaborate on ILCA's monitoring of livestock systems and
pay particular attention to socioeconomic monitoring.

WHAT IS MONITORING?

ILCA (19801 defined monitoring for livestock
systems as a development exercise in detecting and follow
ing change in production systems due to development ac
tivities and other factors. ILCA's approach is to assign a
monitoring team to a project. Then, that team develops
the necessary monitoring techniques for the project being
undertaken.

For a Kenya livestock project, ILCA (1980) reported
on ecological monitoring, herd production monitoring,
and socioeconomic monitoring. The ecological monitor
ing and herd monitoring have similar conceptual founda
tions as do the techniques discussed in Monitoring, Sec.
5.10.2. For the Kenya livestock program, the socio
economic monitoring included observation on two
levels. On the first level, a skilled observer stays in an area
for an extended period making detailed observations of the
community and then records those observations. On the
second level, the monitoring consists of periodically
observing specific attributes of the livestock system and
recording those observations (ILCA, 1980). Using these
two observational approaches helps identify both the
livestock system's characteristics on a wider basis and
situations needing further research (ILCZA, 19801.

As a result of ILCA's social monitoring of livestock
systems in Botswana, ILCA (1980) learned, "... the land
on which the ranches were sited was not unoccupied, as
had been claimed, but in fact had been used by groups of
hunters/gatherers who considered that their rights had
been usurped." At "full occupancy the ranching block is
likely to support up to 1000 people which is considerably
more than planned." In addition, these findings dictated
further support of such a population would be necessary.
Thus, ILCA (1980) needed to consider these and other fac
tors further.

WHY USE OBSERVATION?

FSR&.D researchers need to consider observational
methodologies for several reasons: (11 with some pastoral
societies, researchers may have difficulties conducting
traditional experiments; [2) observational methods can be
used to check data gathered by other techniques and add
another dimension to the data base; (3) observational

methodologies, if used properly, can eliminate some of the
threats to validity as discussed in Appendix 5-T; and (4)
observational methodologies can reveal behavior patterns,
organizational forms, and norms not revealed through
surveys (ILCA, 1980).

APPENDIX 5-Z
DATA MANAGEMENT

We introduced the topic of data management in Sec.
5.12. in Chapter 5 and will now elaborate on additional
points that the FSR&.D teams may wish to consider. The
following sections are on general considerations, tabular
sheets, sorting strips, computers, and the use of program
mable pocket calculators.

GENERAL CONSIDERATIONS

Before collecting data, the team should decide what
types of analyses they will perform on the data. Decisions
are needed at this point because analysis procedures have
differing data processing requirements and implications.
Early knowledge of anticipated analysis techniques
reduces the time necessary to process data. For example, if
much cross-tabulation is planned, sorting strips might be
used. In designing the questionnaire, wherever possible,
questions to be cross-tabulated should be placed on the
same page. Likewise, pre-numbering and pre-coding of
questionnaires may facilitate transferring data to analysis
sheets or for preparing data for computer processing.

Several methods are available to tabulate survey in
formation. The methods the teams will use depend on the
sample size, the level of knowledge and skill of available
assistants, and available time, equipment, and other
resources. Questionnaires should be pre-edited for accu
racy and completeness, local measurements or categories
converted to standard units, and inconsistencies clarified.
Questionnaires should be discarded where inconsistencies
are too large or non-response is too high.

In Table 5-Z-1, we present Bernsten's (1979) com
parison of three common systems for data preparation:
namely, tabular sheets, sorting strips, and computers.
Within computers, Bernsten also compares the Fortran
language with the Statistical Package for the Social Sci
ences (SPSS).

TABULAR SHEETS

This simple and quick approach requires only a large
piece of lined paper with columns and rows. The re
searcher must first determine how to order respon
dents - e.g., by village, irrigation type, and farm
size. This decision is made based on how the information
will be presented in tables or charts. Each question from
the questionnaire is listed across the top of the paper- one
to each column, leaving the first column for the respon
dent's name or questionnaire number. The name or
number of each respondent is then listed down the far left
hand column. Finally, for each respondent, the value for
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Table 5·Z·1. Characteristics of selected data analysis systems (Bernsten, 1979).

Data file Statistical Experience Analytical
System preparation operations required possibilities

Tabular sheets rapid slow minimal minimal
Sorting strips rapid slow minimal minimal
Computer

Fortran moderate moderate very specialized unlimited
SPSS slow rapid specialized unlimited

each variable is entered in the appropriate row and col
umn. Researchers should verify data transfer, at least by
sampling.

As noted in Table 5-Z-1, this simple process quickly
provides data for analysis; however, the time it takes to
make the statistical calculations can be considerable, if
the size of the sample is large. Most researchers consider
about 100 respondents the maximum acceptable sample
size for this method; also, the analytical possibilities are
limited to simple statistics. Analytical possibilities in
clude descriptive frequencies, measures of concentration
of the data such as the mean, the mode, or the. median;
measures of the variability of data such as the range, the
mean deviation, or the standard deviation; and measures
of the relationship between two or more series of data such
as correlation coefficients.

SORTING STRIPS

Sorting Strips add an element of flexibility to tabular
sheets. Heavy paper or light cardboard is cut into long and
narrow strips and data from one farmer are written across
the top of each strip. With data on strips, researchers can
easily reorganize farmers according to characteristics of
different subgroups. For example, yield per hectare for a
certain crop can easily be compared for full-time and part
time farmers by dividing the strips into two piles, one for
full-time farmers and one for part-time farmers. Then the
average yield for each pile can quickly be calculated.
Although this system is also easy to learn and use, it takes
longer to prepare the data for sorting strips than when us
ing tabular sheets. The time and other limitations of
analytical possibilities are the same for sorting strips as for
tabulating sheets. A sample size of 100 respondents or a
questionnaire with 140 questions are the practical limits
for sorting strips. For larger samples or questionnaires,
researchers should consider using a computer.

COMPUTERS

Computers require more time to prepare data for
analysis because they must be coded and keypunched onto
cards in a predetermined order. Usually, numeric codes
must be developed for each question such as 1 = yes, 2 =

no; or 1 = com, 2 = wheat, and 3 = com and wheat.
These codes must be inclusive, yet mutually exclusive.

Coding may be of either two types, pre-coding or

post-coding. If computer analysis of the data is decided
during planning, an effort should be made to pre-code the
answers. Furthermore, the researchers should prepare a
code book for their use and the interviewer's use. This
book explains the various codes and provides the rationale
for each question. Pre-coding allows interviewers to sub
mit coded responses directly, and the questionnaire, once
checked, can be key-punched directly. If questionnaires
are not pre-coded but post-coded, someone must code the
questionnaires separately.

Handling data by computer has great advantages,
even though data preparation may take a long time and
operating a computer program requires fairly high skills. If
the staff members understand computer programs, they
can benefit from their rapid statistical operations. Com
puters reduce the probability of computing errors, as long
as data and programs are correct, and they greatly facilitate
the testing of sophisticated hypotheses. The computer is
able to generate both descriptive and inferential statistics
and can provide the researcher with results in a variety of
formats.

In spite of computer analysis advantages, researchers
should be aware of the tendency to overlook errors or rela
tionships in the data that would be revealed in manual
analysis. If the team manually tabulates part of the data
before computer analysis, it (1) will have a quick summary
of key information, (2) should develop a "feel" for the data,
and (3) may note new relationships. Doing such tabula
tions manually often produces results faster than waiting
for computer printouts. Later, the computer can provide
the team with (1) checks on its preliminary analyses, (2)
more detailed and complex analyses, and (3) predictions
and statistical relationships.

USE OF PROGRAMMABLE POCKET CALCULATORS

Since the mid 1970s, programmable pocket calcula
tors have become widely used by researchers in both the
field and office. Some of the more popular models are
Texas Instruments 59 and Hewlett Packard 65, 67, and 97.

The advantages of using these calculators are

• complex analyses can be completed rapidly
• the unit can be operated without the help of others
• analysis can be carried out without delay wherever

the user may be
• a variety of packaged programs are available from the
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manufacturers; or the owners can write the pro
grams.

At the present time/ a large selection of programs are
available from the manufacturers and government and
private sources. Programs from Hewlett Packard and
Texas Instruments that make the following analyses
should interest most FSR&D teams:

• general statistics-factorial/ permutation/ combina
tion/ moments/ and skewness

• analysis of variance-one-way and two-way analysis
of variance

• distribution function-normal/ inverse normal/ chi
square/ and t and f distributions

• curve fitting- multiple linear regression and
polynomial approximation

• test statistics - t statistics/ chi-square evaluation/
and contingency table

• queuing theory- single and multi-server queues.

Also/ organizations can develop programs for their
specific needs. For example/ leTA has written the follow
ing statistical programs for its use (Hildebrand/ 1979c):

"1. Analysis of variance (Anova)/ split plots/
without limits

2. Anova/ randomized block/ up to 6 replications/
no limit on treatments

3. Missing plots/ randomized blocks/ up to 6
missing plots

4. Anova/ without limits
5. Multiple regression/ 3 independent variables
6. Multiple regression/ 5 independent variables/
7. Quadratic regression/ 2 independent variables/

with interaction
8. Linear/ exponential and quadratic regression

for 1 independent variable
9. Duncan/s analysis [multiple-range test or

mean separation test and experiments with
unrelated treatments]

10. Tukey's analysis [randomized blocks/ two way
classification/ and additivity test]

11. Yates method [correction for continuity/ ad-
justed chi-square/ and analysis of counts]

12. Farm record analysis for labor
13. Farm record analysis for inputs
14. Several different programs for converting plot

data to kg/ha."
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APPENDIX 6-A
SELECTION OF VARIABLES FOR CLIMATIC
MONITORING OF A RESEARCH AREA

The need for climatic monitoring was given in Sec.
6.3.1., Chapter 6. The FSR&D team should select the
climatic variables to be examined and measured carefully.
Since climatic variables require frequent tabulating of
observations or reading of strip charts, they may soon
become so voluminous that their analysis can be unwieldy
and interfere with other program operations. For this
reason, the data requirements should be reviewed well in
advance of the season's activities, and variables discarded
or the frequency of observations reduced if they are not
clearly needed.

The climatic variables selected for measurement de
pend upon the general climatic conditions in the research
area, how they vary from 'season to season, and the need
for analyzing the results of biological experiments. The
physical aspects of the research area are also a considera
tion. For example, in rain-fed, humid, tropical areas, the
team could emphasize the collection of data on the
distribution of rainfall, and omit the collection of
temperature dataj whereas in an arid irrigated area, the
team could measure pan evaporation, temperature,
relative humidity and wind, and omit collecting rainfall
data. Another consideration in selecting climatic variables
for monitoring is the importance of the data in explaining
how farmers respond to infrequent, but severe, climatic
events such as flooding, hurricanes, and droughts.

The ease with which the data can be collected for the
needed accuracy must also be considered. For example, the
team can easily monitor rainfall, but the intensity is dif
ficult to measure and might be omitted unless it is needed
for the analysis of soil erosion or infiltration. Similarly,
the monitoring of wind speed usually is omitted except for
research areas where it may be needed to calculate
evapotranspiration or in areas where strong winds in
fluence crop production or cause other problems on the
farm.

Finally, the team should consider the variability of
the measured variable over the geographic area and among
years. Long-term weather data available from a standard
meteorological station near the research area are often
more reliable than that which could be obtained from a

few years' measurement in the area.
Following are details on rainfall, ungation,

temperature, wind, evapotranspiration, relative humidity,
and solar radiation.

RAINFALL

Rainfall is perhaps the most common and usually
most useful climatic variable to monitor. It will often be
the only variable measured within a research area. For
rain-fed systems, rainfall is a prime determinant of the
system, and either an excess or a deficiency can have
dramatic effects on both crop and animal production. In ir
rigated systems rainfall can also be a serious hindrance or a
marked benefit. In either case, of the various climatic
variables, rainfall generally has the greatest potential for
explaining the difference in biological response between
years and areas.

Rainfall may, however, be quite variable within a
research area thus requiring the placement of gauges near
the research plots. This could be especially true if the
research area extends inland from a coastline to a moun
tain range. Also, a substantial variation in rainfall from
year to year may cause a change in the timing of farm ac
tivities. The farmers' responses to year-to-year variations
in climate are important in the analysis of climatic effects
on the farming system. This year-to-year variation ex
plains why long-term records are best used for general
design and planning and are not necessarily suited for area
specific activities.

Measuring rainfall usually is simple and inexpen
sive. For most projects, simple plastic gauges are adequate.
These can be placed throughout the area to monitor an
ticipated gradations of rainfall, for example, at intervals of
2 to 5 kilometers, or alternatively, near experimental
fields. The gauges must be placed in an open area free of in
terference from buildings or overhanging vegetation and
protected against disturbances by people or animals.
Readings should be made daily during periods of frequent
rains and after each rain during the dry season. If a major
storm occurs, the individuals collecting data may need to
read the gauges more often to make sure they do not
overflow. Data usually are recorded daily and summarized
weekly and monthly as needed for the analysis of the ex
perimental results.
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IRRIGATION

While irrigation is not a climatic variable, it
modifies rainfall and prolongs the "rainy season" or sup
plies additional water during the growing season. Except
for sprinkler systems, which are rare for most small
farmers, the amount of irrigation water applied may be dif
ficult and time consuming to measure. Also, fields that
can be separated for measurement of water are an excep
tion in the small communities typical of developing coun
tries.

In most small farm irrigation schemes, the system is
operated by the government. Usually, the government pro
vides the water free or collects a small charge based on ir
rigated areas or crop because the cost of charging by
volume through metering water to individual small farms
is prohibitive. Thus, farmers along the watercourse near
the source of supply generally do not, voluntarily, con
serve water for others farther down the watercourse.

For FSR&D, small farm irrigation systems should be
analyzed for their potential to provide water for crops.
They should also be evaluated in terms of time and dura
tion of flow, rotation period, and water quality. More
detailed studies may involve the equity of distribution and
methods of control and management. Such studies may re
quire extensive effort and require irrigation specialists.

TEMPERATURE

After water, air temperature probably is the most
useful climatic factor in the analysis of farming systems.
Most temperature monitoring concentrates on under
standing the occurrences of critical temperatures that are
either too warm or too cool for specific crops. Temperature
data can also help explain yearly differences ip. the matur
ity of crops in temperate regions when early warm weather
hastens maturity, or when prolonged cool weather delays
maturity. Critical, as well as optimum, temperatures for
plant growth during the season tend to be reasonably
similar from year to year. Local temperatures usually can
be assessed fairly well from long-term records and can be
considered in design. Very important temperatures in crop
production are the extremes. The early-season or late
season temperature extremes may need careful evaluation
in temperate regions having considerable topographic
complexity. In other areas such as the low elevation
tropics where air temperatures are relatively uniform,
adverse temperatures do not normally occur and weekly
means may suffice.

Unless large differences in elevation are en
countered, temperatures in a research area tend to be
reasonably stable. Thus, where topographical features are
relatively uniform, useful data can usually be obtained
from a meteorological station located in or near the
research area. Maximum and minimum temperatures are
usually recorded daily. From these data, the average, high,
and low temperatures can be calculated for weekly and
monthly intervals.

Soil temperature measurements generally are used
less than air temperatures. Soil temperature may be im-

portant in temperate regions where germination of seed
from some species is greatly retarded in the spring because
of low soil temperatures. In the fall, for some crops-e.g.,
winter wheat-planting after soil temperature falls below
a certain temperature reduces root infections. Where soil
temperatures are needed for analyzing plant growth ef
fects, reliable soil maximum-minimum thermometers
should be used.

WIND

One important consideration of winds in ag
ricultural research is the effect of excessive speeds on
crop growth during critical physiological stages. Problems
associated with winds include increased sterility at flower
ing, lodging of grain, and excessive transpiration from
strong, hot winds.

Winds that cause production problems usually result
from either large infrequent depressional storms such as
typhoons or seasonally incessant winds. Depressional
storms are erratic. Although, on a global base, the seasons
for depressions are well-defined and information on peak
periods for specific areas is probably available, the occur
rence in a specific location during a critical time for crops
may not be frequent enough for farmers' planning. In this
case, the team may treat depressional storms as a risk of
farming in the area.

Incessant winds, caused by major air mass
movements, occur over a more prolonged period and occur
seasonally. These winds can be anticipated and included
in the design of management practices. These winds are
usually stable over a large area, but local intensity may be
altered markedly by geologic features such as mountain
valleys that may reduce or increase the wind velocities. In
the study of incessant winds, the team should identify
how the onset and decline of the winds vary from month
to month. Usually, such information is not available from
long-term records since most. stations measure only the
general direction of the wind. Therefore, where the team
anticipates that winds will have a significant impact on
crop or livestock production, the team should monitor the
winds. Since wind speed is more difficult and more expen
sive to measure, simply averaging wind movement for
some time period is the more frequent measurement.
Although the team can use such data to calculate average
wind speed during the recorded period, the peak inten
sities are the values generally needed in designing new
technology.

EVAPOTRANSPIRATION

The evapotranspiration rate may not be an impor
tant determinant in some FSR&D activities, but it is a ma
jor consideration in scheduling irrigation deliveries and in
making water balance computations. Evapotranspiration
does, therefore, become an important variable in research
programs for irrigated areas in which improving the effec
tiveness of the irrigation system is one of the prime objec
tives.

The climatological approach to studying water



balance requires [I) knowledge of the maximum evap
otranspiration of a particular crop or potential from a
reference crop, (2) rainfall data, and (3) the soil's moisture
content. From these data, a researcher can compute the ac
tual evapotranspiration rate, soil moisture deficit, and
surplus water by summing inflows and outflows to the
system. Researchers customarily establish a reference for
evapotranspiration by measuring the rate for an extended
surface of a short, actively growing green grass. The grass
should be of uniform height, completely shade the ground,
and be well supplied with water. Researchers use various
methods involving climatic data or other physical
measurements to calculate the reference potential
evapotranspiration. Alternative approaches include the
Thornthwaite, Penman, and Jensen-Haise methods, pan
evaporation, aerodynamic methods, energy budget ap
proaches, and direct measurement with a lysimeter. The
various methods are described in textbooks, such as Chang
(1968) and Rosenberg (1974). Different methods may be
used in different situations depending in part upon
available climatic data and situations.

The potential evapotranspiration of a particular crop
at any stage of development may be calculated from the
reference potential evapotranspiration using the crop coef
ficient for the given crop. Researchers use the crop coeffi
cient to convert the potential evapotranspiration value
determined for short grass cover to that for the specific
plant under study. The best crop coefficients are obtained
experimentally in the research area. Since these data may
not be available in an FSR&D research area, crop coeffi
cients can be obtained from published research; for exam
ple Doorenbos and Pruitt (1977) have determined crop
coefficients for 53 crops under different humidity condi
tions.

If a team needs water budget analyses for a project
and long-range climatic data are available at a nearby
meteorological station, the team's researchers can
calculate the potential evapotranspiration for a crop from
those data if they know the crop coefficient. If local data
are not available, pan evaporation can be monitored
relatively easily. The approach is to set up a Class "A"
evaporation pan according to its specifications and
measure the daily evaporation of water with a calibrated
gauge.

RELATIVE HUMIDITY

Relative humidity is the ratio of the actual to satura
tion vapor pressure of water in the air, expressed as a
percentage- both at the same temperature. The saturation
vapor is the maximum water air can hold in vapor form at
any temperature. The saturation deficit is the difference
between the actual vapor pressure and the vapor pressure
of saturated air at the same temperature. Since one of the
factors influencing the rate of transpiration of plants is the
vapor pressure deficit of the air, relative humidity is one of
several environmental measurements that can be used to
estimate evapotranspiration and thereby irrigation water
requirements. Blaney-Criddle (Rosenberg, 1974) is one of
the more common methods.
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Relative humidity is often measured with wet-bulb
and dry-bulb thermometers [a psychrometer). The wet
bulb thermometer is kept moist with a wick dipping into
distilled water. The actual vapor pressure of water in the
air is calculated from the equation:

e = es - AP[T-Tw)

where T and Tw are the respective dry-bulb and wet-bulb
temperatures in °C, P is the air pressure, A is a propor
tionality constant, and es is the saturation vapor pressure
of Tw [values are obtained from tables). With the value of
"e", relative humidity can then be calculated.

SOLAR RADIATION

Although incident solar radiation is critical for
photosynthesis and crop development, knowledge about it
is not particularly useful for most farming systems pro
grams except as it helps to explain temperature and
evaporation. Radiation data can contribute to the more
sophisticated analyses of yields, which are used for selec
tion of new crops and modeling of results for transfer to
other areas. This is usually beyond the scope of most na
tional farming systems programs, unless the government /
is part of an international network. Since radiation values
tend to be relatively uniform over wide areas, data from
the nearest meteorological station are generally satisfac
tory for farming systems research.

Until recently, accurate radiation measurement re
quired an expensive Eppley-type pyrheliometer, coupled
to integrators. Now, some closed-system alcohol distilla
tion, recondensation instruments such as the inexpensive
Bellani pyrheliometer are sufficiently accurate for FSR&D.

A simple alternative to the pyrheliometer is an in
strument that measures sunshine duration or cloudiness.
A nonelectrical sunshine duration meter is available that
will record the duration and intensity of sunlight. With
sunlight duration the total solar radiation can be
estimated. These instruments may be the most practical
for FSR&D projects needing measurements of solar radia
tion.

APPENDIX 6-B
THE LAND EQUIVALENT RATIO (LER)

In our discussion of productivity criteria in Sec.
6.4.2. in Chapter 6, we considered several efficiency
criteria. When comparing the efficiencies of intercropping
with those of sole cropping, researchers often use the land
equivalent ratio [LER) as a measure of biological perfor
mance. Intercropping involves growing two or more crops
at the same time on the same plot in close association
with each other, whereas sole cropping involves growing a
single crop by itself on a plot.

In this appendix, we define the ratio, illustrate how
to calculate it and comment on its application.
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DEFINITION OF LER

Harwood (1979) defined LER as the "area needed
under sole cropping to give as much produce as 1 hectare of
intercropping or mixed cropping at the same management
level, expressed as a ratio. LER is the sum of the ratios or
fractions of the yield of the intercrops relative to their sole
crop yields."

EXAMPLE

Hiebsch (1978) provides a simple two-crop example
that illustrates the concepts. Let

y t, = yield of intercrop C1

y b = yield of intercrop C2

Y~1 = yield of C1 when planted as a sale crop

Y~2 = yield of C2 when planted as a sale crop.

Then, the

If the yield of Cl is 2.0 tons/ha when intercropped and 3.0
tons/ha when planted as a sole crop and C2 is 1.0 tons/ha
when intercropped and 2.0 tons/ha when planted as a sole
crop, then the LER is 1.17. That is,

2.0 1.0
LEA = 3.0 + 2.0 = 0.67 + 0.50 = 1.17

This means that the farmer must use 17 percent
more land to obtain the same output when sole cropping as
when intercropping. Stated differently, by intercropping
the farmer can obtain the same output as for sole cropping
and have 15 percent more land available for other
use-Le., 1 - [1 + 1.17) = 0.15.

GENERALIZED FORMULA

, The foregoing example can be generalized to handle
more than two crops. For this, we let

y 61 = yield of Ci when intercropped

Y~I = yield of Ci as a sale crop

Ci = Crop i

Then, the
n

LEA = L
i = 1

where n = number of intercrops.
Since we can write yield as quantity (Q) divided by area
(A), we can rewrite this equation as

LEA =

in which AS is the area in sole cropping that produces the
same output as from the area, AI, planted as an intercrop,
Le.,

i obi = i O~i
i =1 i = 1

When the LER is greater than 1.0, the farmer gains
from intercropping and when the LER is less than 1.0 the
farmer is better off sole cropping- all else being equal.

APPLICATION OF THE LER

The LER gives satisfactory results when [l) the
management levels for intercropping and sole cropping are
the same, and (2) one or more of the crops making up the
intercropping combination could not have been planted se
quentially as a sqle crop during the cropping season.

For example, if one of the intercrops could be grown
as a sole crop more than once during the season, or could
be followed by another crop during the season, then the
output from sole cropping would increase and the LER for
the intercropping would decrease.

For additional information on this topic and a means
for measuring cropping efficiencies when sequential plant
ing is possible, see Hiebsch's (1978) discussion of the area
time equivalency ratio lATER).

APPENDIX 6-C
A GUIDE FOR LOCATING ON-FARM
EXPERIMENTS

As we discussed under Locations of Experiments in
Sec. 6.4.3., Chapter 6, one of the FSR&D team's initial
tasks in planning on-farm experiments is to establish the
basis for selecting experimental locations. In this appen
dix, we provide a brief guide to some of the relevant fac
tors - the physical, socioeconomic, and cultural condi
tions- that researchers should consider.

PHYSICAL FACTORS

The team should consider factors such as the type of
area- e.g., irrigated or rain-fed, the soil's physical and
chemical properties, topography, and microclimate. The
emphasis the team places on these and other factors, such
as pests, depends on individual situations.

IRRIGATED AND RAIN-FED AREAS

If both irrigation and rain-fed agriculture are prac
ticed within the research area, the team should delineate



them. Rain-fed land should be categorized on the basis of
monthly and annual rainfall and, if possible, the team
should estimate the monthly variability of rainfall. In irri
gated areas, the source and quality of water, seasonal
availability, and methods of irrigation will determine the
types of crops that can be grown. Also, the locations of
farms within an irrigated area may depend on whether the
irrigation water is perennial or non-perennial and whether
the water comes from a reservoir, a river diversion, or the
ground.

SOIL'S PHYSICAL PROPERTIES

Farms should be selected to represent major dif
ferences in the soil's physical properties. Bases for dif
ferentiation include texture, structure, position of the
water table, discontinuities in the soil profile, and depth.
These properties control the soil's moisture storage capac
ity, water movement characteristics, rooting depth, and
aeration. All these factors are important in determining
the growth of crops on both irrigated and rain-fed land.
With the aid of a soil sampling auger, a soil surveyor can
easily determine most of the soil's physical properties that
need to be identified for mapping variations and locating
experiments within the research area.

SOIL'S CHEMICAL PROPERTIES

The most significant soil chemical factors for select
ing farms for experiments are soil fertility, salt, cation ex
change capacity, and pH. Some topographical features that
may suggest differences in soil chemical properties are
slope, surface drainage characteristics, and water seep
spots. Heavily eroded slopes often indicate low soil fertil
ity. Indicator plants such as saltgrass (Distichlis stricta)
may also assist in identifying certain chemical properties
of the soil.

TOPOGRAPHY

Besides using topography as ~n indicator of soil
chemical properties, the FSR&D team can also use
topography for contrasting areas according to such factors
as flooding and erosion. By studying topographical
features, the team can assess the need for flood control
measures such as retention ponds and levees, and erosion
control measures such as interceptor ditches and terracing.

MICROCLIMATE

The microclimate may be important in research
areas with a rolling topography or with poor drainage of
the surface air. In climates where temperature sensitive
crops are planted as soon as the danger of frost has passed
or where early frost may cause damage in the fall, the air
movement may indicate where certain crops should be
planted. The direction of the slope is another factor in
temperate zones. Thus, in northern latitudes, north slopes
are more moist than south slopes; and in rain-fed areas in
these latitudes, the direction of slope may be a basis for
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selecting contrasting experimental fields. Or, the direction
of the prevailing winds may also cause variations in
microclimate that will influence crop growth.

After considering the physical attributes of the
research area, the researchers may have enough data to
map the principal physical features that influence farmers'
management practices. For example, the FSR&D team
might map land types that represent the production poten
tial for different types of livestock and crops. Near Cairo,
Egypt, major differences in soil texture are found in short
distances along the Mansouria Canal. Farmers react to this
situation by planting different crops and cropping patterns
and by following different management practices. Conse
quently, on-farm research there is adapted to each situa
tion.

SOCIOECONOMIC AND CULTURAL ENVmONMENT

With information from the reconnaissance or other
problem identification surveys, the team can estimate
how receptive the farmers might be to change, and the ex
tent to which local leadership would support project ef
forts. Where the social behavior varies greatly within a
research area, such information may be used to stratify the
area into social patterns for selection of individual farms.

Meaningful differences in the economic environ
ment within the research area may be a basis for locating
farms. For example, the economic environment influences
profit margins and risks of growing cash crops, which, in
turn, are influenced by the size and type of the farmers'
holdings. The team should consider the cash requirements
and risk of alternative production techniques and possible
adverse effects if a new technology fails. When evaluating
risk, the team should be aware that farmers customarily
perceive the risk of a new technology as being greater than
it really is. Thus, the FSR&D team and extension need to
help farmers obtain a clearer understanding about the
technology's variability (Wharton, 1968).

Finally, the cultural environment includes factors
such as family customs, the descent system, patron-client
relationships, and the extended family. Because these
relationships may not be subject to short-term change, the
team should be aware of them when locating experiments.

APPENDIX 6-D
FIELD DESIGNS AND STATISTICAL
PROCEDURES FOR ON-FARM EXPERIMENTS

In Chapter 6, Sec. 6.4.3. on Experimental Design
Characteristics, we introduced the subject of alternative
field designs and related topics. This appendix provides
considerably more detail on four field design possibilities
that are frequently used in FSR&D. We also outline the
statistical methods commonly employed in analyzing the
results from these experimental designs.

We do not explain these statistical procedures in
detail, since adequate descriptions are widely available on
experimental designs. Two such textbooks are Agri-
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cultural Experimentation: Design and Analysis by Little
and Hills (1978) and Experimental Designs by Cochran
and Cox /1957). We include this overview to illustrate
design and statistical procedures. If the FSR&D team
needs assistance in designing experiments and statistically
analyzing the data, the team should seek the help of an
agronomist or statistician experienced in these pro
cedures.

Following are sections on (1) problems with on-farm
experimentation; (2) four experimental approaches: com
pletely randomized design, randomized complete block
design, paired treatments design, and randomized in
completed block design; and (3) data analysis for each of
these methods. Included in these sections are discussions
of the mean, the standard deviation, the coefficient of
variation, analysis of variance, and mean separation.

PROBLEMS WITH ON-FARM EXPERIMENTATION

On-farm experimentation presents several problems
for researchers in the design of field trials and tests and the
statistical analysis of the results. These problems include

• heterogeneity of many field properties such as
drainage, fertility, slope, and previous land use

• the small size of many farms and the need for large
plots for farmer-managed tests

• the limited number of plots on a single farm
• the limited capability for randomizing treatments.

On-farm research is frequently characterized by
response data having a high degree of within-treatment
variability. By within-treatment variability, we mean the
variability between the way a dependent variable-e.g.,
yield or income-responds to a treatment~e.g., cropping
pattern-in one situation versus the way it responds to the
same treatment in another situation. For example, a treat
ment that increases the maize yield by 800 kg/ha [from
2,200 kg/ha to 3,000 kg/hal in one trial might increase the
maize yield by only 400 kg/ha (from 1,500 kg/ha to 1,900
kg/hal in another trial. While the physical quantities are
considerably different, the percentage increases are more
closely equivalent-Le., 36 percent and 27 percent, respec
tively. Because farmers' criteria for acceptability of a new
technology are more closely related to percentage in
creases in yields and income, rather than absolute in
creases, percentage increase may be the best way to ex
press results.

FIELD DESIGNS

Four basic experimental designs are particularly ap
plicable to on-farm research:

• completely randomized design
• randomized complete block design
• paired treatments design
• randomized incomplete block design.

Table 6·0·1. Summary of field designs used for on·farm
research.

No. of Sensitivity to
Treatments No. of Detecting

That Can Be Treatments Treatment
DesIgn Evaluated Per Farm DIfferences

Completely~ Any number One Low
Randomized

Randomized Any number but Must be the High
Complete usually less same as the
Block than four total number

being evaluated*

Paired Two Two High
Treatments

Randomized Any number Fewer than the Medium
Incomplete total number to
Block being tested high

*We assume each farm is considered as a block.

Table 6-D-1 summarizes these designs and their ap
propriate uses. The easiest to plan and analyze is the com
pletely randomized design, which we recommend when
only one treatment can be tested on each farm. This situa
tion is encountered when farms are too small to accom
modate both the farmer's traditional- practice and a new
cropping practice in the same field. The design may also be
applicable when animals are to be introduced as a
modification of the existing farming system.

COMPLETELY RANDOMIZED DESIGN

In implementing the completely randomized design,
all the treatments to be tested-including the farmers'
traditional practice- are randomly assigned to the
cooperating farms. Each farm receives one treatment for
testing. For example, assume 60 cooperating farmers are in
an area and two alternative cropping patterns are to be
tested and compared with the farmers' traditional pat
tern - assumed to be the same on the 60 farms. Each
farmer would randomly be assigned one of the three crop
ping patterns being evaluated-either the traditional pat
tern or one of the two alternative ones.

The primary disadvantage of using the completely
randomized design for on-farm research is the difficulty in
detecting differences between the treatments. This is
because the variability among farms is often great and this
variability may obscure differences among treatments.
The more homogeneous the farms in a study area and the
greater the response from the alternative treatments, the
greater are the chances for identifying treatment dif
ferences.
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RANDOMIZED COMPLETE BLOCK DESIGN RANDOMIZED INCOMPLETE BLOCK DESIGN

Table 6·0·2. Plan for a randomized Incomplete block design.

Key: t = number of treatments
k = number of treatments that occur on each block

(farm)
r =number of replications (number of times each treat

ment occurs in the plan)
b = number of blocks (farms) in the plan
/\ = number of blocks in which a given treatment pair

(e.g., 1,2) appears

/\ = r(k-1) = 5(2-1) = 1
t-1 6-1

E = a constant used in the analysis
E = t/\/rk = (6 X1) -=- (5 X 2) = 0.6

If more than one treatment can be tested on each
farm, but the total number of treatments to be tested ex
ceeds the number that can be tested on one farm, the ran
domized incomplete block design may be useful. Such a
design allows some of the variability due to differences
between blocks- Le., farms- to be identified during data
analysis. Thus, this is more sensitive in detecting dif
ferences between treatments than the completely ran
domized design.

A potential use of the incomplete block design is il
lustrated in the following example. Five alternative crop
ping patterns are to be tested in a research area and com
pared with the traditional cropping pattern, for a total of
six cropping patterns. Each farm will be assigned only two
of the six cropping patterns or treatments. Because the
traditional pattern is considered as just another treatment,
it will be tested on some, but not all, of the farms. This is a
potentially complicating point worth emphasizing. Some
farmers may be selected to use the traditional pattern and
only one alternative for testing- the traditional pattern
plus one alternative-while others may be selected to test
two alternative patterns. The appropriate experimental
design for six treatments with two treatments per block
and five replications is given in Table 6-D-2. If the re
searcher desires to include more farms for greater ac
curacy, the plan can be repeated any number of times. For
60 farms, the pattern would be repeated four times.

Replication /I
Block Treatments
(4) 1,3
(5) 2,5
(6) 4,6

Replication 1/1
Block Treatments
(7) 1,4
(8) 2,6
(9) 3,5

Replica tion V
Block Treatments
(13) 1,6
(14) 2,3
(15) 4,5

b = 15 /\ = 1 E = 0.6

Replica tion I
Block Treatments
(1) 1,2
(2) 3,4
(3) 5,6

Replication IV
Block Treatments
(10) 1,5
(11) 2,4
(12) 3,6

t=6 k=2 r=5

The problem of detecting treatment differences can
be great when considerable variability exists among farms
in a region. A good portion of this variability can be iden
tified and removed during data analysis if the experimental
units are grouped into blocks. In on-farm research, this can
be done in two ways.

The first is useful when only one treatment is being
tested on a farm. If the experimental units-e.g.,
farms- can be broken into subgroups on the basis of some
factor that will affect the response variable, more sen
sitivity in detecting treatment differences will result. In
this case, the subgroups are called blocks. A block should
consist of farms that are as uniform as possible so that
variability between farms within a block is less than
variability between farms in different blocks.

As an example, consider the case discussed previ
ously in which three treatments are to be tested on 60
farms. If the 60 farms can be broken into two blocks on the
basis of some factor expected to change the results (say,
soil texture), this should be done. Farms on predominantly
sandy, well-drained soils might constitute one block while
those with a heavier soil texture would constitute the se
cond block. Treatments are randomly assigned to the
farms in each block. The blocks. must contain equal
numbers of farms and treatment designations. If not, the
randomized complete block design should not be used.
Thus, if the 60 farms are separated into two blocks, each
block should contain 30 farms with 10 farms randomly
assigned to each of the three treatments.

A second, more effective type of blocking can be
employed if more ·than one treatment is being tested on
each farm. The farms can be considered as blocks in this
case. Because variability within farms is generally much
less than variability between farms, this design eliminates
considerable variability and makes detecting differences
between treatments easier.

Assume two new cropping patterns are to be tested
in a region and compared with the traditional pattern.
Each of the three patterns is tested on each farm. In this
case, each farm is a block. This design's advantage is a
more accurate assessment of the treatment differences
than any of the other designs previously discussed.
However, its disadvantage is that each treatment must be
tested on every farm. This may limit the number of
treatments that can be tested and compared.

PAIRED TREATMENTS DESIGN

Where only two treatments are under study-for ex
ample, the traditional and an alternative practice- a
paired treatment design is a useful and easy test. The two
practices are placed side-by-side in the same field and the
treatments are replicated-Le., repeated on several farms.
Each farm has the same pair of treatments. Pairing the
treatments increases the sensitivity of detecting treatment
differences. This design is limited, however, to two
treatments.
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Whenever possible, minimizing the variability within
replications is preferable. Treatments are numbered and
the blocks are randomly assigned to the treatment pairs.

Thus, this plan allows a comparison between all the
treatments being tested. The randomized incomplete
block design is more precise than the completely ran
domized design because some of the between-farm
variability is removed. The design's disadvantages are in
creased difficulties in [1) setting out the experiments, 12)
analysis, and 13) compensating for missing data.

will calculate the mean, the standard deviation, and the
coefficient of variation and then discuss sources of varia
tion and methods for testing differences between the
means.

For illustrative purposes, let us assume that two new
cropping patterns are to be compared with the traditional
cropping pattern. Together, they give us three treatments
to be evaluated. Since each treatment is to be replicated
10 times and only one treatment is assigned to a farm, 30
farms must be selected for conducting the tests. Results
might be summarized as in Table 6-D-3.

DATA ANALYSIS

The purpose of the data analysis, regardless of which
experimental design is used, is to find out whether the
new treatments are really better than the farmers' tradi
tional methods. In data analysis, researchers want to find
out whether the results of various treatments could have
occurred as a result of chance alone, or whether the
treatments really do improve production. In the remainder
of this appendix, we will illustrate some of the more com
mon statistical procedures for doing this.

Mean
The mean is the arithmetic average of a group of

values and is usually considered the most representative
single value for the whole group. Vi is the mean of treat
ment i and is calculated as follows:

r

2Vij
- i =1 ViVi=---=-

r r

Where: 2 = summation symbol

COMPLETELY RANDOMIZED DESIGN i = 1,2, ... , t

In this section, we will show how researchers can
conclude about the statistical significance of the results
from a completely randomized design. In doing this, we

t = number of treatments in the experiment
(t = 3 in this experiment and we have
3 treatment means: Y1, Y2, and Y3)

Table 6·0·3. Results for a cropping pattern test using a com·
pletely randomized design.

= 1,2, ... , r

r = number of replications in each treatment
(r = 10 in this experiment)

Vii = individual yield values

As an example, we calculate the mean for the traditional
cropping pattern Ii = 1):

1,300 + 1,650 + 900 + 1,310
10

1,800 + 1,760 + 1,510 + 890 + 1,410 + 1,760 +
10

V1

r

V1

10

10

2V1i
= l...=....!....

10

r

2V1 i

Y1= l...=....!....-

= Vi = the sum of individual yield values
'from j = 1 to j = r in treatment i

r

2 Vii
j = 1

Cropping Pattern
Traditional Alternative 1 Alternative 2

Yield (kg/ha)

1,800 2,020 2,830
1,760 1,030 3,220
1,510 1,600 3,670

890 1,410 2,940
1,410 2,730 1,980
1,760 1,860 3,720
1,300 1,540 3,210
1,650 1,000 2,140

900 3,100 1,390
1,310 940 2,700

Vi (sum of treat-
ment yields) 14,290 17,230 27,800

Yi (mean of
treatment
yields) 1,429 1,723 2,780

5i (standard
deviation) 336 729 751

CVj(coefficlent of
variation) 24%(CV1) 42%(CV2) 27%(CV3)

V (sum of all treatment yields) = 59,320
Y (mean of all treatment yields) = 1,977

14,290
10

= 1,429 (kg/ha)
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Yis the mean of all the yield values of the whole ex
periment. The following formula is used for calculating Y:

For the traditional pattern (i = 1) in the above example:

t t

2Vi 2 Yi
Y

Y
i = 1 i = 1 -

rt rt

336
CV1 = 1,429 X 100

= 24%

where Si = standard deviation of treatment i

S~ = variance of treatment i

For the traditional cropping pattern (i = 1) in the above ex
ample:

t

2 Y~
SST =.!....=....!... - C

r

2. Calculate sums of squares for treatments (SST):

As illustrated in Table 6-D-3, the variability in yields of
the cropping pattern for alternative 2, (CV3), is not much
different from the variability in yields for the traditional
pattern, (CVI). However, the yields from alternative I,
(CV2), do exhibit considerably more variability when com
pared with the yields for the traditional pattern, (CV1)'

Analysis of Variance
The completely randomized design has only two

sources of variation-variation among experimental units
receiving the same treatment - called experimental er
ror- and variation between the treatment means. The
researchers should construct an analysis of variance table
similar to Table 6-D-4. The data in this table can then be
used to find out whether at least one of the treatments is
significantly different from the others at the five percent
probability level. By five percent probability level, we
mean the following: if a test of a particular treatment is
repeated hundreds of times, the observed treatment dif
ferences can be attributed to chance rather than to the
treatment 5 out of every 100 times. In Table 6-D-4, below,
we show how to calculate the F value, which will be used
in drawing conclusions about the significance of the
results.

Degrees of freedom (df) apply to total observations,
treatments, and error. The df terms for the first two are
one less than the total number of observations and the
number of treatments. With 30 observations, we have a
total df of 29; and with three treatments, the df for this
term is 2. The df for the error term is found by subtracting
the df for the treatments from the df for the total observa
tions.

After determining the degrees of freedom, we pro
ceed in the following manner:

1. Calculate the correction term (C):

y 2

C= -
rt

Where Y = the sum of all yield values
r = the number of replications
t = number of treatments

In the above example:

C = 59,320
2

= 117,295,000
10 X 3

59,320
30

r - 1

(~ Yii)2
-~

14,290 + 17,230 + 27,800
10 X 3

9

(1,8002 + 1,7602 + ... + 1.3102) _ (1,800 + 1,760 + ... + 1,310)2
10

= 1,977 (kg/ha)

= 336 (kg/ha)

Coefficient of Variation (CV)
The coefficient of variation allows a comparison of

the variability of data from different treatments. It ex
presses the standard deviation of treatment i (Si) as a per
cent of the treatment mean (YJ

5,=

SI = 336 means to the statistician that about two thirds of
the yield values of this treatment can be expected to fall
within a range of the mean ± S-Le., between (1,429 
336) and [1,429 + 336), which is 1,093 and 1,765. Actu
ally seven yield values of treatment 1 fall within this range
and three fall outside of it. This also means that the yields
of treatment 1 are likely to conform to the normal
distribution.

Where: Y = sum of all the yield values of the whole ex
periment. In our example:

Standard Deviation (S)
The standard deviation (S) is a measure that gives an

estimate of how dispersed the data are about the mean. A
formula for computing the standard deviation is

I, 2, ... , t Where Yi = treatment total of treatment i
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Table 6·0·4. Analysis of variance data for a completely randomized design.

Degrees Required
of Sum of Mean F

Source of Freedom Squares Squares Observed (5 percent
Variation (df) (SS) (MS) F probability)

Total 29 20,961,000
Treatments 2 10,097,000 5,049,000 12.56 3.35
Error 27 10,864,000 402,000

In our example: 6. Calculate the F value for treatments:

3. Calculate mean square for treatment (MST):

= 10,097,000

10,097,000 = 5 049 000
2 "

MST = SST
df (treatment)

MST
F=-

MSE

5,049,000

402,000

12.56

This F value of 12.56 is compared with the tabulated
F value for 2 df for treatment (numerator) and 27 df for er
ror (denominator). The minimum value required for
significance at the 5 percent probability level can be found
in texts such as that by Little and Hills (1978). From such
a table of F values, we obtain a value of 3.35, which is con
siderably less than the calculated value of 12.56. Thus, we
can say that at least one of the treatments is significantly
different from the others at the 5 percent probability level.
However, we do not yet know which ones are significantly
different.

i = I, 2, , t
j = 1,2, , r

where

t r

SS = 2 2 vfi - C
i = 1 i = 1

(14,2902 + 17,2302 + 27,8002
)

SST = 10 - 117,295,000

4. Calculate the sum of squares (SS):

Vij = individual yield values

C = correction term

SS = (1,8002 + 1,7602 + ... + 2,7002
) - 117,295,000

= 138,256,000 - 117,295,000

= 20,961,000

5. Calculate the sum of squares for error (SSE) and the
mean square for error [MSE):

SSE = SS - SST

= 20,961,000 - 10,097,000

= 10,864,000

MSE = SSE
df (error)

10,864,000
27

= 402,000

Mean Separation
Several methods are available for testing the dif

ferences between means. The one described here is the
"least significant difference" [LSD), which can be used in
two situations:

• LSD can be used to make meaningful comparisons
that are planned when the experiment is designed.
Thus, researchers will need to choose in advance the
particular pairs of treatments they want to compare.
They cannot decide to compare two treatments after
the data have been collected and look promising.
The specific comparisons should be based on
predetermined characteristics of importance. For ex
ample, alternative 1 might be simply a change in the
method of cultivation and alternative 2 might be a
change in the method of cultivation plus the use of a
herbicide.

• LSD can be used, when the F test on treatment
means is significant, by comparing adjacent means
arranged in order of magnitude. The LSD should not
be used to make all possible comparisons among the
means.



Table 6·0·5. Comparison for the LSD test between actual and
required differences between adjacent means.

Actual Difference Minimum Required
Treatment Between Adjacent Difference Between

Treatment Mean Means Adjacent Means*

*At 5% probability level.

Traditional
Alternative 1
Alternative 2

1,429~
1,723 l
2,780f

Yield in kg/ha

294
1,057

582
582
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In Table 6-D-5, we arrange the treatment means
from our experiment in increasing order as required in the
LSD test. Only adjacent treatment means that differ by
582 kg/ha or more are significantly different at the 5 per
cent probability level. As Table 6-D-5 shows, the mean of
alternative 1 does not differ significantly from the mean of
the traditional practice at this probability level. However,
the mean of alternative 2 does differ significantly from the
mean of alternative 1 and thus is also better than the mean
of the traditional practice because of the order. Based on
the results of this analysis, FSR&.D researchers should pro
bably discontinue working with alternative 1 and concen
trate on alternative 2.

RANDOMIZED COMPLETE BLOCK DESIGN

The LSD is a form of the t test, whose formula at the
5 percent probability level is

J2MSE
LSDo.o5 = to.osV ~-r-

The value of to.05 can be found in a t table by the df
for the error and 5 percent probability level [Little and
Hills, 1978). For 27 df, to.05 is 2.052. Using the data from
Table 6-D-4, the LSDo.05 for the treatment means is

LSDo.o5 = 2.052J (2 X 410~,000)

= 582 (kg/ha)

We will now illustrate some of the characteristics of
randomized complete block designs by using another ex
ample. Suppose that an FSR&.D team plans to test two new
crop varieties by comparing them with the fanners'
varieties in a series of researcher-managed trials. Condi
tions allow the team to set up a randomized complete
block design by testing the two new varieties and the
fanners' variety on each of 18 farms.

After conducting the experiments, the team presents
the results of the experiments, as shown in Table 6-D-6.
Yields are grouped by treatment and blocked by farm. The
team then uses the individual yields and the computed
means for the analysis of variance.

Table 6·0·6. Maize yields 'rom 'armer·managed tests grouped by treatment and block.

Block Treatment Block Total Block Means
No. Traditional Alternative 1 Alternative 2 Yj Vj

Yield (kg/ha)

1 2,200 3,010 2,910 8,120 2,707
2 2,510 3,360 3,030 8,900 2,967
3 2,390 3,600 2,870 8,860 2,953
4 2,820 3,135 3,240 9,195 3,065
5 3,100 4,650 4,340 12,090 4,030
6 .1,570 2,250 1,780 5,600 1,867
7 1,990 2,925 2,460 7,375 2,458
8 3,450 4,500 3,640 11,590 3,863
9 3,200 4,200 3,300 10,700 3,567

10 2,000 2,730 4,200 8,930 2,977
11 1,830 2,750 2,980 7,560 2,520
12 2,710 3,320 3,570 9,600 3,200
13 2,310 3,300 2,810 8,420 2,807
14 2,540 3,800 2,670 9,010 3,003
15 2,470 3,600 3,330 9,400 3,133
16 2,280 3,420 2,380 8,080 2,693
17 1,950 2,760 2,640 7,350 2,450
18 1,870 2,900 2,700 7,470 2,490

Vi 43,190 60,210 54,850 158,250
Vi 2,399 3,345 3,047 Y = 2,931
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Table 6·0·7. Data for analysis of variance for data In Table 6-0·6.

Degrees Required
of Sum of Mean F

Source of Freedom Squares Squares Observed (5 percent
Variation (df) (55) (MS) F probability)

Total 53 26,504,000
Blocks 17 14,085,000 829,000 7.03 1.93
Treatments 2 8,415,000 4,208,000 35.66 3.28
Error 34 4,004,000 118,000

= 8,415.000

4. Calculate sum of squares for treatments [SST)

6. Calculate the sum of squares ISS):

5. Calculate mean square for treatments [MST):

8,415,000 = 4 208 000
2 "

43,190
2 + 60,210

2 + 54,850
2

_ 463 760 000
18 ' ,

t

2 y~
SST = .!....=....!..- - C

r

MST = SST
df (treatments)

Analysis of Variance

The summary of the analysis of variance calcula
tions is shown in Table 6-D-7. These values and the
calculations are similar to those presented in the foregoing
example, except that in the present example, the blocks
provide a means for identifying a third source of variation.
As before, we will use a 5 percent probability level.

The degrees of freedom for total observations are 53,
which is the number of blocks [18) times the number of
treatments (3) minus one. The df for the blocks is 17 (18
blocks - 1); the df for the treatments is 2 [3 treatments
- 1); and the df for the error term is the difference between
the total df and the df attributed to the blocks and
treatments.

The calculations follow
1. Calculate the correction term [C):

= (2,2002 + 2,510 2 + ... + 2,7002
) - 463,760,000

= 26,504,000

y2
c= 

rt

= 158,250
2

= 463 760 000
(18) (3) "

t

SS = 2
i = 1

i y~i - C
i = 1

i = 1,2, ... , t

j = 1,2, ... , r'

where Y = sum of all yield values in the whole
experiment

r = number of replications = 18
t = number of treatments = 3

7. Calculate the sum of squares for error [SSE) and
mean square for error (MSE):

2. Calculate sums of squares for blocks (SSB):
SSE = SS - SST - SSB

r

2 y~
SSB = l...=....!..-. - C

t

(8,120 2 + 8,9002 + ... + 7,4702
)

3 - 463,760,000

__1'--,4_33....,:.,_53_4....:.,..0_0_0__ 463,760,000 = 14,085.000
3

= 26,504,000 - 8,415,000 - 14,085,000

= 4,004,000

MSE = SSE
df (error)

4,004,000

34

118,000

3. Calculate.mean square for blocks [MSB) 8. Calculate the F values for blocks and treatments:

MSB = SSB = 14,085,000 = 829 000
df (blocks) 17 '

MSB
F(blocks) = MSE



r - 1

829,000
118,000 = 7.03

MST
F(treatments) = MSE

4,208,000
118000 = 35.66,

For the df(blocks) = 17 and for the df(error) = 34:

Flblocks) = 1.93

and for the df(treatments) = 2 and for the df(error) = 34:

Fltreatments) = 3.28

Because the calculated F values exceed the required
F values, we can say that significant differences in yields at
the 5 percent probability level occurred both among the
farms and among the treatments.

As before, we can use the LSD procedure to compare
the treatment means. The value for to.os' with 34 df for the
error term, is 2.032. The LSD for the 5 percent probability
level and 18 replications is

LSDo.05 = t 0.05 -J~

= 2.032 -J 2(11~8000)

= 233 (kg/ha)

In Table 6-D-8, we arranged the treatment means in
increasing order and used the LSD test at the 5 percent
probability level to compare adjacent means.

Table 6-D-8 shows that the mean yield of alternative
practice 2 exceeds the mean yield from the farmers' tradi
tional practice by more than the difference required by the
LSD test at the 5 percent probability level. This is also true
for the mean of alternative practice 1 as compared with the
mean of alternative practice 2. Thus, according to this
statistical analysis of the experimental data, (ll alternative
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practice 2 is significantly better than the traditional prac
tice, (2) alternative practice 1 is significantly better than
alternative practice 2, (3) both alternatives are significant
ly better than the traditional practice.

PAIRED TREATMENTS DESIGN

If we assume that alternatives 1 and 2 in Table 6-D-6
were paired treatments on each farm, the data can be
analyzed as a paired t test. The data in Table 6-D-6 for
alternatives 1 and 2 are reproduced in Table 6-D-9. The dif
ferences between paired plots, d, are calculated in the last
column. The mean of the differences, d, is 298.

The variance of the differences, 52
d , is

i df _(~,dl )
j =1

S~ =

Where r = number of farms (replications)

(100 + 330 + ,., + 200)2
(100)2 + (330)2 + ... + (200)2 - 18

52 -d - ----------1-7-----....:....::....----

= 7,748,000 - 1,596,000 = '362 000
17 '

The variance of the mean difference, S-§- is calculated
as follows:

2 S~ 362,000
S"d = -r- = 18 = 20,000

Then, the standard error of the mean difference is:

S"d = J20,OOO = 141

The t test for significance' is calculated as follows:

d 298
t = S"d = 141 = 2.11

Table 6·0·8. Comparison for the LSD test between actual and
required differences between adjacent means.

Actual Difference MInImum RequIred
Treatment Between Adjacent Difference Between

Treatment Mean Means Adjacent Means *

*At 5% probability level.

Traditional
Alternative 2
Alternative 1

2,399}
3,047}
3,345

YIeld In kg/ha

648

298

233

233

With 34 df(error) and a 5 percent probability level,
the value of to,os = 2.032. We obtain the df for the error
terms as follows: df for total observations is 18 farms x 2
treatments = 36 minus 1 = 35 df (total). From this total,
we subtract the df for treatments, which is 2 treatments
minus 1 = I, giving a net of 34.

A t value of 2.11, compared with a minimum value
of 2.032, is significant at the 5 percent probability level.
Thus, according to this test, the two alternative practices
are also shown to be different at the 5 percent probability
level. To be able to apply this paired test, the researchers
need to design the experiment so that the treatments are
side-by-side. By doing so, the paired t test increases
the precision; but, the design is limited to paired treat
ments.
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Table 6·0·9. Experimental yields of maize for paired
treatments, alternatives one and two.

Paired Plot
Farm Differences

Number Alternative 1 Alternative 2 dj

1 3,010 2,910 100
2 3,360 3,030 330
3 3,600 2,870 730
4 3,135 3,240 -105
5 4,650 4,340 310
6 2,250 1,780 470
7 2,925 2,460 465
8 4,500 3,640 860
9 4,200 3,300 900
10 2,730 4,200 -1,470
11 2,750 2,980 -230
12 3,320 3,570 -250
13 3,300 2,810 490
14 3,800 2,670 1,130
15 3,600 3,330 270
16 3,420 2,380 1,040
17 2,760 2,640 120
18 2,900 2,700 200

Totals 60,210 54,850 5,360
Mean of paired plot differences d =298

Table 6·0·10. Maize yields arranged for a randomized In·
complete block analysis.

Treatment

Block 1 2 3 4 5 6 Block Totals = Bj

Maize Yields (tons/ha)

1 1.8 2.2 4.0
2 1.6 3.0 4.6
3 2.8 2.8 5.6
4 2.3 1.2 3.5
5 1.6 3.1 4.7
6 2.6 3.1 5.7
7 2.4 3.1 5.5
8 1.8 3.1 4.9
9 1.9 3.2 5.1
10 2.6 2.9 5.5
11 2.1 3.1 5.2
12 1.6 3.2 4.8
13 2.3 3.1 5.4
14 2.0 1.8 3.8
15 3.2 3.2 6.4

Yi 11.4 9.7 8.1 15.0 15.2 15.3 Y = 74.7
Yi 2.28 1.94 1.62 3.00 3.04 3.06 Y = 2.49

RANDOMIZED INCOMPLETE BLOCK DESIGN

We will illustrate the statistical procedure for a ran
domized incomplete block design using the format in
troduced in Table 6-0-2 and the data for an experiment in
maize as presented in Table 6-0-10. From Table 6-0-2, we
have the number of treatments [tJ as 6, the number of
treatments per block (kJ as 2, the number of replications
(rl of each treatment as 5, and the number of blocks (bJ in
the plan as IS. These values give us A = 1 and E = 0.6, as
computed in Table 6-0-2. Following, are the calculations.

1. Calculate the adjusted treatment means (til:
Treatment effects cannot be estimated directly from

the treatment means. Treatment means must first be ad
justed for possible block effects. The formula for the ad
justed treatment mean (til is

- OJ Y
tj = - +-

Er rt

Where:

(sum of totals of all block totals (Bj) containing treatment i)
Oi = Yi - k

i = 1,2, ... , t

Q 11 4 4.0 + 3.5 + 5.5 + 5.5 + 5.4 -_ -0.55
1 = . - 2

Similarly,
Q2 = -1.60
Q3 = -2.80
Q4 = 1.30
Qs = 1.55
Q6 = 2.10

As a check, the sum of Qi values should be O.

6

2 OJ = - 0.55 - 1.60 - 2.80 + 1.30 + 1.55 + 2.10 = 0
j = 1

Therefore, the adjusted treatment means for the control
(tIl and the other five treatments (t2 to t61are:

- Oi Y
tj =- +-

Er rt

-0.55 74.7
(0.6) (5) + (5) (6) = 2.31

Similarly,

t 2 = 1.96

t3 = 1.56

t4 = 2.92

ts = 3.01

t6 = 3.19



2. Calculate sum of squares for treatments (SST):

_ ( -0.55)2 + ( -1.60)2 + ( -2.80)2 + (1.30)2 + (1.55)2 + (2.10)2
- (0.6) (5)

t

2 Q~
SST = .!....=....!.

Er
i = 1,2, ... ,t
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- /2 MrSELSDo .05 = to.05 V

= 2.228V(2) (05061 )

= 0.35 (tons/ha)

j = 1,2, ... , b

19.21
3

= 6.40

3. Calculate sum of squares for blocks ISSB):

b

2 sf 2

sss = .L=...l- - :i-
k rt

4.02 + 4.62 + '" + 6.4 2 74.72

= --------- - ---
2 (5)(6)

= 190.26 - 186.00

= 4.26

In Table 6-D-ll, we arranged the adjusted treatment
means in increasing order and compared the ad.jacent
means. The yield increases between adjusted treatment
means 2 and 3 and 1 and 2 are statistically significant.
Nevertheless, they are probably not worth pursuing since
they produced worse results than the control. Treatment 4
is signficantly better than the control. No significant dif
ference was found between treatments 4 and 5 or 5 and 6.
However, because of the order, treatments 4, 5, and 6 all
must be considered significantly better than the control.
Thus, from these data, FSR&D researchers will probably
substitute anyone of the alternatives 4, 5, and 6 for the
control treatment. If they want to differentiate among
treatments 4, 5, and 6, they will need to undertake addi
tional experiments.

2 2 2 2 74.72

(1.8 + 2.2 + 1.6 + ... + 3.2 ) - (5)(6)

= 197.27 - 186.00

4. Calculate the sum of squares ISS):

SS =
t

2
i = 1

b

2
j = 1

i = 1,2, ... , t

j = 1,2, ... , b

Table 6·0·11. Comparison for the LSD test between actual and
required differences between adjacent means using the LSD
0.05 test.

Adjusted Actual Difference Minimum Required
Treatment Between Adjacent Difference Between

Treatment Mean Means Adjacent Means·

Yield in tons/ha

•At 5% probability level.

= 11.27

5. Compute SSE and MSE, as before:

SSE = SS - SST - SSB

= 11.27 - 6.40 - 4.26

= 0.61

MSE = SSE
df (error)

where df (error) = tr - t - b + I

3

2

1 (control)

4

5

6

1.56}
1.96

1
2.31

2.92

3.01}
3.19

0.40

0.35

0.61

0.09

0.18

0.35

0.35

0.35

0.35

0.35

0.61 0.61
MSE = -(6-)-(5-)---6---1-5-+- = 10

= 0.061

Then the LSD is calculated from the formula
previously presented. The value of to.os and 10 df of the er
ror term is 2.228 and the resulting LSD for 5 replications is

APPENDIX 6·E
EXAMPLE OF A PROCEDURE FOR DESIGNING A
CROPPING PATTERN EXPERIMENT

This appendix describes an approach followed by the
Central Research Institute for Agriculture (CRIA) in
designing new cropping patterns in Indonesia (McIntosh,
1980). The procedure outlines the types of information to
gather and analyze when planning on-farm experiments
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Isee Sec. 6.4.4. in Chapter 6). Below, we provide some of
the details on CRIA's approach, as they relate to partition
ing the research area, describing the physical environ
ment, analyzing the socioeconomic environment,
evaluating current technology, selecting and managing
new cropping patterns, and preparing experimental
designs.

PARTITIONING THE RESEARCH AREA

The team first partitions the research area into
smaller areas, generally based on the environmental fac
tors for the different farming systems. In addition, the
team may partition the research area by cropping systems.
The reason for partitioning a research area is to identify
farming units with similar management, which in tum
facilitates the transfer of technology to farmers operating
under similar conditions.

McIntosh (1980) gives several examples in which a
research area within a common agroclimatic zone was par
titioned for research on the basis of physical features or ir
rigation features. Following are two of these examples.

SOUTHERN SUMATRA

Part of Indonesia's new transmigration projects in
volves opening up new lands currently in forests or Im
perata grass. Much of the land is rolling to hilly and not
suitable for food crop production, unless soil conservation
practices can be improved. McIntosh (1980) reported the
research area was partitioned into three categories based
on the following criteria for upland areas:

"Category I. Relatively levelland on hill tops
Category II. Sloping land that must be terraced

Category III. Land newly opened from forests
(compared with land opened from Im
perata). "

INDRAMAJU, WEST JAVA

CRIA teams partitioned areas in this region accord
ing to the period of irrigation. The lands were lowland,
relatively level, alluvial clay soils, three to four months
with rainfall greater than 200 mm, and with a long, dry
season. Water control problems in the area include
flooding during the rainy season and limited irrigation sup
plies during the dry season. McIntosh (1980) reported the
basis for partitioning was

"Category I. Area with 10 months irrigation
Category II. Area with 7 months irrigation

Category m. Area with 5 months irrigation."

DESCRIBING THE PHYSICAL ENVIRONMENT

The physical environment includes land type, soils,
topography, climate, and irrigated or rain-fed land. The in
formation, which comes from the analysis of the data
base, is used (1) to assist in identifying new crops or shifts
in the cropping pattern and (2) to provide options for
testing in different agroclimatic zones.

ANALYZING THE SOCIOECONOMIC ENVIRONMENT

The analysis of the socioeconomic environment pro
vides guidelines for determining the possible acceptance of
new crops or the redesign of existing cropping patterns.
The analysis evaluates current resources, social customs,
markets, and infrastructural contraints on the introduc
tion of new cropping patterns.

EVALUATING CURRENT TECHNOLOGY

This includes an analysis of the technology now be
ing used by the farmers - for example, agricultural
chemicals, crop varieties, and irrigation practices. The
team also analyzes the effectiveness of transfer
mechanisms now being used in the research area. The cur
rent levels of technology and transfer capabilities are im
portant considerations for selecting the technologies to be
tested.

SELECTING NEW CROPPING PATTERNS

In the initial phases of a research effort, im
provements to existing. cropping patterns that recognize
such factors as the farmers' available resources and
markets and irrigation deliveries will probably be more
successful than new crop introductions. As the team gains
knowledge and success with existing patterns, the poten
tial for success with new patterns increases. In altering
cropping patterns, the team considers both the agronomic
adaptability of the new patterns and the markets for the
crops.

Agronomic adaptation of new crops to the local en
vironment such as climate, irrigation water, and disease or
insect attacks in the research area is of primary considera
tion in the design. New designs generally emphasize pro
duction of those crops farmers value the highest. Crops of
secondary importance are then integrated into the pattern
to give additional annual output from the pattern.

The market potential is important when the team
considers the introduction of new crops. Suitable in
troductions are new food crops if surveys show them to be
acceptable for local consumption, processing, or export.
Before initiating extensive research on a new crop,
however, a market analysis should indicate a high prob
ability of its acceptance.

MANAGING NEW CROPPING PATTERNS

Farm surveys are used to identify constraints and op
portunities for the farmers in the management of their cur
rent cropping patterns. Factors most often affecting
farmers' decisions are risk, labor, and cash.

Minimizing risk is important for farmers with
limited resources. Farmers usually reduce risk by practices
such as low input levels, growing a single crop during a
shorter season when weather conditions are least haz
ardous, growing the most essential food crops, or inter
cropping.

The labor requirements of a new cropping pattern



may be a constraint to adoption if special seedbed prepara
tion is required, if timing of operations is critical, and for
other reasons. If labor is a constraint, the new design
should consider minimizing the labor requirements of the
pattern or distributing the labor requirements over a
longer period.

Most small farmers in developing countries are
typified as those with limited resources. These farmers
have little money available for the purchase of inputs.
Credit may not be available or the farmer may not want to
borrow. Thus, patterns should be designed for several in
put levels. As technologies with lower input requirements
are successfully adopted, farmers will be more inclined to
adopt technologies requiring higher inputs.

PREPARING EXPERIMENTAL DESIGNS

After an analysis of the physical and socioeconomic
environments and the farmers' current practices, the
design team outlines a cropping pattern experiment.
Typically, a cropping pattern experiment will consist of
two to four cropping patterns at one or two levels of
management. The farmers' current pattern usually is the
control. An experimental approach described by McIntosh
(1980) has two cropping patterns lexisting and new) at two
levels of management (current and new levels of inputs):

1) Farmers' present cropping patterns and current level
of inputs - to serve as the control treatment.

2) Farmers' present cropping pattern with additional in
puts and improved management- to evaluate the
farmers' pattern with reduced input constraints.

3) Newly designed pattern with low inputs- to
evaluate the new pattern at input levels approx
imately the same as the farmers' current input
levels.

4) Newly designed pattern without input con
straints - to determine the potential of the new pat
tern.

For additional comments on these altel(natives, see Sec.
6.4.1. in Chapter 6.

APPENDIX 6-F
FIELD ASSIGNMENTS

In Sec. 6.5.3. in Chapter 6, we talked about
assignments for the field teams and said additional infor
mation would be provided in the appendix. Thus, this ap
pendix elaborates on the responsibilities of the field team's
leaders, researchers, technical assistants, and disciplinary
and commodity specialists.

TEAM LEADERS' RESPONSIBILITIES

Field team leaders are responsible for their team's ac
tivities, as outlined in the regional planning workshops.
When a field team is small, its leader may assume major
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responsibility in his or her discipline. For larger teams,
other researchers may have to assume responsibility in the
leader's specialty.

The leader helps the team by allowing each member
to participate in writing his or her assignment. In this way,
members' responsibilities can be clarified, misunderstand
ings reduced, and team interdisciplinarity enhanced.

Time permitting, the leader should hold monthly
meetings to review the team's progress and to adjust the
work plan as needed. Included in the review is an examina
tion of the team's objectives, approaches, findings, and
logistical and financial requirements.

With help from the team, the leader assembles
reports of each research activity. Besides their current
uses, the team can use these summaries to report on its ac
tivities at the planning and analysis workshops. The sum
maries might include

• recommendations for technologies that appear
suitable for multi-locational testing

• results and concepts that add to the team's
knowledge

• research proposals for the next season.

RESEARCHERS' RESPONSIBILITIES

Each of the field team's researchers is responsible for
supervising a set of on-farm experiments, as well as for
participating in other research activities. More specifi
cally, each team member should 11) interact continually
with the rest of the team, cooperating farmers, and others
and should (2) guide and train the technical assistants in
experimental procedures. Once the experiments are in
progress, the researchers should visit each location at
weekly intervals, but not so regularly that the assistants
and farmers can anticipate their arrival. The purpose of
these visits is to observe progress on the experiments and
to help the farmers and the technical assistants. Each
researcher is responsible for analyzing, summarizing, and
reporting to the team leader as soon as the experiments are
completed.

TECHNICAL ASSISTANTS' RESPONSIBILITIES

The technical assistants should be capable and in
terested in research and should probably live in the
research area. Thus, they form an important liaison be
tween the field team and the farmers. They should be loyal
both to the field team that employs them and to the com
munity in which they live. These assistants carry out the
many routine tasks such as the daily climatic observa
tions, supervision of farm records, monitoring field ex
periments, and meeting with the farmers and farm
families. They also help layout and harvest the ex
periments and recruit extra labor when needed. They
prepare reports of their activities for regular transmit
tal- often weekly- to their supervising researcher.
Because these assistants are often the best informed on
farmers' conditions, they can help in interpreting ex
perimental results.
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SPECIALISTS' RESPONSIBILITIES

Disciplinary and commodity specialists are often
assigned to regional headquarters and help directly in the
field team's work. Ideally, these specialists will have had
experience in interdisciplinary research, know on-farm
research procedures, and value farmers' inputs.

The specialists generally serve as key resource per-

sons in the region. They assist in the planning and analysis
workshops, as described in Sec. 6.5 and Sec. 7.11., respec
tively. They guide the regular field team members
throughout the FSR&D process. Finally, they can be par
ticularly helpful in (1) setting the initial directions of
research for the field teams, (2) solving specialized prob
lems, (3) establishing research methodologies, (4) develop
ing instructional materials, and (5) training other
members of the regional and field teams.
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APPENDIX 7-A
FORMS FOR COLLECTING DATA FOR ON-FARM
CROPPING EXPERIMENTS

Adequate forms can simplify and improve data col
lection and thereby raise the quality of on-farm cropping
and livestock experiments. In the section on Cultural
Practices and Data Collection in Sec. 7.1.1. on Research
on Crops of Chapter 7, we discussed the need for field
teams to use the planning workshops to help develop ade
quate procedures for data collection.

In this appendix, which is a companion to Appendix
7-B on livestock, we provide illustrative forms that cover
the background information for cropping experiments,

Table 7·A·1. Background for on·farm cropping experiments.

climatic data for the area, monitoring of plant growth and
field operations, a checklist of field operations, and a form
for the experiment's summary, conclusions, and recom
mendations. As the field teams gain experience, they will
probably find the need to develop additional tables that
could, for example, provide details on the more important
field operations, including the types of activities, resource
requirements, and costs. The specifics of these tables will
change depending on whether the experiment is
researcher-managed, farmer-managed, or superimposed;
however, the general types of information to collect re
main about the same.

We drew on Zandstra et a1. (1981) for many of the
ideas and material contained in this appendix.

Title
Identification of experiment

Supervising technician Date _
No. Farmer _
Location Type _
Crops Dates: Begun Ended _
Cropping pattern

Objectives
Justification _

Treatments
Plot diagram
Summary of management history

Crop
Dates: Planted

Harvested
Yields
Fertilizers (types,

amounts, dates)
Insect & disease controls

(types, amounts, dates)
Weed control (types,

amounts, dates)
Cultural practices
Crop disposal
Other

Climatic characteristics
Annual rainfall
Monthly ralnfall _
Annual temperature
Monthly temperature
Other (e.g., major wind directions, cloud cover, floods) _
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Table 7·A·1 (cont.)

Land and water
land type, _
Slope _

Depth of water table
Irrigated or rain·fed, _
Irrigation water: source~__availabillty quality _
Drainage _
Other _

Soil properties
Soil series
Texture (surface)
Depth _

Soil acidity (surface)
Soli salinity (surface)
Soil structure (profile) _
Permeabllity _
Soil fertility _
Soil organic matter _
Other _

Table 7·A·2. Climatic data for the area (Adapted from Zandstra et aI., 1981).

Date

Evaporation Temperature (0G)

(mm) Max Min

Solar
Radiation

(ly)

Relative
Humidity Maximum Wind Rain Gauge Readings (mm)
Max Min Velocity (km/hr) 1 2 3 Comments·

·Unusual weather events that influence biological production or farmers' management practices.

Table 7·A·3. Monitoring plant growth (Adapted from Zandstra et aI., 1981).

Date
Stage of
Growth

Plant Characteristics
Foliar Roots Weeds

Pests
Insects Diseases Other Comments



Table 7·A·4. Monitoring field operations (Adapted from Zandstra et al., 1981).

Date
Field

Operation*

Labor (hours)

Hand Animal Tractor Type
Agricultural Chemicals

Rate (kg/ha) Application Method
Water

Amt (cm) Application Method Type
Residue

Amt (kg/ha) Comments

*See Table 7-A-5 for a checklist of field operations.
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Table 7·A·5. Checklist of field operations for FSR&D (Adapted from Zandstra et al., 1981).

Land preparation
01 Clearing residue - removing, piling In heaps, cutting, burning.
02 Field repairs· fixing of bunds, ditches, fences, etc.
03 Plowing • Initial or primary tillage operations In the field to break soli surface before secondary tillage. Do not include plowing

done to seedbed.
04 Harrowing - process of breaking clods by passing any type of harrow (comb, tooth disk, etc.) over a field. (As In plowing do not

Include harrowing done to seedbed.)
05 Leveling· final operation before transplanting by passing over plain board on harrowed field to reduce slight soli surface

depressions for even water distribution.
06 Furrowing - passing over a finally prepared field with a plow or other tool to prepare furrows at a given (row) distance just

before planting.
07 Incorporating - mixing or placing fertilizer, Insecticide, pesticide, herbicide Into the soli.
08 Intercrop land preparation - any tillage operation to allow planting of secondary crops between main crops.
09 Other land preparation - operations that cannot be classified into any of the above operations. Specify the operation with

an explanation at the comments section. Examples: ridging, bedding, etc.
Crop establishment
20 Transplanting· planting of seedlings (often rice) In the pattern plot.
21 Planting· placing crop seeds properly In or on the soli by broadcasting, dibbling, drilling, or other methods for crop

establishment.
22 Replanting - planting seedlings or seed In missing hills after first planting.
23 Thinning - removing extra plants to obtain the desired plant density.
24 Ratoonlng - the crop re-growth and yield obtained after harvesting the plant crop.
25 Soaking (or dipping) - Immersing of seeds for pregermlnatlon or the treatment of seeds or seedlings with chemicals.
29 Other crop establishment - operations that cannot be classified into any of the above operations (codes 20·25). Provide

explanation at the comments portion.
Crop care
30 Fertilizing - application of fertilizer material with particular nutrients that aid in crop growth and development.
31 Pesticide application - spraying of chemicals or broadcasting them In granular form to control dest'ructive insects and

diseases.
32 Herbicide application - spraying or broadcasting of herbicides to the plot to control weeds.
33 Nonchemlcal pest control - operations for control of pests, manual Insect control and control of rats, birds, etc.
34 Handweedlng - removing weeds from the field manually or by nonmechanical tools such as blades, hoes, etc. (no rotating

or oscillating parts).
35 Mechanical weeding - weed control method using hand or engine powered mechanical equipment.
36 Canopy manipulation - bending, clipping, pruning, binding up or in any other way systematically changing the structure of the

crop canopy, e.g. bending back of maize.
37 Mulching - placement of straw or similar farm residues on the ground (often to conserve soil moisture or reduce soli

temperatures).
38 Hilling-up - plowing between rows of plants with furrow slice thrown toward the base of the plant.
39 Off-barring - plowing between rows of plants with the furrow slice thrown back to back to the centre between plant rows.
49 Other crop care - operations that cannot be classified into any of the above operations (code 30-39). Provide explanation at

comments section.
Harvesting
50 Crop cut sampling - sample harvested In a defined area of a plot for yield determination.
51 Manual harvesting - cutting the crop manually using scythe or any other tool.
52 Power harvesting· method of cutting the crop by employing mechanical harvesters.
53 Manual threshing - separating straw from grains without machines, e.g. by foot or by striking a bundle of panicles over slats or

by animal trampling.
54 Power threshing - separating grain from straw by using an engine, human or animal powered mechanical thresher.
55 Manual winnowing - separating unfilled grains from developed grains by gravity or natural air current.
56 Power winnowing - separating unfilled grains from developed grains by a mechanical blower.
57 Drying - removal of excess moisture in seeds to meet desired moisture level for storage. This is done by exposure to the sun

or in driers or ovens.
58 HaUling - transporting manually and/or mechanically of product from the field to storage or to the market.
59 Shelling - removal of the outer seed cover of a crop like peanut or the maize grain from the husk.
69 Other harvest· operations that cannot be classified into any of the above operations (codes 50-59). Provide an explanation

at comments section.
70 Crop failure - If crop failed, enter the date the crop was discontinued and provide explanation at comments section.



Table 7·A·6. Summary, conclusions, and recommendations.

Summary of Results

Conclusions

Recommendations

Sources
Working documents:....- _

Publications _

Location of Materials
Personal file<-- Offlce flle<-- _

Table 7·B·1. Background for on·farm livestock experiments.
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APPENDIX 7-B
FORMS FOR COLLECTING DATA FOR ON-FARM
LIVESTOCK EXPERIMENTS

Adequate forms can simplify and improve data col
lection and thereby raise the quality of on-farm cropping
and livestock experiments. In Research on Livestock, Sec.
7.1.2. of Chapter 7, we discussed several characteristics of
on-farm experiments with livestock.

In this appendix, which is a companion to Appendix
7-A on crops, we provide illustrative forms that cover the
background information for livestock experiments,
climatic data for the area, inventories and changes in the
test herds, description and history of the test animal,
monitoring livestock inputs and feeding activities, re
quirements for family labor, monitoring animal traction,
and a form for the experiment's summary, conclusions,
and recommendations.

We include these appendix tables as illustrations of
the types of data to collect and a means for recording the
data. The field teams will need to modify these forms and
develop additional ones to meet their specific needs.

Title
Identification of experiment

Supervising technician Date _
No. Farmer _
Location Type _
Livestock Dates: Begun Ended _
Livestock patterns _

Objectives
Justification _
Treatments· _

Layout of animal-keeping facilities
Summary of management history

Animals (kind and
numbers)

Animal's condition
Output and uses
Breeding and acquisition
Feed and nutrition

(types, amounts,
dates)

Diseases and parasite
controls (types,
amounts, dates)

Sanitation
Tending
Disposal of animals and

animal products
Other

Climatic characteristics
Annual rainfall
Monthly rainfall _

Annual temperature
Monthly temperature _
Other (e.g., water availability and range conditions)1- _
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Table 7·B·2. Climatic data for the area (Adapted from Zandstra et al., 1981).

Date

Evaporation Temperature (OC)

(mm) Max Min

Solar
Radiation

(Ly)

Relative
Humidity Maximum Wind Rain Gauge Readings (mm)

Max Min Velocity (km/hr) 1 2 3 Comments·

·Unusual weather events that influence biological production or farmers' .management practices.

Table 7·B·3. Inventories and changes In test herds (number of animals).*

Item Date Breeding Herd Growing Herd Remarkst

Mature Animals Replacements Nursing Animals Weaned Animals

Females Males Females Males Females Males Females Males
Beginning inventory

Increase ( +) or
Decrease (-)

Closing Inventory

·Columns may be subdivided further as needed for age, weight, or other characteristics.
tlndicate reasons for increase or decrease - e.g., animals bought, sold, died, taken for home or community use.

Table 7·B·4. Description and history of the test animal.*

A. Description of animal at beginning of test
Breed Sex__Age__Weight__
Health _

Nutritional condition
Utilization _

Other: e.g., management factors such as housing, preg-
nant in 5th month _

B. History of animal
Health _

Nutrition
Production statistics: e.g., quality of product such as the
fat content of milk, periodic weight gains, number of days
used for traction power per year, number of completed
pregnancies, number weaned per litter, quality and pro-
ductivity of offspring _

C. Other

*Prepare form for test herd or separate forms for each
test animal as needed.



Table 7·8·5. Monitoring livestock Inputs.

347

Kind
Date of Work·

Tools &
Labor Equipment Materials Other

Kind Hours Cost Kind Hours Cost Kind Amount Cost Kind Amount Cost
Total
Cost Observations

·Eg., herding, watering, feeding, cutting and hauling feed, fencing, milking, cleaning, checking, testing.

Table 7·8·6. Monitoring livestock feeding activities.

Date
Type

of Feed·
Quality
of Feed

Method
of Feedingt

Quantity of
Daily Feed

Animal
Response Observations

• Eg., pasture, cured hay, green·cut hay.
tEg., grazing, roadside, herding.

Table 7·8·7. Requirements for family labor.

Date
Females 14 and under
Task· Hours

Males 14 and under
Task· Hours

Females 15 and older
Task· Hours

Males 15 and older
Task· Hours

.E.g., herding, watering, gathering or hauling feed, grading, milking, veterinarian skills.

Table 7·8·8. Monitoring animal traction.

Date Type of Animal Farm Operation· Hours of Use Type of Supervision Other

·Eg., plowing, furrowing, harvesting, hauling, pumping water.
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Table 7·B·9. Summary, conclusions, and recommendations.

Summary of Results

Conclusions

Recommendations

Sources
Working documents'-- _

Publlcatlons _

Location of Materials:
Personal fIIe, Office tlle"--- _

Table 7·C·1. Data collection form for field tests.

APPENDIX 7-C
DATA COLLECTION FORM FOR
FARMER-MANAGED TESTS

Farmer-managed tests can be more efficiently con
ducted when farmers and researchers have a mutual
understanding of the nature and details of the ex
periments. This is part of the Farmer-Researcher Relation
ships mentioned in Sec. 7.3.1. in Chapter 7. One way to
help improve this understanding is for the field team to
develop data collection forms, in cooperation with the
farmers, that describe the experiment and set out the se
quence and timing of the more important field operations.

Table 7-C-l was developed by Colorado State
University's Egypt Water Use and Management Project for
collecting data on the initial stages of maize production.
The table begins with the final cutting of clover, which
precedes the maize crop under study, and ends with a
scheduled post irrigation soil sample after the first irriga
tion. We do not include them, but similar tables should be
prepared for subsequent activities when they are impor
tant to the experiment. Also included in Table 7-C-l is a
column for recording the dates at which the operations
took place. By comparing planned with actual activities
and dates, the team learns about farmers' conditions and
the acceptability of new technologies.

Experiment __F_a_r_m_e_r-_m_a_n_a~g_ed_te_s_t Crop Maize
Farmer Part Crop Annual clover
Distributory Season
Treatment

Crop*
Calendar Days trom
(Date)* Planting Planned Operatlont Actual Operation

1
2

3 -8 Final clover cut Final clover cut

4 -7 Plowing

5 -6 Furrowing Plowing

6 -5
7 \\\-4\\\\ Plantlng125 x 70 cm hills Furrowing

8 \\\-3\\\\ (5 seeds per hili

9 /1/1/ \\\\-2\\\\ ~(No available labor caused delay)

10 "'"
\\\-1\\\\ I

11 1//1/1 \\\\0\\\\ Pre Irrig. soil sample ~Planting and soil sample taken

12 "'"
\\\\1\\\\ Planting Irrigation Planting irrigation

13 111/" 2
14 3
15 4 Post Irrig. soil sample Soil sample taken
16 5
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Table 7·C·1 (cont.)

17
18
19
20
21
22
23
24///1/
25 ///1/

26///1/

27 ///1/

28 //////
29
30
31

\\\6\\\\
\\\7\\\

8
9
10 Thinning for fodder
11

\\\12\\\\
\\\ 13\\\\
\\\\14\\\\
\\\\15\\\\ Fert. application 65ka N/ha

\\\ 16\\\\ Pre irrlg. soli sample
17 1st Irrlg.
18
19
20 Post Irrig. soli sample

Plant emergence observed

(Delay for better fodder)

Fertilizer not available

1st Irrlg. advanced to next Irrig. period

ThInning for fodder
Soli sample taken

*The crosshatched area In the first column indicates when the farmer Is expected to receive IrrigatIon water; the cross
hatched area in the second column Indicates when the farmer actually received the water.

tExcept for soil sampling, which is taken by the technical assistants, all operations are by the farmer.

APPENDIX 7-D
FIELD DESIGN FOR FARMER-MANAGED
CROPPING TEST

In Sec. 7.3.1, Chapter 7, we discussed farmer
managed cropping tests. If the cropping pattern remains
the same, the experimental procedures are generally much
simpler than if researchers test new cropping patterns. The
following design is suitable for a farmer-managed test with
a given cropping pattern for three alternative management
practices plus the farmers' practice- the control.

The proposed practices for testing could be a fertility
experiment for flooded rice consisting of zinc sulfate tl)
applied in the seedling bed, (2) broadcast and incorporated
into the soil before planting, and (3) applied as foliar spray
at vegetative and jointing stages of growth. The research
ers would have determined the application rates and meth
ods from prior researcher-managed trials. The farmers'
practice does not involve the use of zinc fertilizers.

A field design suitable for the zinc fertilizer experi
ment described above could be

1) Select the three predominant land types
21 Select a representative cross section of 20 farmer

cooperators in each land type (see Farmer Selection
in Sec. 7.3.1.).

3) Choose a randomized complete block design, with
five replications of each treatment in each land type
and one treatment per field. With three land types,
this would give an experiment of 60 field plots-Le.,
four treatments x three land types x five replica
tions.

4) The plots should be large enough for the researcher
to obtain reliable estimates of the farmer's labor and
other inputs. Waugh (personal communication) sug
gests that plots for farmer-managed tests be at least
0.1 ha. Sometimes plots of this size will occupy the
farmer's entire field.

S) The researchers would use data collection forms of
the type shown in Appendix 7-A to describe the
research field and to monitor field operations and
plant growth.

6) The researchers can use the statistical methods
described in Appendix 6-D for analyzing the results
of a randomized complete block design.

7) The same experiment should probably be repeated
two or three years in succession on farms within the
same land types to evaluate year-to-year variations.
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APPENDIX 7-E
FIELD DESIGN OF A FARMER-MANAGED
CROPPING PATTERN TEST

We described farmer-managed cropping tests in Sec.
7.3.1., Chapter 7. In this appendix, we provide additional
information on how FSR&D teams use such tests to
evaluate the suitability of new cropping patterns under
farmers' conditions. Farmer-managed tests help the
FSR&D team identify management problems with .the
new technologies that do not surface from the research
managed and superimposed trials.

Farmer-managed cropping pattern tests compare pat
terns that may differ in crop species, number of crops
grown per year, time and method of crop establishment,
and other ways. The team needs to analyze the pattern in
the farming system and have a fairly complete listing of in
puts and outputs. Since these requirements include an
analysis of the seasonal labor needs and their relationships
with other farming activities, the farmers' practice is
generally used for one of the treatments.

Cropping patterns are often evaluated for the major
physical subdivisions recognized in a research area - e.g.,
land and soil types and availability of markets. The team
generally uses a randomized complete block design (see
Appendix 6-D) to evaluate cropping patterns over'several
land types. The team chooses representative plots on in
dividual farmers' fields within a given land type for treat
ment replications-usually four or five times on each land
type.

Zandstra et al. (1981) recommend the following
design for cropping pattern testing in a research area:

1. Select two or three land types for evaluating the pro
posed patterns.

2. For example, select three or more cropping pattern
designs for each land type. (Some patterns may be
tested on more than one land type.) During the first
year the research team may want (to test five or six
newly designed patterns and reduce this number for
the subsequent years as it identifies the better pat
terns.

3. Replicate each cropping pattern- including the con
trol-on at least four fields per land type for the first
year. Replications may be increased for subsequent
years as the number of patterns is decreased. A three
year test probably is minimum.

4. The farmers' cropping pattern is the "control." The
patterns selected as control are usually the predomi
nant one or two patterns for the land type. The con
trol patterns are monitored in the same manner as
the newly designed patterns.

We give an example of a cropping pattern design for a
three-year test in Table 7-E-1. The table shows a reduction
in patterns tested as the better patterns are identified. The
"control" pattern is included each year to evaluate the new
designs.

We discuss the selection of cooperating farmers and

data collection in Sec. 7.3.1. and give the statistical anal
ysis for a completely randomized design in Appendix 6-D.

Table 7·E·1. Design of a three·year cropping pattern test
(Adapted from Zandstra et al., 1981).*

Cropping Pattern Number Total
Land Fields
Type 1t 2 3 4 5 6 (plots)

Number of Replications, Year 1

1 4 4 5 4 17
2 4 5 4 4 17
3 4 4 4 4 16

Total 12 5 12 5 8 8 50

Number of Replications, Year 2

1 4 4 5 5 18
2 4 5 4 13
3 4 5 4 5 18

Total 12 10 12 5 10 49

Number of Replications, Year 3

1 4 4 4 12
2 4 6 4 14
3 4 6 4 4 18

Total 12 12 12 8 44

*The table gives the number of replicates or fields of
each pattern on a land type for each year of the test.

tCropplng pattern 1 is the farmers' pattern and should
be placed on each land type. Where two farmers' patterns
predominate, both should be included in the test and placed
on each land type.

APPENDIX 7-F
EXAMPLE OF A MIXED CROP-LIVESTOCK
RESEARCH PROJECT

As pointed out in Sec. 7.3.2., Chapter 7, livestock
and cropping research should be integrated for a mixed
farming system. In 1976, researchers of ILCA (Interna
tional Livestock Centre for Africa) began a mixed crop
livestock project at Debre Zeit, located southeast of Addis
Ababa in the highlands of Ethiopia. This appendix, based
on ILCA's 1979 and 1980 reports, discusses the major
stages in this project as they relate to (1) development of a
research base, (2) problem identification, (3) an improve
ment strategy, (4) experimental results, and (5) problems
and opportunities for research.



DEVELOPMENT OF A RESEARCH BASE

ILCA researchers began by studying agricultural ac
tivities in Ada District around the town of Debre Zeit.
First they reviewed the literature on the area and found
that most of the reports documented conditions before the
government's land reform program. Because that program
altered farming conditions, the researchers began a series
of field surveys. These surveys were to collect baseline
data on 151 households whose members belonged to 21
farmers' associations.

After ILCA's research and testing program started,
the researchers began surveying 42 nonparticipating
farmers. At least weekly, ILCA's field staff interviewed dif
ferent subsamples of these farmers, measured crop condi
tions, and surveyed market conditions for livestock and
agricultural products.

PROBLEM IDENTIFICATION

ILCA's survey of the research area revealed low food
crop and livestock production efficiency. On a typical
mixed crop and livestock farm of about 2.5 hectares, the
household's subsistence required 75 percent of the land.
Furthermore, the researchers found family food supplies
were low and animals had low genetic potential. Farmers
fed crop residues to their cattle, which received only 60
percent of their nutritional requirements. This low feed
intake further reduced animal productivity.

AN IMPROVEMENT STRATEGY

In response to these problems, ILCA's researchers in
troduced and tested an improvement package on 20 small
farms near Debre Zeit. The strategy behind, the package
was to

1) substantially increase the yields of subsistence crops
2) use the land saved from subsistence crops for plant

ing new forage crops
3) use forage to feed genetically improved dairy cattle.

Success of the forage-dairy component of this
development depended on positive responses to these
questions:

1) Is there amarket for dairy products?
2) Is additional family labor available?
3) Can the forage-dairy enterprises give better returns

than food crops on a per hectare basis?

To answer the first question, an ILCA team surveyed
Addis Ababa's dairy market. The survey showed (1) the ur
ban area's demand for fresh milk, cooking butter, and milk
curd could absorb a moderate increase in milk production
and (2) moving milk to the urban area presented no prob
lem because Debre Zeit falls within the 120-km radius of
the government's milk collection program.

In answer to the second question, the survey teams
found family labor was (1) insufficient during harvest of
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teff (Eragrostis tef) and other food crops in November and,
to a lesser extent, when the crops must be weeded in
September and (2) underutilized during the rest of the
year. In response to this situation, ILCA's researchers pro
posed a dairy improvement program based on stall feeding.
Such a program requires minimal labor throughout the
year, and women and children can supply that labor.

The answer to the question of whether the dairy
fodder enterprises can compete economically with food
crop production had to wait for the results of the on-farm
tests.

In describing this program ILCA (1980) reported

liThe main elements were the use of improved
seeds and fertilizer for teff and wheat crops with sup
porting technical advice, for example on the timing
of planting, together with the introduction of forage
oats and vetch and the purchase of one in-calf Frie
sian x Borana crossbred heifer from a government
breeding ranch."

The farmers participating in the test (1) could buy all re
quired inputs on credit, (2) received advice on how to han
dle the new enterprises and technologies, and 13) could
select only the parts of the improvement package they
wanted to try.

EXPERIMENTAL RESULTS

The results of the 20 farmers participating in testing
the improvement package are now available for 1977
through 1979. ILCA researchers compared those results
with the results of the frequent surveys of the 42 nonpar
ticipating farmers. These farmers have about the same size
farms as do the participating farmers. However, the non
participating farmers' lands are slightly more favorable in
terms of soil fertility and drainage than the lands of the
participating farmers.

For 1979, the participating farmers' yields generally
declined from 1978 because of lower rainfall and from not
using fertilizers ITable 7-F-1). Despite this decline, the

Table 7·F·1. Comparison of average crop yields of farmers
testing and not testing the Improvement package at Debre
Zeit, 1977·1979 (Adapted from ILCA, 1980).

Participating Farmers Nonparticipating Farmers
(n = 20) (n = 42)

1977 1978 1979 1977 1978 1979

Yields In kglha

Teft 1154 1524 1289 772 984 932
Wheat 627 1209 766 470 850 407
Horse beans 970 874 938 790 878 769
Chickpeas 650 304 182 620 585 420
Forage crops 2900 5900 3500
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participating farmers had higher yields than the nonpar
ticipating farmers. This was particularly true for teff, the
major crop that was raised on 50 percent or more of each
farmer's cropland. Since growing forage crops is part of the
improvement package, nonparticipating farmers did not
raise these crops.

When compared to nonparticipating farmers, the
participating farmers produced about 30 percent more per
hectare for food crops. On the other hand, the increases for
forage crops were not as high as for teff, but comparable to
the increases for other food crops. Furthermore, the poten
tial increase in teff production is limited because of
seasonal labor constraints and crop rotation requirements.

ILCA (1980) describes the economic results as
follows:

The "gross margin for dairying [was] US$377.0
in 1978 and US$325.0 in 1979. To this should be
added the gross margin for food crop production of
US$721.5 per holding in 1978 and US$631.0 in 1979,
giving an overall gross margin of US$1098.5 in 1978
and US$956.0 in 1979 for participating farmers.
These figures may be converted to gross margins of
US$435.5 per ha in 1978 and US$409.5 in 1979,
compared with average gross margins of US$317. 5
per ha in 1978 and US$259.0 in 1979 for non
participating farmers. This comparison implies an
increase in the value of production of 37% in 1978
and. [58%] in 1979 attributable to ILCA's innovation
package."

The inclusion of milk and fodder production has
other favorable effects on the farming system such as

1) Increased fodder production permits farmers to con
tinue keeping cattle, even though grazing areas are
declining because of population pressures.

2) Farmers use cattle in the traditional farming system
for tractive power, as a source of manure, and for
milk and meat. Farmers said that they were glad to
have milk for consumption and sale.

3) Livestock ownership gives farmers some security
against crop failures.

4) The crops used for fodder production help control
weeds and thus improve subsequent crops.

Participating farmers said they liked the dairy pro
gram, especially since milk yields and calf performance are
greater than the original estimates. As further evidence of
the program's acceptance, non-participating farmers
would like to join the on-farm tests.

PROBLEMS AND OPPORTUNITIES FOR RESEARCH

Additional problems and opportunities for research
emerged from the on-farm tests. Here is a partial list:

1) The farmers' tests indicated that fodder production
may not be great enough to meet the household's
needs. Thus, alternate ways of increasing fodder

must be considered. For example, farmers might use
unconventional crops for dry-season feeding, sweet
potatoes as a, double crop, and fodder-producing
bushes on sloping marginal lands.

2) Dairy animals might be used for both milk produc
tion and traction.

3) Flooding and waterlogging of farm lowlands are now
serious problems. If these hazards could be
eliminated, green matter production could be ex
panded in the dry season, weeds could be better con
trolled, and fertilizer could be applied more effec
tively.

4) Farm uplands are now low in fertility. The dairy
animals could provide manure to improve soil fer
tility.

Following the 1980 harvest, sufficient results might
be available from these Debre Zeit tests to begin multi
locational tests and eventually production programs in the
Ethiopian highlands. The ILCA team has identified in
stitutional constraints that need to be overcome if the im
provement'package is to be introduced more widely. With
regard to the dairy enterprise the team found that

1) Milk production from crossbred cows on par
ticipating farms dropped in 1979 relative to 1978.
The drop was attributed to delays in servicing the
cows, which caused calving intervals and dry periods
to be extended. Because the artifical insemination
service was unreliable, a bull was purchased for the
station.

2) Forage seed supplies were lacking; the supply of con
centrated feeds was irregular and unreliable; and a
shortage of cross-breed dairy heifers existed.

3) Although a government collection system provided
dairy farmers within a 120-km radius of Addis Ababa
with a marketing outlet, dairying in other parts of
Ethiopia cannot be expanded until an adequate
marketing and transportation system is developed.

APPENDIX 7-G
ESTIMATING NET BENEFITS FROM
ALTERNATIVE TREATMENTS

Estimating net benefits from alternative treatments
is both important and sometimes difficult to understand.
Consequently, we provide this appendix to explain some
of the concepts discussed under Net Benefits in Sec. 7.7.3.
in Chapter 7. We begin with a section that explains our use
of the field price as a basis for estimating the value of out
put. Next, we discuss assumptions underlying partial
budget analysis. The last section explains, in more detail,
than in Sec. 7.7.3., the approach for estimating the oppor
tunity costs of the family's consumption of its output. As
in Chapter 7, we will illustrate these concepts using the
example of alternative fertilizer applications for increasing
maize productivity.
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OPPORTUNITY COSTS

In developing countries, many of the small farmers'
activities do not involve cash transactions. For this reason,
measuring the opportunity cost of the farmers' inputs and
outputs becomes important. While many of the farmers'
inputs are often not traded and could be used to illustrate
how to estimate an input's opportunity cost, we have ap
plied the concept only to the family's labor (Part 2 of
Chapter 7). Moreover, the outputs of the farm such as
grains, livestock, and household products are often not
traded in the market, but they certainly have value.
Estimates of the value of farmers' consumption is
therefore also important.

Following are two examples that illustrate the basis
for estimating the opportunity costs of the farmers' maize
consumption. These two illustrations are based on the
maize example from Part 2, Chapter 7. Suppose a farm
household normally has the following annual maize ac
tivities:

benefit-Le., additional benefits greater than additional
costs-means that the farmers will have an incentive to
change. If they do not, then the incentive is not great
enough to offset the disadvantages of change.

Third, only the differences among the alternatives
count, which means that costs and benefits common to all
alternatives can be ignored in choosing among the alter
natives. The ability to concentrate on only the differences
among the alternatives helps the analysts focus on the
most important aspects of the technologies.

These three principles underlie the analysis pro
cedures described in Part 2 of Chapter 7. Thus, we com
pared alternative treatments with the farmers' current
methods of production. If the incremental net benefit was
greater than the incremental variable cost, we considered
the new treatment as being better than the farmers'
method- but not necessarily enough better to interest the
farmer in changing. In estimating the marginal rates of
return, we used only the values of the increased yields and
the costs of fertilizer and labor for its application. We were
able to ignore the other costs of production because they
were the same. Finally, we eliminated differences in
harvesting costs by assuming that the value of the crop
standing in the field was a suitable basis for estimating the
crop's value to the farmers.

VALUES BASED ON FIELD PRICES

When estimating the net benefits of alternative
treatments, we must be careful to be consistent in the way
we include or exclude the associated benefits and costs.
Analysts have choices to make in both the level of detail
for the estimates and the point at which ther farmers' out
put is valued. Perrin et a1. (1976) and we, in Part 2 of
Chapter 7, have chosen to value the farmers' output in
terms of the field price. From Perrin et a1. (1976) the field
price of the output is the "value to the farmer of an addi
tional unit of production in the field, prior to harvest."
Assuming the output is sold for money, the money field
price is "the market price of the product minus harvest,
storage, transportation and marketing costs, and quality
discounts." Should farmers tum over their crops for
custom-Le., hired-harvesting, then the field is the
logical place to estimate the benefits and costs of produc
ing the crop. The benefit is the crop's value in the field and
the costs are those associated with the farmers' efforts in
bringing the crop to the point where it is ready for harvest.

However, farmers more frequently harvest their own
crops. Then, the more logical approach would be to use the
value of the harvested crop, which means taking into ac
count the added costs of harvesting and any harvesting and
storage losses until the grain is sold or consumed by the
family. The appropriate value of the crop would then be
what the farmer could receive if a trader purchased the
grain at the farmers' gate- Le., the farm gate price.

Still another possibility is if the farmer were to take
the grain to the local village for sale. The value normally
increases, reflecting the costs of storage, transportation,
and selling. In this case, the value of the crop is the market
price.

To summarize, we have given three alternative
points at which the crop could be valued: the farmers'
field, the farm gate, and the local market. Since prices
should increase as the product is moved from the field to
the local market, so do the costs incurred by the farmers.
Should the costs to the farmers for their time, effort, and
purchase of materials increase in approximately the same
amounts as the value of their output-which is often a
reasonable assumption - then we should expect the
farmers to be largely indifferent whether they sold the field
crop to a custom harvester, sold the harvested crop at the
farm gate, or moved the crop to the local market for sale.
Moreover, for analysis purposes - especially for produc
tion oriented research- the field price is a convenient
point for analysis.

PARTIAL BUDGET ANALYSIS

Consumption

Production

Purchases

800 kg

600

200 kg

In using partial budget analysis, the reader should be
aware of three basic principles. First, the analysis assumes
that the farmers' current position is acceptable to them;
otherwise, they would change. The farmers' situation may
not be good "by others' standards, but we can assume that
the farmers will continue as they are as long as better alter
natives are not available.

Second, an alternative that produces a positive net

Also, suppose an improved treatment increases the
household's annual production by 200 kg. Now, the
farmers do not have to go to the market to purchase maize,
nor incur the costs - either money or farmers' efforts - to
bring the maize home. These two costs, which the farmers
no longer have to pay because of their increased produc
tion, are benefits from the new technology. Using
$l,2001ton (Le., $1.20/kgJ as the market price for maize
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In Sec. 7.8.1. in Chapter 7, we discussed the analysis
of farmer-managed tests. In this appendix, we provide an

APPENDIX 7-H
ANALYSIS OF CROPPING PATTERN
RESEARCH IN INDONESIA

In this illustration the household is already meeting
its consumption requirements and has a surplus for sale.
The 200 kg annual increase from using fertilizers results in
increased sales of 100 kg and increased consumption of
100 kg.

The extra sales of 100 kg can be handled as normal
money transactions. The extra consuIllption of 100 kg has
an opportunity cost, which we can value as the field price
of maize. Clearly, if the family did not consume the
maize, it would be available for sale. Using a field value of
$l,OOO/ton ($1/kg), the family is foregoing $100/yr (l00
kg/yr x $1/kg) by not selling the maize. That is, the op
portunity cost of the maize consumed is $100/yr. In this
illustration, we have used the field price of maize in mak
ing the calculations, thereby assuming that the increase in
the value of the harvested grain equals the cost of
harvesting.

and assuming transportation costs of 20¢/kg., the farmer
saves $280/yr- Le., 200 kg/yr x $1.40/kg. 1

On the other hand, in Chapter 7 we valued the
farmers' maize crop as standing in the field. To correctly
compare the value of the maize that the farmers purchase
in the market with the value of the increased output from
the new treatment, we must subtract the cost of
harvesting from these estimated savings. If harvesting
costs 10¢/kg., the farmers will spend an extra $20/yr [200
kg/yr x 10¢/kg) for the increased production. Conse
quently, the value of maize to the farmers - which we
label as the opportunity cost of the farmers' consump
tion- is $260/yr [$280/yr savings in not having to buy and
transport the maize less $20/yr for having to harvest).
This value can then serve in place of the gross field benefit
for arriving at the net benefit to the farmer, using terms
from Table 7-4 in Chapter 7.

The other situation associated with the farmers' con
sumption of maize occurs when the farmers are already
selling maize and decide to increase their maize consump
tion because of the increased output from using fertilizers.
Because limited income restricts even consumption of
basic foodstuffs, an increase in productivity can very
likely encourage the family to consume more maize.
Below is an illustration of a family's annual maize con
sumption with and without fertilizers.

"Our first attempts to improve the cropping
patterns in this area consisted of introducing earlier
maturing rice varieties, reducing tum-around time
between planting of rice crops in the wet season and
growing secondary crops during the dry season. We
found that the supply of irrigation water was less
dependable than anticipated and that we could not
save enough time to get two lowland rice crops per
season. But there appeared to be potential for grow
ing legume crops during the dry season after the rice
crops. We had tried gogo rancah (direct seeding of
rice on aerobic soil that will be flooded later) in
some small plots and found that even though the rats
and birds ate the rice because it was out of phase
with the surrounding crops, the vigor of the crop of
rice [gogo rancah) appeared good. The soil was con
siderably different from the alluvial clay soils of
Indramayu. . . , but other factors made the area
suitable for this method of rice culture. First of all,
the rainfall gradually increases over time [more than
two months) to reach a peak suitable for flooding
and rainfed lowland rice culture [see Fig. 7-H-1].
There was sufficient rainfall to permit establishment
of an upland crop. However, if the rainfall is high,
aerobic conditions to permit continued cultivation
of upland crops is possible only if aerobic conditions
are provided by extensive drainage facilities. The
gogo rancah rice, on the other hand, can be directly
seeded on aerobic soil and then flooded. The usual
benefits of flooding for control of weeds and im
proved nutrient availability result. Generally, in well
drained soils, such as that existing in Nambah Dadi,
excessive drainage hinders gogo rancah rice produc
tion. Furthermore, since the soil is not puddled
when this cultural method is used, downward per-

"PARTIALLY IRRIGATED AREA

example of how the Central Research Institute for
Agriculture [CRIAl in Indonesia carries out analyses for
several cropping patterns in partially irrigated and upland
areas. The analyses include [1) comparisons of experimen
tal yields and estimated economic returns from both the
farmers' traditional patterns and alternative patterns for
farmers in partially irrigated areas, (2) calculations of
average yields of crops and approximate net returns for
check plots and full treatment plots, and (3) estimates of
calories and protein produced per hectare from year-round
cropping patterns with no fertilizer treatment and with
full fertilizer treatment.

These examples are from CRIA's research in Central
Lampung, where rice is grown each year in the partially ir
rigated lowlands near Nambah Dadi village and where rice
and cassava are grown throughout the year in upland areas.
The rainfall and cropping patterns are show in Fig. 7-H-1.
The accompanying text is excerpted from McIntosh
(19801:

200 kg

With fertilizers

1,100 kg

900

Without fertilizers

Production 900 kg

Consumption 800

Sales 100 kg

lNote: The dollar sign represents a monetary unit, not necessarily the U.S. dollar.

John M
Text Box
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Figure 7-H-1. Working calendar of farmers' and pre-production (Introduced) cropping patterns. Central Lampung,
Lampung. 1977-1978 (Adapted from Mcintosh, 1980).

Rainfall Distribution
52-Year Average

Rainfall
(mm)

500 ---------------------------------.....,

Cowpea"---;-1 1/
I

~~~~--+------I---I

I

100

400

300

200

Upland Area:

Farmers'
Cropping Pattern

Irrigation Area:

Farmers'
Cropping Pattern

Introduced
Cropping Pattern

Introduced
Cropping Pattern

Table 7-H-1. Comparisons of yields and economic returns from farmers' and Introduced cropping patterns In pre-production trials In
partially Irrigated area with 3 hectare plots. CRIA C.S. Proj., Nambah Dadl, Central Lampung. 1977-78 (Mcintosh, 1980).

Cropping Patterns * Yields and Cash Surplust

Gross Material Hired Cash
Yield Returns Costs Labor Cost Surplus

kglha RPlha

Farmers' C.P.:
Lowland Rice- 3,743 190,434 24,670 73,537 92,227
Fallow

Total Rp 92,227
Introd. C.P.:
Gogo Rancah Rice- 5,562 382,387 44,450 128,177 209,760
Walik Jerami Rice- 2,873 146,523 35,300 61,405 49,818
Cowpea 679 74,690 7,300 6,000 61,390

Total Rp 320,968

*Farmers' and Introduced Patterns are diagramed in Fig. [7-H-1]. Gogo Rancah Rice is rice directly seeded on aerobic soil at
beginning of rainy season. Later it is flooded.

tYlelds were measured by sampling from farmers' fields and from within the 3 hectares of contiguous plot area. Cash surplus
means Gross Returns minus cash costs of Materials and Labor only.
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Table 7·H·2. Average yield of crops and approximate net returns for check and full treatment plots. CRIA C. S. Proj., BandarJaya,
Central Lampung. 1973·74* (Mcintosh, 1980).

Fertility Upland Rice Approximate
Treatment Corn rice Peanut bean Cassava net return

Dry graln-kg/ha Fresh root Rp/hat
(ton/ha)

Mixed Cropping
Check 467 690 161 55 12.7 65,000
Full + mulch 1,165 1,358 356 248 28.3 132,000

Intercropping
Check 455 769 222 93 14.6 91,000
Full + mulch 1,350 2,724 567 627 23.2 265,000

Sequential Planting
Check 606 850 153 (-6,000)
Full + mulch 2,935 3,536 723 74,000

"Yields subsequently have varied due to pests and management but have remained basically the same.
tOne (1) U.S. dollar equivalent to Rp. 415 until November 1977; thereafter, approximately Rp. 620 per dollar.

colation of water and leaching of plant nutrients are
excessive. Fortunately/ because of the level
topography of the partially-irrigated rice fields and
the gradual raising of the water table with irrigation
water and rainfall within the system/ this problem
did not occur. [Table 7-H-l] shows the yields and
economic returns from farmers/ and introduced crop
ping patterns in this partially-irrigated area when the
gogo rancah technology was used in the improved
pattern. The plots were about 3 hectares in size and
included fields of several farmers. This pre
production trial was sufficient evidence to many
farmers to spontaneously adopt this technology.
Thus/ the technology was transferred from Java suc
cessfully and within the Nambah Dadi area. Con
siderable research effort and time were saved.

"UPLAND AREAS

liThe other two sites were located in upland
fields that were being newly opened (Komering
Putih) and that had been opened several years before
but allowed to revert to Imperata (Bandar Agung).
[Fig. 7-H-l] shows the predominating cropping pat
tern used by the farmers. The farmers/ patterns ap
peared to be well adapted to the existing soil/
climatic/ and market conditions. But the probability
of increasing production by use of fertilizer/ im
proved management practices (planting in rows) and
introduction of more legumes into the systems ap
peared to be good [Fig. 7-H-1]. Research had begun in
1973 to evaluate these ideas. [Tables 7-H-2 and
7-H-3] illustrate some of the dramatic results that
were obtained. Yield and net return data show the
advantage of planting in rows compared with ran
dom planting as practiced by the farmers. This was
especially important for crops other than cassava
when fertilizers were used. The data also show that

the practice of farmers to grow combinations of
crops was more productive and profitable than grow
ing crops separately in sequence. Most of all these
data show the importance of improving soil fertility
through use of fertilizer. This is further illustrated in
[Table 7-H-3] where the yield data for the intercrop
ping pattern are expressed in terms of calories/ pro
tein and paddy rice (gabah equivalent). Thus/ if pro
perly managed/ the total production per hectare on
these nonirrigated and underutilized uplands can ex
ceed that of the irrigated and fertile lowland areas of
Java.'/

Table 7·H·3. Calories and protein produced per hectare from
year.round cropping patterns with no and full fertilizer
treatments. CRIA C. S. ProJ., Bandarjaya, Central Lampung.
1973·74 (Mcintosh, 1980).

Cropping No Treatment FuJI Treatment

Pattern Yield Calories Protein Yield Calories Protein
kg/ha K cal/ha kg/ha kg/ha K cal/ha kg/ha

Corn + 455 1,615 42 1,350 4,792 124
Rice I 769 1,840 52 2,724 6,521 185
Cassava I 14,600 17,520 102 23,200 27,840 162
Peanut- 222 1,003 51 567 2,563 145
Rice bean 93 308 23 627 2,075 157

Total 22,286 270 43,791 773
Gabah*

equivalent
kglhalyear 9,325 4,060 18,323 11,371

"Gabah x 0.665 = milled rice and average value of 6.8%
protein used for conversion from protein to gabah.
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APPENDIX 8-A
MEMORANDUM OF AGREEMENT
TO ESTABLISH A PILOT PRODUCTION
PROGRAM IN THE PHILIPPINES

In Sec. 8.5, Chapter 8, we discussed the use of pilot
production programs as a means for learning if new
technologies should be extended to a regional or even na
tional scale. The approach requires the participation of
many government and private groups, as well as the
FSR&D teams and local farmers. Below is a 1976
memorandum of agreement among the relevant groups in
the Philippines. This memorandum, taken from Haws and
Dilag (1980), illustrates the types of organizations that are
parties to the agreement as well as their individual respon
sibilities.

"MEMORANDUM OF AGREEMENT

"KNOW ALL MEN BY THESE PRESENTS:

"This Memorandum of Agreement entered
into by and among the different government agen
cies and instrumentalities, represented by their
respective regional Directors/Provincial Heads/
Managers with full authority to(do so:

1. IRRI-PCARR-The International Rice Research
Institute - Philippine Council for Agriculture
and Resources Research (Rainfed Rice Projects)

2. UPLB-NFAC [University of the Philippines at
Los Banos-National Food and Agriculture
Council] (National Multiple Cropping Pro
gram)

3. National Food and Agriculture Council
4. Bureau of Agricultural Extension [BAExj
5. Bureau of Plant Industry [BPIj
6. Dept. of Agrarian Reform [DARj
7. Bureau of Soils
8. National Grains Authority [NGAj
9. Philippine National Bank [PNBj

10. Rural Bank [RB] of Sta. Barbara
11. Agricultural Credit Administration [ACA]
12. Area Marketing Cooperative [AMCj at Iloilo

"WITNESSETH: THAT

"WHEREAS, a pilot extension project on crop
ping systems on Rainfed Rice with designation
'KABUSUGAN SA KAUMAHAN' - 'KABSAKA
SALUD-ULAN' will be established at Sta. Barbara,
Iloilo covering 500 hectares, more or less;

"WHEREAS, the said project will necessarily
need the support and assistance of all the above
listed agencies in the performance of activities ap
propriate to their respective functions;

"NOW, THEREFORE, for and in consideration
of the foregoing premises, the above-listed agencies,
through their respective representatives, hereby
agree to assume and undertake in the said project
their respective functions and responsibilities, to
wit:

1. IRRI-PCARR(Rainfed Rice Projects) shall
a. Provide technology on direct seeding
b. Help oversee implementation of tech

nology
c. Help train the management and technical

group
d. Provide four (4) motorcycles (IRRI)

2. UPLB-NFAC (National Multiple Cropping Pro
gram) shall

a. Help oversee implementation of tech
nology

b. Help train the management and technical
group

3. NFAC shall
a. Provide funds for training and operational

expenses
b. Act as liaison between the agencies herein
c. Monitor progress of the project

4. BAEx shall
a. Undertake information drive in the proj

ect
b. Assign technical personnel to the project
c. Supervise the farmers involved in the proj

ect regarding technology
d. Prepare progress and other reports
e. Provide technical supervision of personnel

involved in the project
5. BPI shall

a. Provide technology or production tech
nology personnel
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b. Make available to the project recom
mended certified seeds

c. Undertake plant pest control as needed
6. DAR shall

a. Assist in the organization of Samahang
Nayon [cooperative] and Compact Farms

b. Undertake information drive on land con
solidation

c. Train the farmers in the project on their
responsibilities as far as Agrarian Reform
is concerned

7. NGA shall
a. Undertake the procurement of rice, corn,

sorghum, soybeans and yellow corn
b. Provide up-to-date market information

8. The RB of Sta. Barbara, PNB and ACA shall
a. Provide production credit to the project

which shall include agricultural inputs
and chemicals under the supervised credit
system

b. Undertake collection of loans extended
with the assistance of representatives of
all the agencies involved

9. AMC shall
a. Wage information drive on the organiza

tion of agricultural cooperatives
b. Extend production inputs to farmers in the

project
c. Provide free service/delivery of farm in

puts to the project area
d. Arrange custom plowing for the project

farmers
e. Assist in the gathering of harvest of the

project for storage and drying purposes
f. Assist in the collection of loans extended

by RB, PNB, and ACA
g. Provide containers for the produce of the

project
10. Bureau of Soils shall

a. Provide soil analysis to the farmers in the
project free of charge

b. Supervise collection of soil samples in the
project area

c. Provide fertilizer and liming recommenda
tions

d. Update soil fertility recommendations for
project area

e. Provide information and technical assis
tance related to soils in the project.

"This MEMORANDUM OF AGREEMENT
shall take effect immediately upon approval by the
parties hereto and shall remain in force for the dura
tion that the project is in existence and until the
project can undertake or handle by itself what the
agencies - parties hereto are bound to undertake
for the project unless sooner terminated by the
parties hereto to take effect thirty days after due no
tice.

"IN WITNESS WHEREOF, the parties hereto

have hereunto signed this Agreement this 23rd day
of November, 1976 at Iloilo City."

APPENDIX 8-B
LETTER OF UNDERSTANDING BETWEEN
leTA AND DIGESA

Our discussion in Sec. 8.6.1., Chapter 8, mentioned
the desirability of close association between research and
extension. This appendix contains a letter of agreement
that proposes to bring these two activities closer together.
The agreement between ICTA (research) and DIGESA (ex
tension) in Guatemala was signed on February 8, 1978
(translated by the Consortium for International Develop
mentj ICTA and DIGESA, 1978).

"l. REASONS THAT JUSTIFY THE
COORDINATION:

"Furthering the national development
programs creates the need for those institu
tions that hold complementary objectives to
coordinate their actions and to mutually sup
port and/or mutually strengthen their ac
tivities and work programs.

"Both institutions agree that agricultural
research, promotion, and training must be in
tegrated into a single effort so that the produc
tion alternatives investigated become the tech
nologies used by the farmers.

"ICTA, for its part, conducts research
and prepares agricultural alternatives validated
under the ecological, social, and economic
conditions of the different regions of the coun
tryj DIGESA has established a promotional
and training program, whose main purpose is
to provide services that offer alternative solu
tions to farmers' problems. The principal role
of ICTA is to generate and test technology for
transfer to DIGESA and other groupSj the role
of DIGESA is to transfer technology to the
farmers through technical assistance.

"To generate and identify better produc
tion alternatives than the ones known and
used by farmers, ICTA counts on a group of
professionals and technicians at different
levels, grouped in support programs and
disciplines whose primary objectives are
generating, testing, and promoting the use of
science and agricultural technology. To reach
this goal, ICTA has designed a strategy for car
rying out agro-socioeconomic studies to iden
tify the limiting factors in a given production
area. Based on this information, ICTA con
ducts experiments at the Production Centers
to generate and evaluate technology that pro
vides solutions for the identified problems and
the limiting factors. To make the results con
sistent, Farm Trials are carried out on



strategically selected farms to measure the
variability of different environments within a
given region. The results so obtained are then
subjected to Farmers' Tests to evaluate the
generated technology when farmers manage
the technologies under their own conditions,
which minimizes the risks of implementing
new production systems. The technology
generated in this way is then transferred to
DIGESA for large-scale implementation by the
area's farmers.

"To carry out this technology transfer ef
fectively, DIGESA is developing a program of
technical assistance staffed by a group of
technicians operating within the Regional
Units and the Technical Organizations. The
'Production Program for Farmer Education' is
divided into six phases, each of which includes
a number of projects. The phases are: Motiva
tion [that consists of training children and.
young people in rural areas), Formation [that
refers to the training of adult farmers and their
wives), Promotion lthat includes technical
assistance and supervised credit), Follow-Up
lthat consists of sustained and prolonged pro
motion), Support (that includes activities that
help production) and Controllthat, as its name
indicates, refers to the establishment of pro
duction standards).

"Thus, coordination will make the ac
tivities of both institutions more effective. On
one hand, DIGESA will collaborate with ICTA
by feeding back possible problems that become
apparent during the technology transfer stage.
On the other hand, ICTA will collaborate with
DIGESA by providing technology that farmers
can apply and that has been fully validated
under the ecological and economic conditions
of the region in quesiton.

"Based on all that has been said, it is
fully justified that these institutions, whose
interests and actions are oriented to benefit the
farmer, should integrate their efforts and con
tribute resources to carry out these activities
together.

"2. OBJECTIVES OF THE COORDINATION:

"2.1 General:
"To integrate efforts and contribute
resources, to provide a greater number of
production alternatives that have been
validated under the proper ecological and
social conditions, and to make more ef
fective their transfer to and acceptance
by the farmers of the country.

"2.2 Specifics:
"a) To coordinate agricultural re

search, promotion, and training
to raise the technical level of
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farmers through collaboration by
the technicians of both institu
tions.

"b) To facilitate the generation of
technology by providing a greater
flow of data on how farmers carry
out production.

"c) To increase the number of Farmers'
Tests so that more farmers par
ticipate and learn the charac
teristics of the technology, in a
way that farmers learn to use the
technology and the technology is
justified through its long-term use.

"d) To incorporate in the credit
assistance already offered, the
technological elements generated
by working with the farmers'
system, the Production Center, the
Farm Trials, the Farmers' Tests,
promotion, and the farmer.

"e) To coordinate efforts and to con
tribute resources for the produc
tion of technical training materials
that relate to the generation and
transfer of technology.

"f) To make effective those features of
the National Development Plan
that are contained in the Tech
nological Development and Hu
man Resources programs.

"3. COMMITMENTS AND RIGHTS OF BOTH
INSTITUTIONS

"al For the better coordination of the ac
tivities that this understanding provides,
both institutions will name a represen
tative or coordinator, who will check on
the growth of activities and will submit
periodic reports to the directors of both
institutions.

"b) ICTA and DIGESA agree and accept that
all their interventions will be made ex
clusively through the coordinators to be
named so that the technical and ad
ministrative autonomy of each is main
tained. Ideally, the coordinators of ICTA
and DIGESA will be familiar with their
own and the other's organization.

"c) ICTA and DIGESA, through their coor
dinators, will select and determine the
projects to be carried out jointly. These
may be in agricultural research, promo
tion, and education. Once the develop
ment projects are determined and
prepared, they will be submitted to the
directors for their information and ap
proval.

"d' According to their financial resources
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and personnel, both institutions will
assign resources and make efforts to
carry out effectively the projects that are
to be established within this understand
ing.

lie) According to their abilities and conve
nience, both institutions agree to put at
the disposal of the proposed projects
their personnel, housing, equipment, in
struments, materials, laboratories, and
documents; however, it is understood
that all of these will continue to remain
the property of the institutions providing
them.

"f) ICTA and DIGESA agree to designate and
to cover the salaries and travel expenses

of the personnel involved in the projects,
each for its own personnel.

"g) ICTA and DIGESA will supervise and
evaluate the projects when necessary.

"h) The organizations will develop materials
for farmers and technicians that
facilitate the transfer of technologies
adapted and approved under conditions
actually encountered in the country.

"This Letter of Understanding will take effect
the moment it is signed by the respective authorities
and will be valid indefinitely. However, on three
months' notice, either institution can terminate or
modify the letter with the consent of the other in
stitution."
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APPENDIX lO-A
AN AGRICULTURAL RESEARCH PROJECT FOR
THE SENEGALESE INSTITUTE FOR
AGRICULTURAL RESEARCH (ISRA)

The following material, which relates to the overall
organization of FSR&D (Sec. 10.2.2.), contains excerpts
from a report (ISRA, 1979) prepared as a collaborative ef
fort by scientists from the Senegalese Institute for
Agricultural Research (ISRAJ and consultants from the In
ternational Agricultural Development Service (lADS). The
first part of this appendix, ISRA Organization and Head
quarters, is taken from Annex 3 and the second part,
Terms of Reference for Farming Systems Staff, is taken
from Annex 11, Appendix 1.

"ISRA ORGANIZATION AND HEADQUARTERS

"As a result of earlier reviews of ISRA's
organization and programs, [the Secretary of State
for Scientific and Technical Research] has decided to
reorient ISRA's research. Three decisipns have been
taken: (I J the research programs will be reorganized
into commodity or factor-oriented research projects
and farming systems research teams, (2) research
will be decentralized and regional research stations
(and programs) will be created or strengthened, and
(3) ISRA headquarters will be reorganized and
relocated from Dakar to St. Louis.

"A. RESEARCH PROGRAMS

"The research programs on the basic food
crops, farming systems, and livestock systems are
presented in Annexes 4 through 13 [not included]. In
these annexes the specific locations for research are
presented, suggested organizational patterns for
regional research stations are made, and proposals
are made for strengthening the physical facilities at
some of the regional research stations.

liB. ISRA ORGANIZATION

"Administration
Fig. 10-A-l shows a "proposed organizational

chart for ISRA headquarters. The overall respon-

sibility for ISRA would be in the Director General's
hands. He would be assisted by an Assistant Director
General. Technical advisors would be available to
assist him in making decisions and an Ad
ministrative Director would take care of personnel,
financial, and other administrative details.

"The Administrative Council would be the
chief body with responsibility to oversee ISRA's
overall activities. This Council exists now but does
not function effectively. A strong effort should be
made to revive the Administrative Council. The
Committe of Direction and the Scientific and
Technical Committee would be advisory bodies con
stituted to advise the Director General on operating
policies and scientific research programs.

"Research Departments
"Under the Director General are six major

Departments with line responsibility administering
the research programs and supporting services. Each
commodity or factor-oriented research program
would be organized into a coordinated research pro
gram ... which means that the program coordinator
and the program staff would be responsible for for
mulating plans for research and implementing these
plans. The Department Head would function
primarily as a coordinator of different research pro
grams and as an administrator. The Departments
proposed are Crop Science, Animal Science, Farming
Systems, Natural Resources, Economics and
Sociology, and Research Support Services....

"Oceanography and Fisheries, and Forestry
have been grouped together under one department.
This was done to minimize the number of depart
ments and because neither of the two organizations
is large enough to justify a separate department at
ISRA headquarters level.

"Support Services
"Under the Department of Research Support

Services are grouped several necessary services
which must be available to a productive research
organization. .

"a. Technology transfer and training. Crop
yields at research stations in Senegal are, in many
cases, substantially higher than those obtained by
farmers. This gap reflects a number of factors, in-
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Figure 10·A·1. Proposed organization of ISRA headquarters (ISRA, 1979).
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cluding lack of effective use of available technology.
"The transfer of technology from the research

station to the extension organizations, farmers'
association, and other groups involved in the more
widespread application of new materials and prac
tices by farmers is difficult in Senegal because of
limitations in transport and communications. The
production societies in the different regions must be
taken into account in developing procedures for
transfer of technology and keeping them functioning
effectively.

"In order to ensure attention to the establish
ment of effective linkages between the research sta
tions and the various production societies in dif
ferent agricultural regions of Senegal, an office with
a small but highly qualified staff would be set up at
the ISRA headquarters.

lib. Manpower development. To carry out the
research programs outlined in this report will require
an effort to identify, recruit, train, and post the
necessary Senegalese staff. An office in ISRA head
quarters would be established to perform these func
tions and to act as general coordinator for all staff
training, both outside and inside Senegal. Currently
a relatively low proportion of ISRA's staff members
are Senegalese which means that many national
scientists must be hired and trained over the next
few years. In shifting from a disciplinary to a
multidisciplinary approach and in developing na
tional research teams on a problem-oriented basis, it
will be necessary to work out carefully the scientific
personnel requirements and to match these re
quirements with training opportunities. 'riming or
phasing of recruitment and training is critical if
these proposed research programs are to be staffed in
the shortest possible time.

"A schedule should be set up for the systematic
development of agricultural research manpower, in
cluding technicians. This schedule should include
priorities for those disciplines of research most
crucial to the acceleration of development programs.

"Personnel management procedures should be
improved, and a system for evaluating and pro
moting research personnel on the basis of their per
formance in a job should be established.

"c. Experiment station development and
management. ISRA has a number of research sta
tions with reasonable experimental field areas, of
fices, and laboratories. The physical facilities
laboratories and equipment- have not been main
tained properly at several of these stations, and
they should be rehabilitated to an effective work
ing level as rapidly as possible.

"The expanded scope of ISRA, together with
the demands for improved technology for regional
development projects, will require the establish
ment of new research stations and facilities, par
ticularly in Senegal Oriental.

"Most of the research stations of ISRA should
be multi-purpose in nature and provide for research
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on several crops, on non-commodity problems such
as soil and water management, and in some cases,
for integrated attention to crops and livestock. The
stations, therefore, are a basic resource/service
facility of ISRA that should be developed, operated,
and maintained in a manner that will ensure the
quality of experimentation essential for evolving
dependable improved technology.

"The intensification of ISRA's major
agricultural research activities and the necessary
structural changes will facilitate the establishment
of a research support unit that will give attention to
research station development, operation, and
management....

lid. Central laboratories. In expanding and
decentralizing ISRA research activities it will not be
necessary to duplicate expensive laboratory installa
tions in each region, if central research laboratories
are utilized. For example, it is proposed that all soil,
water, and plant analyses be done by the central
laboratories at Bambey. Small, functional
laboratories would be necessary at each research
location but these should be relatively simple and
should be confined to analyzing only the most
critical elements. For example, at Fanaye it would be
necessary to have available locally equipment for
determining irrigation water quality and soil
moisture characteristics. More detailed soil physical
and chemical characteristics could be obtained by
sending soil samples to Bambey. An administrative
section in ISRA headquarters would be necessary to
administer these services.

lie. Information and publications. Information
and communication services and public relations
must be improved throughout the ISRA system if an
expanded research program is to be effective in solv
ing problems of crop and animal production in
Senegal. Good public relations is simply doing a
thorough job in solving important problems and
then letting the public know about it. The job of the
research scientist is not completed on any project
until the results are made available for the use of
farmers and others concerned with food production,
processing, marketing, and distribution.

"ISRA should prepare publications, visual aids,
and radio and television scripts of its research ac
tivities to be used by development societies in their
extension work. Moreover, scientific technical
reports and the annual ISRA progress reports would
be coordinated through this office.

"f. Statistics and data processing. In the im
mediate future, much of ISRA's research will be
adaptive, modifying and fitting materials and prac
tices available from national and international
sources to specific locations and farming systems in
Senegal. Varied trials, or experiments, with a few
variables and interactions can be handled routinely
by well-trained scientists.

"There will be increasingly complex experi
ments as the ISRA program is expanded, as more in-



368 • Appendixes to Chapter 10

tensive studies of interacting factors involved in
decline of yields in present schemes are undertaken,
and as integrated crops and livestock programs are
activated.

"An office with a small but highly competent
staff should be set up at ISRA's headquarters to fur
nish guidance in the design of experiments and to
provide data processing and analysis of the results of
more complex experiments. Analyses of more
routine experiments should be left to research team
leaders and individual scientists.

"In the future it is likely that ISRA would wish
to acquire its own computer facilities. If ISRA head
quarters is not located in Dakar, it would be unwise
to locate computer facilities in ISRA headquarters.

Itg. Production and technical services. This
section would handle the records and sales
associated with ISRA's agricultural production, such
as seed production. Also it would make the
necessary contracting arrangements for all special
services performed by ISRA on behalf of other
organizations.

Ith. Library and documentation. As with all
other research organizations, a good, up-to-date
library is essential to ISRA's success. Each research
station should have its own working collection of
the" important journals and texts in that station's
area of interest, but a complete library at each sta
tion is too expensive. The best solution is to create a
central library which can make loans or photocopies
available to other stations. Currently the principal
library is at Bambey and it should remain there if
ISRA's headquarters are shifted to St. Louis. Dakar
is, however, the best location for a central library
because it is the easiest location for all the other
ISRA stations to reach. If ISRA headquarters are to re
main in Dakar, the central library should be at head
quarters."

"TERMS OF REFERENCE FOR FARMING
SYSTEMS STAFF"

This section includes job descriptions for FSR&D
team members: namely, the agronomist, entomologist,
economist, sociologist, animal scientist, and subject mat
ter specialist.

"AGRONOMIST

"This scientist should hold at least the M.Sc.
degree in agronomy or soil science (crop and soil
management). He should be knowledgeable about
crop production methods which would entail
familiarity with the crops being grown, soils, fer
tilizers, use of agricultural implements, and tech
niques for weed control. He should also have a good
understanding of experimental design and basic
statistics.

"The agronomists in the farming systems
research program would study the current farming
systems utilized by the local farmers to understand
exactly what the farmer does and why he does it.

"They would conduct field experiments to
determine the optimum techniques for cultivating
all the crops in the farming system, both as sole
crops and as components of a farming system. They
would seek to find ways to modify the farming
system (by adding missing inputs, for example! to
make it more productive and more economically
profitable to the farmer.

"After devising a better farming system, the
agronomists (and the teamJ, working closely with
the subject matter specialist and other extension per
sonnel, would conduct research in farmers' fields to
verify that the experimental system was, indeed,
more productive and profitable, and that it was ac
ceptabh~ to the farmers.

"The agronomist at Fanaye should have train
ing in irrigated agriculture and should be able to con
duct experiments involving irrigation variables,
[determining critical stages for irrigation, irrigation
requirements of crops, etc.).

"At least one of the agronomists in each farm
ing systems team should be knowledgeable about
herbicide materials and their use.

"ENTOMOLOGIST

"The entomologist should be trained at least to
the M.Sc. level in entomology (pest management or
applied entomology). He would be responsible for
determining which insects were important in the
farming systems and for devising methods to limit
insect damage in the farmers' fields. As a component
of the overall farming system, the pest management
practices must be practicable and profitable.

"The entomologist would conduct surveys of
insects in his region, collecting the insects,
estimating their economic importance, and studying
their dynamics. He would conduct research to find
techniques to eliminate or limit insect damage to in
dividual crops and the entire farming system se
quence of crops. He would study naturally occurring
predators, chemicals, and crop manipulations as
possible techniques for reducing damage by insects.

"After developing successful experimental
control measures, he would verify these techniques
by applying them under farmer conditions [working
closely with the subject matter specialist, other ex
tension personnel, and farmers).

"ECONOMIST

"The economist in the farming systems team
should have at least the M.Sc. degree, probably in
the farm management specialty.

"Working closely with the sociologist and the



subject matter specialist, he would study the current
conditions in the rural sphere to learn about the
farmer and his farming system. He would try to learn
what the farmer's practices are, why he uses these
practices, and what the constraints are-physical,
social, and economic- that limit the farmer's ac
tions.

"The economist would study the effect on the
farmer of economic factors such as price and
availability of inputs [labor, fertilizers, machinery,
seed, etc.), prices paid for farm products, efficiency
of markets, and consumer requirements relating to
quality of farm products.

"He would work with the farming systems
team to assure that practices recommended to
farmers were economically sound. Also he would be
responsible to follow closely any adoption of new
technology to determine what the social and
economic effects of adoption are.

"SOCIOLOGIST

"The sociologist should have an M.Sc.degree
in rural sociology, or its equivalent.

"His responsibility would be to study the
social influences which shape the farmer's decisions
relating to his farming system. He (and the
economist) should be fully knowledgeable about the
problems faced by farmers and should continually
pass such information (together with suggestions of
how the problem could be solved) on to the ap
propriate authorities in government.

"The sociologist should investigate the adop
tion process, focusing particularly on reasons
farmers do or do not adopt recommended tech
nological changes in their farming systems. The goal
of his research would be to help design technological
changes in farming systems which would be prac
ticable, productive, and profitable and which would
benefit the most deserving social element.

"ANIMAL SCIENTIST

"This scientist should hold at least an M.Sc.
degree in animal science (range management) and he
should have a broad understanding of animal
management in grazing systems. Moreover, he
should be knowledgeable about the use of
agricultural by-products as feeds. This scientist
should be able to work with small ruminants and
mixed species, as well as cattle.

"Broadly, his responsibility would be to deter
mine how animals fit best in a farming system. He
should first study the farming system carefully to
fully understand what is being done by the farmer
and herdsman and the reason for their actions. He
should know the constraints to increased productiv
ity.
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"Then research should be undertaken to deter
mine better management practices whether they be
related to nutrition, herd health, reproduction, or
other factors. The aim would be to modify the pres
ent system to make it more productive and efficient.

"Once a modification proved to be useful at the
experimental level, the animal scientist, and the
farming systems team as a whole, would work with
farmers and extension personnel to prove that the
change was workable and profitable.

"SUBJECT MATIER SPECIALIST

"This specialist should have the equivalent of
the M.Sc. degree in a field of agricultural science,
preferably general agronomy, or extension educa
tion. He would be placed with the farming systems
team but his responsibilities would be to act as a
bridge between research and extension activities. He
could carry on a limited amount of research but this
should not be his major effort.

"This man would maintain a complete
understanding of the research being conducted by
the farming systems team, and other researchers,
and he would analyze the implications of the
research results for the farmers. He would prepare
extension publications explaining research results
for use by extension personnel in the development
societies. He would organize farmer field days at the
experiment station and training courses for exten
sion personnel.

"The subject matter specialist would assist the
researchers in locating cooperative farmers for plac
ing experiments in farmers' fields. An important
aspect of his job would be to keep the researchers in
formed of problems occurring in farmers' fields and
the research needed to solve field production prob
lems."

APPENDIX lO-B
ALTERNATIVE ORGANIZATIONAL DIAGRAMS
FOR FARMING SYSTEMS RESEARCH
AND DEVELOPMENT

This appendix contains organizational diagrams
followed by notes on four distinct approaches to
implementing farming systems research and development
activities. The first diagram illustrates the approach taken
in Guatemala, where the Agricultural Science and
Technology Institute (ICTA) was set up as a semi
autonomous research organization. ICTA has broad re
sponsibilities and authority for agricultural research
throughout the country. The second diagram illustrates
the National Program for Agricultural Research in Hon
duras. In this case, the research program is within the
ministerial structure, with the government giving con-
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siderable authority to regional directorates. The third case
presents the organization of the Production Investigation
Program [PIP! in Ecuador. The PIP is closely linked with
experiment station activities and coordinates on-farm
research with extension and agricultural credit. The last
diagram represents a project approach to FSR&D. In
this instance researchers are applying FSR&D methods to
an on-farm water management project in Egypt/ admin
istered by the Ministry of Irrigation. [See Sec. 10.2. in
Chapter 10 for additional discussion on organizational
structure.)

NOTES ON THE ORGANIZATIONAL DIAGRAM
FOR leTA (GUATEMALA'

The organizational diagram shown in Fig. 10-B-1 is
for the Agricultural Science and Technology Institute [IC-

TA! in Guatemala-a semiautonomous government cor
poration responsible for the countrts agricultural research
program aimed at the small and medium sized farmers.
These notes/ based on the work of Ortiz [1980L include in
formation on the Board of Directors/ the groups reporting
to the Technical Production Unit/ and teams within the
regions.

BOARD OF DIRECTORS

The Board of Directors is the highest authority of
ICTA. Its members are the Minister of Agriculture/ who
serves as president; the Ministers of Finance and
Economics; the Secretary General of Economic Plan
ning; the Dean of the Faculty of Agronomy at the Univer
sity of San Carlos; and a representative from the private
sector.

Figure 10·8·1. An organizational diagram for ICTA In Guatemala (Adapted and translated from ICTA, 1976).
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GROUPS REPORTING TO THE TECHNICAL
PRODUCTION UNIT

The Production Programs, the Support Disciplines,
and Technical Services are represented as fitting within a
single box in Fig. 10-B-l. We present these activities in
this way to emphasize the interdisciplinary teamwork
needed to serve those in the regions. The Production Pro
grams are concerned with identifying, generating, adapt
ing, and testing new technologies for the commodities
listed in the diagram. The Support Disciplines and
Technical Services assist both the Production Programs
and the teams in the regions. Most of the staff in the Sup
port Disciplines are located in the regions.

REGIONAL TEAMS

Fully staffed regional teams operate in all but the
second and third regions. A Regional Director, who
represents the General Manager and the Technical Direc
tor, manages each team and coordinates ICTA's activities
in the region. The regional teams function as inter
disciplinary units and comprise all those assigned to the
region, including staff from theProduction Programs, Sup
port Disciplines, and Technical Services, and the in
service trainees. Because of this approach, a technician
can simultaneously be a member of a regional team and
part of a program or discipline. The experiment station ac
tivities within the region also fall within the responsibility
of the Regional Director.

NOTES ON THE ORGANIZATIONAL
DIAGRAM FOR THE MINISTRY OF
NATURAL RESOURCES (HONDURAS)

Generally, agricultural research programs in Hon
duras are under the General Directorate for Agricultural
Operations, while agencies, such as those for coffee and
forestry have specific commodity research programs. This
discussion is based on a report (PNIA, 1978) by the Na
tional Program for Agricultural Research (PNIA).

PNIA is part of the Ministry of Natural Resources
(Secretaria de Recursos Naturales), with headquarters in
Tegucigalpa-the nation's capital. The directors of
research and extension and several disciplinary specialists
make the capital their headquarters, but they travel exten
sively and provide guidance and technical advice to the
regional programs.

Seven regional directorates implement the various
agricultural programs shown in Fig. lO-B-2. Regionally
based research staff, including commodity specialists, are
located at the country's six research stations and form a
part of the staff of the regional directorates. Most of these
stations are close to the directorates, which facilitates in
tegration of research with extension and other regional ac
tivities.

The foregoing arrangement has strong regional em-
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phasis because the regional directorates have the ad
ministrative authority and the budgets to implement these
agricultural programs. Guidance to the directorates is pro
vided through regional advisory committees and commis
sions. Because of such strong control over regional
programs, the head of the national agricultural research
program functions primarily as a technical adviser to these
regional programs and has limited power in promoting na
tionally integrated research.

NOTES ON THE ORGANIZATIONAL DIAGRAM
FOR INIAP (ECUADOR)

The organizational diagram shown in Fig. 10-B-3 is
for the farming systems activities of the Production In
vestigation Program (PIP)' which is part of the National
Institute for Agricultural Research (INIAP) in Ecuador
(INIAP, undated). The experiment station is the focal
point for the cropping and livestock programs and the sup
porting disciplines. The PIP screens technological possi
bilities generated on the experiment station through ex
periments on farmers' fields. These farmers are selected so
that they are representative of specific conditions within
the zone of influence of the experiment station. Those
technologies found acceptable to farmers are passed on to
the three implementing organizations-Projects, Exten
sion, and Agricultural Credit-for wide-spread diffusion. If
technologies are found unacceptable, they are returned to
the experiment station for further consideration. Coor
dination between the PIP and Extension is facilitated by
having an extension specialist as a member of the PIP
teams. In this way, the extension staff is familiar with the
technologies being generated in its region.

NOTES ON THE ORGANIZATIONAL DIAGRAM
FOR THE ON-FARM WATER MANAGEMENT
PROJECT (EGYPT)

The organizational diagram shown in Fig. 10-B-4 il
lustrates the on-farm water management project in Egypt.
The project supports a relatively new activity in Egypt and
is receiving substantial technical assistance from ex
patriate advisers. The solid lines from the Director of the
Institute for Water Management represent channels of
authority between that office and the Main Office and the
three Field Offices. The heads of the Main Office and
the Field Offices, in tum, are leaders of the various
disciplinary staff listed below them in the diagram. The
dotted lines represent the free flow of technical informa
tion among the disciplines located in the main office and
in the field offices. Together, these teams conduct on-farm
experiments and related activities on both improved
resource management and improved agronomic practices.
Note that because of the importance of irrigation and
drainage, two engineers are members of each team. Also
agricultural and social sciences, as well as extension, are
represented.



Figure 10·8·2. The organizational diagram for agricultural research within the Ministry of Natural Resources in Honduras (Adapted and translated from PNIA, 1978).
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Figure 10·8·3. The structure of the Agricultural Division and functioning of the New Production Investigation Pro·
gram, PIP (Translated from INIAP, undated).
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APPENDIX lO-C
TEAM BUILDING

As we discussed in Sec. 10.6.1. in Chapter 10, one of
a team leader's responsibilities is to develop effective
teamwork. In this regard, a manual on team building by
Francis and Young (1979) should interest the reader. This
book describes the team-building process, proposes 108
questions that help to probe the nature of a team, and then
offers 46 tools for building strengths and clearing block
ages to effective teamwork.

The authors define an effective team as "An
energetic group of people who are committed to achieving
common objectives, who work well together and enjoy do
ing so, and who produce high quality results."l The pro
cess of building a team involves (I) the desiJ;e to improve,
(2) identifying problems and needs, (3) specifying the
preferred situation, (4) treating the ailments and building
for the future, and (5) reviewing progress.

The questions relate to problems and opportunities
concerning (I) effective leadership, (2) suitable team
membership, (3) team commitment, (4) team climate, (5)
team achievement, (6) relevant corporate role, (7) effective
work methods, (8) team organization, (9) critiquing, PO)
individual development, (11) creative capacity, and (12)
intergroup relations.

Improvements can be effected by having the team
engage in some of the 46 exercises presented in the book.
These exercises cover the range of topics listed above.
Following are two exercises that illustrate the approach.
They concern Team Mission and Individual Objectives
and Effective Problem-Solving Survey.

IITEAM MISSION AND INDIVIDUAL
OBJECTIVES2

"PURPOSE

I. To help clarify the team's mission to team
members.

II. To test for strengths or problems in the ways
that team members relate their individual
goals to the team's overall mission.

"MATERIALS

I. A copy each of the Team's Mission Sheet and
the Individual Objectives Sheet, and a pencil
for each participant.

II. A large newsprint pad, felt-tipped markers,
and masking tape, or a chalkboard and
chalk.

"METHOD

I. The team meets briefly to begin the pre
paratory work for the main team meeting.
The leader distributes copies of the Team's
Mission Sheet and the Individual Objectives
Sheet to each of the members and asks the
members to complete the sheets and bring
them to the next meeting.

II. At the second meeting, each team member is
asked to read his statement of the team's mis
sion.

TIL The individual Team's Mission Sheets are
displayed, then the team members review all
contributions and work to compile a state
ment of the team's mission(s) with which the
whole team agrees.

IV. Each team member outlines for the team his
individual objectives and, in the light of the
statement of the team's mission(s), reviews
the appropriateness of these objectives.

V. If it is clear that some objectives are no longer
appropriate in relation to the team's
mission[s}, the meeting is adjourned to allow
the members to review their objectives. The
team schedules a meeting within one month
of the original meeting, at which time it will
consider objectives again.

"TEAM'S MISSION SHEET

"The major reasons for the existence of this
team are to achieve the following:

"INDIVIDUAL OBJECTIVES SHEET

"Over the next (six months, nine months, one
year, two years, as appropriate) I wish to achieve the
following in my work:

"TIME

Half an hour for individual preparation. One
hour for team discussion. It may require two or more
discussion sessions to achieve a satisfactory out
come.

Statement of
desired

achievement

1.
2.

By what
date

How I will
know I have

succeeded

Part of team's
mission it
relates to

lReprinted from Francis, D., and D. Young, 1979. Improving Work Groups: A Practical Manual for Team Building. University
Associates, San Diego, Calif. Used with permission.

1Ibid.



"EFFECTIVE PROBLEM-SOLVING SURVEYI

"PURPOSE

I. To identify strengths and weaknesses in
tear.n probler.n solving.

II. To set agenda for strengthening the weakest
characteristics.

"TIME

Forty-five r.ninutes.

"MATERIALS

I. One copy of the Effective Probler.n-Solving
Survey for each participant.

II. A large newsprint pad and felt-tipped
r.narkers, or a chalkboard and chalk.

III. Blank paper and a pencil for each participant.

"METHOD

I. The leader distributes one copy of the Effec
tive Probler.n-Solving Survey, paper, and a
pencil to each r.ner.nber. He tells the r.ner.nbers
to read the instructions and cor.nplete the
survey. [Five r.ninutes.J

II. After the survey has been cor.npleted, the
leader asks whether the participants want to
report their individual scores orally or to
write ther.n down and tum ther.n in
anonyr.nously.

III. The leader collects the scores, charts ther.n,
and identifies the two iter.ns with the lowest
scores. [Ten r.ninutes.)

IV. The r.ner.nbers discuss the probler.n iter.ns and
identify six action steps that could help the
group ir.nprove in these two areas. The leader
charts the suggestions; he r.nakes ther.n
available for reference to the next working
session. (Thirty r.ninutes.)

"EFFECTIVE PROBLEM-SOLVING SURVEY

"Instructions. Please give your candid opinion
of your tear.n's r.nost recent probler.n-solving session
by rating its characteristics on the seven-point scales
shown below. Circle the appropriate nur.nber on each
scale to represent your evaluation.
Lacked order 1 2 3 4 5 6 7 Orderly and
and poorly well con-
controlled trolled
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Confusion 1 234 5 6 7 Clear and
about objec- shared ob-
tives jectives
Organization 1234567 Organization
inappropriate was flexible,
to task appropriate

to task
Criteria for 1234567 Clear criteria
success not for success
established established
Inforr.nation 1234567 Inforr.nation
was poorly was well
evaluated analyzed
Planning was 1234567 Planning was
inadequate effective,

thorough
Action was 1234567 Action was
ineffective effective,

adequate
No atter.npt 1234567 Thorough re-
to learn fror.n view to help
the experi- tear.n learn
ence fror.n experi-

ence
Tir.ne was 1 234 5 6 7 Tir.ne was
wasted well used
People with- 1 234 5 6 7 Everyone
drew or participated
becar.ne nega- positively"
tive

APPENDIX lO-D
SUMMARIZED CHECKLIST FOR
SUCCESSFUL INTERDISCIPLINARITY

This appendix provides two sets of questions to be
used as a checklist for pror.noting successful inter
disciplinary tear.nwork for FSR&D activities [see Sec. 10.6.
in Chapter 10). The first set concerns topics related to the
initiation of prograr.n [or project) activities and the second
set concerns topics related to prograr.n [or project) opera
tions.

CONCERNING INITIATION OF PROGRAM ACTIVITIES

• Has the appropriate r.nix of required disciplines been
identified?

• Have the r.nost cor.npetent persons been chosen for
the core tear.n?

• Are those chosen fully dedicated to tear.n goals?
• Is the tear.n leader satisfied with the tear.n?

lReprinted from Francis, D., and D. Young, 1979. Improving Work Groups: A Practical Manual for Team Building. University
A~sociates, San Diego, Calif. Used with permission.
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• Will the leader be able to balance task-oriented and
people-oriented styles in providing creative interac
tion among team members?

• Is the leader sympathetic to the different paradigms
of team members?

• Is the leader competent in one of the key disciplines
for the team?

• Is the leader fully dedicated to team and program
goals?

• Has adequate time been provided at the outset of ac
tivities for team building and refinement of program
objectives?

• Has a communications plan for the team been
prepared?

• Has physical space been provided for effective team
interaction?

• Have any problems of spatial separation been ade
quately considered?

• Does the team's institution fully support the team
and the program?

• Do the team members understand both the basis for
the evaluation of team and individual ac
complishments and the accompanying reward
system?

• Have provisions been made for team liaison with
others who are needed to support the team techni
cally?

• Have adequate support services been provided for
the team?

CONCERNING PROGRAM OPERATIONS

• Are all members contributing as part of the team?
• Is the leader able to adapt to changes in the team/s

needs?
• Are new team members effectively integrated into

the team?
• Is provision made for additional team and program

needs as they arise?
• Is the team able to accomplish agreed upon goals by

accomplishing stated objective~ and tasks?
• Do team members feel adequately informed?
• Are team members receiving adequate feedback on

the performances of the team and themselves and are
the rewards in keeping with performance?

• Are communications among team members open?
• Do team members have sufficient freedom to be

creative?

APPENDIX lO-E
USAID'S LOGICAL FRAMEWORK

The United States Agency for International Develop
ment [USAID) uses the Logical Framework as one of the
bases for preparing and justifying project loans and grants.
This framework (1) relates project goals/ purposes/ inputs/
and outputs with means for verification and 121 requires
statements of important assumptions. Consequently/ this

approach can also serve as a basis for evaluating project
results/ as described in Sec. 10.8.3. of Chapter 10.

The following excerpts summarize some of the more
important features of USAID/s approach 1Tumer, 1979):

liTHE LOGICAL FRAMEWORK

"1. A key element in project planning and evalua
tion is the establishment of a logical framework for
the project design which:

a. Defines project inputs/ outputs, purpose/
and higher goal in measurable or objectively
verifiable terms.

b. Hypothesizes the causal [means-end!
linkage between inputs/ outputs/ purpose/ and goal.

c. Articulates the assumptions Iexternal in
fluences and factors) which will affect the causal
linkages.

. d. Defines the indicators which will permit
subsequent measurement or verification of achieve
ment of the defined outputs/ purpose, and goal. lI

A matrix format of the logical framework appears as
Table 10-E-1.
"2. The logical framework methodology embodies
the concept of causalitYj i.e./ the causal linkage or
hierarchy in which resource inputs are intended to
produce outputs/ outputs are expected to result in
the achievement of project purpose/ and project pur
pose is expected to contribute substantially to die
higher goal. The concept of causality/ in turn/ rests
on the basic premise that each level in the hierarchy
can be shown to be not only necessary but also suffi
cient to cause the next higher level to be achieved.
Since each causal linkage is subject to external fac
tors beyond the control of project management/ each
linkage must be tested to assure that a given target
level le.g./ outputsL in concert with the assump
tions at that level are necessary and sufficient to
achieve the next level Ipurpose).

"CONTENT OF LOGICAL FRAMEWORK"

"1. GOAL - NARRATIVE SUMMARY

a. Goal is a general term characterizing the
programming level beyond the project purposej Le./
the next higher objective to which the project is in
tended to contribute. It provides the reason for deal
ing with the problem which the project is intended
to solve. Goal denotes a desired result to which an
entire program of development may be directed.
Goals are established at top program management
levels. Project managers need to understand these
programming goals even though their contribution
in formulating them may be limited.

b. Generally/ a goal is not achieved by one
project alone/ but is established with the intent that
success in a variety of project and nonproject ac
tivities will be necessary for its achievement. In this
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Table 1Q.E·1. Project design summary: Logical framework (Turner, 1979).

Life of Project: From FY To FY _
Total U.S. Funding: Date Prepared: _
Project Title &Number:

AID 1020-28(1-72)

NARRATIVE
SUMMARY

Project or Sector
Goal: The
broader objective
to which this
project contri
butes:

Project Purpose:

Outputs:

Inputs:

OB"IECTIVELY
VERIFIABLE
INDICATORS

Measures of Goal
Achievement:

Conditions that
will indicate
purpose has been
achieved: End of
project status:

Magnitude of
Outputs:

Implementation
Target (Type and
Quantity)

MEANS OF
VERIFICATION

IMPORTANT
ASSUMPTIONS

Assumptions for
achieving goal
targets:

Assumptions for
achieving purpose:

Assumptions for
achieving outputs:

Assumptions for
providing inputs:

respect, the relationship between goal, (the end) and
project purpose (the means) is causal and partial.
Causal relationships become more direct and com
plete when descending to the output and input
levels. The establishment of a goal is thus only one
final stage in a logically progressing series of
hypotheses:

(1) If this goal is desirable, then what project
purpose will be necessary to achieve it?

(2) If this project purpose will assist goal
achievement, then what outputs will be necessary to
achieve the project purpose?

(3) If these outputs are to be provided, then
what inputs will be required?

"2. GOAL - OBJECTIVELY VERIFIABLE INDICATORS

The indicators of goal achievement may be quan
titative, qualitative, or behavioral, or a mixture of
these criteria. Satisfactory measures of achievement
are those which indicate a realistic causative rela
tionship between project purpose and goal and con
firm that the project purpose contributes to the
achievement of the goal. Measurement indicators
such as the number of local citizens taking part in an

election, increased per capita income over a prior
period, increased value of exports, and the number of
job vacancies at a particular level in government and
the private sector, provide a realistic picture of a
situation at any given time. The scope of a single
project will not usually be comprehensive enough to
be the total cause of achievement of the goal. Other
projects and nonproject factors may also have a sig
nifant influence on goal achievement.

"3. GOAL - MEANS OF VERIFICATION

State the kinds and sources of data needed to support
the indicators which have been cited as measures of
goal achievement.

"4. GOAL - IMPORTANT ASSUMPTIONS

Achievement of the goal (and indeed the project pur
pose and outputs as well) is based on the expectation
that certain events or actions outside the scope of
the project will occur. These external factors need to
be stated clearly as important assumptions regarding
goal achievement and evaluated periodically to
assure their continued validity. 'Increasing agri-
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"6. PROJECT PURPOSE - NARRATIVE SUMMARY

The project purpose is the specific desired result of
the project, not merely the sum total of outputs. A
well conceived project has an explicitly defined pur
pose that contributes causally to the goal in a logical
and direct manner. In turn, the combined effect of
project outputs contributes in a logical and direct
manner to achievement of the project purpose. This
purpose represents the solution to a specific develop
ment problem and may be derived by inverting the
statement of the problem into a statement of the ap
propriate solution.

cultural productivity,' for example, may be a real
istic goal. However, achievement of that goal may be
dependent on motivating the farm labor force;
establishing marketing regulations, distribution
centers, and national price structure; and acts of
God, such as weather, etc., factors clearly outside
the design of the project. The degree of confidence
that is placed on the assumptions about these factors
depends on familiarity with the cooperating country,
knowledge of the sector of concentration, cooperat
ing country performance, etc. A project design is
only as sound as the strength of its weakest impor
tant assumption. As the project is implemented and
the hypothesized causal linkages are tested, the con
fidence level in the causality between purpose and
goal should increase. If this does not occur, the
evaluation process should then focus attention on
the explicit assumptions.

* * *

methods and textbooks? Did per hectare crop yield
increase?

*

"9. PURPOSE - MEANS OF VERIFICATION

State here the sources and the specific types of
evidence which will be used to verify conditions
marking End-of-Project Status.

"10. PURPOSE - IMPORTANT ASSUMPTIONS

As noted in [4], an assumption describes a situation
or a condition which must be assumed to exist, if
and when a project is to succeed, but over which the
project management team may have little or no con
trol. An example is: Increased crop yield (project pur
pose) will contribute to expanded export of agri
cultural crops (sector goal) only if price and market
conditions are favorable (assumption).

"11. OUTPUTS - NARRATIVE SUMMARY

Project outputs are the planned results produced by
the management of specific inputs. In analyzing
project outputs, be aware of the distinction between
the kind and the magnitude of the specific results
that competent project management is reasonably
able to produce. Producing trained cooperating coun
try staff for certain key posts is an output. The out
put indicators would state the number of trained
staff placed in specified key posts within a particular
time frame.

"13. OUTPUTS - MEANS OF VERIFICATION

"12. OUTPUTS - OBJECTIVELY VERIFIABLE
INDICATORS

State the data source and kind of data for verifying
each output indicator.

The magnitude of outputs, targeted and expressed in
a manner allowing verification, reflects evidence of
successful completion of the managerial actions
(input-output linkage) that were necessary to pro
duce the output in the first instance. In the case just
given, participant training would be the link. Ex
amples of outputs and appropriate targeted output
indicators include:

Output Indicators

a. Cooperating country per
sonnel trained for, and as
signed to 15 previously
identified key posts by
1978;

b. 18 courses prepared and
taped by end of 1978;

***

Outputs

a. Trained indigenous per
sonnel for key posts in
Radio Correspondence [RIC)
course;

b. Courses prepared and taped;

"7. PROJECT PURPOSE - OBJECTIVELY VERIFIABLE
INDICATORS

a. The statement of the End-of-Project Status
conditions (EOPS) is a description of the set of ter
minal conditions that will exist when the project
purpose is successfully achieved. This description
takes the form of objectively verifiable indicators,
either quantitative, qualitative, or behavioral in
character which reflect the end of the project status
conditions. In projects which have an institutional
purpose, the end-of-project status conditions would
include the actual performance of the institution,
rather than its readiness (the latter would be output
indicators). Indicators of institutional performance
would include self-sufficiency, effectiveness in pro
ducing goods and/or services, efficiency, creativity,
and initiative.

b. In projects that emphasize immediate ac
complishments, the end-of-project status conditions
expected often are direct results of project goods
and/or services. Did the birth rate fall? Did exports
rise? Did enough private enterprises (or cooperatives)
survive to form a critical mass that will continue to
grow without AID support? Do fewer children drop
out of school as a result of the new instructional



"14. OUTPUTS - IMPORTANT ASSUMPTIONS

b. Given outputs such as trained manpower
(either through participant training or on-the-job
training), a critical assumption may be that the
government will formally establish appropriate posi
tions and will budget funds to payroll them.

"15. INPUTS - NARRATIVE SUMMARY

Inputs are the goods and services provided by the
Mission, the Bureau, the Office, other donors,
and/or the cooperating country with the expectation
ofproducing certain definable outputs. The inputs to
a project may consist of personnel, equipment, com
modities, training, funding, contract services, etc.,
in almost any !=ombination. These inputs may be
provided by the United States ldirectly or through
contractors, participating agencies, or voluntary
agencies), the cooperating country, or other donors.
With respect to personnel the important factor is
the services which each person is to perform rather
than simply the assignment of an individual to the
project; Le., the fact that an adviser is at post is
not a statement of the input expected from that ad
viser.
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"16. INPUTS - OBJECTIVELY VERIFIABLE
INDICATORS

For each element of the above input, list budget
categories such as commodities (perhaps broken out
into subgroups), participant training, advisory ser
vices ldirect-hire or contract), and their quantities
and approximate expenditure level.

"17. INPUTS - MEANS OF VERIFICATION

This cell of the matrix may not have to be completed
if inputs consist of AID Mission-furnished items for
which AID records provide accounting. However,
other inputs such as those by the cooperating coun
try, voluntary agencies, and third countries, should
have confirming data sources shown.

"18. INPUTS - IMPORTANT ASSUMPTIONS

Assumptions at the input level are usually limited to
questions of whether the inputs will be available on
time. Project designers may use this cell of the
matrix to record 'Beginning of Project Status condi
tions'; the project specific baseline conditions which
are the obverse of the terminal or 'End of Project
Status condition.'11
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APPENDIX ll-A
HONDURAN TRAINING PROGRAM IN FSR&D

IGuatemala) for their valuable assistance in the
development of this manual.

"ACTIVITIES MANUAL FOR IN-SERVICE TRAINING

"Agricultural Office for the West-Central Region

"We thank, in particular, the personnel of the
1978-1979 In-Service Training Program and ICTA

"MINISTRY OF NATURAL RESOURCES
NATIONAL PROGRAM FOR AGRICULTURAL
RESEARCH: CENTRAL UNIT

FRANKLIN E. ROSALES
Central Unit Chief

"I. INTRODUCTION

"During the past three years significant
changes have occurred in the Agricultural Research
Program.

"In 1977, a work team was formed made up of
national and foreign technicians. This group was
soon joined by an lADS [International Agricultural
Development Service] mission that carried out a
general diagnosis and proposed a reorganization, in
cluding a general methodology, a new organizational
scheme, and developmental strategies.

"The new approach culminated with the
editing and publication, in January 1978, of the
document 'Agricultural Research in Honduras.' This
proposal received its official approval from
Memorandum M. No. 5-11-78, sent by the Minister
of Natural Resources, Rafael Leonardo Callejas, to
the Regional Directors on February 17, 1978.

"The following concepts were outlined in the
document:

'In recognition of the need for a Research Pro
gram that is accountable at the national level and ef
fective in the development of the assigned respon
sibilities, we propose a reorganization of the pro
gram to maximize its potential. This involves ex
perimentation and development of techniques by
working with farmers under farmers' conditions. At
tention will be focused on a multidisciplinary ap
proach that encompasses the entire production
system [biological, socioeconomic, and cultural),
and an effective coordination of the program with
other activities of the sector (Extension, Human
Resources, Planning, etc.) at the administrative and
field level.' In addition: 'The Program will be struc
tured as follows:

A) A headquarters will be located in Tegucigalpa
with the following responsibilities: represent the
Ministry, develop the Plan of Operations, national

Honduras
1980

"PREFACE

"The In-Service Training Manual combines
the experiences of the past two years {1978-1979J of
technicians of the Central Unit of the National Pro
gram for Agricultural Research. This compilation of
national experiences served as a guide for in-service
training in the National Agricultural Research Pro
gram in 1980.

"The compilation of the information, format,
and editing of this report was completed by
Engineers Mario Nunez and Alvaro Diaz, with the
help of the following professionals:

Dr.. Mario Contreras
Dr. Frank Peairs
Dr. Franklin Rosales
Eng. Juan Carlos Torchelli
Dr. Robert K. Waugh

Comayagua

In 1980 the developers of the Honduran training pro
gram in FSR&D published their experiences from the
previous two years (PNIA, 1980). This publication served
as a guide for the Honduran training program in FSR&D for
1980 and possibly subsequent years. The training pro
gram, primarily for researchers, is of the type we described
in Sec. 11.2.1. Below is our translation of this document:
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coordination, and technical administrative support
for the Program.
B) A Central Research Unit, located in Comayagua
and dependent on the Program's Headquarters, will
be formed by a multidisciplinary team with respon
sibilities for research, training, development of
operational plans, and support and supervision of
research projects.
C) Regional Units will be composed of a Program
Coordinator, Production Syste'ms Teams, and
Technical Support Teams. The Production Systems
Teams' responsibilities will be the identification and
diagnosis of problems at the field level, experimenta
tion, and orientation of research at the experiment
stations. The Technical Support Teams will be
responsible for carrying out traditional research;
however, the thrust of these teams will be deter
mined by alternatives introduced by the Production
Systems Teams.
D) Research Projects, based on priorities and
availability of resources, will be directed at solving
farmers' problems. The present projects will be con
tinued, but with changes introduced gradually
according to the needs of each case.'

"During 1978 the ideas were taken to the field
by the Central Unit in Comayagua, which set up
farm trials in three areas of the Region: EI Rosario,
San Jer6nimo and La Paz.

"These trials were part of a pilot experiment to
refine the fieldwork methodology and to make ad
justments for possible application to other regions.
The trials were designed after reconnaissance and
other survey work in the region, and were carried out
from January to April, 1978. The objective of the
trials was to identify the most common productive
systems in the selected zones and to determine the
most important problems to which agricultural
research could contribute.

"The work in Comayagua and the sub-region
of La Esperanza contributed much to enrich the na
tional team's experience, as did the frequent contact
with technicians from other institutions of the
region, such as CATIE and ICTA.

"During 1978, in-service training started
informally in Comayagua, based on this new ap
proach. The experience was very positive, because
the three regions were staffed with technicians who
had participated in the training.

"This new activity was formalized in February
1979. The course combined theoretical aspects
(short courses, seminars, and workshops), with prac
tical activities. Attention was centered on area
descriptions and the design, installation, direction,
harvest, and analysis of farm trials both on the farm
and at the experiment station.

"The practical phase took about 75 percent of
the nine-month training program. The theoretical
phase was designed to strengthen deficient aspects of
previous university education (statistical analysis,
experimental design, economic analysis, technical

communication); to relate theory to practical ex
periences in production systems (disease and insect
control, weed control, soil-water-plant relation
ships); and to involve the participants through
presentation of papers and through discussions in
seminars and workshops.

"II. OBJECTIVES OF THE IN-SERVICE TRAINING

"A) General Objectives

"Provide a general orientation and an oppor
tunity for practical experience to the new techni
cians who enter the Program and who may carry out
graduate studies in the future.

"In the past, newly hired technicians were
located at an Experiment Station along with a re
searcher in charge of a crop. In this way, the majority
of the trainees gained experience with a particular
commodity.

"The present direction of the Research Pro
gram requires other preparation. In effect, techni
cians are needed with a broader perspective formed
by close contact with the problems of the Honduran
farmer. It is necessary to direct the technicians
toward the study of integrated systems, and to train
them to identify and analyze problems, and propose
more effective alternatives. The technicians need to
understand the complex interaction of agronomic
and socioeconomic factors that affect farm produc
tion in a region. These technicians will form the
base for extending these work procedures to all
regions of the country as rapidly as possible, and in
the process establish Regional Research Teams that
operate at the farm level and focus on production
systems.
"B) Specific Objectives

"The in-service training program developed
specific skills that include the ability to

1. Identify and analyze agricultural production
problems through a multidisciplinary ap
proach that allows for understanding produc
tion systems as complex units involving
biological and socioeconomical interactions.

2. Establish research priorities in agreement with
the national and regional needs and policies
that do not exceed available resources.

3. Install, conduct, and analyze field trials to ar
rive at appropriate conclusions and recom
mendations.

4. Communicate effectively with the farmers
who are the ones who will profit most from the
Agricultural Research effort, and cooperate
with the extension workers and other regional
technicians.

5. Analyze technical information and transmit it
correctly in oral and written form.

6. Apply existing technical knowledge, e.g., for
the production of basic grains.

7. Develop a positive attitude for effective team
work.



"III. METHODOLOGY AND ORGANIZATION

"During training an attempt was made to in
tegrate practical with theoretical aspects by giving
priority to 'doing rather than talking.' Trainees were
given the opportunity to do farm work and take the
initiative in solving farmers' problems. At the same
time, the trainees developed a common understand
ing and a practical capacity to work under farmers'
conditions. Theoretical activities emphasized the
conceptual aspects of the approach; and field ap
plication emphasized reasoning rather than
memorization.

"During training, an attempt was made to
stimulate active and responsible participation by all
trainees. The activities located in Comayagua
covered a nine-month period from February 1st to
October 31st and included two phases: a practical
phase that took up 75 percent of the time and a
theoretical phase that took the other 25 percent.

"The practical phase was carried out in three
zones of the Comayagua region; El Rosario, San
Jeronimo, and La Paz. A group of trainees was
responsible for the work in each zone. Each zone was
assigned a technical supervisor from the permanent
technical team of the Research Program in Com-

. ayagua. On-farm research carried out by the trainees
constituted part of the program's regular Plan of
Operations. But in this case, the trials, in addition to
the results, served the essential objective of training
the Program's new personnel.

"The theoretical phase was the same for all
students and was concentrated during slack periods
rather than during the time of maximum activity on
the farms (planting and harvesting). Besides the
trainees, others such as researchers, extension
workers, and other technicians in the region took ad
vantage of the theoretical instructions. The in
service Training Coordinator, with support from
technicians of the Program's Central Unit, was
directly responsible for the in-service training activ
ity.

"IV. PRACTICAL ACTIVITIES

"The practical activities included
A) Characterization and diagnosis
BJ Farm trials
CJ Farmers' tests
D) Farm records
EJ Rainfall records
FJ Field days

"Activities A, C, and F were developed in
cooperation with the extension worker in the area.

"Al Characterization and Diagnosis
"This phase of the work, carried out at the

beginning of training during February and March,
consisted of the following steps:

1. Exploring the region. The group of trainees,
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guided by their technical supervisors, visited
the different zones in the region, observing
major characteristics and talking with exten
sion workers, individual farmers, and agrarian
reform groups. The step served as the first con
tact with the realities of the region for the
training group.

2. Technical information management. During
this phase trainees were provided climatic data
and other technical information for the region.
They analyzed and summarized it with the
help of supervisors. The work was done in
small groups and culminated with the prepara
tion of a brief report.

3. Questionnaire. This diagnostic instrument
helped to obtain technical and social informa
tion and provided the means for the team to
become acquainted with the farmers. With the
help of their supervisors, the trainees
developed a questionnaire, used it to gather
data in the field, and then tabulated the
results. This activity culminated in the
development of a technical report on the
results and conclusions of the survey.

"B) Farm Trials
"This was the central focus of all the practical

activities. It was carried out in groups of three
trainees with each group assigned to one of the
following zones: La Paz, El Rosario, San Jer6nimo. A
principal aim was to encourage an interchange of ex
periences among the teams working in the zones. At
times the three groups worked together, especially
during periods of planting and harvesting. Farm
trials were divided into the following phases:

1. Trial design. By 1980 we had two years of
research experience conducted in the three
zones. This provided the basis on which to
plan new trials. With the participation of the
trainees, trials were designed by the techni
cians of the Central Unit of the Program at
technical meetings. The process started with a
proposal from the technicians responsible for
each area. The trials were in response to the
main problems identified in each area. The
simplest designs compatible with the objective
of the experiments were used. Each trainee
group managed a maximum of 15 trials on a
maximum of five farms.

2. Selection of collaborators. The trainees were
in charge of this activity with the aid of the
zonal supervisor and the extension worker.
The selected farms had the following
characteristics:

a) Farms were accessible year-round by car or
were, at most, 10 minutes by foot from
the main road.

b) Farms were representative of the zone
under study in soil, climate, and produc
tion system characteristics.

c) The farmers were receptive and had a good
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understanding of the objectives of the proj
ect.

This phase was very important for assur
ing good relations with the collaborating
farmers. The team needs to spend sufficient
time talking with these farmers because the
farmers need to be thoroughly convinced of the
trials' usefulness. The farmers also need to
know in detail each trial's objectives, its
management, and what their responsibilities
as collaborating farmers will be.

In the farm trials, the farmers generally
supplied the land, did the land preparation,
and helped in planting and harvesting. The
product of the trials belonged to the col
laborator. Experimental inputs were supplied
by the Program, except such things as: the
farmers' seed for certain control plots, or some
treatments the collaborators do on their own
crops that are considered necessary for the
trials.

3. Installation, management, observation, and
harvest of trials. The annex [not included] con
tains a Methodology Guide for Farm Trials
that can be used as orientation during this
phase of the work. At the beginning of the
work the group for each zone received the re
quired implements and equipment for which
they were responsible: a vehicle, a portable
sprayer, two pitchforks, two machetes, a
measuring tape, two field books, a roll of rope,
boots, glasses, gloves, and a protective mask.
Other supplies, such as fertilizers, insec
ticides, fungicides, herbicides and stakes were
in the warehouse, and were obtained through
the Training Coordinator.

Each group carried a field book in which
it prepared a schematic map of each farm, the
trial design, the details of the treatments, and
up-to-date observations. The group kept two
copies of the field book: one aopy was for the
field; the other copy stayed in the office and
was updated continually.

The Course Coordinator and the Zonal
Supervisors checked the field books at
unscheduled times and verified their contents.
The trial plots were conveniently marked and
the corresponding treatment noted by a ticket
located at the left of each plot. In addition to
making the necessary observations, each group
was provided with a camera to take pictures of
the trials at the most critical times. These pic
tures were kept as part of the Program's records
for later reference.

Each group in the zone met weekly with
the corresponding technical supervisor to in
form him about the development of the work,
to solve operational problems, and to plan for
the coming week.

Each group in the zone submitted a brief
monthly report to the Training Coordinator.
The report contained information on the jobs
completed during that period and problems
and comments that were relevant to the
development of field work.

4. Analysis of the trials. The trainees received
help for the analysis of trials through a basic
statistics course, an economics analysis
course, and a counseling workshop on
statistics. Each group presented a written
report containing the results and conclusions
of the trials.

At the end of the program each trainee
made an oral presentation on the results and
conclusions concerning a group of trials.

"C) Farmers' Tests
"In some zones where field work was under

taken, certain technologies that were studied as part
of the farm trials need to be verified by farmers' tests
before being recommended for general use. For this,
plots of greater size were used. The farmer supplied
the inputs and managed the plots with the technical
support of the extension worker and the researcher.

"The trainees' activities in this case consisted
of collaboration in the organization of the farmers'
tests, in advising on their installation and manage
ment, in their use as demonstrations, and in their
final evaluation.
"D) Farm Records

"Farm records constituted a means for record
ing in a simple form all of the tasks carried out on a
crop or cropping sytem. Items included were descrip
tions of the area, hand labor used, type and quantity
of inputs, and their corresponding costs.

"For the Research and Extension Programs
these records were kept to

1. Learn about the common technology practiced
by private farmers and those in the agrarian
reform sector.

2. Orient the research by furnishing information
on the principal technical and socioeconomic
problems limiting production.

3. Make it possible to evaluate how the new
technology will be accepted and what its
results will be, by studying the information
obtained during various years.
"At the same time, the farm records had the

following advantages for the producers themselves:
1. They made it possible for the producer to get a

good idea of how much the individual farm ac
tivities will payoff.

2. For each crop, they furnished information
about the annual use of family and hired labor,
number of days worked, and how much was
spent.

3. They improved the knowledge about invest
ment for use in planning future requests for
credit.



"In 1980, each trainee was to be responsible for
at least one farm record for which the trainee will
receive adequate help from the Research Program's
economist.
"E) Rainfall Records

"Rain gauges were installed in three zones and
managed by the farmers. Each group of trainees
visited these farmers periodically to verify that the
records were being kept and to record data in the
field book.
"F) Field Days

"The group in each zone organized at least one
field day for technicians of the Research Program and
other Programs to show them the farm trials and to
discuss preliminary results or specific problems. The
group received support from the supervisor and,
whenever possible, help from the extension worker.

"The field day was planned well in advance
and supported with adequate materials for demon
stration.

"V. THEORETICAL ACTIVITIES

"Theoretical activities included the following
aspects:

A) Short courses
B) Conferences
C) Workshops
D) Seminars
E) Consultations and lectures

"A) Short Courses
"Short courses corrected the educational defi

ciencies of the trainees in specific subjects, and
reoriented and updated the trainees in important
agronomic disciplines.

"National and international technicians from
CATIE, CIAT, CIMMYT, etc. were in charge of
these courses, which were programmed for three
days. The objective of the courses was to combine
theoretical and practical aspects of the material.
Trainees were expected to participate actively.

"For 1980 the following short courses were
planned

1. Training introduction: institutional overview
2. Basic statistics
3. Economic analysis for agricultural research
4. Soil-plant-water relationships
5. Agricultural systems
6. Weed control
7. Climatology in Honduras [with emphasis on

the Comayagua Valley)
8. Soil conservation
9. Insect and disease control

10. Technical communication
11. Research administration

"B) Conferences
"These consisted of brief presentations on

specific subjects with invited national and foreign
technicians in charge.
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"Presentations were approximately one hour
long, with an additional hour allowed for questions
and discussion.

For 1980 the following conferences were pro-
grammed

1. How to obtain clean bean seed
2. Methodology for regional diagnoses
3. Sorghum and maize oidium (powdery

mildews)
4. Small-scale agriculture
5. International research programs
6. Agricultural research and national develop-

ment
7. Minimum tillage
8. Appropriate rural technology
9. Diseases of basic grains in Honduras

10. Farm records in ICTA, Guatemala.
"C) Workshops

"These were working sessions between the
trainees, the supervisors, and other technicians from
within and outside the Program.

"In general, the workshops were directly
related to the planning of activities and to discus
sions of the field work. The workshops therefore had
both a practical and a theoretical character, with ac
tive participation expected of the trainees.

"For 1980 the following workshops were pro-
grammed

1. Reconnaissance of the region; first impressions
2. Development of surveys
3. Management of regional data
4. Tabulation of survey data
5. Selection and initial design of farm trials and

selection of collaborators
6. Selection and final design of farm trials and

selection of collaborators
7. Statistical counseling
8. Discussions of farm trial results, 1980.

"D) Seminars
"These were brief expositions where the

trainees were in charge. The seminars were about
subjects proposed by the training program directors
or the trainees themselves. The purpose of the
seminars was to improve the trainee's ability ,to
understand and synthesize a subject and present it in
a clear and concise form. Before each seminar a writ
ten summary was presented about the subject. The
trainees were evaluated for their clarity of concepts,
ability to synthesize, quality of presentation, and
supportive material.

"The following subjects were some of those
proposed for the 1980 Seminars:

1. Management of agrochemicals
2. Maize/bean systems
3. Maize/millet systems
4. Characterization and potential of an agri

cultural zone
5. Appropriate technology
6. Implements for intermediate tillage
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7. Energy in agriculture
8. Post-harvest problems in basic grains
9. Soil conservation

10. Irrigation in the Comayagua Valley.
The duration of the presentations was one hour,
with 30 minutes for questions.
"E} Consultations and Lectures

"During the practical and theoretical ac
tivities, the trainees consulted with the Training
Coordinator, the technical supervisors, and the
technicians of the Research Program's Central Unit.

"A small library was organized in Comayagua
and was available to the trainees. It contains selected
bibliographies about subjects that were taught dur
ing the training program.

APPENDIX II-B
OUTLINE OF AN IN-SERVICE
TRAINING PROGRAM IN FSR&D
PREPARED BY ICTA FOR DIGESA

As we noted in Sec. 11.2.2. of Chapter 11, FSR&D
activities and the extension service benefit from effective
training in FSR&D. In this appendix, we present an outline
of an extension training program in Guatemala for the
General Directorate for Agricultural Services (DIGESA)
prepared by the Agricultural Science and Technology In
stitute (ICTA). The material in this appendix reproduces
the summary of the original project (ICTA-DIGESA 1979)
without change: '

"GOALS

"COURSE OBJECTIVES

"The following goals are contemplated for
1979:

Goals For Technical Training During 1979

Number

14
4

10

Agricultural meetings
Field days
Seminars

"The general objective of the course is to im
prove the technical capacity of [DIGESA].

"In the same way as in similar courses, train
ing will be implemented in such a way that the
trainee will have skills for:

1. Applying known technical knowledge in the
decisions to be taken during the production
process.

2. Identifying and analyzing agronomic problems
and proposing alternative solutions.

3. Programming, registering and analyzing the
results of farm enterprise and agricultural
research.

4. Evaluating the validity and applicability of the
technical innovations.

5. Knowing the type of jobs and the methodology
of research in the specific programs.

6. Having the ability to communicate with the
farmers, agricultural technicians or other
developmental agency representatives.
"Another specific objective is that training

serves to select technical personnel for [farming
systems] teams. During the course qualities and ap
titudes of the trainees will be identified.

/IAGRICULTURAL PUBLIC SECTOR
INSTITUTIONAL AND TECHNOLOGICAL
RELATIONSHIPS PROJECT. ICTA-DIGESA
Jutiapa, Guatemala February, 1979 Summary

"VI. EVALUATION

"During 1980, an evaluation of the main
theoretical and practical activities of the trainees
was carried out.

"This evaluation had the following objectives:
1. To carry out an adequate follow-up of the ac

tivities and to estimate if program goals were
achieved.

2. To stimulate adequate participation on the
part of each of the trainees, and to identify
their problems as soon as possible.

3. To take corrective measures using objective
criteria.
"This evalution included

"A} Theoretical Knowledge
"At the end of each short course a brief written

examination was taken. Questions were designed to
evaluate the trainee's understanding of the fun
damental concepts presented on the subject.
"BI Communication

"I. Oral communication. In evaluating the
seminars, the expositions during the field
days, and the final presentation of the results
for the year's trials, the following factors were
considered: general approach, clarity of con
cepts, ability to synthesize, presentation, par
ticipation in discussions, and reference
materials.

"2. Written communication. The reports for each
activity were evaluated for general approach,
clarity of concepts, ability to synthesize,
editing, and drawings.

"C} Field Work
"This included management of trials, adequate

interaction with the farmer and the extension
worker, organizational ability, personnel manage
ment, ability to work as a team, and keeping field
books.
"D} Responsibility

"The following were evaluated: attendance,
punctuality, fulfillment of responsibilities within
the time required, and dedication to the training pro
gram."



"Training will be carried out in the Jutiapa
department. This subregion has typical char
acteristics of the eastern part of the country in
cluding poor rain distribution. Crops grown include:
rice, sorghum, tomatoes, onions, watermelon, hot
peppers and tobacco.

"Trainees will operate in areas with climatic
differences and where traditional farming systems
are very diverse. These sites are the municipalities of
I) Jutiapa and El Progreso, 2) Quesada, and 3)
Asunci6n-Mita.

Monographs
Conference hours
Written reports
Training plots
Farm trials
Test parcels
Farm registers
Precipitation registers

"TRAINING SITE

10
370

85
10
43
30
30
10
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"TRAINING AREA

"The course will have two areas of action:
1. Training in Agricultural Production

All the trainees must participate in this train
ing to learn about the technologies of the basic
crops used in farm trials, test plots, and train
ing plots.

2. Training in Specific Areas
Training will include specific emphasis on the
phases of farming systems including concepts,
philosophy, and principles from technology
generation to validation stages. Additional
training will be conducted in statistics,
technical communications, farm management
principles, agricultural technology, group
dynamics, audio visual aids, and technology
transfer techniques.
Field work will include farm records, inter
views, sondeos, farm visits, work plots, field
days, farm tests, field plots, report writing, and
monographs."

"COURSE DURATION

"The course will last 10 months. It will start
March I, 1979 and be completed in December. It is
essential that the course last for 10 months. The
reasons are

a. During March and April the trainees will
become familiar with ICTA and iden
tify/ characterize their work area.

b. The harvesting of first (May) and. second
(August-September) crops will proceed under
the same work plan followed in 1978. Some
second crops will be planted when the first
crops are still in the field. Others will be
planted in May and will be harvested in
November or December, for example: creole,
sorghum and peas.

c. The trainees need more technical support dur
ing the first cropping cycle. During the second
cropping cycle they can work more in
dependently because of the experience gained
during the initial months.

d. The technicians and the trainees have a chance
to obtain and analyze the data and present the
results.

e. They have more time to relate theory to
practice. Sometimes the theory requires that
it be given at an opportune time, for in
stance: to reinforce statistical theory, with
the experiment that will be designed, and
then the experiment is carried out and data
analyzed.

f. Tra~nees need time to familiarize themselves
with the farmers, farm families and the com
munities in the general area where work will
be carried out.

APPENDIX ll-C
TRAINING IN FSR&D AT SELECTED
INTERNATIONAL CENTERS FOR
AGRICULTURAL RESEARCH

As we noted in Sec. 11.4. of Chapter 11, the IARCs
and at least one regional center are a good resource for
training FSR&.D staff. This appendix contains brief ac
counts of some of the training programs relevant to
FSR&.D that are offered at four of the international centers
and one regional center. The international centers are the
International Center for Tropical Agriculture [Colombia),
International Maize and Wheat Improvement Center
[Mexico), International Livestock Centre for Africa
[Ethiopia), and International Rice Research Institute
[Philippines); the regional center is the Tropical
Agricultural Research and Training Center (Costa Rica).
The material is representative of the types of training
programs that we believe will be of interest to those re
sponsible for training at the national level. Below are
sections on program objectives, approach, training cate
gories, production training, payment of costs, and
how to apply. Because of data limitations, we are unable
to include information on all of these sections for each
organization.

The interested reader may want to see the following
references for further description of these centers' research
and training programs: CATIE (1979), CIAT (1980), CIAT
(undated), CIMMYT [1978a), CIMMYT (1978b),
CIMMYT (1978c), ILCA [undated), IRRI (undated), IRRI
(1978), Fonseca (1979), and Perdon (1977). The addresses
of these and a few other organizations concerned with crop
and livestock research that have training programs in pro
duction and farming systems are provided at the end of
this appendix.
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INTERNATIONAL CENTER FOR TROPICAL
AGRICULTURE (CIATJ

OBJECTIVE

CIAT's general training objectives are to [I) transfer
new technologies to the national and local level so these
technologies can be validated, adapted, and passed on to
the farmer as rapidly as possible and (2) prepare young
researchers for careers with national institutions.

APPROACH

CIAT's training programs center around three inter
related concepts: [I) critical mass, (2) learning by doing,
and (3) training in specific skills.

A large enough group of individuals from priority
areas must participate in the training to guarantee the ap
plication of the methodology, work patterns, and perspec
tives acquired at CIAT.

Learning by doing is an effective way to train young
researchers in new technology. The trainees not only ac
quire understanding of theoretical concepts, but they also
learn by fully participating in the application of new
technologies in the field and the laboratory.

Training in specific skills is to ensure that the
trainees will be able to successfully apply CIAT-generated
technologies in their home institutions.

TRAINING CATEGORIES

CIAT divides training into seven categories: (1)
postdoctoral fellows, (2) visiting research associates, (3)
research scholars, (4) postgraduate research interns, (5)
postgraduate production interns, (6) special trainees, and
(7) short course participants. All training is commodity
based and run by individual research programs or support
units.

These commodity programs and support units in
clude beans, cassava, rice, tropical pastures, data services,
seed production, documentation services, station opera
tions, and communications.

PRODUCTION TRAINING

CIAT's production training is administered within
the context of formally organized short courses that cover
either 4 to 6 'v.eeks or 4 to 6 months. About 200 trainees
participated in such programs in 1979: 66 in beans, 46 in
cassava, 34 in rice, 37 in seed production, and 18 in
documentation services.

These programs generally cover a wide range of
topics such as (1) physiology, entomology, agricultural
economics, and agronomy as related to crops, such as
beans, cassava, and rice; (2) production processing,
testing, multiplication, storage, and distribution as related
to seed production; and (3) documentation services.

PAYMENT OF COSTS

Costs of training fall into three categories: those
related to international travel, and to direct and to indirect
costs incurred at CIAT. The sponsor is expected to provide
the trainee with an economy-class air ticket to and from
Cali, Colombia, a baggage allowance, and a reasonable
amount for expenses enroute. CIAT will provide trainees
while at the Center with a "monthly stipend sufficient to
cover food, housing, and reasonable personal expenses. In
addition, the Center provides trainees with an allowance
for training resources as well as for local travel expenses
that are directly related to their training program. Further
more, all trainees are provided with medical and hospital
insurance covering the period of their stay at CIAT"
[CIAT, undated). Indirect costs of administration and
training facilities are also incurred by CIAT.

The trainee's sponsor is normally asked to pay CIAT
for its direct and indirect costs "prior to initiation of train
ing whenever the period of training does not exceed six
months. For longer periods CIAT normally bills the spon
sor of the trainee at periodic intervals of his stay at the
Center" [CIAT, undated).

HOW TO APPLY

Initial contacts regarding the training of an in
dividual at CIAT are made by the candidate, the
candidate's organization, or a sponsoring organization.
The candidate for short-course programs must have the
ability to speak and write Spanish or English. Further
more, the candidate must be a staff member of a national
institution or development organization working on one
or more of the commodities that concern CIAT.

Before final acceptance, the applicant must com
plete a medical examination and the examining physician
must return CIAT's medical form directly to the center.

INTERNATIONAL MAIZE AND WHEAT
IMPROVEMENT CENTER (CIMMYTJ

OBJECTIVE

At CIMMYT, the training objective is to eliminate
the barrier between the researcher and the farmer so that
the researcher can develop improved agricultural
technologies to meet the farmers' needs and transfer
results effectively to the farmers' fields.

APPROACH

CIMMYT's training programs strongly stress the ap
proach of learning by doing and the discipline of working
long hours in the fields.

The production training programs require the
trainees to (1) layout on-farm trials on farmers' fields, (21
perform all the work throughout the cropping season, (3)
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analyze the on-farm trial results, and [4) prepare recom
mendations for farmers.

TRAINING CATEGORIES

CIMMYT's research is based on two major com
modities- maize and wheat. Both commodity programs
have separate, but parallel training. These programs are
generally divided into five categories: (1) in-service train
ing, (2) master's degree program, [3) predoctoral fellows,
(4) postdoctoral fellows, and [5) visiting scientists. Follow
ing are descriptions of two of the in-service training pro
grams.

Maize and Wheat Production
In-service training in CIMMYT is largely focused on

the maize and wheat commodities. Twice a year these pro
grams are offered to 25 to 50 selected young professionals
from Asia, Africa, and Latin America. The duration of the'
training is one full crop cycle, with six to nine months
residence in Mexico.

The in-service trainee learns a variety of subjects
such as economics, farm machinery, plant physiology,
genetics, pests and diseases, communication, production
management, and interdisciplinary teamwork.

The major objective of this program is to prepare
young professionals to use the techniques of agricultural
research in an interdisciplinary manner to solve the prob
lems in farmers' fields.

The general requirements for the in-service can
didates are

(1) experienced in national crop programs
(2) nominated by a national institution
[3) able to spend 6 to 9 months in Mexico
[4) have the ability to speak and write Spanish or
English.

Special Course for Economists
CIMMYT has recently initiated a course for

economists that is located in Mexico and Kenya., The
course is designed to give economists understanding and
experience in applying economic concepts to farming
systems situations. Trainees learn about the farming
systems approach, biological aspects of crop production,
data collection, experimental methods, technologies of
improved maize and wheat production, economic policy
issues, and analytical techniques in economics.

The objectives of this training are to (I} increase the
ability of economists to work and communicate with
technical scientists as part of interdisciplinary teamwork
in FSR&.D and [2) use appropriate economic methods for
evaluating alternative farming systems patterns and prac
tices.

The major difference between the programs in Mex
ico and Kenya is their duration. The Mexican program'
lasts three months, while the Kenyan program may take
up to two years. This latter program is part of CIMMYT's
Eastern African Economics Programme that places
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trainees with collaborating scientists at selected research
stations.

INTERNATIONAL LIVESTOCK CENTRE
FOR AFRICA (ILCA'

OBJECTIVE

ILCA [undated} reported that its general training "ob
jective is to improve the capability of practicing
research scientists in the methods and value of
systems research for livestock development. More
specifically it is hoped that at the end of the course
the participants will (a} be familiar with problem
identification and techniques of data collection
in: environmental assessment, including simple
methods of assessing conditions and trends in
natural vegetation, animal production, including
survey methods of determining animal productivity
and distribution, through aerial survey, stock inven
tory and continuing study, household economics,
including methods of recording labour, output and
consumption data; (bl be familiar with current
analytical and modelling techniques."

SHORT COURSE

Once a year, ILCA offers a 4-month short training
course to 12 African scientists. This course is divided into
two parts: (1) 4 weeks of lectures on livestock systems in
general and [2) 12 weeks of field work in specific topics
such as sampling methods, animal production, stock in
ventory, and mathematical modeling.

REQUIREMENTS

All applicants should have the following qualifica
tions:

(I} a B.S. degree
(2) a minimum of 3 years' practical experience in
livestock research or in planning livestock develop
ment projects
(3) the ability to speak and write English or French.

INTERNATIONAL RICE RESEARCH
INSTITUTE (IRRI'

OBJECTIVE

Training plays an important role in JRRI's activities.
Perdon (1977) reported that the general objective is to im
prove the technical proficiency of national research and
extension personnel and encourage developing countries
to participate in the training of these individuals.
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TRAINING CATEGORIES

Two types of training programs are offered at IRRI:
Il) a research-oriented training program and 12) a
production-oriented training program. The research train
ing program includes degree IM.S. and Ph.D.), non-degree,
and postdoctoral fellows. Production training courses in
clude the following: rice production for 6 months, crop
ping systems for 6 months, genetic evaluation and util
ization for 4 months, and agricultural engineering for 2
weeks.

The 6-month rice production training program is
designed to improve the trainee's knowledge and specific
skill in rice production and the trainee's ability to com
municate this knowledge and skill to others. This program
covers a wide range of topics such as plant physiology,
plant breeding, agronomy, engineering and meteorology,
pests and control, soil and fertilizers, diseases and control,
field experimentation and statistics, technical writing,
communication and extension teaching, economics, and
grain processing.

The 6-month cropping systems training program is
designed to teach II) the newest technology for growing
crops and 12) the related crop sciences. The trainees also
learn the specific skills necessary to apply this technology
in crop production. This course is divided into 12 topics:
III weather and climate, (2) water management, (3) soils,
t4) land preparation, 15) plant physiology, 16) weed
management, 17l field experimentation and statistics, 18)
calculations, 19) cultural requirements, (10) cropping
systems and crop intensification, Ill) economics, and 112)
communication and extension.

The 4-month genetic evaluation and utilization
training program is focused on four types of rice cultures:
11) irrigated, 12) rain-fed, medium deep-water, (3) deep
water, and 14) upland. The objective of this program is to
improve the capability of trainees in the methods of
developing new, improved rice varieties under a wide
range of environments.

The 2-week agricultural engineering training course
is designed to t1) demonstrate the application and 12)
evaluate the design of IRRI's farm machinery.

APPROACH

Trainees spend approximately half of the time in
classroom activities, and the other half in field training.
The classroom activities are covered by staff members
from IRRI and the University of the Philippines at Los
Banos IUPLB), and guest speakers from government and
private organizations. The field training requires the
trainees to plan and manage research plots at the IRRI
farm. During the crop season, the trainees conduct tests,
sample yields, analyze their data, and make recommenda
tions based on results from their experimental plots.

The concept of training by teaching is also incor
porated in IRRI's training approach. All trainees must set
up a 2-week training course for local extension agents,
scientists, and farmers.

TROPICAL AGRICULTURAL RESEARCH AND
TRAINING CENTER (CATIE)

OBJECTIVES

CATIE's training program is in response to member
countries' interest in having their technicians trained in
agricultural research, technology transfer, education, and
farming systems. The latter embodies "a new outlook
toward perfecting research in systems methodology under
local conditions to generate new technological alter
natives, which, at the same time would serve as in
struments of change, helping in the massive transfer of
technology already validated" lFonseca M., 1979).

TRAINING CATEGORIES

A major effort of CATIE's training is the master's
program in cooperation with the University of Costa Rica.
This program, which emphasizes an interdisciplinary ap
proach, offers four major research areas: II) problem iden
tification, (2) generation of alternative production
systems, 13) on-farm testing, and [4) technology transfer
and evaluation.

Since 1980, CATIE has developed other training pro
grams such as short courses, workshops, seminars, and in
service training. These programs are in response to
member countries' interests in having CATIE also provide
rapid training possibilities.

POSSIBLE CONTACTS FOR TRAINING IN FSR&.D

Below are some organizations that are engaged in
various facets of FSR&D that may have production and
farming systems training programs of interest to national
agricultural research organizations.

International Center for Agricultural Research in the Dry
Areas lICARDA)

P.O. Box 114/5055
Beirut, Lebanon

International Center for Tropical Agriculture lCIATJ
Apartado Aereo 6713
Cali, Colombia

International Crops Research Institute for the Semi-Arid
Tropics lICRISAT)

1-11-256 Begumpet
Hyderabad 500016, A.P., India

International Institute for Tropical Agriculture [UTA)
P.M.B.5320
Ibadan, Nigeria

International Livestock Centre for Africa lILCA)
P.O. Box 5689
Addis Ababa, Ethiopia



International Maize and Wheat Improvement Center
(CIMMYTJ

Apartado Postal 6-641
Mexico 6, D.F., Mexico

International Potato Center (CIP)
Apartado 5969
Lima, Peru

International Rice Research Institute IIRRn
P.O. Box 933
Manila, Philippines

Tropical Agricultural Research and Training Center
(CATIE)

Turrialba, Costa Rica

West Africa Rice Development Association [WARDAJ
P.O. Box 1019
Monrovia, Liberia

APPENDIX II-D
A CROPPING SYSTEMS TRAINING
PROGRAM AT IRRI

In our discussion in Sec. 11.4. of Chapter 11, we
spoke of some of the production and farming systems
training courses at the various IARCs. In this appendix, we
have reproduced without change the contents and objec
tives of a six-month cropping systems training program at
IRRI (undated). This illustrates the type of training pro
grams being offered. We now quote IRRI's report:

liTHE INTERNATIONAL RICE RESEARCH
INSTITUTE
Office of Rice Production Training and Research
Los Banos, Laguna, Philippines

"INSTRUCTIONAL TOPICS of
CROPPING SYSTEMS TRAINING PROGRAM
(Sept. 14, 1977 to March 17, 1978)

"To achieve the five general objectives, the
participants will learn the latest technology of grow
ing crops and develop the required skills to apply
this technology in profitable crop production. The
participants will learn the related crop sciences to
provide an understanding of the new technology, and
will learn the art of communication to insure the ap
plication of the acquired knowledge.

"The following pages describe the instruc
tional topics and the specific behavioral objectives
required for the trainees to achieve during the six
month IRRI Cropping Systems Training Program.

"Weather and Climate
"Weather elements. The trainees after attend

ing the lecture on weather elements are expected to
be able to:
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1. Identify and explain important concepts of
weather elements such as precipitation, solar
radiation, temperature, day length, weather
fronts, pressure, relative humidity, etc.;

2. Describe the relationships among weather
elements;

3. Discuss the influence of weather elements on
crop production;

4. Relate and explain how to make use of
meteorological data reports in the current crop
season.

"Water Management
"The trainee will be able to:

1. Describe the water cycle;
2. List the ways by which water is lost;
3. Describe the ways of minimizing water losses;
4. Discuss water requirements of major crops;
5. Describe irrigation practices and relate them to

efficiency of water use and crop growth;
6. Describe water regimes in soils;
7. Compute the amount of water needed to ir

rigate an area to specified moisture content of
the soil;

8. Describe different types of water pumps;
9. Describe how to operate and maintain water

pumps;
10. Compute for the desired HP of water pump for

an area given the needed data;
11. Describe different types of windmills;
12. Describe how to operate and maintain wind

mills.

"Soils
"The Soil Body. The trainees must be able to:

1. Enumerate the factors involved in soil forma
tion;

2. Explain how these factors affect soil forma-
tion;

3. Describe the process of soil formation;
4. Identify the basic components of soil;
5. Describe the criteria of classification for soil

series, soil types and clay types.
"Physical Properties of the Soil. The trainees must
be able to:

1. Define topography, relief, soil horizons, color,
texture, consistency, structure, porosity, bulk
density, particle density, soil tilth, light soils
and heavy soils;

2. Relate these properties to workability of the
soil, to chemical properties of the soil and soil
productivity and soil fertility;

3. Relate physical properties of the soil to crop
ping systems.

"Chemical Properties of the Soil. The trainees must
be able to:

1. Define soil pH, cation exchange capacity, base
saturation, active acidity, reserved acidity,
anion exchange capacity, redox potential, ox-
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idized and reduced zones of submerged soil;
2. Relate the items in No.1 to soil fertility and

productivity;
3. Explain how soil pH affects nutrient availabil

ity, nutrient deficiency and microbial activity;
4. Explain the relationship among soil pH, cation

exchange capacity and base saturation;
5. Enumerate the chemical and physiochemical

changes of soils due to submergence and relate
them to soil fertility and productivity;

6. Discuss chemical and physicochemical
changes brought about by submergence of
lowland soil and relate these changes to
cultural practices for higher crop production.

"Biological Properties of Soil. The trainees must be
able to:

1. Cite the role of soil microbes under various
soil conditions;

2. Enumerate the various microbial populations
in soils and their relative number in the soil;

3. Explain how the C:N ratio affects microbial
population and nitrogen mineralization;

4. Discuss how soil microbes affect soil fertility
and productivity;

5. Discuss nitrogen mineralization and factors af
fecting it;

6. Discuss denitrification in submerged soil;
7. Cite practices to minimize denitrification.

"Soil Fertility. The trainees must be able to:
1. Define and differentiate soil fertility and pro

ductivity;
2. Describe and cite advantages and limitations

of the various methods of assessing soil fertil
ity;

3. Enumerate the essential nutrient elements and
the forms by which they are absorbed by
plants;

4. Enumerate the criteria of essentiality of
nutrient elements;

5. Cite the sources and ways by which these
essential nutrient elements are lost or removed
from the soil;

6. Discuss soil conditions which favor availabil
ity of essential nutrient elements.

"Soil Sampling. The trainees must be able to:
1. Enumerate the advantages and limitations of

soil tests as a method of assessing soil fertility;
2. Enumerate the steps involved in proper soil

sampling;
3. Sample the soil of an area properly;
4. Cite the precautions in soil sampling;
5. Know the other needed information about the

area sampled which should go with the soil
sample;

6. Know how to interpret and put to use the
results of soil tests.

"Land Preparation
"Objectives, Methods and Implements. The trainees
must be able to:

1. Define primary tillage and secondary tillage;
2. Explain the reasons for land preparation;
3. List and describe the steps in land preparation;
4. List and describe various methods of land

preparation;
5. Evaluate what method is suited for a set of soil

conditions in terms of efficiency, cost and kind
of implements to use;

6. Cite and evaluate the advantages and disad
vantages of using animal power and tractor
power;

7. Cite the conditions when to use a plow, or a
tiller, or a rotovator;

8. Identify the various farm implements and
parts and cite the functions of each;

9. Describe a well-prepared land;
10. Know the reasons why puddling is necessary in

lowland rice paddy;
11. Differentiate between puddled and upland soil

in terms of soil structure, soil aeration, water
holding capacity and soil tilth after harvest;

12. Perform actual land preparation using the
various methods.

"Plant Physiology
"Mineral Nutrition. The trainees must be able to:

1. List the essential elements and describe their
major functions in the plant;

2. Cite the preferences of crops to some forms of
nutrient elements;

3. Indicate the amount of nutrients removed by a
crop;

4. Describe the nutrient uptake at various growth
stages of crops;

5. Describe the various mechanisms by which
nutrient elements are taken in by plants.

"Nutritional Disorders. The trainees must be able to:
1. Describe the nutrient element deficiency

symptoms of the major crops;
2. Cite conditions which cause deficiency and! or

toxicity of certain nutrient elements;
3. Describe some consequences or manifesta

tions in the plant when certain nutrient
elements are deficient;

4. Describe measures to prevent deficiency of
certain nutrient elements;

5. Prescribe measures to correct deficiency.

"Weed Management
"Weeds and Their Control. The trainees must be
able to:

1. Define weeds;
2. Identify and classify weeds common in

lowland and upland cultivated land;
3. Describe the effects of weed competition on

crop yield;
4. Explain the interaction of crops on weed com

petition;
5. Identify weaknesses and tolerance of weed

species in a crop-weed competition;



6. Enumerate the principles of weed control;
7. Enumerate and describe methods of weed con

trol in mono-crop and multi-crop systems;
8. Differentiate pre-emergence from post

emergence herbicide;
9. Differentiate systemic from contact herbi

cides J selective from non-selective herbicides;
10. List conditions needed for effective use of her

bicides;
11. Design cropping systems for effective

ecological control of various weed species;
12. Evaluate herbicides according to effectiveness

J

physical forms and relative cost.

"Field Experimentation and Statistics
"Principles of Experimentation. The trainees must
be able to:

1. Enumerate methods of acquiring new knowl
edge;

2. Describe each method;
3. Describe the steps of scientific experimenta

tion;
4. Differentiate inductive from deductive reason

ing;
5. Formulate objectives for specified field experi

mentation;
6. Apply properly the concepts required for scien

tific experimentation.
"Planning of Field Experiments/Applied Research.
The trainees must be able to:

1. Formulate experimental objectives;
2. Perform library research to gather current find

ings on the variables to be tested;
3. Formulate treatments and other variables;
4. Determine plot sizeJ shape of plots J block

orientation J number of replications;
5. Choose a suitable design and construct field

layout diagrams with proper notations;
6. List materials to useJ compute and weigh or

measure the desired amounts with proper
labels;

7. Illustrate in a diagram the sampling techniques
to be followed;

8. Prepare all necessary forms and record books
for recording data and other observations on
the experiment.

"Statistical Designs. The trainees must be able to:
1. Enumerate the statistical designs commonly

used in field experimentation;
2. Characterize each design and cite advantages

and disadvantages of each design;
3. Cite the conditions for each design;
4. Follow the conditions needed and note the

restrictions when using a particular design.
"Analysis of Variance. The trainees must be able
to:

1. Compute and convert the collected data into
units commonly used in crop production;

2. Record the data on standard forms or tabula
tions for statistical analysis;
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3. Compute for missing observations;
4. Enumerate and compute for statistical pa

rameters of a given design and set of data;
5. Perform analysis of variance for a given set of

data;
6. Compare treatment means statistically;
7. Perform simple correlation and regression

analysis;
8. Derive inferences from the data after analysis

of variance;
9. Draw conclusions and make recommenda

tions based on the analyzed data;
10. Write a report following the format of scien

tific writing.
"Establishing Field Experiments. The trainees must
be able to:

1. Select a good field and adequate area for the ex
periment;

2. Layout the experiment on the Held
J

construct
levees when neededJ apply the treatmentsJ fur
row the field and seed the test crops;

3. Maintain the experiment and perform all the
field operations indicated in the treatments at
the specified time.

"Sampling Techniques and Collection of Data. The
trainees must be able to:

1. Define according to experimental objectivesJ

the kind of data to collect;
2. Determine the sample size for the various

crops;
3. Determine when to collect data for various

crops in a cropping system;
4. Record the data on the final form at the time of

data collection;
5. Cite and follow correctly the procedures for

sampling and collecting data;
6. Describe how to collect data objectively.

"Calculations
"Computation Exercises on Chemical Inputs. The
trainees must be able to:

1. Familiarize themselves with the formulations
of the fertilizers J insecticides

J
fungicides and

herbicides commonly used in cropping sys
tems;

2. Compute for the amounts of .these materials
given the recommended rates and area of the
field;

3. Compute for the amounts of active ingredient
given the amounts of these materials and per
cent content active ingredient per unit area
and per hectare basis;

4. Calibrate sprayers to desired amount of spray
solution for a specified area;

5. Compute for the amounts of materials given
the percent active ingredientJ the percent toxi
cant of final solution and the volume of spray
solution;

6. Compute for relative costs of the various
materials based on recommended rates.
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"Cultural Requirements (for all crops under study)
"Recommended and Promising Varieties. The
trainees must be able to:

1. Describe the ideal plant type of the various
crops;

2. Describe the current recommended varieties;
3. Describe the crops/variety adaptations to en

vironmental conditions;
4. Cite varieties/ selections/accessions in trials

at other places.
"Stand Establishment. The trainees must be able to:

1. Describe and operate equipment such as ridger
or furrower and seeders;

2. Describe spatial arrangement in a mono-crop
and multi-crop planting;

3. Know the recommended plant populations per
unit area for the various crops in a "mono-crop
and multi-crop planting;

4. Compute for the actual amount of seeds
needed for a unit area given the percent ger
mination, rate of seeding and spacing.

"Growth Stages. The trainees must be able to:
1. Enumerate and cite the duration of the dif

ferent growth stages of the various crops;
2. Cite the implications of growth stages to field

operations such as cultivation, fertilizer ap
plication and control of weeds, insect pests
and diseases;

3. Cite the importance of the growth stages to
crop yield;

4. Enumerate and explain the effects of en
vironmental factors on the duration of growth
stages and on crop development.

"Fertilizer Management. The trainees must be able
to:

1. Identify the various fertilizer materials
available for commercial use;

2. Describe the fertilizer materials according to
the nutrient elements supplied, percent nu
trient content, physical and chemical proper
ties and behavior in soils;

3. Describe the response of various crops to ap
plication of fertilizer;

4. Cite total nutrient removal per crop of the
various crops;

S. Cite recommended fertilizer management
practices employed for the various crops;

6. Cite recommended rates of fertilizer for the
various crops.

"Pests and Their Control. The trainees must be able
to:

1. Identify the different insect and other pests of
the various crops;

2. Describe the life cycle of the various pests,
especially the stage inflicting damage to crops;

3. Cite environmental factors which affect fluc-
tuations of pest populations;

4. Cite host-plant/variety resistance to pests;
S. Cite the principles involved in pest control;
6. Describe the different methods used in insect

control and evaluate their effectivity;
7. Cite the effects of crops and cropping systems

on pest-predator-parasite balance and insect
pest control;

8. Identify and cite the recommended chemicals
for insect control.

"Diseases and Their Control. The trainees must be
able to:

1. Define the terms disease, symptoms, signs,
host, vector, etc.;

2. Differentiate the terms used in naming a
disease or terms used in describing disease
symptoms;

3. Identify and describe the typical symptoms of
the major diseases of various crops;

4. Classify broadly the causal organisms of the
various diseases;

S. Cite environmental factors which affect the
development of the various diseases;

6. Cite host/variety resistance to diseases;
7. Identify physiological diseases and allelopathy

re~ulting from intensive cropping;
8. Cite the principles and methods used in the

control of crop diseases;
9. Cite the recommended control measures of the

major diseases of the various crops.
"Harvesting, Harvest Processing and Storing. The
trainees must be able to:

1. Describe the different methods of harvesting,
threshing, drying and storing;

2. Cite the advantages and disadvantages of the
different methods of harvesting, threshing,
drying and storing;

3. Identify and be able to use properly the
available equipment for harvesting, threshing,
drying and storing the produce;

4. Cite the moisture contents of cereals at
harvesting and at storing;

5. Describe the steps in moisture determination
using the available moisture testers;

6. Compute the crop yield per unit area based on
specified moisture content.

"Cropping Systems and Crop Intensification
"The trainees must be able to:

1. Define the terms used in cropping systems;
2. Cite factors affecting specific cropping sys

tems;
3. Describe cropping systems based on rice;
4. Cite current findings on cropping systems in

terms of interplant relations, crop yields, in
sect pests, disease and weed control;

5. Cite common practices in cropping systems;
6. Cite prospective research areas in cropping

systems.

"Economics
"The trainees must be able to:

1. Cite and apply the principles of economics in
cropping systems;



2. Discuss efficient use of farm resources;
3. Evaluate the effects of inputs on intensive

cropping systems;
4. Discuss the interaction between fixed and

variable inputs;
5. Evaluate the economic interaction between

crops in a cropping pattern;
6. Compute the returns using techniques in farm

planning and budgeting given a series of crop
production data;

7. Determine profitability of cropping systems;
8. Cite prospective research areas on the eco

nomics of cropping systems.

"Communication and Extension

"The trainees must be able to:
1. Enumerate the elements of communication;
2. Describe how elements of communication af

fect the communication process;
3. Discuss the communication process using a

model;
4. Formulate instructional/behavioral objec

tives;
5. Cite and discuss the different channels of com

munication;
6. Cite and discuss barriers to the learning pro

cess and communication;
7. Cite, discuss and evaluate the effectivity of the

various extension methods;
8. Write a simple communication to instruct a

specified audience to do a certain practice in
cropping systems;

9. Enumerate and apply the basic rules in
writing;

10. Describe the format of scientific reporting."

APPENDIX ll-E
SIX PRINCIPLES FOR TECHNICAL CHANGE

In Sec. 11.6., Chapter 11, we suggested several
references for preparing training material for FSR&D
teams. One of these references referred to Margaret Mead's
work on introducing change. In this appendix, we have ex
tracted six of seven principles that Mead (1955) presented
on this subject. l The principles were derived from the find
ings of psychiatrists and psychologists and apply to those
who work on a daily basis in villages, schools, agricultural
demonstration stations, and the like:

"I. The agents of change, the teacher, the
agricultural extension worker, the nurse, must
realize that their own behaviour, beliefs, and
attitudes are not universal and axiomatic.
They must realize that their ways of counting,
reckoning time, judging conduct, expressing
enthusiasm or disgust, are -like the be-
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haviour, beliefs and attitudes of those whom
they are helping to change-learned and tradi
tional.

"2. The beliefs and attitudes of the people among
whom they are working must be seen as hav
ing functional utility. For each individual,
they give continuity to his personality-per
mit him to feel that he is a named, identified
person. . .. So, he will hold on to his beliefs
and practices because they help him to direct
his daily behaviour and solve his daily pro
blems of relating himself to other people. If the
teacher or extension agent recognizes such cl
inging to old beliefs and practices as having
real usefulness for an individual, rather than
interpreting it as evidence of stubborness,
unco-operativeness, ignorance, inability to
learn, etc., he will be better able to introduce
changes.

"3. Any change must be examined from the point
of view of the individuals who are exposed to
the change. Where a change may seem to the
expert to be merely a better way of feeding cat
tle, or of disposing of waste, to the people it
may seem to be a rejection of the commands of
the gods, or a way of giving their welfare and
safety into the hands of sorcerers.... It is,
therefore, useful always to ask: How does this
change look to those whom it will directly and
indirectly affect?

"If this question is asked, it will assist
the experts in forecasting some of the dif
ficulties which may occur, and in devising
ways of compensating for them.

"4. The experts must be on their guard against the
apparently logical solution that, because all
the aspects of the life of a people are inter
related, the way to deal with a change in any
one aspect of living is to make a complete
blueprint for changes in the whole.... There
is no available body of knowledge which
makes it possible to predict in advance the way
in which individuals will respond even to one
far-reaching change, so that it is necessary to
avoid master plans, ...

"5. Any significant change in the life of an in
dividual tends to introduce some degree of in
stability or disharmony in the way his life ac
tivities, his beliefs and attitudes, are orga
nized. Such instability can be described
psychologically, as emotional tension.

"A significant change results in tension
either because old behaviour is found to be in
adequate or by creating new situtations for
which new behaviour must be acquired....
Even if the individual is willing to give up
his old responses for new ones, he will be in a

lExtracts from Cultural Patterns and Technical Change. lC> UNESCO 1955. Reproduced by permission of UNESCO.
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state of tension while he unlearns the old re
sponses....

"Although we may expect that the ex
istence of such tensions will be accompanied
by changes in the individual's behaviour which
tend to reduce the original tension, the dissipa
tion of such tensions may take a considerable
time or may not be successful. . . .

". . . even when changes in an individ
ual's life are very painful for him to achieve, if
he has a strong wish to change, then the suc
cessful resolution of his tensions is quicker
and more likely, and there are fewest returns
to old and undesired responses. Also there may
be less tension and reluctance to change if the
new procedures deal with the recognized dif
ficulties and sufferings of the people and will
directly help to resolve those difficulties and
reduce those sufferings which have long been
endured as inevitable.

"It follows that there is less reason to
fear mental health disturbances among those
populations in which the individuals affected
by the change have themselves desired the
change....

"6. • • •
The possible consequences of frustration

are very numerous and they are not by any
means all bad. The nature of the consequences

depends partly upon the severity of frustra
tion....

"Many or most of the frustrations ex
perienced in daily life are not harmful. . . .
They alter the way in which the individual's
energy is distributed among his daily tasks,
help him reorient himself, learn and grow, by
{al leading to intensification of his efforts; (b)
forcing him to re-examine the situtation in
which he is blocked; {clleading to his finding
some way around the difficulty, often a new
way.

"It is conceivable, then, that it is not
harmful . . . to stimulate needs, desires,
demands among peoples who now feel no such
needs or desires, or who at least are not con
scious of them or articulate about them. Such
stimulation does, of course, create instability,
disharmony and tension.... But if means are
made available, then the created frustrations
can become the basis for new, desired, and
self-perpetuating behaviour.... The danger of
cultivating 'felt needs', which are unrealized
under existing conditions, can be diminished
by keeping close to local conditions, to that
which is immediately feasible, so that training
teachers precedes building local schools, im
porting a minimum supply of a new seed pre
cedes the demonstration of its superiority."
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"basic research" organizations, 37
ICA [Colombian Agricultural Institute

Colombia)
superimposed livestock trial, 115, 116

ICARDA (International Center for
Agricultural Research in the Dry
Areas-Lebanonl, 75, 237, 392

FSR&D program, 238, 239
ICRISAT (International Crops Research

Institute for the Semi-Arid Tropics
India), 55, 82, 237, 392

FSR&D program, 238
research area selection, 250, 251

ICTA (Agricultural Science and
Technology Institute - Guatemalal,
44,318

acceptability index, 141, 169
cooperative agreement with DIGESA,

157, 166, 360-362
extension training program developed

for DIGESA in Guatemala, 200,388,
389

farm record project, 80, 309-314, 387
impact evaluations of FSR&D project,

192
organization of FSR&D in Guatemala,

176, 237, 369, 371
sondeo approach, 76, 289-293
time requirements for problem

identification and planning, 32
training programs, 197, 198, 201/ 383,

384

IITA [International Institute for
Tropical Agriculture-Nigeria), 201,
392

FSR&D program in Nigeria, 237, 238
ILCA (International Livestock Centre for

Africa-Ethiopia), 38, 114, 121, 389,
392

conceptual model for herbivore, 270,
272

development path strategy, 71, 72
example of mixed systems research in

Ethiopia, 165, 350-352
FSR&D program, 237-239
livestock systems, 32, 33, 80, 81, 316
mathematical modeling, 22, 126, 231
training program, 201, 203, 391
whole farm analysis, 125

Impact evaluation, 191
Implementing FSR&D activities

cost-effectiveness, 8, 169, 170
emphasizing interdisciplinary aspects

and team, 174, 179, 182, 184-190,
375,376

evaluating success of project/program,
191, 193, 376-379

first step: whether or not to adopt
FSR&D approach? 163-170

funding, outside sources of, 190, 191
governmental support, 8, 174
off-site management considerations,

180-182
organizing, 6, 7, 174-178,365-369
project vs. program approach, 173,

174
staffing and determining roles, 7, 169,

178-180, 182-184
timing, 6, 31-33
training, 7, 8, 197-205

Incentives
for farmers, 116, 117, 279
for staff, 182, 188

Informal surveys, definition of, 214.
See also Surveys

Information, primary. See also Data,
primary

definition of, 46, 215
sources of, 49

Information, secondary. See also Data,
secondary

definition of, 28, 46, 216
sources of, 49

Infrastructure, definition of, 214
INIAP INational Institute for Agricultural

Research - Ecuador)
organization of FSR&D in Ecuador,

371,373
Insect control studies, 96
Institut Senegalais de Recherches

Agricoles (Senegal). See ISRA
Instituto de Ciencia y Tecnologia

Agricolas (Guatemala). See ICTA
Instituto Colombiano Agropecuario

[Colombia). See ICA
Instituto Nacional de Investigaciones

Agropecuarias (Ecuador). See INIAP
Intercropping, 165, 286

definition of, 214
efficiency compared with sole cropping

by land equivalent ratio, 99, 323,
324

Interdisciplinary
aspect of FSR&D, 19, 27, 166, 185
definition of, 214
model, 185-188
teamwork, 184-190, 375, 376

International Agricultural Research
Centers. See IARCs

International Center for Tropical
Agriculture (Colombia). See CIAT

International Crops Research Institute
for the Semi-Arid Tropics (India).
See ICRISAT

International Institute for Tropical
Agriculture (Nigerial. See nTA

International Livestock Centre for
Africa IEthiopia). See ILCA

International Maize and Wheat
Improvement Center IMexico). See
CIMMYT

International Potato Center (Peru). See
CIP

International Rice Research Institute
(Philippines). See IRRI

Interviewing process. See also Surveys
analyzing content of informal

interviews, 284
how to conduct interviews, 279, 280
incentives for interviewees, 279
interviewers - selecting, hiring,

training, and supervising of,
306-309

number of interviewers needed, 307,
308

problems in interviewing, 280, 281
IRRI (International Rice Research

Institute-Philippines), 18, 23, 62,
140, ISS, 237, 389

climatic zone grouping in Southeast
Asia, 47, 48, 248, 249

FSR&D program, 193, 238
mathematical modeling, 22, 231
physiographic classifications in

Southeast Asia, 47, 49, 50, 249
soils description, 4~
time requirements for FSR&D

programs, 31, 32
training program, 197, 199, 201-203,

391-397
Irrigation. See Climatic monitoring and

records, rainfall; Physical factors,
water

ISRA (Institut Senegalais de Recherches
Agricoles - Senegal)

organization of FSR&D in Senegal,
176, 237, 365-369

training materials, 204
Iterative process

definition of, 214
in FSR&D, 61, 87

Jayasuriya, S., 126, 232
Jodha, N.S., et aI., 55, 250

Kearl, B., 278, 296, 303, 305,
307-309

Kenlen, H.V., 232
Kerlinger, F.N., 264
Kinnear, T.e. and J.R. Taylor, 78, 299,

301
Kuhn, T.S., 186

Labor. See also Economic environmental
factors, labor

family, 65, 131, 265, 269
form for recording data, 269, 347
and management practices, 131

Land equivalent ratio ILERl, 99, 323, 324
Land, evaluation of, 258, 259, 295
Land type, 64, 102, 154, ISS,

255-257, 342, 349, 350. See also
Physical factors, topography

definition of, 215
example of data form, 255

Lele, U.J., 259
LER. See Land equivalent ratio
Lin, N., 264
Linear programming, 126

definition of, 215
Lipton, M. and M. Moore, 296
Little, I.M.D. and J.A. Mirrlees, 143
Little, T.M. and F.J. Hills, 111,213,216,

217, 326, 330
Livestock patterns, definition of, 215
Livestock systems, definition of, 16, 17,

215
Livestock systems research. See also

Conducting on-farm livestock
research

definition of, 17, 215

Index • 411

example forms for collecting data,
345-348

farmer-managed tests, 121, 122
researcher-managed trials, 113, 114
superimposed trials, lIS, 116
time required, 32, 33

Logical Framework, USAID evaluation .
procedure, 192, 376-379

Low, A.R.C., 233

MacDonald, R.B.and F.G. Hall, 232
Management factors

definition of, 215
as household resource, 66

Management, off-site
other institutions, 180, 181
support for field teams, 181
technical review, 181

Management practices of farmers,
93-95, 98, 264, 270

cropping systems, 245, 270, 286, 287,
343, 344, 348,349

livestock systems, 288, 289, 347
Marginal rate of return, 132-134
Martius-von Harder, G., 283
McCarl, B.A. 232
McCown, R.L., et aI., 275
McDowell, R.E. and P.E. Hildebrand,

67, 68, 270-273, 275
Mcintosh, J.1., 23, 68, 69, 97, 335,

336, 354-356
McSweeney, B.G., 281
Mead, M., 204, 397
Measurement error, 77, 82, 297. See also

Sampling, error
Mellor, J.W., 259
Mencher, J.P., et aI., 283
Merry, U. and M.E. Allerhand, 186
Milthrope, F.L. and J. Moorby, 99
Minimum acceptable return, 90, 133,

135
Mitchell, R., 99
Mixed intercropping, definition of, 215
Mixed systems

definition of, 17, 215
example of model, showing linkages.

275-278
Mixed systems research

definition of, 17,215
example of, Ethiopia, 121, 122, 165,

350-352
integration of tests in, 121

Model
conceptual, for analysis of farming

system, 67, 68, 270-278
interdisciplinarity, 185-188
mathematical, of IRRI, ILCA, and

CATIE, 22, 231, 232
references on FSR&D modeling, 232,

233
simulation, of IRRI, 231

Monitoring, 95, 316. See also Data,
primary

climatic data, 80. [See also Climatic
monitoring and records)

livestock systems, 80/ 81, 316, 347
on-farm experiments, 80, 342, 343,

347
research progress, 113, lIS, 119, 120,

342, 343, 347
Monoculture planting, definition of,

215
Morgan, W.B. and J.C. Pugh, 277
Mosher, A.T., 259
Multidisciplinary, definition of, 215.

See also Interdisciplinary
vs. interdisciplinary, 185

Multi-Iocational testing, 29, 30
definition of, 153, 215
example of, 154, 155
and extension, 149, ISO, 152-154
groups involved in, ISO, 153, 154

Multiple cropping system, definition of,
215



412 • Index

Nabila, J.S., 279, 280
Nair, K. 92
National Agricultural Technology Center

(El Salvador). See CENTA
National headquarters team

composition of, 34
involvement in FSR&D process, 35,

176-178
National Institute for Agricultural

Research jEcuadorJ. See INIAP
National Program for Agricultural

Research (Honduras). See PNIA
Natural resources management, 95.

See also Biological factors;
Physical factors

Nelson, 1., et aI., 112
Nelson, R.S.M., 232
Net benefits, 128-132, 135-138,

352-354
Neter, J.W., et aI., 213, 216
Netting, R., 103, 265
Nonexperimental variables, definition

of, 215
Norman, D.H., IS, 82, 95, 119, 150,

16~ 279, 29~ 30~ 309
Nygaard, D., 75

Odum, H.T., 231
Ogunfowora, 0., 279, 280, 307, 308
Opportunity(ies)

definition of, 61
early identification of, 56, 57, 98
"targets of opportunity," 115

Opportunity cost, concept of, 128, 129,
131,353

Ortiz D., R., 176, 370

Pantastico, E.B., et aI., 153
Paradigm, 185, 186

definition of, 185, 215
Partial budget analysis, 125, 128-131,

353
definition of, 215

Participant observation, 76, 77. See also
Surveys

Pelz, D.C. and F.M. Andrews, 189
Perdon, E.R., 389, 391
Performance criteria, 69, 99
Perrin, R.K., et aI., 23, 123, 127-135,

137, 138, 144, 238,353
Personnel. See Staffling)
Physical factors

climate, 46, 47, 64, 91, 102, 248,
249, 255, 321-323, 325

definition of, 215
land type, 64, 102, 154, 155, 255-257,

342, 349, 350
soil, 49, 50, 65, 91, 102, 249, 255,

325, 342, 393
topography, 47, 49, 50, 65, 91, 249,

325 [See also Land type)
water, 47-49, 64, 65, 91, 248, 249,

255, 296, 321, 322,324, 325, 341,
342, 345, 346, 354,355

Pilot production program, 29, 30
definition of, 215
example of, 155, 156,359, 360
and extension, 150, 152, 155
groups involved in, 150, 155
size of, 155

Plan, planning. See Research planning;
See also Research design

Plot. See Field (experimental) selection
Plot size, 112, 114, 119
PNIA [National Program for Agricultural

Research - Honduras)
organization of FSR&D in Honduras,

237, 371, 372
training program in Honduras, 383-388

Policy
advisory committees, set by, 180, 181
cost-effectiveness of FSR&D, 8, 169,

170

FSR&D and national development,
44-46, 164, 165

governmental support, 8, 44-47, 174
how much change? 166,397,398
issues, 163
and personnel, 7,169,177,178,

180-182
project or program approach? 173, 174
relevance of FSR&D to small farmers'

needs, 163, 165, 166
research priorities and national goals,

163
society vs. farmers, 71, 143

Predictive approach, 124
Primary information. See also Data,

primary; Data, secondary;
Secondary information

definition of, 46, 215
example of, Zambia, 243-245

Priorities
research vs. national goals, 163
setting, 70-72, 88, 89
and technical review committee, 181

Problem analysis, 69, 70. See also
Problem identification

approaches to, 69, 70, 267
performance criteria, 69

Problem identification
analYSIS of farming systems, 67-79
analysis of problems and opportunities,

69,70
categorizing and ranking problems, 62
description of ·farmers' environment,

64
description of farming systems,

64-67, 267-269
extension's role in, 150-152
groups involved in process of, 35, 150
iterative process, 61
includes identification of

opportunities, 61
overview of process,S, 28, 61, 62
primary data collection, 62
reconnaissance survey, 62, 74, 76
secondary data collection, 61
sequence of activities, 61, 62
setting priorities, 70-72
time required, 32, 35

Problem solving, potential for
biological potential, 71
economic and financial feasibility, 71
resource availability, 71
sociocultural acceptability, 71

Problems. See also Opportunity(ies)
definition of, 61

Productivity criteria, 99, 323, 324
Program approach. See also Project

approach
definition of, 173, 215
example of, Honduras, 193
interdisciplinary-commodity

organizational modes, 176
management-centered organizational

modes, 175, 176
organizational structure in, 174-178
vs. project approach, 173, 174

Programa Nacional de Investigacion
Agropecuaria (Honduras). See PNIA

Project approach. See also Program approach
definition of, 173, 215
example of, in Philippines, 193
organizational structure in, 174, 175
vs. program approach, 173, 174

Questionnaire
design of, 78, 79, 299-303
pretesting of, 79, 302, 303

Quinn, N., 266

Rahim, S.A., 264
Rainfall. See Climatic monitoring

and records, rainfall; Physical
factors, water

Rain-fed farming, 324, 325. See also

Climatic monitoring and records,
rainfall; Physical factors, water

definition of, 215
Random sample. See also Sampling,

random
definition of, 215

Rappaport, R.A., 261
Ratoon cropping, definition of, 215
Recommendation domain, 44, 243

definition of, 44, 215
Reconnaissance surveys, 74-76. See

also Surveys
basic aspects of, 54, 55, 74
definition of, 216
examples of forms for collecting data,

284-289
objectives of, 74
sondeo, 76
step in problem identification, 62, 74,

76
types of information collected in, 76,

284-289
Record keeping, 309-315. See also Data,

primary
advantages and uses of, 80, 297
example of farmer record form, 310
by farmer, 80, 296, 297, 309-311
for illiterate farmers, 311, 314, 315
types needed in cropping systems

research, 341-345
types needed in livestock systems

research, 345-348
Reddin, W.J., 186
Regional headquarters team

composition of, 33, 34
involvement in FSR&D process, 35,

176-178
Relay intercropping, definition of, 216
Replication, 112, 114, 118, 119, 349,

350
definition of; 216

Research activities, 92-94. See also
Climatic monitoring and records;
Management practices of farmers;
Technology, development;
Technology, farmer adaptation

Research area
abandoning area or research, 56, 166,

167
criteria and methods for selection of,

51-53
definition of, 51, 216
extension's role in selection of,

150-152
groups involved in selecting, 35, 53,

150
Indonesia, data used to select, 54, 55,

246-248
information collection for selecting,

54,55
information needed for selecting,

53, 54
information sources, 54, 55
selection of,S, 27, 51-56, 246-248
selection done in stages, 55, 246,

249-251
staffing for selection of, 53
time needed for selection of, 32, 35,

56
Research base. See also Data collection;

Data, primary; Data, secondary
data management, 82
development of, 28, 72-82
extension's role in developing, 35, ISO,

151
groups involved in developing, 35, 150
methodologies for collecting data,

72-87,
time needed for development of, 32,

35
Research, conduct of. See Conducting

on-farm crop research; Conducting
on-farm livestock research

Research design. See also Field design of

experiments; Research planning
choosing farmers, 99, 100
complexity of, 100
deciding on conditions of, 97, 98
example, cropping pattern experiment,

335-337
experimental design characteristics,

100, 101, 325-335
incomplete experiments, 102, 120
location of experiments, lOa, 324, 325
methods of analyzing research results,

102
number of experiments, 100
searching for improvements, 98, 99
statistical procedures for field

design, 325-335
Research methods, 73, 77, 93, 95, 97,

262,263
experiment station support, 93, 96, 97
farmer-managed tests, 93, 95, 96,

116-122
informal, 73-77
monitoring, 80, 93
record keeping, 80, 93
researcher-managed trials, 93, 95,

111-114
superimposed trials, 93, 96, 114-116
surveys, 77, 78, 93. (See also Surveysl

Research planning
appraising resources and technology,

88
categorizing, reviewing, and setting

priorities, 87-89
conducting regional workshops,

103-106
considering alternatives and

consequences, 89, 92
design, 91, 97-102
developing assumptions and

hypotheses, 88, 89
establishing research collaboration,

89
estimating values, 91, 92
gathering additional data, 102, 103
groups involved in, 35, 150-152
identifying appropriate research

activities, 92-95
overview of process,S, 6, 28, 87
research methodologies, 77, 78, 80,

81, 93, 95-97
time required for, 32, 35
understanding farmers' conditions and

perspectives, 89-91
Research results analysis

acceptability index, 141
acceptability to farmers, 124, 125, 133,

135, 141
acceptability to society, 143
of biological performance, 126-128
dominance analysis, 131, 132
economic analysis, 123, 126, 128-139
of farmer-managed tests, 139-141
financial feasibility, 124, 139
fixed and variable costs, 129, 131,

132
groups involved in, 35, 150, 152
of long-term investments, 142, 143
marginal rate of return, 132-134
minimum acceptable return, 133, 135
net benefits, 128-132, 135-138,

352-354
opportun~ty cost analysis, 128, 129,

131,353
overview, 6, 29, 35
partial budget analysis, 125, 128-131,

353
predictive approach, 124
risk, 133, 135, 136
sensitivity analysis, 129, 136
sociocultural feasibility, 141, 142
whole farm analysis, 125

Research site. See Field (experimentall
selection; Research area

Research team. See Field team
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Research termination, 56, 166, 167
Researcher-managed cropping trials,

111-114
analysis and reporting of results, 113,

328-335
cultural practices and data collection,

112, 113
field design of experiments, 101, 112,

325-328
field selection, 111, 112
monitoring progress, 113
plot size, 112
replications, 112

Researcher-managed livestock trials,
113, 114

Researcher-managed trials, 111-114
definition, 216
overvie~, 95
purpose of, 28, 29, 97, 111
research design considerations, 100,

101
Resource feasibility, definition of, 216
Resources. See Biological factors;

Economic environmental factors;
Physical factors; Socioeconomic
factors

Richardson, E., 373
Risk

analysis of, 133, 135, 136
and farmer, 88, 117,265,296
importance in decision making, 265

Ritchie, J.T., 232
Robertson, C., 16
Rogers, E.M., 264
Rogers, E.M. and F.F. Shoemaker, 264
Rosenberg, N.J., 323
Rosengren, K.E., 284
Roumasset, J.A., 233
Row intercropping, definition of, 216
Ruthenberg, H., 16, 214, 277

Safai, M., 283
Sahlins, M.D., 265
Sampling

error, 77, 82, 297
frame, 303, 304
methods, 304-306
nonrandom, 304, 305
procedures and problems, 79, 303-306
purpose of, 79, 303
random, 305, 306
size of sample, 306
two levels minimize error, 82, 297

Sanders, J.O. and T.e. Cartwright,
232

Sassone, P.G. and W.A. Schaffer, 143
Secondary information. See also Data,

primary; Data, secondary; Primary
information

definition of, 28, 216
Selection criteria for experimental field,

100, 102, 103, 111, 112, 114, 115,
118, 324, 325

Selection criteria for farmers, 99, 100,
116, 310

Selection criteria for research area
accessibility, 52
biological environment, 54
farmer"contact agencies, 53
physical environment, 54
production systems and land use, 54
proximity to experiment station, 52
representativeness, 52, 246, 248
size, 52
socioeconomic environment, 54
support of leaders, 53

Selection criteria for target area
broad application, 45
environmental conditions, 45, 46
physical characteristics, 45
policy compatibility and options,

44-46
program cost, 45
rapid payoff, 45

Semi-arid Food Grain Research and
Development project IUpper Volta!,
238

Senegalese Institute for Agricultural
Research ISenegal). See ISRA

Sensitivity analysis, 129, 136
Sequential cropping, definition of, 216
Shifting cultivation, definition of, 216
Significance level, definition of, 216
Simmons, E., 77
Simon, H., 266
Single crop system, definition of, 216
Single interview survey. See also Surveys

advantages and disadvantages of, 77
definition of, 216

Slash and bum, definition of, 216
Slomin, M.J., 303, 305
Small-scale farming, definition of, 16,

216
Smith, E.D., 259
Smock, A.C. 282
Social scientists, definition of, 216
Sociocultural acceptability, 70, 141, 142

considerations in setting priorities, 71
definition of, 216
factors in planning research, 91, 325
influenced by, 260, 261, 325

Sociocultural factors, 64, 91, 103, 261,
262. See also Sociocultural
acceptability

customs, 64, 91, 261, 262,325
definition of, 216
religion, 261
sex and age group rights and

obligations, 64
social institutions, 262

Socioeconomic factors, 64, 103, 325.
See also Sociocultural factors

information channels, 64, 260
definition of, 216
division of labor, 64-66
government regulations, 64, 260
land use customs, 64
support services, 260

Soil. See Physical factors, soil
Sole cropping

definition of, 216
efficiency compared with intercropping

by land equivalent ratio, 99, 323,
324

Sondeo. See also Surveys
definition of, 216
used by ICTA in Guatemala, 289-293

Staffling), 7, 176
constraints, 169, 180
extension, 149-151, 179, 180
field teams, 33, 176, 178, 183, 184
management of, 181, 182
national headquarters team, 34,

176-178
others, 34
regional headquarters team, 33, 34,

176,178
research area selection teams, 53
target area selection teams, 49-51

Standard deviation, 329
definition of, 216

Statistical analysis
analysis of variance, 113, 329, 330,

332
coefficient of variation IC.V.), 102,

113, 114, 119, 329
confidence interval, 113
least significant difference lLSD), 330,

331,335
mean, 328, 329
mean separation, 330, 331
standard deviation, 329
validity, 297-299

Statistical design
completely randomized design, 326
paired treatments design, 326, 327
randomized complete block design,

326, 327, 349, 350

randomized incomplete block design,
326-328

Staudt, K., 19, 77
Strategies. See FSR&D, strategies of
Stratification, 27

definition of, 216
Stonaker, H.H., et al., 115
Study. See Surveys
Subareas, definition of, 216. See also

Target area and subareas
Subject matter specialists, 150, 151,

369
Subsistence farmers, 90, 91, 164

definition of, 216
Superimposed cropping trials

conducting experiments, 115
field design of experiments, 101, 114,

115, 325-328
field selection, 114
monitoring progress, 115
plot size, 114
statistical analysis methods, 328-335

Superimposed livestock trials, 115, 116
CIAT example, 115, 116

Superimposed trials, 114-116
definition of, 216
overview, 96
purpose of, 28, 29, 97, 114
research design considerations, 100,

101
Support services, 166, 181, 365-368,

370,371
definition of, 216

Surveys. See also Case studies
advantages and disadvantages of formal

methods, 77, 78, 80, 81
advantages and disadvantages of

informal methods, 73, 74
formal methods, 77-81
frequent interview, 78
guidelines for types of data to collect,

293-296
implementation of, 79, 306-309
informal methods, 73-77, 284
participant observation, 76, 77
reconnaissance, 54, 74-76,

284-289, 293-296
single interview, 77
sondeo, 76; 289-293
validity of information, 297-299
variations of formal surveys, 79-81

System, definition of, 216
Systems approach, 165

definition of, 216

Tamisin, M.M., et al., 232
Target area and subareas, 5, 27, 43-45.

See also Homogeneous farmer groups
criteria and methods for selection of,

44-46
definition of, 43, 44, 217
extension's role in selection of,

150-152
groups involved in selecting, 35, 44,

57, 150
information needed for selecting,

46-49
information sources, 49
selection of, 5, 27, 43-51
selection of, in Indonesia, 246-248
time needed for selection of, 32, 35,

51
Target populations, definition of, 217.

See also Homogeneous farmer groups
Technical Advisory Committee ITAq,

23, 37, 92, 213-217, 237, 238
Technical assistants, 33, 178, 183, 184,

337
Technology

definition of, 217
development, 92, 97
diffusion ltransfer) of, 149, 151-156,

158,163
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farmer adaptation, 92, 94, 103, 124,
125, 133, 135, 262, 263. ISee also
Acceptance, farmer)

modification and testing of, 153-155,
158

Test plot. See Field (experimental)
selection

Thodey, A.R. and R. Sektheera, 232
Thom, D.J., 49, 51, 100
Time requirements

for cropping systems, 31, 32
dependent on several factors, 6, 31,

33
example, Philippines cropping systems

program, 31, 32
for livestock systems, 32, 33
for research area selection, 32, 35, 56
for target area selection, 32, 35, 51
timetable example, 32, 35, 97

Tollens, E., 305
Townsend-Moller, D., 178
Trail, T., 204
Training

for extension staff, 157, 199, 200,
388,389

for FSR&D staff, 7, 8, 197-202
graduate degree, 201, 203, 204
ICTA's program for DIGESA, 198, 200,

388,389
international and regional centers, 202,

203
IRRI programs, 202, 203, 391-397
materials, 204
meetings, 202
non-degree study, 201
PNIA's program in Honduras, 199,

383-388
programs of CATIE, CIAT, CIMMYT,

and ILCA, 389-392
for researchers, 197-199
seminars, 202
short courses, 201, 202
for technicians, 200, 201
university programs in the United

States, 203, 204
workshops, 202

Treatment, definition of, 217
Tropical Agricultural Research and

Training Center ICosta Rical. See
CATIE

Turner, H.D., 376-379
Tversky, A., 266

United Nations Industrial Development
Organization IUNIDO!, 143

United States Agency for International
Development IU.S.,. See USAID

USAID IUnited States Agency for
International Development- U.S.),
190-192, 376-379

USDA Soil Survey Staff, 49

Valdes, A., et al., 232
Validity of inferences, 297-299
van Raaji, J.G.T., 277
Variable

definitiori of, 217
experimental, 214
nonexperimental,215

Variance, definition of, 217
Venema, L.B., 16

WARDA IWest Africa Rice Development
Association - Liberia), 237, 393

FSR&D program, 239
Wardhani, M.A., 233
Water. See Physical factors, water
Waugh, R.K., 33, 141, 151, 197, 199,

200,349
Weather. See Climatic monitoring and

records
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Weiner, M.L., 191
West Africa Rice Development

Association (Liberia). See WARDA
Wharton, C.R., 325
Whole farm analysis, 125

definition of, 217

Whole farm approach, 13-16, 157, 158
definition of, 217

Winkelmann, D.L., 70, 166
Wolf, E.R., 65
Women, special considerations of, 75,

178,281-283
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