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Preface
Policy makers in developing countries face difficult challenges in agricul
ture. To help finance foreign debts and import essent.al goods, agricultural
exports must rise. Fast-growing urban centers demand more foodstuffsand
industrial raw materials from the countryside. Persistent rural poverty
constrains labor productivity and foments political instability. Protection
ism, technological change and stagnant demand are creating downward
pressure on the world market prices of many agricultural goods. In many
places there is little new land available for cultivation and no simple tech
nological "fixes" to increase production. Exisiting production is threatened
by poor water and soil management and unsound agricultural practices.
Potentially, national institutions which import, generate, adapt, validate
and transferagricultural techno!ogy can be powerful tools for meeting these
challenges. It is their job to identify new oplx)rtunities, help farmers and
consumers solve their current problems and develop the country's knowl
edge base and infrastucture regarding agricultural technology.
This potential, h(,wever, is not being fully met, partly because agricul
tural agencies often have poor relations with the agencies responsible for
delivering tect',nological support to farmers. This results in inadequate
follow-through and a breako.)wn in the flow of information. Thus, research
efforts aic less likely to be relevant and farmers are less likely to receive the
information and inp.ts they need.
Many sources have noted the poor links between research and technol
ogy transfer in developing countrii
Bridging the gap between reseaich and extension is the most
serious institutional problem in developing an effective research and
extension system (World Bank, 1985).
Weak linkages between the research and extension functions were
identified as constraints to using the research for 16 (out of 20) of the
projects evaluated (United States Agency for International Develop
ment, 1982).
All 12 countries (in which research projects were evaluated) had dif
ficulties of communication between research and extension agencies
(Food and Agriculture Organization, 1984).
xi
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Preface

Because of the serious consequences of this problem, in 1986 agricultural
research managers from a number of countries requested that the Interna
tional Service for Natienal Agricultural Research (ISNAR) conduct a study
to identify key factors which influenced the effectiveness and efficiency of
links between research and technology transfer and recommend ways to
improve them.
In the discussions on ho-.r to implement the study, it soon became
obvious that the existing literature on the subject was largely anecdotal or
prescriptive, and would not provide the necessary basis for the study. A
fresh approach was needed, and ISN AR decided to ask several internation
ally recognized experts on the subject to write a series of papers examining
the relevant issues. Six papers were written, each one approaching the
problem from a different, yet complementary, perspectivc. We then wrote
a conceptual framework which pulled together the principal hypotheses
put forward in these papers and developed some areas which were not
covered by the papers.
This book is the outcome of these efforts. The first paper, by Niels R6ling,
introduces the concept of an agricultural knowledge and information
system (AKIS) and the activities which such a system must perform. R6ling
gives some principles for managing an AKIS, including the need for user
control, the importance of calibrating the different elements of the system,
and the potential for linkage mechanisms to fill in the gaps which exist
between these elements. He then discusses various methodologies for re
searching an AKIS and at the end of the paper provides a checklist of
common AKIS disorders.
The authors of the second paper, Holly Sims and David Leonard, show
how external pressure on research and technology transfer institutions can
improve system performance. They give particular attention to the oppor
tunities for, and limitations of, pressure from national policy makers,
donors, farmers' organizations and commercial firms. Although the paper
applies to a broad range of developing countries, the examples and authors'
own experiences come largely from former British colonies in Asia and
Africa.
The paper by Roberto Martinez Nogueira traces the growth and increas
ing complexity of the demands placed on research and extension agencies
by policy makers in Latin America and their effect on links between the two
groups. Research and extension evolved from being small organizations,
which were limited in scope and personally managed by their directors, to
forming part of large complex bureaucracies controlled by elaborate plan
ning mechanisms, with multiple audiences, and an increasingly sophisti
cated technical division of labor. This process continued until the situation
became unmanageable. Now there is a trend towards decentralization,
privatization, more qualitative planning methods, horizontal coordination
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between government agencies, and greater integration between extension
and adaptive research tasks.
Paul Bennell examines the linkage problem from the perspective ofsocial
psychology. He notes that researchers and extension agents are separate
groups, each with its own background, training, experience, responsibili
ties, status and physical location. Occupational theories and theories about
intergroup relations, including Realistic Conflict Theory, Social Identity
Theory, group characteristics and intergroup contact theories, are each
shown to have something to offer in helping to understand and improve the
relations between these groups.
Two papers discuss important special cases of research-technology
transfer links: farming systems research and the private sector. Peter Ewell
looks at how on-farm, client-oriented research initiatives in nine countries
of Africa, Asia and Latin America coordinated their activities with exten
sion. Although these programs made research more relevant, they could
only complement, not substitute for, specialized technology transfer efforts.
Just because research is participatory, conducted on-farm and uses a
systems approach does not necessarily mean there will be good relations
with extension. Good relations are found only in countries that have made
a strong and explicit effort to create them.
Carl Pray and Ruben Echevcrria focus on research-technology transfer
links within the private sector and between the private and public sectors,
and on the lessons public sector managers can learn from their private
counterparts. Unlike public extension, marketing is a high status activity in
the private sector, with at least as much status as research. This helps to
ensure research relevance and to eliminate poorly conceived research
projects at an early stage. The private sector spends a greater portion of its
budget on linkage activities such as preparation of promotional materials
and training of marketing staff. Company size and the pattern of industrial
organization in particular products heavily influence the types of links
which emerge.
David Kaimowitz, Monteze Snyder and Paul Engel summarize the key
points from the previous papers, grouping these points according to whether
they are concerned with political, technical or organizational factors. They
also add certain new elements, such as how links vary depending on the
type of technology involved, the problems posed by unfamiliar environ
ments or farming systems, and the importance of whether ii'stitutional re
sponsibilities are divided based on the activities involved or on the type of
clients.
Through reading each other's papers and engaging in ongoing discus
sions, many of the authors came to share similar views. Nevertheless, no
attempt was made to resolve discrepancies between authors, apart from
standardizing terminology as far as possible.
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ISNAR is currently completing the second stage of its linkage study,
involving empirical case studies in Colombia, Costa Rica, C6te d'Ivoire, the
Dominican Republic, Nigeria, the Philippines and Tanzania, from which
additional lessons will undoubtedly emerge. This book does, however,
reflect the progress we have made on the linkage issue to date. We hope that
by sharing our ideas with a wider audience we may stimulate further
debate.
Funding for the research cane from the Governments of Italy and the
Federal Republic of Germany, the Rockefeller Foundation and ISNAR.
Without their support this effort would not have been possible. Needless
to say, any mistakes in the papers are our own.

David Kaimnowitz
ISNAR, The Hague

The Agricultural
Research-Technology Transfer Interface:
A Knowledge Systems Perspective
Niels Rling

The links between agricultural research and technology transfer in develop
ing countries arc generally recognized as a major bottleneck in agricultural
technology systems and have received inadequate attention in the past
(Sands, 1988). A basic concept in this paper is that research and extension
should not coe seen ais separate institutions which must somehow be linked.
Instead, scientists involved in basic, strategic, applied and adaptive re
search, together with subject-matter specialists, village-level extension
workers and farmers, should be seen as participants in a single Agricultural
Knowledge and Information System (AKIS).
The concept of an AKIS has been extensively discussed in the literature,
using a number of different nomenclatures and definitions (Bunting, 1986;
Engel, 1987; Lionberger and Chang, 1970; Nagel, 1980; Rogers et al., 1976;
RM1ing, 1986a and 1988a; Swanson and Claar, 1983). I define an AKIS as
follows:
An AKIS is a set of agricultural organizations and/or persons, and the
links and interactions between them, engaged in such processes as the
generation, transformation, transmission, storage, retrieval, integra
tion, diffusion and utilization of knowledge and information, with the
purpose of working synergically to s,,pport decision making, prob
lem solving and innovation in a given country's agriculture or a
domain thereof.
The concept of an AKIS should be distinguished from that of a manage
ment information system. The former is the entire system that produces the
I
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knowledge used in agriculture. The latter evaluates the productivity or
other aspects of an enterprise (not necessarily an agricultural one) in order
to help management make decisions. A substantial body of knowledge has
been built up in recent years on methods for analyzing the effectiveness of
management information systems, but no comparable set ofmethods exists
for analyzing AKIS.
The Interface between Research and Technology Transfer
The AKIS serves as a conceptual framework within which to consider the
interface between research and technology transfer, the central area of
concern of this paper. Present knowledge about this interface is scanty.
What is more, traditional methods of data gathering and analysis do not
lend themselves easily to empirical research on this subject: "The lack of
suitable measures to objectively assess the strength (of links between
research and extension) continues to be a problem" (Sands, 1988).
Within an AKIS, the research-technology transfer interface is an espe
cially important one in determining the performance of the whole system.
The AKIS is vulnerable at this interface because major transformations of
knowledge, information and technology have to take place there and
because bottlenecks in their flow have grave consequences. All too often, the
interface suffers from both an institutional and a functional vacuum.
Historically, research has stopped too early in what should bea continu
ous and dynamic process of developing and diffusing new technology. Re
searchers have been physically and mentally isolated from farmers and
have handed down an unfinished, untested product to extension staff.
Extension contact staff -- squeezed between the firmers they live among,

who often ridicule the technologies they bring, and their superiors, who
demand results in line with policy directives -have been caught in a crisis
of morale (Collinson, 1985).
Improving System Design
The total impact of an AKIS should be more than the sum of the impacts
of its constituent parts: an important goal of the analysis, design and man
agement of an AKIS is to increase the synergy of its components. Research
results that remain unused, farmers without access to technology transfer
services, extension that has no links with research - all are signs of an AKIS
that is not operating synergically. And all provide good reasons for taking
the AKIS as a whole, rather than its individual parts, into consideration
when seeking to improve matters.

Rling
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Recent approaches to improving agricultural technology systems, such
as farming systems research (FSR) and the Training and Visit (T and V)
..system of extension, are efforts to improve AKIS synergy. The T and V
system seeks to create regular information flows between research stations,
subject-matter specialists, extension workers, contact farmers and follow
ers. It can be seen as a management tool for improving the interconnected
ness of AKIS components. FSR is a participative method for developing
technology. It seeks to ensure goodness-of-fit between technology and its
users, by emphasizing the importance of collecting information from and
about farmers before designing technology and while testing it. FSR repre
sents an important step toward user control as an essential ingredient of
successful technology development.
On-farm research, considered by some to be a phase of FSR and by others
as a desirable component of all agricultural Research and Development (R
&D), allows direct contact between farmers and researchers, and has been
shown to be as important an influence on applied research programs as the
published results of basic and strategic research (Biggs, 1983). On-farm
research is, again, a way of improving the interconnectedness of the AKIS,
and is a critical step toward user control.
Even the formal incorporation of T and V, FSR or other mechanisms
within an AKIS does not, however, guarantee that effective links will be es
tablished. For exanmple, the introduction of T and V in Sri Lanka led to the
formal institutionalization of a regular meeting between research and
extension staff to ensure their linkage, but the following views, expressed
by research officers, suggest that this dialogue between research and
extension leaves something to be desired (Blok and Seegers, 1988):
In rice, mostly the problem is that extension says a recommendation
is not working. Research officers then have to demonstrate that this is
because the cultural practices were not followed correctly.
With respect to paddy, most problems were solved before and exten
sion people have to be reminded of the old solution.
The chairman asked extension (workers) to be short on the reading of
.nessages because mostly ...the research officers have heard these for
seasons so they won't have much response. Even if, for example, the
scientific approach to land preparation is taken up in the bi-weekly
training, the research officers won't discuss why farmers didn't take
it up for they already know the reason: lack of money.
Research will inform extension if there is any alteration in the recom
mendation.
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I believe that the rapid emergence of knowledge management as an im
portant issue for food security, agricultural sustainability and other chal
lenges makes it imperative that we seek new tools with which to manage
knowledge and information. Modeling the AKIS may provide us with such
tools. Although no universally appropriate model can be developed,
modeling will allow us to discern what principles of knowledge manage
ment need to be applied under given circumstances to obtain different
development objectives.
This paper aims to explore the usefulness of the AKIS concept for
improving the management of links between research and technology
transfer. The first section looks at some of the development issues facing
AKIS management. The second section discusses the components needed
when modeling the AKIS. In the third section, issues in the management of
AKIS are explored. The final section summarizes and draws some conclu
sions, focusing on knowledge management.
Management issues are the major concern of this paper. Although it is
notoriously difficult to transfer successful management solutions from one
context to another, it may be possible to identify some general principles.
Because of the uncertainty I must attach to them at this stage, I call these
principles management hypotheses. They appear in italics in the text of this
paper.

Development Issues
This section examines some of the deve!opment issues which manage
ment must consider when designing a new AKIS, or manipulating an
existing one. International interest in the links between research and tech
nology transfer, and in the removal of bottlenecks in AKIS, reflect the fact
that agriculture is becoming increasingly driven by technology. Other
issues, too, have stimulated international awareness of the necd for more
effective AKIS management. lle sustainabilityof agriculture is perhaps the
major one, but gender and equity issues are also very important. Informa
tion technology has stimulated increased interest in AKIS management
because of its potential for increasing the efficiency with which knowledge
and information are created and shared.
Tectnology-l)riven Development
Agricultural development requires a mix of conditions (Haverkort and
R61ing, 1984). Although the precise nature of the mix depends on the
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context, it usually includes good infrastructure, access to credit, water,land,
markets, input delivery, social organization, relevant technology and re
warding prices (Mosher, 1966). As agriculture develops, the need for ihis
mix is increasingly met, giving farmers more control over their environ
ment. The g.'ea ter their control, the more important knowiedge and technol
ogy become as the major determinants of development (Jiggins, 1988). In
other words, technology development increasingly drives agricultural de
velopment, as the other essential conditions are effectively provided for.
Even in areas where the essential conditions for development have not
been met, the effect of technology-d riven development is felt through com
petitive market pressures. New technology is usually adopted slowly at
first. Early innovators (Rogers, 1983) capture large profits because they are
too few to affect the market price. However, soon others copy their example.
Total production begins to rise, exerting downward pressure on prices.
Furtherdown theline, farmershave to adapt in order to stay in business,but
their investment already hasa low return. At the end of the line, farmers see
their incomes drop and can do little about it. Those who are unwilling to
adapt, whose farms are too small or for whom the new technology is not
appropriate, lose out. The European Economic Community (EEC) has lost
some 60%/o of its farmers in the past 20 years through this process.
Thus improved agricultural output and efficiency result from a continu
ous flow of new technology, leading to reduced farm gate prices and hence
to market pressures on producers to innovate in order to stay in the game.
Farmers who cannot keep up are eventually squeezed out. This process is
in full swing in many developing countries, orat least in someof theirbetter
endowed areas (Lipton and Longhurst, 1985). The ,'eal incomes of the
majority, especially of resource-poor farmers, in such countries as the
Philippines (Cordova et al., 1981), India (Swaminathan, pers. comm.) and
Sri Lanka (Wijeratne, 1988), have declined drastically in recent years.
Those leaving farming are often absorbed by the industrial and service
sectors. However, non-farm employment opportunities are not growing
fast enough in many areas affected by technology-driven development. It
has been argued that, in such situations, AKIS management should concen
trate on targeting technology development to support the livelihoods of
resource-poor farmers, and on human resource development programs to
help such farmers become effective users of technological opportunities
(R61ing, 1986b).
Improving the efficiency of an AKIS increases the degree to which tech
nology drives agricultural development. Steering that development in
desired directions, instead of allowing itto be governed only by the market,
is a demanding challenge. To meet this challenge, developing countries
may have to do things industrial countries ha ve not succeeded in doing,but
with fewer resources.
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Benefits

if - a big "if" in most countries - alternative employment is available,
the squeeze on less efficient farmers is one of the benefits of technology
driven development. When a large proportion of a country's working
population is engaged in subsistence farming, the surplus labor and capital
required for industrial development are scarce. By becoming moreefficient,
farmers free these vital resources and create the capacity to feed people
doing non-agricultural jobs.
Another benefit of technology-driven development is that it enhances
competitiveness. Technology-driven development implies that one must
stay ahead of the game if one is to stay in business. This holds true for
countries and regions, as well as for individual farmers. A country which
allows its agricultural industry to fall behind must expect relatively cheap
imports to squeeze out local farming, unless it raises protective barriers; a
country which wants to continue exporting agricultural products must
keep its competitive edge.
The need to compete is the major argument advanced by governments to
support their expenditure on agricultural research and extension. The task
of research is to provide a steady stream of new technologies to agriculture,
and especially to those sectors producing export crops. Thu technology
stream - note the "one-way" metaphor -- is seen as the product of a
sophisticated AKIS dedicated to technology-driven development. Badly
functioning links between research and extension disrupt the flow of the
stream or, at worst, prevent it from flowing at all.
A third benefit of technology-driven development is that, where it
occurs, the promotion of new agricultural technology requires relatively
little attention. In agriculture, a relatively small Jfort can lead to le rapid
diffusion of new technology, as the price mechanism makes the process
compulsive. Because early innovators make the largest profits, these so
called "progressive" farmers ecome so keen for new ideas that they exert
strong pressure on the AKIS t' provide more of them. Few industries are
so innovative as agriculture. All a government has to do is to provide an
efficient AKIS to feed new technology to the progressive farmers, who are
relatively few in number (about 20% of the total), and continue to satisfy the
needs of the agricultural development mix. Market forces do the rest.
Once tcchnolo,'y-driven development takes off, the AKIS managercan rely on
marketforces to acceleralt e diusion and to squeeze out inefficien t and resource-poor
farmers, if thtu is considered desirable.
These are the benefits of technology-driven development. However,
there are important drawbacks for national policy makers selecting this
development path. These drawbacks concern rural livelihoods, rainfed
areas and sustainable agriculture.

R'ling
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Drawbacks
Rural livelihoods. As technology-driven development occurs, many devel
oping countries find it impossible to expand alternative employment iast
enough to accommodate those leaving the land. Moreover, their rapidly
growing rural populations increase the prLssure on land, reducing farm
sizes with each new generation (Safilios Rothchild and Mburugu, 1987;
Swaminathan, pers. comm.).
In Asia, 55% of farmers now cultivate an area of less than 1 ha each and
73% farm less than 2ha. In the world, some 280 million farmers cultivate less
than 1 ha each (World Bank, 1982). Assuming an average farm family of six,
that represents some 1.5 billion people. These people seem prime targets for
technology-d riven marginalization rather than development, since alterna
tive employment for such numbers seems out of the question in the
foreseeable future.
Indeed, a rapid deterioration of the livelihoods of many rural families,
especially in non-irrigated areas, isalready occurring. Millionsof farmersin
such areas face falling farm gate prices and reduced income-earning oppor
tunities. Zimbabwe provides an example.
Small-scale farmers in Zimbabwe have made tremendous strides in
adopting modern maize technology. In the high-potential communal areas
of Manicaland, in the eastern part of the country, 1acre of traditional maize
usually yielded only abont four bags of grain. Concerted extension efforts
over a numIbevr of years have raised production to 20 bags per acre. At 1986
prices, 10 bags of grain were enough to feed an average farm family, while
another 10 were needed to offset the purchase cost of inputs, such as hybrid
seed and fertilizer. I lowever, since 1986 the rising costs of inputs, combined
with tie lower maize price now set bygoverniment (under pressure, because
of unsold stocks), have raised the number of bags at which a farmer can
break even. Farmers using inputs may stiffer heavy financial as well as crop
losses in the event of drought. The falling maize price soon forces small
scale farmers to expand the area cultivated. Increased operations require
tractor-aided land preparation, lorry transport of inputs and harvests,
seasonal credit, and so on. Eventually, unless a cheaper technology can be
provided, only the large-;cale mechanized farmers will be able to stay in
business.
The case of Zimbabwe, a typical victim of its own success, illustrates the
human costs of technology-driven development. Even if global food sur
pluses are short-lived, severe disruption Seems likely, with many people
losing their livelihoods and being forced to leave the land. At present, about
one third of urban growth in developing countriescan beattributed to niral
urban migration (Bronsema and van Nimwegen, 1987), although of course
not all of this is caused by surplus food production.
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The fact that food has become less expensive does not solve the livelihood
issue for those who have diminishing purchasing power. Seen in this light,
agricultural development is no longer a means to end rural hunger and
scarcity. What it does under conditions of surplus is to reallocate resources
to areas and people who can produce most efficiently. Agricultural devel.
opment, in the absence of countervailing measures, has high costs in terms
of the number of people whose livelihoods are adversely affected.
Hence there is a need to create an AKIS capable of performing roles other
than the promotion of technology-driven development. So far, AKIS man
agernent in most countries has emphasized the provision of continuous
opportunities for innovation to progressive farmers (the case of Pakistan,
documented by Sofranko et al. in 1988, is typical). This has driven agricul
tural changeand brought us the luxury of surplus-but ina market limited
by low purchasing power. In future, the development and dissemination of
technology will need stronger controls and more deliberate targeting to
ward small-scale producers, with an emphasis on low-cost, scale-neutral
technology.
Such an approach will make heavy demands on the interface between
research and technology transfer. The extreme heterogeneity of small-scale
producers will require a substantial increase in the resources devoted to
technology adaptation. The need for more careful targeting implies a
greater flow of information about farmes to research, and more emphasis
on mechanisms for enhancing user control of the technology development
process.
Rainfed areas. International and national AK!S have in the past focused
largely on the relatively easy task of serving irrigated cropping systems
(Castillo, 1983). In developing countries, about one fifth of cultivated land
is now irrigated. This land area usesalout 60% of all fertilizersand produces
40% of all annual crops in the developing world. Between 50 and 60% of the
increase in agricultural output in the past 20 years has come from new or
rehabilitated irrigated areas. However, such areas support only about one
third of the world's frafiers (World Bank, 1982), and are not very important
inAfrica.
Irrigated areas, and afev high-potential rainfed areas, are characterized
by a high degree of farmer control over a homogeneous environment. Pro
viding a steady flow of appropriat, technology for the vast majority of
rainfed areas in which conditions, are far more variable has not so far been
achieved. Yet most arable land and most of the world's farmers depend on
rainfall that is often higlhly erratic.
For a variety of rea.Mns, including increasing problems of silting, soil
salinity, pest resistance to chemicals and the pollution of water resources

with nitrates, crop yields in irrigated areas have reached a ceiling in recent
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years. And the potential for further increasing production in what have
hitherto been known as the high-potential rainfed areas may likewise bc
limited for environmental reasons. This means that the world's next quan
tum leap in food production will probably have to come from what are
currently considered to be medium- to low-potential areas of rainfed agri
culture.
Serving heterogenous agricultural systems has considerable implica
tions for an AKIS. The strong performance achieved through disciplinary
specialization and a focus on few commodities must be traded off against
the need to ensure that technology fits complicated agricultural systems
with a wide range of commodities and farmer activities. The case of Turkey
illustrates the need to develop more flexible AKIS models under such
circumstances.
Agriculture in central Turkey is highly diverse. There are mobile bee
keepers who move their hives on lorries from one flowering crop to another;
there is extensive wheat production under a virtually feudal system; there
are also small-scale village farmers growing wheat, vegetables and various
fruit and nut trees. Such farmers often practise small-scale irrigation along
streams and rivers. Large numbers of cattle, sheep and goats are kept by
both village farmers aid semi-nomadic herders. Sonie producers are invest
ing in new enterprises such as broiler production, sunflowers or sour
cherries, and new innovations, including sprinkler irrigation.
To serve this rapid diversification, the Government of furkey is experi
menting with theTand V system in 16 provinces. Subject-matter specialists
regularly train extension staff; these specialists are, in turn, trained by
researchers. However, the typical province has a commodity research
institute. As a result the T and V system operates somewhat irrationally:
extension workers trained by a subject-matter specialist in wheat may be
asked to help farmers with their vegetable production, while the local
commodity institute responsible for providing technical backstopping
specializes in sunflowers.
In Turkey as elsewhere, rainfall variability complicates matters still
further. Links between research and technology transfer must respond to
seasonal or inter-annual fluctuations. Producers' kno Medge of local con
ditions assumes a high value.
If farmers in nigh-potential areas continue to improve their efficiency,
they will drive agricultural prices blowv the level at which it is feasible for
small-scale producers in medium-potential rainfed areas to use modern
inputs and varieties. 'Ibis implies that farming in such areas will require a
technology based on different principles (Haverkort, 1988). And even it
production in high-potential areas stagnates, so that world food prices
begin to rise :jgain, the green revolution approach to technology develop
ment will still prove largely inapplicable throughout vast areas of medium
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to low-potential land in which erratic rainfall makes ihe use of purchased
inputs too risky.
Some rainfed areas will not be able to generate enough marketable
surplus to justify expensive research stations, subject-matter specialists,
facilities for delivering inputs, and all the other services we have come to
associate with a modern AKIS. In such circumstances the design of an AKIS
will need to focus mainly on farmer experimentation, local knowledge, and
local networks for promoting the use of technology (Chambers and Jiggins,
1987; de Vries, in prep.).
Sustainable agriculture. We live in a world in which every day brings new
signs that our environment is deteriorating. The major threats are the
greenhouse effect, increasing soil salinity and erosion, flooding, the grow
ing resistance of pests and diseases to chemicals, deforestation and deser
tification, and surface and ground water po0llution and depletion. Many so
called "traditional" agricultural systems have, in fact, become systems
uitdergoing rapid degradation.
The shifting cultivation system of West and East Africa provides an
example (Bantje, 1987). The first sign of trouble is a shorter fallow period. A
typical 1-acre family farm requires 24 acres of land for a 23-year fallow
period, assuming 1year of cultivation. Dividing up this land between three
sons in equal blocks of 8 acres reduces the fallow period to 7 years. Further
dividing each block of 8 acres between two grandsons reduces it to 3 years,
a period inadequate to restore soil fertility, even without taking intoaccount
the added pressures resulting from grazing and the demand for firewood.
Reduced soil fertility requires larger fields and multiple use of the same
field to produce the same quantity of food. if additional production for cash
is required, this only aggravates the problem. Farmers start to use pur
chased fertilizers. These are increasingly expensive, however, and do not
pay for themselves when the pr(dtuce is used for subsistence. The land
continues to be divided up. The next step is the widespread use of cassava,
a crop that mines the soil, as the main staple crop, replacing millet, sorghum
and other traditional cereals. Throughout the process, men increasingly
migrate to find urban wage employment, leaving their wives and children
on the land.
The development of more sustainable agricultural systems has become
a high priority for many gov,.,rn ments. This requiresa different kind of AKIS
to the model usecd in development that is driven purely by technology. An
AKIS dedicated to sustainable agriculture would place far more emphasis
on assessing the likely impact of research and technology transfer activities
before carrying out such activities on a large scale (International Rice
Research Institute, 1987; World Commission on Environment and Develop
ment, 1987). In addition, the activities themselves would be different- and
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they would be implemented differently. Soil conservation, for example,
requires a much more persuasive approach than the promotion of hybrid
maize, and often needs to be supported by policy measures. This, in turn,
requires sophisticated links between research, technology transfer and
policy bodies.

Conclusions
Efficiency and competition, on the one hand, and sustainable agriculture
and livelihoods on the other, are uneasy bedfellows. Focus on the former
reinforces technology-driven development, leading to the preponderance
of high-tech solutions, to the squeezing out of inefficient producers, and to
a tendency for short-term economic interests to overrule long-term ecologi
cal considerations. Sustaining livelihoods and environments is a different
process altogether. To the extent that individual countries can still control
their own national agricultural development, a policy focus on sustainabil
ity requires instruments other than a reliance on market forces.

Modeling the System
Basic Concepts
The study of knowledge. The dimensions along which knowledge evolves
are not easy to specify. The claim that its evolution follows a dimension of
increasing control over the physical environment seems defensible (As
croft, 1972; R61ing, 1970). If adaptation and control are two ends of a
continuum, the evolution of knowledge can be said to allow people increas
ingly to control instead of adapt. But this evolution has now brought us to
the point where we meet ourselves: the environment is largely man-made
and survival implie:, voluntary changes in human behavior for the common
and future good. In other words, it is now ourselves, not the environmcnt,
that we need to control. It is as yet uncertain whether this will be feasible
in time and on a sufficient scale, but the use to which knowledge is put will
probably determine whetheror not we survive in this new phaseof human
existence.
Given the fundamental role of knowledge in human survival, it is sur
prising that the study of knowledge and its use has taken such a long time
to emerge. However, knowledge processes such as diffusion (for example,
Rogers, 1983) and utilization (for example, Beal et al., 1986; Havelock, 1969)
have received increasing attention over the past 25 years. The study of
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agriculture provides a dramatic case of knowledge processes in action
(Lionberger, 1986).
Knowledge, information and technology. Before we proceed, some crucial
terminology must be clarified.
Knowledge is a property of the mind, and cannot be transmitted to others
unless transformed or encoded. Knowledge processes (memory storage,
transformation, etc) are iiitra-personal.
Information, on the other hand, can be transmitted to others. It consists of
a pattern imposed on data which simultaneousiy affects the interpretation
of those data and enables them to be transmitted. It has been defined as a
"difference in matter-energy which affects uncertainty in a situation where
choice exists among a set of alternatives" (Rogers and Kincaid, 1981).
The difference between knowledge and information is one that is recog
nized by communication theorists. Meanings are in people. They can be

encoded in messages by the source, but these mcssages must in turn be

decoded by the receiver (13,erlo, 1960). In the process, two transformations
take place, making the direct transfer of what the source had in mind
unlikely. Information is thus a relative concept, depending on the uncer
tainty experienced by its receiver. Transmitting information is a risky
business becaus cone never knows what will be informative to tie intended
receiver.
Technology is the software and hardware available fer controlling the
environment for ho man purposes. The software consists of methods and
skills. The hardware consists of physical objects, such as tools, equipment

and genetic material. Technology development can bebased on the advance
of science and hence on thea pplication of research findings. llowcver, these
are by no means the onely 4)urces of technology development. Technology
is continuously developed on farms, in kitchens, in backyards or in shops,
by farmers, cooks, tinkers, tailors and so on. Whatever form it may take,
technology is the means by wh' h inputs are transformed into outputs
(Fresco, 1986).

Definitions of an AKIS. An AKIS can be defined in three different ways:
G)as sets of organizations and people engaged in knowledge and informa
tic n processes (as defined in the introductory paragraphs of this paper); (2)
as sets of coherent cognitions that have evolved among members of organi
zations, commu nities or societies; and (3) as computer-based "intelligent"
software (for example, expert systt ns, artificial intelligence). I will briefly
discuss the first two definitions.
The institutional and cognitive definitions are not, of course, independ
ent of each other. Ispeak of knowledge and information systems to stress
that both the cognitive processes taking place in people's minds, and the
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communication processes taking place between them and within/between
institutions, are essential for understanding an AKIS. Yet there is a differ
ence in emphasis between those who take the cognitive view and those who,
like myself, emphasize institutions and the links between them.
When an AKIS is seen as a cognitive system, the components of the
system are cognitions, that is, concepts, theories and beliefs about "reality"
that guide our behavior (R6ing, 1986c). The cognitive approach, based on
ideas in the literature on the sociology of knowledge and cognitive anthro
pology, has been further developed by various authors at the Department
of Development Sociology, University of Wageningen, including Arce and
Long (1987) and van der Ploeg (1987), who have emphasized its use in
comparing the perceptions of farmers with those of other participants in the
AKIS in order to reveal their different assumptions and expectations. They
argue, rightly, that understanding how farmers make decisions in such
areas as the recruitment of labor or the mix of enterprises on the farm are
vital for the development of appropriate new technology.
The cognitive approach has been used to explore several aspects of reality
as perceived by the farming family, including the classification of weeds,
and male/female usesof cassava (Jiggins, 1986). My favorite exampleof the
application of this approach is tile "image of the limited good", a concept
coined by Foster (1976) which I applied to fertilizer use in Nigeria.
I was working in Nigeria at a time (1966) when the Food and Agriculture
Organization (FAO) was starting up its fertilizer program there. The man
ager of the program told me that chiefs in a number of villages had asked
him to remove the fertilizers because they caused considerable discord
among villagers. Apparently, people believed fertilizers were a "medicine"
which could pull fertility from neighboring fields to the one in which tile
fm tilizer was applied. The underlying assumption was that fertility is a
"limited good", so that if one person gets more of it, another must necessar
iiy get less. We laughed at the time. Now, we realize that the villagers were
probably right after all, though at a different level of the system than the
village.
Instead of investigating cognitions, the institutional approach looks at
sets of interconnected actors, each engaged in different activities, such as
research, technology transfer, pr(duction or consumption, and each play
ing different but complementary, roles and hence functioning synergically.
Havelock (1986) provides an example of the institutional viewpoint in use
in his description of the US land grant system:
The oldest, most elaborate, most ambitious, and arguably most suc
cessful effort to devele a structured macrosystem for knowledge
development and use has been going on in agriculture in the United

States over the last 100 years. The land grant universities, their
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experiment stations, and the Cooperative Extension Service together
comprise a coherent and well-coordinated system for the generation,
transmission, transformation and utilization of scientific knowledge
about agriculture, home economics, and to some extent community
development and youth development. These truly amazing feats of
knowledge production and use are realized through an elaborate
sequence of institutions and mechanisms, partly consecutive in mis
sion, partly redundant. It includes some unique institutions and roles
such as the extension specialist and the county agent, people who act
as linkers or boundary spanners between the worlds of research and
development, and the world of routine everyday practice.

The institutional approach leads to theorybuilding about the way people
and organizations receive, transform and transmit information, about the
interfaces between them, and about the complementary roles institutions
play in relation to each other. The purpose of the approach is to improve the
management or design of the AKIS so as to make it fun~ction in the ways
deemed desirable by policy makers, farmers and other participants in the
system. It is my contention that, if only the actors in an AKIS would begin
to see themselves and other actors as playing complementary roles, many
AKIS would "auto-improve".

Basic Processes
In the definition of an AKIS with which I introduced this paper, Inamed
a number of basic knowledge processes, including generation, transforma
tion, integration, storage and retrieval. I will now discuss these processes.
In so doing I will show how all the actors in an AKIS are engaged in all its
basic processes (Engel, 1987).
All p2rticipantsin an A KIS engaXe in all its basic process,..
Generation. This process is typically attributed only to research. Yet public
agricultural research is not more than I(X) years old in most countries.
Farmers have managed for thousands of years to develop their agriculture.
Many, if not most, of the improvements in agricultural knowledge today are
based (. their work. Farmers are, in fact, researchers. I am well aware that
the term "users" does not do sufficient justice to farmers as researchers.
Many types of farming are even now not served by public research.
Examples include organic farming in Europe (de Vries, in prep.) and many
of the rainfed production systems on which two thirds of the world's
farmers depend. It is often argued that these systems will never generate
enough surplus to warrant setting up an elaborate AKIS. This isa dangerous
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argument, since it presupposes an unsuccessful outcome to research.
However, there are undoubtedly some cases in which the costs of sophisti
cated research so far outweigh its potential benefits as to make it unecon
omic for the time being. Until the economic picture changes, efforts in such
cases should focus on teaching farmers to carry out their own research more
systematically (Chambers and Jiggins, 1987; Haverkort, 1988).
Knowledge generation appears to be more effective when carried out in
groups than when attempted by individuals. Empirical studies have shown
that the productivity of researchers is related to the extent to which they
participate in networks.
Transformation. The transformation of knowledge is perhaps trm most
crucial process taking place in the AKIS. The essence of an AKIS is ,hat
knowledge generated in one part of the system is turned into information
for use in another part of the system. This transformation process is not well
understood. Elsewhere (R61ing, 1988a), I have suggested that the transfor
mations taking place within an AKIS are as follows:
1. From information on local farming systems to research problems
2. From research problems to research findings
3. From research findings to tentative solutions to problems (technolo
gies)
4. From technologies to prototype recommenJations for testing in farm
ers' fields
5. From recommendations to observations of farmer behavior (male,
female, children)
6. From technical recommendations to information affecting service
(inputs and marketing) behavior
7. From adapted recommendations to information dissemination by
extension
8. From extension information to farmer knowledge
Training people in how to transform knowledge in their part of the AKIS
is a prerequisite for a more effective A KIS. Often farmers unwittingly apply
a scientific principle without knowing why it worksand without being able,
therefore, to improve the practice (Blum, pers. comm.). Few extension
workers are trained to transform a technical recommendation into instruc
tions a farmer can follow, or to assess the demands a recommendation
makes on a farmer's resources.
Integration. Like the other basic processes, integration is carried out by all
participants in an AKIS. The review articles produced by scientific disci
plines to pull together research results are obvious examples. The leaders of
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multidisciplinary research teams are engaged in a continuous effort to
integrate the research results produced by different disciplines. However,
little is known about how farmers integrate knowledge and information.
We assume that research results are simply turned into technologies for
farmers' use but the reality is more complicated. Often, pieces of informa
tion that have been available in different fields for some time are combined
to form useful new ideas. Farmers must integrate external information from
many sources - other farmers, specialist literature, scientists, technology
transfer services, etc - with their knowledge of t',,eir own circumstances.
Integration is often hampered by the absence of area-specific experiment
stations, of FSR teams capable of intergrating disciplinary knowledge and
adapting it to system needs, and of subject-matter specialists in extension
services. However, examples of successful integration can be found, as in
the case of mango production in Queensland, Australia.
The mango industry developed rapidly in tropical Queensland in re
sponse to good markets in major cities in Australia and abroad. The example
of a few highly successful pioneers led to rapid diffusion. As a result, there
was considerable pressure on the Horticulture Division of the Queensland
Department of Primary Industries (QDPI) to provide more information. It
soon turned out that research on mango was published by different insti
tutes in different regions and that there was no single place where informa
tion on the results had been brought together, let alone integrated. Asenior
extensionist of the Horticultural Marketing Extension Service at the Bowen
research station was put in charge of collection and integration. All other
institutions active in mango research undertook to keep the extensionist
abreast of all developments (1-hubbert, 1987).
Storage and retrieval. These processes would seem to be typically the task
of specialized libraries, but most scientists have their own collections of
materials which they access more or less satisfactorily. Extension workers
and farmers also store and retrieve information. Apparently, village-level
workers in Sri Lanka seldom act immediately to pass on to farmers the
information they receive through the fortnightly meetings organized under
the T and V extension system, because it is often not relevant at that time;
instead, they store the information for use in the future. The storage device
they use is, simply, memory. Few hand-outs are given to village-level
workers and they do not have manuals to which to refer.
Theoretical Models
No single AKIS model can be develope Ifor both low- and high-potential
agricultural production systems, equally suitable for both highly special
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ized horticulture in industrialized countries and extensive nomadic herd
ing in, for example, the Sahel. Nonetheless, two basic types of model can be
discerned.
One-way models. The most common and influential model of an AKIS is
"tran'fer of technology" (TOT) model (Chambers, 1983). In this model,
r searchers play the glory role of creating "breakthroughs". These break
throughs are "transferred" to extension for "delivery" to "users". "Scien
tists develop the product and extension has to sell it" (Bennett, 1988;
Chambers and Jiggins, 1987). Since researchers are among the most pow
erful members of the AKIS, and tend to become its administrators and
managers, the TOT model is hard to replace in most national and interna
tional settings.
This is unfortunate, because analysis suggests that the TOT model is not
an appropriate one. The model does not reflect the experience of successful
systems, examples of which are the US Land (-rant model, the Dutch farm
development system, the Taiwanese system, and the R & D systern which
has been developed by Multifulcrum, a large and well-known multina
tional corporation. (The case of Multifulcrum, described in furlher detail
below, is a real one but we have changed the name of the corporation for
reasons of confidentiality.)
The TOT model assumes a linear, one-way process, starting with the
breakthrough at the international 'evel and ending on the farm with an
adapted innovation. It usually succeeds in delivering technology only to
progressive farmers (Rbling, 1988b). The model reflects inadequate under
standing of the nature of knowledge systems, yet many researchers con
tinue to adhere to it. An example is the analytical framework developed by
the International Program for Agricultural Knowledge Systems (INTERPAKS) of the University of Illinois and illustrated in Figure 1overleaf (Sands,
1988; Swanson, 1986).
INTERPAKS has done much to call international attention to the fact that
extension, research and other AKIS components should be seen as forming
part of a synergic whole. INTERPAKS has also pioneered the search for
indicators of effective AKIS (Sands, 1988). The one-way nature of the
INTERPAKS model is defended on the basis that, though farmer-initiated
innovation is important, theessential processin agricultural modernization
is science-based innovation. Hence the INTERPAKS model depicts the
AKIS as a one-way, linear system. I believe that only some technical
innovations are science-based; policy-driven, market-driven and farmer
driven innovations seem equally, if not more, important (Kaijr,. e;itz et al.,
1989).
To sum up, models of the AKIS which do not reflect some flow of infor
mation and influence from technology users to other parts of the system are
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Figure 1. The INTERPAKS framework for analyzing agricultural knowledge
systems
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misleading. This is noi because of the moral principle that participation is
needed if the system is to function benignly. It is because empirical evidence
from effective AKIS clearly demonstrates that user control in some form is
an essential ingredient.
Two-way models. Two-way models of the AKIS are less widely used than
the TOT model, but have nevertheless been developed by a number of
authors, including Havelock (1969, 1986). In Havelock's model (see Figure
2) there is still a distinction between those who generate technology (the
resource community) and those who implement it (the user community),
but it is recognized that the exchange of information between the two
communities is crucial to successful technology generation and transfer.

Moreover, the resource community is not seen as the only source of useful

information to the user community. Farmers, and not just scientists, may
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generate information and technology. Similarly, resource communities
may become users of information and technology, both from farmers and
from other resource communities. In other words, the roles of the two
communities are seen as less stereotyped and more interchangeable. The
two-way character of Havelock's model has been neglected, yet all AKIS
models which take user control into account must be based on such two
way links.

Figure 2. A two-way model of the AKIS
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Effective links between resource and user communities cannot be estab
lished without prior communication between the two communities 
communication that establishes agendas, giuund rulhs, appropriate media
and an understanding of internal processes and contextual factors. Within
the figure, all these additional communicative elements are identified as
"metacommunication", that is, communication about communication.
Existing Models
Two contrasting cases. The contrasting examples of models applied in
South Korea and China show not only how different models have been

20

RM1ing

applied in different places and at different times, but also how each model
has its own strengths and weaknesses. The strengths of a specific AKIS
cannot easily be transferred to other sectors or other countries.
South Korea is said to have an effective top-down system that allows it
to push technologies to farmers rapidly. Improved varieties quickly made
the country self-sufficient in rice during the 1970s. But these varieties were
vulnerable to cold weather and blast, both of which finally hit crops in 1979
and 1980. Ironically, the failures of those years can be attributed to the
strength of the Korean guidance service which, in contrast to the extension
service in most developing countries, was able to transform research into
production. In the single-minded pursuit of its political goals it neglected
elementary precautions that might have avoided the problems of 1979 and
1980 (Steinberg et al., 1982).
In the People's Republic of China during the 1960s and 1970s the system
worked the other way round. Wuyts (1988) writes:
Probably this system's most significant aspect is the active involve
ment of the users them ;Alves in the process of experimentation.
Sheridan (1980) terms the practice "peasant innovation". The impres
sion given is that peasant innovativeness was not created by the
integrated system, but that the system recognized it and adopted
policies to promote and encourage it and, more significantly, to have
scientists acknowledge it. Those joint efforts produced scientific farm
ers actively and enthusiastically pursuing experiments varying from
different cropping patterns, testing new technology, incorporating
modifications for adoptability, exchanging information with scien
tists about ...practices which could be improved and popularized
(similar to the development of herbal medicine), etc.... But the system
was not without itscosts. One majoraspect was the neglect of expertise
and basic.science re.earch. Ihis led many observers torc ark (on) the
poor quality of the work done as well as the low level of staff
competence.

Tile AKIS as Part of a Larger System
When modeling the AKIS, it is important to bear in mind that the system
takes its place in a largercontext, from which it is not separate (see Figure 3).
Agricultural knowledge and information processes must be examined at
national level against the backdrop of: (1) the policy environment, which
formulates the lawsand incentives that influenceagricultural performance;
(2) structural conditions, such as markets, inputs, the resource base, infra
structure, and the structure of farming; (3) the political and bureaucratic
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structure through which interest groups influence the system; and (4) the
external sector, comprising donor agencies, international agricultural re
search centers (IARCs) and/or commercial firms (Elliott, 1987).

Figure 3. The AKIS as part of a larger system
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The policy environment plays a crucial role, so much so that in some
AKIS models it is considered one of the complonents of the AKIS itself. In
this paper, I consider policy as a prime mover outside the AKIS. Together
with two prime movers inside the system, namely management and user
control, policy is considered as a force which can overcome the default
conditions to which a system reverts unless pressures are applied to prevent
it from doing so (Sims and Leonard, 1989). Deliberate policy goals and
policysupport are necessary, forexample, if thedefault condition of serving
progressive farmers only is to be avoided.
Likewise, st-tictural conditions play an imp(ortant role. Variability in the
production cnvironment and among the farmers who use it has tremendous
implications for the design and management of the AKIS. Technology
development and informatin transfer must be coordinated with other
elements of the mix of conditions necessary for agricultural development,
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such as seed and input distribution, the provision of infrastructure, and so
forth. This, in turn, requires horizontal links between the institutions com
prising tile AKIS and with other institutions outside it.
The political and bureaucratic structure also influences the performance
of the AKIS. Often, the very fact that the AKIS, with its inherent need for
farmer oricntation and user control, is part of a bureaucratic system is
enough to ensure that strong default conditions obtain. Under default
conditions the bureaucracy serves its own interests and those of its political
masters, rather than those of its clents. The forms of bureaucracy used and
the ways in which these forms are linked, as well as tile historical stage of
evolution reached by the different organizations involved, are all important
factors (Martfnez Nogueira, 1989).
The external sector contains another prin,, movir (donor ancies) and
acts as a source of information and technology for the AKIS itself. In some
cases, for example where an IARC coolperates closely with a national
research t.am, parts of the external sector may be considered as belonging
to the AKIS.

System Research Methods
It is difficult to design research on AKIS. hlle traditional quantitative
research methods of social science (surveys) are not applicable, although
they can be used in market research to assess the potential uses of new
information or technology. Despite tile difficulties, Ican identify a number
of possible approaches to the empirical analysis of AKIS. These are:
I. C waratiu'analw.i>.the.study of AK IS characteristicsand processesin
relation to sytem pertorma nce, comparing different AKIS in terms of
their mapor cOmpl men tS, linkage mechanisms, management decisions
and s(, forth. A n exa mphl isa ,study compa ring the AKIS forcocoa with
that for ma Iai in (h lna (A nn r-FrempVnMg, 1N88).
2. ('Imarin,' r nal ani attul A KIS. Iwv cmparing theofficial system and
the actual -,Ystem, and h oking at the reasons for the divergence,
insigh ts ca t, gained into the forces operating in actual systems.
Ex,imples of this IntlO cd include studies of the Sri Lankan syste
(Wiltratne, 1988; Bhlk and Segers, 1988).
3. l) ~r'.:
Ir a matrix of ?najor .v;te cioinponcnts and filling in the cells
(links): the matrix forces one to identify all possible links and system
a tically investigate them. lilok and Seegers (1988) used such a matrix,
as also did van Beek (1988).
4. Follou,ing a specific innovation through the sysz'z.l: working backwards
from a successful innovation, one could try to trace its path. De Soyza

RMling

5.

6.

7.

8.

23

(1988) followed farmer problems which made it upstream to research.
Over several years, only five such problems were identified, in itself
a significant observation. Unfortunately, the method does not allow
conclusions to be drawn as to why other problems did not make it.
Using the theory as an overlay: a theoretical model of the AKIS can be
compared with what actually exists, in order to identify institutional
and functional gaps.
Atuilyzing transformations:this would involve looking at the changes
that take place when, for example, research findings are transformed
into recommendations, or farmers' problems are transformed into re
searchable issues.
Participatingin events: participating in major meetings and observing
what takes place there provides much insight into AKIS operations
and links. Meetingscould, for example,be rated according to whether
the representatives from extension raise farmers' problems and, if so,
what the reactions of scientists are. Wagemans (1987), de Soyza (1988)
and Wijeratne (1988) have used this method.
Assessing corporateideoloyi/: investigating the extent to which actors in
tile svstem see themselves Os playing complementary roles in the
system, or as playing non-systemi roles.

Managing the System
No one person manages the entire AKIS. Each farmer is his or her own
boss; and the numerous institutes that also make up the AKIS each have
their own managment team. Senior government officials may exert consid
erable influence over both the AKIS and the xlicy environment in which it
operates, but their influence, while ( rucial in some areas, neither can nor
should be all-pervasive. Much depends on the ability and willingness of
government to relinquish power to other groups within the AKIS, notably
the users, while retaining control, through appropriate policy instruments,
over areas vital to the common interest.

The Need for User Control
Information about users should have leverage within an AKIS, not least
becauseof the ultimate powerof the farmer to refuse to use new technology.
In many countries, far too little information about farmers is still being used
in the technology development process. As a result, farmers refuse to
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innovate and agriculture stagnates. One of the most notorious examples of
neglecting information about users occurred in Africa, where the role of
women farmers in agriculture was for many years almost completely
ignored by male-dominated AKIS bureaucracies.
Consideration of user needs is relevant not only for farmers but for all
participants of the AKIS who play user roles. A technology developer has
to anticipate what extension agents will accept and need, and a basic or
strategic researcher has to anticipate the needs of the applied or adaptive
researcher.
Participantsin an effective AKIS take the needs of users into account at eaLh
point at which information or technology is transformedor adapted.
When effective AKISare compared, usercontrol in some form appears to
be an essential ingredient. The USA and the Netherlands are respectively
the first and the second largest agricultural exporters in value terms in the
world. Both require a highly efficient AKIS to maintain their competitive
edge. Neither of their systems can be adequately depicted as a one-way
street.
Advocating user control goes against the grain of both bureaucrats and

researchers, who like to think of the world as hierarchically structured, with
themselves close to the top. In this respect most public sector bureaucracies
contrast sharply with multinational corporations such as Multifulcrum,
which builds user control deliberately into its R& D so as to ensure market
orientation.
The US system. One mechanism for exerting user control in the US system
is farmer influjence on the couty extension agents. Their salaries are paid
partly by the counties so that farmer,s in the county can exert pressure on
them (Woods, pcrs. comm.). It is not certain how much influence farmers
have over research, however. Alihough he mentions user control as one of
the key attributes of the US AKIS, Rogers (1986) states that "while much
rhetoric is given to this feedback about needed research from farmers
through the extension service to agricultural scientists, it is actually a fairly
rare occurrence." Yet the political influence of the farm lobby in state
legislative bodies and hence on the research budgets of state universities
and land grant colleges is substantial. Wh;,;
any -f the research
ers in such universities and colleges came from a farming background
themselves and have experienced ex tE.'n sion programs at first hand.
As in other couitries, the farm lobby in the USA is dominated by large
scale, progressive farmers. I lowever, these influential farmers, though by
no means modal farmers, are much more representative of a sizeable
portion of the farming community than the farners who wield influence in
most developing countries. Medium- and even small-scale farmers in the
USA often have a similar degree of control over their environment to that
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achieved by large-scale farmers and found on research stations. Thus, the
results of research are likely to be applicable across a broader range of farm
size than in developing countries. Yet even in the USA the influence of elite
farmers has been blamed for many malfunctions of the AKIS.
The Dutch system. In the Netherlands, the system is still (1989) largely
government based, but it has similar characteristics to those of the US
system. Many researchers and extension workers are from a farming
background. Extension workers are highly service-oriented (Bos and Bur
gers, 1982) and virtually ignore "'he Hlague" and their regional supervi
sors. Some 50% of the costs of experiment stations and experimental fat ms
are paid for by farmers, who also participate in program committees
(although here the rhetoi tc overstates their degreeof actual control over the
research program). Specialist officers at the national level link research
institutes and experiment stations with regional field work, and are respon
sible for the flow of information about field problems to the research
comnitiv. F'armers' unions have a national apex structure which provides
for the representation of farm interests on most important boards and
councils at national, provincial and local level.
However, farmer influence in the Netherlands is so strong that it is
difficult to control pollution caused by farmers. Ihe pollution of air and
water by surplus manure is esp-,cially problematic. The results of research
linking acid rain to farm manure and providing evidence of soil pollution
have been withheld, and have been acted upon only belatedly.
One of the reasons for the present plans to privatize the extension service
is that it is difficult to combine farmer-controlled, client-oriented extension
,services with the inmfpuiientation of government policy, whenever the
latter is no longer aligned with farmers' interests. Separating the two will,
it is hoped, resolve this conflict of interests. l'rivatization of technology
transfer in Britain, Belgium and parts of Australia is occurring for similar

reasons. An important question for these countries is how publicly funded
research will link with private technology transfer.
The Multifulcruin system. Multiftulcrum's R & D is based at its central
research laboratories in lurope. The laboratories serve a set of international

companies, which also have departments for R & D, as well as for marketing
and production. These R & 1 departments link the companies with tile
central laboratories. Management at the laboratories has ensured that tile R
er I) departmient of each company is headed 1y a person recruited from tile
laboratories (a linkage mecianiini called "bodV swapping", see Improving
Linkage Mechanisms).
The companies are heavily market-oriented. They carry out a great deal

of market research among consumers, on topics such as consumer catego
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ries, preferences, buying decisions, and reactions to prototype products.
This market information is supplemented by technical insights, obtained by
a special team of researchers which visits families, observing and even
video taping their handling of company products.
A complex procedure is used to decide on research projects. Research
proposals are formulated by ad hoc study groups in each company, consist
ing of the company chairman and representatives of its marketing and R &
D di visions, as well as a manager from the laboratories. These proposals are
sent to a single Steering Committee that covers all the companies. The
committee meets once every two years to decide on major research direc
tions.
In the light of these decisions, R & D projects are designed and supervised
by project groups. These groups consist of representatives of company R &
D departments, together with laboratory staff. A Project Group Manager is
appointed jointly by the Steering Committee and the management of a
company. He or she formulates the project, including its strategic juatifica
tion, key objectives, workplan and budget statement.
Great care is taken when such projects are approved. Each project must
meet he approval not only of the R & 1) Steering k .,mmittee but also of the
marketing, technical and R &D representatives of the company concerned.
Even at this late stage the key objective might be adjusted. Each year projects
approved are included in the R & D year-plan, which is compiled by the
Steering Committee. An annual contract between the companies and the
laboratories is drawn up and signed for the research to be carried out that
year in accordance with the year-plan.
An intere:;ting aspect of the set-up at Multifulcrum is the sharp distinc
tion between basic and applied research. Undifferentiated "Research" with
a capital "R" does not exist at Multi fulcrum. Basic research of a disciplinary
nature serves all the Multifulcrum group's major branches and is carefully
protected from market pressures, whereas applied research is carried out
independently by each product group and is strongly tied to consumers'
needs.
Although basic research is shielded from market pressures, it too must be
productive. The mechanism for ensuring productivity without undue
interference is to make basic research financially dependent on the product
groups, but to deny the latter any involvement in project reviews. The
procedure followed is to allocate a certain percentage of each product
group's research budget to "expertise areas" in which new product devel
opment or other innovations may be expected. Basic research projects are
normally allowed a period of 5 years in which to complete a certain task.
Although no formal review procedures are applied during this period, the
"nuggets" of basic research are presented to the companies for comment
once a year.
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The elaborate programming of Multifulcrum's R & D illustrates the con
siderable amount of time and effort such a company invests in ensuring that
R & D is user-controlled. The strong participation of companies in the for
mulation of research projects and the fact that the companies pay for the
projects ensure that technology development is consumer-oriented. Elabo
rate linkage mechanisms (committees, special officers, "body swapping",
etc) ensure frequent interaction, involvement of all interested parties and
careful decision making.
Placing such emphasis on user control is essential for profit-making
organizations, whose profits are a direct reflection of consumer reaction to
the products of their R & D departments. Publicly funded organizations
such as government or university research institutions, whose feedback
about their performance from their clients is not spelt out in financial terms,
tend to be less client-oriented. But they can ill afford to be. In short, user
control would appear to be a key organizational principle for an effective
AKIS.
User control of niajor processes within the AKIS is an essentil attribute if
default conditions are to be avoided.
In many developing countries, it might be more cost-effective to create
usercontrol by giving farmers control over part of the AKIS budget, than to
strengthen research/extension services. To develop the AKIS by investing
in laboratories, staff training, cars, megaphones and management capacity
for its research/extension services is to behave like the marriage counseller
who tries to save a marriage by giving the strongest partner assertiveness
training.

The Limitations of User Control
Having made such a strong plea for user control, I should in fairness
discuss some of its drawbacks.
Strong farming lobbies can pull agriculiural policy in directions which
are detrimental to national development. Worse, the fact that the farmers
who exert control are often resource-rich and atypical can lead to policies
and production systems which are exploitative and a serious barrier to the
dev'opment of small-scale farming. User control in itself is no guarantee
of equity. If the AKIS is to serve categories of farmers other than the
resource-rich, strong pressure must b: exerted by management, policy
groups, donors or other prime movers to give such categories user control
also.
Moreover, if users' economic interests conflict with government policy in
areas such as the environment, increased user control will only exacerbate

existing problems.
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Bridging the Gap

The medi um and small business sector provides an interesting compari
son with the resource-poor farming sector because it too is not homogene
ous ,:nough to share a single knowledge and information system. It is too
fragmented to be able to benefit from a joint R & D effort, as do the
production companies in a large multinational corxration such as Multi
fulcrum. Elaborate external support programs - analogous to research/
extension services in the agricultural sector - have been developed to
perform R & D functions for such businesses but, as in agriculture, these
often do not make much use of such services.
Process consultation: A useful tool. An alternativeapproach is to help such
businesses becomc more innovative, that is, to enhance their capacity to
make use of external information, instead of simply pushing more innova
tions at them (for example, l3uijs, 1984 and 1987). This was the aim of an
experimental project launched in the Netherlands. 'Vhe main strategy of the
Industrial Innovation Project was not to find innovations for the participat
ing firms, but to teach them how to become more innovative. Tlhe project's
consultants were trained in what they called "process consultation", which
involved introducing a step-by-step model of the innovation process,
stimulating the creativity of company staff members and encouraging the
use of external informatin (B ijs, 1984 and 1987).
In agriculture, as in industr',. pr(ocess consultation is a useful concept
complementing the existing vole played by expert consultation. While the
latter provides an external input of information or technology, the f.)rmer
is a neans of mobilizing people -- educating them and organizing them to
bewcome more eficctive participants in the AK IS.The complementary nature
of the two aspects b.comes obvious in such contexts as the history of
agricultural development in Israel (Blun, 1987), where the need to develop
agriculture, from scratch with often totally inexperienced farmers, or to
change cou rse from producing national tood crops to producing specialiAd
export crops, amply illustrated the importance of combining the external
input role with an internal educational and organizational one. However,
despite the need for both processes, most AKIS in the developing world
remain weak in process consultation.
To sum up, the input of informiation from external sources iscrucial to the
effective functioning of any knowledge and information system, but if the
system does not have the capacity to generate and enhance appropriate
roles for its constitutent parts, it will not be in a position to absorb such
information. In the agricultural s.ctors of developing countries, the lack of
social organization among small-scale farmers is therefore a considerable
barrier to development.
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Improving linkage mechanisms. A linkage mechanism is the concrete
procedure, regular event, arrangement, device or channel which bridges
the gap between components of a system and allows communication
between them. The term linkage mechanism should be distinguished from
interface. Although in computer terminology, "interface" is used for a
"device linking two systems" (Hurthubise, 1984), it is preferable to reserve
"interface" for the "force field" between two institutions. The linkage
mechanism is the device which operationalizes the interface (Engel, pers.
comm.).

In some countries, the annual report of the research institute - often
published lateand sometimes not published atall -- isstill virtually theonly
official linkage mechanism between research and technology transfer. In
others, much has been done in recent years to increase the number of linkage
mechanisms and improve their effectiveness. Generally speaking, thegreater
the number of linkage mechanisms, and the greater the range they span
within the administrative hierarchy, the better the chances that effective
links will develop.
A typical example of a project with multiple linkage mechanisms is the
Ghana Grains Development Project, which has:

1. A sUnrVy carriedout jointly by researchand extensionstaff: at the beginning
of every cropping season, a tea n of breeders, economists, agronomists
and extension staff pay informal visits to farms and ask questions
about farmers' problems. The answers are used to draft a question
naire, and on the basis of the results of the questionnaire, research
projects are formulated for that year.
2. Quarterly pneelings of Hie nmonlers of the on-farm, economnic and extension
programs: discussion at these meetings centers on current trials and
surveys, and on the plans for the following quarter.
3. Annual reports: published regularly, these describe the various re
search programs and their results. They are intended mainly for a
scientific audience.
4. An annual workslhop: at this workshop all the year's research and
extension activities are presented to a large audience. It is attended by
members of the AKIS from all parts of the country and by representa
tives from for,2ign research institutes.
5. A pre-workshop neetin\': before the annual workshop all senior officers
of the project meet in order to transform research findings into
recommendations. A committee is then charged with the responsibil
ity of turning the recommendations into comprehensible language for
use by extension officers and literate farmers. The result is a booklet
entitled MaizeandCowpea Guide. The booklet is updated before every
workshop, to keep abreast of current findings.
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6. Trainingprograms:research officers of the project explain in detail the
latest recommendations on the crop to field agents organized in
groups according to agro-climatological zones. Issues encountered in
the field are raised by extension workers.
7. Field days: these are organized three times during a planting season.
Research officers normally participate, thus gaining first-hand expe
rience from both the farmers and the field extension workers (AnnorFrempong, 1988).

Meetings, written communicationsand joint activities areall examplesof
formal linkage mechanisms, but informal mechanisms such as sharing a
coffee ro,,m. or playing golf together, may also be just as important.
As we have already seen, an effective formal mechanism used in indus
trial corporations is "body sw\apping". After having worked in one depart
ment, say basic research, a researcher may be posted to the R & D depart
ment of a company. Body swappingcreatescommunication bridges, allow
ing informal contact between different subsystems. An analogous mecha
nism used in the agricultural sector of some developing countries is the post
of Research-Extension Liaison Officer. 1hese officers are recruited from
extension services to work in on-farm a iaptive research teams; they play an
especially important role in enlisting tie support of extension services once
technology is ready for more widespread testing and dissemination.
Although linkage mechanisms have becom 2 both more varied and more
sophisticated in recent years, there are some interfaces which no linkage
mechanism can bridge. The status or cultural differences between two
institutions may be too great, their goals may be too different, their compe
tition for the same resources may be too keen, or tile span in the calibration
of the research-practice contilhi um may be too long (not enough cogs in the
gearbox, see Calibrating the science-practice continuum). These problems
should be emphasized, because it is often believed that communication
problems can be sol, ed by imposing some new linkage mechanism on the
two institutions. Experience shows that such a! tificially introduced linkage
mechanisms do not work unless the interface allows it.
Optimum heterophily. The twin concepts of homophily and heterophily
are a useful tool for looking at some of these problems. According to Rogers
(1983), there must be some similarity in culture, language, socio-economic
status, etc, before communication between two institutes can take place.
People tend to communicate most frequently and effectively with those
who are most similar to themselves. Rogers coined the term "heterophily
gap" to describe a difference between two parties attempting to communi
cate which makes it difficult for them to do so. On the other hand, people
whose jobs are too similar may have little information to exchange. The
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optimum conditions for good communication would appear to be loosely
related fields of work shared by people of similar outlool. These conditions
are known as "optimum heterophily". Experience shows that heterophily
between graduates and non-graduates is very difficult to overcome.
Often, the only communication between research and extension is that
between researchers and senior extension officers. Subject-matter special
ists, though explicitly appointed in a liaison function, may not be able to
play that role if the status gap is too large (Blok and Seegers, 1988). Linking
a graduate in the research department with a graduate in the extension
department is, of course, no guarantee that the link will be effective: within
the extension department, the same gap between graduates and non
graduates may exist.
Calibrating the science-practice continuum. The processes or functions of
an AKIS can be said to be distributed along a science-practice continuum
(Lionberger and Chang, 1970). If information and technology are to flow
smoothly from one part of the AKIS to another, this continuum must be
finely calibrated. The graduations in the sequence "research-extension
users" are too coarse: they do not allow for the "scaling down" required to
bridge the gaps between institutions. 'This scaling down can be compared
to the transmission of a car. To be drivable, a car needs several gears
representing different speeds, each of which must be used in sequence. The
gear cogs are dcsigned to allow smooth transmission from one speed to the
next. Linkage mechanisms (synchronization, double declu tching) are still
necessary to bridge the speed gaps between the cogs.
Many authors have defined the required sequenceof cogson the science
practice continuum in terms of the "functions" (or "steps" or "stages")
which must be performed (for example, Eeal and Meehan, 1986; Havelock,
1986; Lionberger, 1986; Rothman, 1986). For the most part, they have
described a downstream sequence using terms such as basic/strategic
research, technology generation, technology testing, technology adapta
tion, technology integration, dissemination, diffusion and adoption
(McDermott, 1987; see Figure 4 overleap. McDermott clearly distinguishes
between these "functions" and the existing institutions of research and
extension. He claims that the responsibilities conventionally assigned to
existing research and extension organizations may leave a "fatal gap" in the
performance of these functions:
In even the best of cases, research often stops midway through the
testing process. Testing is not finished until it is done in the systems
in which the technology is expected to perform. At the other end of the
continuum, extension does not expect to start until the dissemination
function. The seriousness of the gap is apparent.
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Figure 4. Functions of the AKIS
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This gap is often encountered in practice. A typical example is provided
by the QDPI. This highly sophisticated AKIS recognizes three basic policy
instruments: research, ex!ension and regulation. The research divisions
focus on publications as their main product. It is for publishing that
researchers are rewarded. lI owever, publishing does little to promote
technology transfer. Extension is supposed to provide services to farmers
and disseminate iinovations. The gap is obvious and generally recognized
by Queensland extension staff: there is no "development function". A
number of extension staff have started to do development work themselves,
but there are no budget and facilities for it, and no reward is offered for
doing it.
McDermott continues:
Farming systems research is providing an eyceptionally effective
means by which research can. move into tha. gap from its end of the
process and effect the interaction with farmers. As of now, extension
has not made a significant move into the gap from its end of the
process.
Various types of institutional go-between, such as subject-matter special
ists, or technical liaison officers and supporting staff, are currently develop
ing to bridge the gap. The job descriptions of these go-betweens are still
evolving -often there is difficulty in defining them -and it isstill too early
to say whether or net they will be successful. Their main functions are: (1)
to maintain liaison with research so as to keep abreast of new technical
developments and help translate field problems into researchable ques
tions; (2) to establish links with input suppliers so as to improve the chances
that necessary inputs will be available; and (3) to provide technical support
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to field staff and pickup field problems frcm them. Important functions of
technical liaison are adaptive research, training, developing reference
materials and training aids, trouble shooting, and responding to extension
agents' requests for help.
Clearly, the fatal gap operates in both directions on the continuum. How
ever, it is probably even larger in the upstream than in the downstream
direction. Returning to Figure 4, we can see that we at least have names for
the functions required in the downstream flow from research to users, even
if not all the functions are performed. The functions required to ensure the
upstream flow of needs and problems have not even been described. We
have already seen how few of the problems expressed by producers can be
turned into problems that can be addressed by research. Clearly, we have
little insigh! as yet into the nature of bottom-up flows of communication at
each transformation point on the science-practice continuum, nor of the
interaction between top-down and bottom-up flows. According to Biggs, it
isoften difficult to get even minimal fundsand timeallocated to the process
of learning from farmers who might positively influence the priorities and
programs of experiment stations (Biggs, 1983 and 1989).
One of the major problems in achieving an improved flow of information
in both the upstream and the downstream directions is the dual allegiance
of the extension service in many developing countries. As Wagemans (1987)
discovered, the strong client orientation of village-level extension workers
often conflicts with the policy orientation of their bosses, motivating the
former to avoid providing the latter with accurate information. At the
interface between the two, rituals occur which are designed to ensure that
bosses continue to believe their instructions are being carried out. As a
result, the extension service may develop a"split personality", in which one
half scarcely even recognizes the existence of the other. Under these condi
tions it becomes impossible both to assess the output of the extension service
:,,d to implement policy directives through it.
Domain correspondence. One of the major problems in bridging the gap
between research and technology transfer is that the categories according to
which work is organized ofren differ. These categories, or "domains" as
they are called in the literature, may be research disciplines (for example,
soil science), sectors (for example, dairy farming), commodities (for ex
ample, cocoa), agro-ecological zones (for example, derived savannah zone),
geopolitical areas (for e:xample, provinces or districts), industries (for
example, the beef cattle industry), farm classes (for example, middle-sized
farms), and soon. Usually, the domain used changesas one moves along the
continuum from ,-ience to practice. Thus strategic and applied researchers
often form commodity teams, transforming disciplinary knowledge into
crop-specific knowledge, while technology transfer workers are frequently
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organized according to industry or geopolitical area. It is difficult to make
the different domains relate to each other.
The QDPI is an interesting case because it has divided up the whole AKIS
into industry- or service-oriented branches, irrespective of particular activi
ties, disciplines, farminy, system.q, environments or other categories. Ex
amples of these branches are the Beef Cattle Production Branch, the Horti
culture Branch, the Veterinary Services Branch and the Crop Production

Branch. The Director of each branch holds a powerful headquarters position
and ranks just below tile Director General. The branches have their own re
search, extension and regulatory personnel, extending right down to field
level.
Communication across branches is not always easy. In the regions, staff
of different branches are often housed in the same building, and somecom
radery and cooperation usually develop at that level. However, the real
problem occurs at the farm level. A beef cattle producer needs integrated
information from the Beef Cattle Production Branch, the Veterinary Serv
ices Branch, the Pasture Development Branch and the Economic Services
Branch - integrated, that is, from the point of view of his cattle enterprise
as a profit-making business. The solution to this problem has been to
appoint cross-branch Regional Extension Leaders, reporting directly to the
Deputy Director General (a form of matrix management). Their "nudging"
role has been to create "industry groups" consisting of representatives of
different branches at the farm level (R61ing et al., 1987).

AKIS Disorders
From an analysis of existing AKIS, a numberof major AKIS disorders can
be identified. I-lere are 12 of them; all sources appear in this paper and/or
in the reference list, apart from van Dissel (pers. comm.) and Mansholt
(former Dutch Minister of Agriculture).
1. Engel's wrong phgs: the lack-of-fit between the domains used by
different components (for example, a commodity research institute
is used to backstop extension servicing a multi-crop farming system)
2. McDermott'sfatal gap: a functional gap which cannot be bridged by
linkage mechanisms because of insufficient calibration of the sci
ence-practicecontinuum (forexample, the non-existenceof adaptive
research because applied research is satisfied with producing scien
tific publications, while extension starts from the recommendation)
3. Biggs'mis-anticipation:the lack-of-fit between the conditions antici
pated during technology development and those in which technol
ogy is used (for example, the formulation of fertilizer recommenda
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tions on the basis of crop responsiveness under uar.epresentative
research station conditions)
van den Ban'scross-purposedisability: reward systemsand incentives
which encourage AKIS components to reduce their synergy (for
example, rewarding members of the Research Division for scientific

publication and not for producing innovations for farmers)
5. Wagemans'flow blocks: lack of effective linkage mechanisms through

6.

which information can flow (forexample, a "split personality" in the
extension hierarchy, whereby lower levels become strongly service
oriented while higher levels are subject to policy directives, prevent
ing effective communication between them)
Mosher's mix insuqficiencyq: the lack of provision of one or more of the
conditions which are essential for technology utilization (for ex

ample, research-based recommendations for farmer behavior, while
7.
8.

the required inputs are not available)
Ascroft's equity syndrome: progressive farmer control of the AKIS,
biasing technology development in favor of a minority of farmers
van Dissel's polict killy: the use of knowledge and information as if

they were policy instruments with compul-ive power, especially if
coupled with disregard for the fact that farmers have to live by their
results and extension workers are in daily contact with farmers
9. Rogers' lhterophily,aps: interfaces between components which differ
so greatly that linkage mechanisms cannot span them
10. No juice: blaming the AKIS when the problem is agricultural prices
11. Mansholt's small fiari squeeze: setting in motion technology-driven
agricultural development in high-xtential areas and for resource
rich farmers without regard for the employment and livelihood
effects on small-scale farmers and those in less well endowed areas

12. Jiggins' ou-a.synch: giving priority to knowledge system develop
ment when the majority of farmers have not gained sufficient control
over their production environment to use a regular flow of new
knowledge
Diagnosing these disorders in a given AKIS is only a first step toward
curing them, but it is an important one.

ConcILsiOlS
Managers participating in the management of AKIS in developing coun
tries face a very difficult challenge. I hope the conclusions presented here,
based largely on R61ing and Engel (1988), will be helpful to them.
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Ifagricultural development is to be enhanced, there is a need to nudge
widely differing institutions, often under different administrative arrange
ments, both public and private, into compatible roles. This task requires the
introduction of some shared model of the local AKIS, as well as an under
standing of each institution's role in tile system (van Beek, 1988). A shared
model is a prerequisite for effective links between research and technology
transfer.
The effective management of information requires the design, differen
tiation and development of the range of institutions involved in such
functions as generation, exchange, transformation, integration, dissemina
tion and utilization of knowledge and information, in such a way that the
AKIS operates synergically. Technology development is a crucial task of the
system.
Earlier models of the AKIS (Nagel, 1980), in which specific functions (for
example, knowledge generat;on) were assigned to specific institutions (for
example, research), must now make way for new ones which allow for the
fact that all major parties in the system engage in all its major functions
(Engel, 1987).
Also reluired is a detailed understanding of the functions which are to
be performed b the system. The AKIS manager must have a thorough
grasp of these functions ill
order to assess the adequacy of the present insti
tutional structure and orientation. Usually, strategic, applied and adaptive
research are identified as appropriate functions of the AKIS, as well as
technology integration, transfer and use. I lowever, the functions identified
depend uxn the underlying assumptions which are made about the type
of model to be used. There is still too much emphasis on "downstream"
functions, suggesting the use of a one-way model. Other than "feedback",
which denotes reaction rather than action, we have no words for the
functions to be prformed in shifting indigenous knowledge and farmer
influence "upstream" towards the science end of the science-practice con
tinuun.
The interfaces between each Of the system's major entities are especially
vulnerable. Most of the disorders to which AKIS are subject, such as
problems ciusd by conflicting domains, heterophily gaps, ineffective
linkage mechanisns and so forth, occur at the interfaces. Faulty interfaces
lead to failure to transform knowledge and informlation appropriaiely, and

hence to a system that cannot operate synergically. The management of
AKIS interfaces is therefore a crucial task ---indeed, some observers see it

as the most essential task of all.
A promising tool for managing interfaces is a matrix of all the relevant
research, technology transfer and user entities in the local AKIS. Each cell
of the matrix represents an interface. These interfaces can be weighted ac
cording to management criteria such as frequency of use, or importance to
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the system as a whole. In this way, rational decisions regarding the alloca
tion of time, attention and financial resources to each interface can be made
(van Beek, 1988).
Another important task is to ensure a balance between the power of the
various institutions to intervene, and the countervailing power of the
various categories of users to control the character of those interventions. A
hallmark of successful AKIS is that users have considerable control over
technology development and transfer. Such control is not yet strong enough
in many AKIS in developing countries, and this is one of the major factors
leading to systems that operate under default conditions. Most AKIS in
developingcountries would probably benefit more by increasing the counter
vailing power of their clients than by increasing the power to intervene of
research and extension.
Technological innovation is considered essential for achieving food secu
rity or self-sufficiency, competitiveness in foreign markets, efficient use of
resources and other national goals. However, technology-driven develop
ment usually marginalizes small-scale farmers, destroys ecosystems and
incurs foreign exchange costs (imports of capital goods and chemicals) as
well as bringing benefits.
Acrucial task is therefore to ensure that the intended categories of clients
are in fact being served by the AKIS. In most AKIS, a minority of progressive
farmers has undue influence and is able to ensure that the system meets
their needs, thereby often by-passing the needs of resource-poor farmers.
Avoiding this default condition requires the deliberate targeting of technol
ogy development toward the latter group, who must simultaneously be
given the ability and power with which to articulate and press their needs.
Privatization is a partial solution to the problem of funding agricultural
research and development, and one that is increasingly being used in such
widely differing countries as the Netherlands and China (Delmin, 1988).
However, only the service parts of the AKIS are suitable for privatization:
the problem of finding public sector support for research remains, because
private sector R & D is inevitably targeted toward a paying clientele - the
more progressive farmers. In addition, privatization complicates the task of
linking research and technology transfer.
The nature of the resource base has special implications for the manage

mentot the AKIS. Inlarge, simple, homogeneous farming systems produc
ing a large surplus for urban cons miption orexport (forexanple, the Dlutch
dairy indtstry, irrigated rice in Thailand, wheat in northern France),
expenditure on the AKIS has a high pay-off per dollar invested. The scale
of the production system allows a large dedicated R & 1) establishment,
focusing on a single commodity or industry. It is easy, under these condi
tions, to achieve integration btween input delivery, primary production,
processing, marketing and so on.
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However, in complex, diverse, small-scale farming systems that are not
producing a large surplus, a dedicated and effective AKIS cannot easily
evolve. This is the case for most rainfed farming systems in developing
countries, where farmers' ability to control the production environment is
usually insufficient. What is first required is investment in a permanent,
stable production capacity through such technologies as terracing, water
harvesting and afforestation (1-averkort, 1988). Rainfed farming systems
must be knowledge-intensive if those who obtain their living from such
systems are to deal with the increasing complexity that surrounds their
management. So far, the challengeof developing a suitable AKIS for rainfed
farming systems has not been met satisfactorily.
Although an AKIS may consist of many autonomous or semi-aitono
mous organizational units, it needs to be managed as if it were a seamless
whole. Only then will it perform synergically.
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2
The Political Economy
of the Development and Transfer
of Agricultural Technologies
Holly Sims and David Leonard

This paper considers the effectiveness of institutional agricultural technol
ogy systems (IATS) in relation to four criteria: integration, relevance,
responsiveness and adoption. Integration refers to the extent to which
agricultural research is integrated with technology transfer. Relevance
refers to the capacity of an IATS to develop technologies relevant to farmers'
most pressing needs. Respo)nsiveness denotes an IATS' ability to respond to
the pxr majority of farmers, who lack financial resources and favorable
agro-ecological conditions. Adoption is a derivative variable which reflects
the usefulness of technologies, success in meeting farmers' needs, and the
"marketing" capability of the system. The four criteria are clearly interre
lated, but performance in relation to each of them varies in strength within
each IATS. Thus it is useful to keep all four criteria in mind as we proceed.
We will begin by discussing the external factors which inhibit integra
tion, relevance and responsiveness, and which deflect attention from adop
tion. Our focus will be on two major sets of factors: those arising from
historical institutional legacies, and those related to the contemporary
socio-political structures of most low-income countries.
In the absence of external pressures to meet the four criteria, institutions
generally follow internal dynamics, with the result that performance is
poor. We continue by developing a stylized "model" of what research and
extension lck like under these default conditions.
Four groups of people can exert forces which might lead to better
integrated and more effective IATS: national policy makers, external donor
agencies, farmers' organizations and commercial firms. We will end by
assessing the patterns of improved performance these groups can elicit.
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Inhibiting Factors
Historical Institutional Legacies
Most public sector IATS in developing countries today owe their origins
to colonial powers and foreign commercial interests. These actors left an
imprint on institutions and values which militates against integration,
relevance and responsiveness. To illustrate, we will concentrate on Asian
and African countries colonized by the British. In many respects, their
experiences were shared by societies which were not colonized, or were
colonized by other European states.
Colonial powers established research institutes to increase the produc
tion of high-value export commodities. Answerable to government depart
ments in Europe, these institutes did not serve the majority of subsistence
producers. To encourage the production of export crops, policy makers
extended incentives to the small proportion of the rural population that
could afford to divert land away from the production of subsistence crops.
That proportion typically included foreign settlers and companies, and
indigenous landed elites. Such producers were eager for innovations which
would increase their profits, and they established a close relationship with
researchers.
Scientists were responsive to the needs of these elite farme rs and devel
oped knowledge relevant to their conditions. Formal channels to popular
ize innovations were largely unnecessary. Interchange was facilitated by
the socio-economic status of prod ucers and by their li mi ted numbers, which
allowed them to communicate easily and directly with researchers. It was
professionally rewarding for researchers to work for clients whose farms
were comparable to research stations, for scientists could minimize the
number of variables to be considered and solve problems quickly.
In many cases, export crop producers included a relatively advantaged
segment of peasant farmers. Yet the relationships of professionals with
these peasant farmers tended to be top-down and coercive, in contrast to
their relationships with elite producers. Researchers did not address the
infinitely more complex problems of the vast major.ty of resource-poor
subsistence farmers (Chambers and Jiggins, 1987).
The need for mechanisms to develop scientific findings for a broader
clientele and disseminate them more widely was eventually recognized by
British colonial policy makers, but considerably less so by their French
counterparts. British administrators had a keener appreciation of govern
ment's responsibility to nut bread on the table, perhaps because Britain's
domestic food supply was more precarious than that of France. In addition,
the threat of famine in someof Britain's populous Asian colonies compelled
policy attention to the problem of subsistence food production.
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British colonial officers genera!ly charged a Department of Agriculture
with responsibility for extension activities to translate research findings
into simple language for a mass audience. (There was a strong element of
coercion associated with these extension activi ties, exemplified by some soil
conservation efforts and resettlement programs). Separate bureaucratic
agencies were established for crops and animal husbandry. They were not
integrated with one another, nor were they closely associa ted with research
bodies (von Blanckenburg, 1984). The French generally established semi
autonomous parastatal agencies responsible for particular crops. Such
bodies were more integrated than the British system, but even less con
cerned with the needs of subsistence food producers.
Integration of research and technology transfer for subsistence crops was
impeded by marked differences in status between professional research
staffand technology transfer agents, and between the latterand producers.
Those with subordinate status were seen as passive recipients of informa
tion. Since scientists had limited knowledge of subsistence agriculture,
research was seldom relevant to the rural majority. Farmers relied more on
informal research and technology transfer between each other. Extension
staff were expected to promote modem European farming practices, not to
interpret the farmers' world to researchers.
Extension agents wereoften held accountable for assignments not neces
sarily related to agriculture. As the sole representatives of officialdom at the
local level, they performed a variety of functions including data collection,
mobilization of political support and maintenance of order. Their residual
advisory work was not grounded in solid research geared to clients'
ircumstances, and so it was not ,alued by farmers. It is not surprising that
technology development and transfer yielded scant returns in terms of
agricultural productivity.
Many new states emerged from colonialism with a limited number of
research institutions concerned with export commodities, but few or none
concerned with f(o)d crops or other commodities produced by resource
poor farmers. Where the latter existed, they were loosely coupled with
technology transfer mechanisms through one-way communication chains.
This pattern has been reinforced in the postcolonial era by a number of
factors. First, international professional standards confer prestige on scien
tists who work in pristine laboratories insulated from the world's poor.
Second, the relatively strong research institutions which were inherited
from colonial rule remain powerful in their new context because they serve
export industries that remain economically and politically important. Po-
litical leaders have to make a sharp break with the past to develop subsis
tence or minor cash crops for the domestic market. Third, despite the
urgency attached to domestic food production, export crops retain a strate
gic position in many economies because the international environment is
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biased toward trade (Lipton, 1985). External donors still advise aid recipi
ents to pursue development through exports, further justifying continued
emphasis on that part of the IATS geared to export crops (World Bank, 1984).
Contemporary Socio-Political Structures
The politics of the typical developing country are heavily influenced by
patron-client networks. These harm the interests of both small-scale farmers
and the IATS that are supposed to serve them.
Small-scale farmers in pre-industrial societies offset the risks of agricul
ture by investing heavily in personal relationships as a hedge against
adversity. Not only may close ties with social equals, such as relatives and
neighbors, provide help in times ofd rought or illness, but bonds tosocial or
economic superiors can also be a source of assistance. For these latter
unequal relationships, tile recipient promises support in return for the help
that he or sh, receives. This social dynamic lies at the root of the patron
client relationships that pervade pre-industrial societies and that dominate
most of their political processes (Migdal, 1974).
Patron-client networks group together people of dissimilar interests; a
patron mustbeadvantaged in somearea in order to havesomething to trade
for the support of his or her clients. The resulting political processes are
substantially different from those resulting from associational groupings,
which bring together those who share a common interest (Scott, 1972).
Associational politics lead to the direct represrntation of the interests of
large or powerful groups in Society. In contrast, patron-client politics mask
the interests of the multitude, who are the clients, for they are represented
in the system by advantaged patrons, whose personal interests differ from
those of their followers.
Sometimes political systems are mixed,,so that some groups are incorpo
rated through patron-client networks while others are represented by
associations. Such mixed systems generally work to the still greater disad
vantage of small-scale farmers. In these kinds of systems, industrial elites,
large-scale farmers and, sometimes, urban workers have associations to
press their interests, while small-scale farmers have the expression of their
interests inhibited by patron-client networks.
Associational politics tend to result in the creation of "public goods" for
the most powerful groups, and policies that will serve the interests of the
groups' memberships. Patron-client politics, on the other hand, tend to
create "privateg(ods" -discrete productsand services, such ascredit, that
can be disaggregated and distributed to individuals through the networks
(Bates, 1981). To the extent that patron-client systems produce any public
goods at all they tend to be ones that benefit the elite group of patrons and
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which add to the personal wealth on which they can draw to maintain their
networks. Patrons do not afford prioriy to the provision of technologies
unless their distribution can be controlled in such a way that political
support can be claimed in return.
The products of public sector rr,''arch and extension are generally,
though by no means invariably, public goods. They are intended to benefit
groups of similarly situated people. Many new technologies - especially
management practices and information - diffu.,, ontaneously once they
are available, thereby denying profit to their creators. It is difficult to sell
most agricultural research and extension services in such a way as to cover
expenses, even though the benefil to society is usually significantly greater
than thecost (Evenson and Kislev, 1975).This is why such a large proportion
of agricultural research and extension services are supplied by the state, the
usual vehicle for the provision of public goods.
To the extent that patrons are interested in research and extension
systems, they are likely to focus on the distribution of credit and inputs or
to treat them primarily as sources of employment for their clients, thus
effectively turning them into purveyors of private g(os with considerably
diminished public benefit. Only those parts of the farming community that
are organized along associational lines are likely to demand the kinds of
research and extension that constitute public go(Xs. In pre-industrial
societies, associational representation of farm interests is usually confined
to large, commercial enterprises.
Those parts of the IATS that serve the interests of small-scale producers
consequently tend to be orphaned. The patron-client character of politics
tends to dampen effective farmer demand for their services. Asa result they
are underfunded and become self-governing, with few external pressures
on them. Of course, it is possible to have, alongside these orphans, other
parts of the IATS that operate efficiently, creating and transmitting tech
nologies to large-scale, commercial farmer'< In fact, the articulate political
demand by large enterprises for services geared to their needs often leads
to resourcesbeing syphoned off from the part of the IATS which serve small
scale farmers. In pre-industrial societies, IATS generally will serve the
interests of small farmers only to the extent that these interests happen to
coincide with those of larger commercial enterprises.

Default Conditions
If there are few ex!ernal demands for effective research and extension
services for small-scale farmers in societies where patron-client politics
prevail, what are the internal, default conditions that gov.rn the operation
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of these services? The stylized "model" we present in this section is not a
description of what always occurs, although something like it is found far
too often. Instead, it illustrates the dangerous effects of inertia. In other
words, we are asking: What conditions will prevail unless vigorous action
is taken to change them?

Conditions for Research
First, scientists will produce for the agricultural research profession.
They are conditioned to do soby educatio, and training, which impart both
their values and research methods. Scientists' orientation toward an audi
ence of fellow professionals is also influenced by funding considerations
and by professiopal rewards and incentives (Chambers and Jiggins, 1937).
The hierarchical nature of scientific education conditions researchers to
expect a high status in society. As experts, they see themselves as defining
the issues which they believe ordinary citizens cannot fully articulate, and
as solving society's problems in the modern laboratory.
Scientist:s' research methods traditionally exclude clients from formulat
ing the problems and contributing to their solution. They are highly
technical, and based on a reductionist approach involving a limited set of
variables whose interrelationships are relatively easy to grasp, at least
compared with the complexities facing resource-p(x)r farmers. Conven
tional research methodsare thus best applied to the conditionsof relatively
privileged producers, since they, like the scientists, have the capacity to
control the natural environment (Busch and Lacy, 1983; Chambers and
Jiggins, 1987).
Professional rewards and incentives d rive scientists to produce scientific
pae.rs rather than serve rural constituents. Recognition and approval is
sought from the research profession through publication, which scientists
mayalsoseeas the principal means ofdisseminatingthcir findings(Balaguru
and Rajagopalan, 1986). Publication in international jurnals yields the
highest recognition, leading perhaps to job offers from international re
search institutes and to new funding oppo)rtu nities. Scientistsare therefore
motivated to select topics which will interest international resei.rch circles,
even if they bear little rela tionshi p to the problems of resou rce-.,(x)r farmers
in low-income cou n tries. XVhere res n rces do not permit resea rch for a wide
scholarly audience, professionals strive to meet the requirements of senior
officers in their institution instead of soliciting information and feedback
from clients.
Regardless of whether or not approval is sought !rom the international
scholarly community or from organizational directors, researchers will
usually seek to maximize their personal comfort. One way to do this is to
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choose to carry out routine research on problems that are known to be
solvable, thus avoiding the stresses caused by new and difficult research
areas for which new approaches and methods have to be devised. A second
way is to place more emphasis on laboratory projects than on field projects,
because the working conditions of the former are more pleasant. Laboratory
research conditions are also more subject to control, placing success within
easier reach.
Scientists who work in laboratories are more likely to be located in cities,
which offer a host of advantages. Since urban areas have resources which
support conventional research, including libraries and equipment, scien
tists in such areas are in a stronger position for achieving recognition and
promotion. Painstaking work carried out by scientists located in the coun
tryside often escapes the attention of senior officials, thus undermining the
morale of field staff. Another deterrent is the lack of amenities for research
ers' families typical of remote research locations. Researchers who are
posted on field stations are often oriented toward future prospects in urban
arcas. During their stay in the countryside, they emphasize on-station work
rather than research in farmers' fields in order to minimize travel and avoid
confronting complexity.
Scientists also seek to maximize their personal comfort by choosing to
conduct research on major cash crops; the research stations for these crops
are likely to have been established longer and to have better physical
amenities than stations concerned with food crops and other commodities
produced by resource-poor farmers. Farmers enjoy a socio-economic status
that is not too far removed from that of researchers, facilitating client
interaction and support. In addition, research on cash crops offers better
prospects for employment in the more highly paid commercial sector.

Conditions for Extension
The "classic" extension organization in a patron-client society is poor at
promoting integration with research. It is unresponsive to poorer farmers'
legitimate needs and adds little to the relevance of the research system for
the farming community as a whole. Its capacity to promote the adoption of
innovations is likewise limited, unless the organization operates under
strong hierarchical discipline.
Because the organization experiences very little politically effective de
mand for its services from small-scale prucers, its work is highly biased
toward the minority of farmers who are willing and able to register
complaints higher up the hierarchy. The demands met in this way are often
for inappropriate private goods, such as free labor on the recipient's
"demonstration" crops, but they are few enough for extension agents not to
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be seriously inconvenienced by meeting them and so purchasing the
recipient's silence (Leonard, 1977).
Professionalism isgenerally weaker among extension agents than among
researchers, and the career rewards for adhering to professional standards
are less compelling. Left to themselves, extension agents tend to work only
with those farmers who are immediately responsive to their suggestions
(Leonard, 1977; Thoden van Velzen, 1977), to give advice on the technical
innovations they know best rather than trying to solve farmers' most
important problems, and to concentrate on producers located near major
thoroughfares rather than walking through the countryside to help more

isolated farmers (Chambers, 1983). Such extension organizations do not

seek new technical information from research institutes, for innovations

might require change that would upset the existing equilibriam.
This "classic" extension system need not always exist in pre-industrial
societies. There are certain situations in which powerful external incentives
may arise to govern extension behaviour. The first occurs when harvests of
food staples or export crops are so poor that the patrons/elites experience
economic problems. The political leadership will then press extension to
increase production. The incentives created in this situation can besubstan
tial and lead toconsiderable improvements in performance, but they will be
hierarchical in character and not directly responsive to farmers' concerns.
Extension in patron-client systems finds it difficult to respond toproduc
ers' expressionsof theirneedsand does not serve asa significant channel for
communicating farmers' most pressing problems and perspectives to the
research system. Unfortunately, the more an organization stresses hier
archical pressure in order to improve performance, the more difficult it is to
generate feedback. "Lowly" extension agents do not want to report prob
lems to authoritarian and unsympathetic supteriors.
The second exceptional circumstance in which external incentives may
be created for extension occurs when larger, commercial pr(d ucersare rep
resented not by patrons but by associations, and thereby promote integra
tion with research and more relevant recommendations, leading to wider
adoption. Itowever, sich as.oiations do not makeextension more respon
sive to poorer farmers' needs. The latter will benefit only in so far as their
conditions of production are similar to those of the commercial producers.
If the statistical distribution of farn sizes is unimnodal, and larger farms
are simply tle more advantaged representatives of a single production
system, such overlap in relevance is likely. If the distribution is bimodal,
with two distinct groupings of larg ,and small farns, comnmon relevance is
much more limited and small pr( ticers will suffer even greater neglect. In
pre-industrial sOicties, the more the statistical distribution of farms con
forms to the unimod.]al pattern, the less likely are associational patterns of
pxditics among the farming elite.
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Consequences for the IATS

Under default conditions, the part of the IATS that is oriented toward the
rural majority tends to be fractured rather than integrated, and its compo
nents have no incentive to coalesce. Cooperation is impeded by differences
in the nature of the tasks allocated to research and extension, which are
associated with significant differences in status.
Researchers' work requires abstract analysis and specialized expertise
and is quite specific compared with the diffuse activities of extension
agents. The latter work with people amidst considerable uncertainty about
goals and strategies. It is well known that success is both more likely and
more widely recognized in organizations with specific, unambiguous goals
than it is in those where goals and the means to achieving them are hazy
and/or disputed (Israel, 1987; Thompson and Tuden, 1959). Under default
conditions, the part of the IATS devoted to research appears more success
ful and enjoys higher status than that devoted to technology transfer.
Extension agents often feel they have little to gain but much to lose from
collaboration with research personnel, and vice versa. Both would surren
der autonomy, and interaction might yield no recognition from superiors.
Thus researchers continue to seek approval from their professional col
leagues, while extension agents try to satisfy the minimum requirements of
their superiors.
Extension staff do not press researchers for more relevant research, nor
do they respond to the concerns of farmers whose socio-econornic status is
lowlier than their own. The failure of farmers to adopt innovations is
attributed to their conservatism and so poor adoption rates are not seen as
an organizational problem.
Thus the default conditions associated with colonial and contemporary

institutional and socio-political structurescombine tomaintain a statusquo
which saps the vitalityof the institutions charged with agricultural research
and technology transfer for the majority of rural producers.

Forces for Change
National Policy Makers
Does it matter that the public institutions for promoting research and
development are weak? In agricultural revolutions of the distant past, and
even in the more recent one in 18th and 19th century northwest Europe, the
state played only a marginal role. Technological change resulted mainly
from the inventions of society (Chambers and Mingay, 1906; Lipton, 1985).

52

Sims an,1 Leonard

When the most recent agricultural revolution unfolded in Asia in the
1960s, some economists interpreted it as a drama in which economic forces
provided cues for public institutions - that is, the state's role was simply
to follow the market (Binswanger and Ruttan 1978; Hayami and Ruttan,
1985). Since then, attention has been drawn to the more active role of the
state in technological and institutional change (deJanvry and Dethier, 1985;
Johnston and Clark, 1982), suggesting a need to assign political factors a
weight at least equivalent to that accorded to economic forces. The state can
be a major independent factor shaping the nature and scope of agricultural
change.
The commitnment of various interests within state structures to develop
mental objectives is a crucial determinant of the policy environment within
which change is to take place. Where commitment is lacking, fleeting or
expressed formally but discounted in practice, resources will be dissipated
in ;chornes which advance neither productivity nor welfare (Heaver and
Israel, 1986). The scope for development may be severely limited if policy
makers haveclose ties with groups such aslanded elites, whose interestsare
inimical to development.
Such policy makers often show a lack of commitment to development,
even in the face of severe problems. Shortages of food or capital may foster
conditions which threaten a country's social, economic and political order,
yet policy makers may still fail to takedecisive action. Instead, the building
of the state and the consolidation of central authority hold overriding
priority.
These conditions are not immutable, however. Public institutionsare not
static monoliths, but form political systems embodying diverse interests
(IHleaver, 1982). At certain junctures, key people within the system who
believe agriculiaral development should hold high priority may form
informal coali tions to pu rseti tha t objective. Such coalitions can mobilize the
support necessary to stop xliciesand progra msaimed at the consolidation
of power and start introducing practical measures to develop agriculture
and hence the economy as a whole. Pressure for change appears more likely
to develop and prevail in decentralized authority systems rather than in
centralized ones, which su ppresscon)pet ing interests (13acharach and lawler,
1980).
History shows that the resolve of national leaders todevelop the agricul
tural sector can be triggered by external challenges to national autonomy,
which compound domestic prohlems. War, or the threat of it, undoubtedly
plays an important part, as in the case of Britain's "Dig for Victory"
campaign during the Second World War. The fact that external assistance is
withheld, or offered on unacceptable terms, can also be important. In the
case of'Fokkuga wa Ja pan (1603-1867) and Maoist China, theneed tomobilize
indigenous resources was critical because external assistance was unavail
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able. (China had substantial assistance from the USSR in thecarly 1950s, but
these ties were first weakened and then broken before China initiated major
agricultural change.) In the case o' India during the mid-1960s, assistance
was offered on terms which policy makers found unacceptable. In postwar
South Korea and Taiwan, policy makers felt that the amount of aid offered
was insufficient in relation to the magnitude of the challenge posed by
external forces (Rosen, 1985; Sims, 1988; Trimberger, 1978).
Policymakers who have mobilized domestic resources in an all-out drive
for agricultural development have generally emphasized either institu
tional or technological forces of change, the choice being determined in part
by the technology available and the physical environment in which it will
be applied, and in part by the will of leaders to intervene in society and their
capacity to do so. However, growth can be sustained only if institutional
and technological strategies are integrated, and if the strategies are rein

forced by measures which provide both the necessary infrastructure and a
policy environment conducive to development.
Meiji Japan (1868-1912) offers the most striking illustration of state inter
vention emphasizing both institutional and technological development.
Less striking, but still successful, examples are China, South Korea and
Taiwan, where the mix of institutional and technological strategies differs
from country to country and over time. India exemplifies a situation in
which efforts to change institutions were highly selective, with greater
reliance on !echnology as an agent of change. The contrasting examples of
Japan, India and China merit further consideration.
Japan. The Meiji leaders were determined to restructure the institutions of
a fragmented society. Their commitment arose from the threat of external
domination, which led toa forced march toward industrialization financed
by an increasingly productive agricultural sector.
Two factors enabled the governing elite to chxse and implement its
program for agricultural growth unimpe ded by social and institutional
constraints. First, the Meiji samurai leaders were not part of the dominant
landed classes, having been divorced from the land for ceniuries (Trim
berger, 1978). Thus they had unusual latitude for action, independent of the
interests of this powerful socio-economic group. Second, the state's leaders
had access toa bureaucracy of exceptional efficiency and capacity. Not only
was the Meiji bureaucracy capable of directing change, but it wasalso quite
responsive to the circumstances of its clients, with whom it was able to
interact effectively.
The Meiji leadership recognized the need to enlist the cox)peration of
farmers in the search for the best local practices, and in their testing and
dissemination. Farmers carried out location-specific research and served as
itinerant instructors. Officials were expected to work with the farmers, and
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the collaboration between the two groups served to link the research and
technology transfer functions, leading to the development and diffusion of
innovations which were clearly applicable to users' circumstances. The
adoption of innovations was facilitated by mechanisms for social control,
and ensured through coercion (Hayami et al., 1982).
The Japanese model is not easily transferable. The factors that made it
successful, such as social homogeneity and mechanisms for social control,
are not widely found elsewhere in the developing world. It is particularly
difficult to develop local institutions which can cooperate with their clien
tele and respond to its needs, while still channeling citizens' behaviorso that
it meets national priorities. Most state loaders therefore opt for a strategy
which assigns science and technology a starring role, thereby allowing
scope for considerable assistance from the international agricultural re
search community.
India. During the 1960s the international agricultural research community
developed agricultural technology which was considerably more powerful
than that available to the Meiji leaders, although its applicability was
limited to restricted geographic areas. This technology was to prove suffi
ciently potent to bring food self-sufficiency to several countries, despite
deficiencies in the local institutions charged with its promotion.
Technology is powerful in itself, but its capacity to transform rural
society depends on how supportive the policy environment is, and on how
the users of technology interact with the institutions which control the
factors of production. India's success with improved wheat and rice varie
ties was associated with longstanding public support to infrastructure,
including irrigation, roads and electrification, and to local government
bodies and cxperative societi,. s.
India's food crisis of the 1960s was exacerbated by the external pressures
that had been exerted on itsagricultural policy during thecolonial era. In the
fluid situation following the death of Prme Minister Jawaharlal Nehru, a
coalition arose within the state structure to lobby for agricultural develop
ment. Its members recognized the importance of incentives to enlist the
c()peration of key groups. Agricultural scientists won unprecedented
recognition from policy makers. Research productivity was rewarded,
rather than seniority or political loyalty. Farmers were given price incen
tives to adopt researchers' innovations.
Indian development emphasized the diffusion of new technology, but it
did so in a top-down fashion. The ruling coalition was determined to
achieve self-sufficiency in food grains. The results in terms of agricultural
pr(duction were en'couraging, but success was achieved through a hier
archical system that did not take into account the country's cultural, social
and agro-ecological diversity. The institutions which could have facilitated
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interacion between researchers and farmers were short-circuited, because
the green revolution technology was well adapted to the circumstances of
farmers in the irrigated wheat-growing heartland.
India's single-minded pursuit of production increases left vast constitu
encies behind. It is increasingly clear that lagging groups and regions must
not be ignored in the drive to modernize. Astrategy such as India's, which
focused disproportionate attention on technology, may not promote and
certainly cannot sustain integration and responsiveness, which demand
attention to institutions as well as technology; in such cases, relevance will
be limited to geographical areas with conditions like those of research
stations. To serve a wider rural clientele, policy makers must promote
institutional change that will facilitate interaction between research and
technology transfer staff, and support farmers' participation in technology
development and diffusion. Such strategies were followed not only in Meiji
Japan but also in Maoist China.

China. The Chinese case contrasts sharply with that of India. The Maoist
leadership was committed not to agricultural growth alone but to a set of
broader development aims for the rural sector, including improved health
care, education and nutrition. This reflected x)th its populist orientation
and its ties toa support baseconsisting of the niral poor. By 1980,asa result
of state-led initiatives, poor Chinese generally had a better diet than their
Indian counterparts, and the average life expectancy of 66-69 years com
pared favorably with India's52years. Despite the Chinese regirie'sempha
sis on equity, agricultural production had shown creditable growth (Sen,
1986).
Development of the technology to drive increased production was not
assigned solely to scientists and officials. Political leaders emphasized the

value of practical knowledge over formal qualifications, and of mas,;
participation even if this meant grossly inefficient use of resources. This
approach prevented the officials and scientists from monopolizing techni
cal knowledge and, as in Meiji Japan, encouraged a system of research and
technology transfer that was integrated and responsive toa broad clientele
which held center stage. The participation of farmers undoubtedly encour
aged the development of relevant technology, thereby facilitating wide
spread adoptior..
Since equity held such high priority, the Maoist leadership recognized
earlier than many others that fhxxi policy encompassed more than just
production (Gittingeret al., 1987). Success in the latterdoes not necessarily

translate into increased food for the malnourished, as shown by many
recent studies (for example, Pacey, 1986). Yet despite the impressive record
of the Maoist leadership in reducing hunger and malnutrition, China's
po!itical system was not immune to forces which caused a marked shift in
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course, to the detriment of citizens whose access to food remained shaky
(Sen, 1986). There are no formal mechanisms to ensure the system's contin
ued responsiveness to society asa whole, let alone to disadvantaged groups
and regions, which may fall further behind when policy makers' emphasis
shifts to growth, as it did in China following Mao's death.
Donors
External aid agencies were instrumental in the development of many
IATS in the postcolonial era. They could still do much to improve the
integration and responsiveness of IATS. Yet certain structural characteris
tics restrict their ability to do so.
Most donor agencies are centralized operations with limited staff in the
field; thus it is difficult for them to respond to local conditions. Moreover,
donor agencies often encompass a wide range of interests, including geo
politica!, commercial, bureaucratic and humanitarian concerns. Their deci
sions are often influenced by pressure to move large sumsof money quickly.
This encourages the widespread and rapid replication of programs devel
oped previously, without first determining the mod ifications needed tosuit
local conditio-s (Duncan, 1986, Sussman, 1982; Tendler, 1975).
The pressures tacing donors are revisited upon aid recipients, whose
already overburdened administrative capacities are further taxed by the
procedures involved in securing and managing aid funds. The infusion of
large sums of money further diverts "xolicy attention away from issues
which are not readily solved through Lie infusion of large sums of money.
The gulf between research and technology transfer has only recently
been identified as a problem by international donor agencies (World Bank,
1985), and their attempts to promoclo corrective meas,'es have so far been
limited. In the past, integration was hinc.j 1 A h 0-,.tendency of donors to
focus assistance on either research or extension, but not both. During the
1950s, many d evelopruen t experts assumed that the technology developed
in the West could simply be transferred to developing countries, where it
could be popularized by institutions modelled along Western lines. They
failed tosee that two vital ingredients- an active clientele and effective site
specific research - were missing.

During the 950s the politically motivated lPoint IV programs of the USA
established extension agencies in ta ny developing countries, especially in
Latin America, and assigned the role of catalysts for development to
officials analogous to American county agents. Since extension services
were linked neither with indigenous research systems nor with active
clientele groups, they soon degenerated into ritualistic exercises in the
delivery of extension methodtology (Rice, 1974).
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The succeeding decade marked the more reflective but still myopic
period of institution building, which established land grant universities in
several developing countries. Institutions were still treated like jigsaw
puzzles which could be broken up and re-assembled by experts along the
lines of Western protypes. The fact that these prototypes had arisen in
response to demand from clients and were sustained by their continued
support was still ignored. The new land grant universities did not respond
to rural constituents' articulated demands and often misjudged their un
spoken needs. Where clients were marginalized, university staff sought
support instead from professional bodies and an expanding international
scientific establishment. The scientific community rewarded those who
pursued "pure" research within narrowly defined disciplinary channels,
far removed from the day-to-day concerns of field staff and farmers.
Research increasingly claimed priority over extension in international
and domestic funding allocations as agricultural growth rates lagged but
populations expanded. Economists' calculations of the relative contribu
tions to productivity of agricultural research and extension indicated greater
returns on investment in research, and reinforced perspectives which
treated the two systems in isolation from one another (Byerlee, 1987).
The problems facing research were easier to resolve than those facing
extension, and considerably less complex than the institutional changcs
required for effective integration of the IATS as a whole. Agricultural
scientists could be given more financial incentives and new opportunities
for recognition in national and international circles. Even farmers won
respect in scholarly treatises when they responded to incentives to adopt
new technology. In the meantime, extension agencies languished in the
disillusion which had followed earlier efforts to transfer technology and
institutions.
The focus on research is epitomized by the establishment of the interna
tional agricultural research centers (IARCs) of the Consultative Group on
International Agricultural Research (CGIAR). These centers have emerged
as a major source of new agricultural technology and, through farming
systems research (FSR), have begun to address the problems of research
relevance and responsiveness. The shortcomings of extension systems have
been the focus of the Train'ng and Visit (T and V) system developed by the
World Bank.
We will now turn to the positive effects of these three ini tiatives launched
and supported by donor agencies, but note that the tendency to treat
research and extension as separate systems remains a problem, as does the
prescription of universal rather than nationally derived solutions.
International agricultural research centers. The new emphasis on agricul
tural research appeared to be justified by the spectacular successes of the
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green revolution. The rapid diffusion of new high-yielding varieties of
wheatand rice suggested, at least initially, thatattention to formal extension
systems might not be necessary when researchers could develop technol
egy offering high returns and policy makers could facilitate its adoption
through price incentives and supporting inputs.
As the green revolution subsided, resource management became more
complex in the favored areas where the agricultural transformation had
taken place. Broad prescriptions lost their usefulness as farmers pondered
site-specific questions. Meanwhile, the more intractable problems of farm
ers in Africa and other resource-poor regions becamea subjectof increasing
concern.
In the late 1970s the IARCs began to widen their focus and to serve the
vast constituencies who had not participated in the green revolution. New
centers were established in Africa. Scientists paid increased attention to the
food staples grown by resource-poor farmers, and included employment
opportunities as a consideration in their research.
The IARCs deserve major credit for the increased scientific awareness of
the needs of small-scale farmers and the requirements of crops and livestock
species which had previously been ignored. As international bodies which
are not tied to specific national objectives, the IARCs are free to set research
priorities which address the needs of clients excluded by tile elite coalitions
prominent in national policy-making processes (Lipton, 1985). The signifi
cant shift in their concerns toward resource-poor farmers has begun to
influence the agendas of nationa! research systems.
The IARCs are oriented neither to thc ,rontiers of biological research nor
to the conditions of intensive agriculture (as, for example, are American
land grant universities). Theydo not pursue research topics which arecom
mercially profitable, as do corporate labxra tories. The IARCs' professional
ethic is dedicated to the creation of technologies relevant to extensive
production by smallholders and pastoralists.
The impact of the CGIAR system extends well beyond its technological
achievements. Probably as important has been the magnetic pull it has
exerted on researchers in national systems, creating a new definition of
professional cxcellence that stresses relevance to small-scale producers,
providing training for and interaction with national researchers, and im
proving the global information systems that now link previously isolated
researchers in different regions, countries and continents. The IARCsoffer
incentives in tile form of publication outlets and professional recognition
for those who pursue research fora non-professional audience (Anderson,
19851. Under their tutelage, professionalism becomesa much more positive
force than it would be otherwise.
The extent to which the IARCs are able to redirect research priorities in
nat'onal systems toward greater relevance varies. Thelinks between IARCs
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and national institutions may be weak or s~rong. Sometimes the very
superiority of the resources available to the IARCs provokes a defensive
response in the national system. Local scientists then try to keep their
distance in order to protect themselves from what they see as a "neo
colonialist" intellectual take-over. This reaction testifies to the powerful
influence that the IARCs can have.
The impact of the IARCs in each country is affected by the weight of
various domestic constituencies and by the priorities of national leaders, as
well as the economic and physical resource base. If the political leadership
reflects the interests of a powerful minority of commercial growers, the
IARCs will have only a limited impact on the capacity of the national IATS
to serve the resource-poor majority. On the other hand, political leaders
may wish to serve the rural majority, but lack the necessary resources to do
so. In suich cases, IARCs can make an important contribution to the rele
vance and responsi, -,ess of research.
Since the 1970s, the IARCs haxe tried to promote responsiveness by
broadening scientists' perspectives through multidisciplinary research, in
cluding the social sciences. That this development is regarded with ambiva
lence even within the IARCs is clear from the pressure being experienced
within the system to restore the previous pattern in which the IARCs
specialized in the biological sciences and left disciplines such as the social
sciences to national systems (CGI AR, 1985). Further, the agricultural scien
tists who predominate in the IARCs were trained to think in specialized
disciplinary channels which are too narrow to encompass the world of the
average resource-poor farmer, let alone that of the women who constitute
the majority of the world's food producers (Jaquette, 1985). In other words,
although the IARCs as institutions have developed a new professional ethic
in research, some of the old habits and attitudes linger on in individual
scientists.
The IARCs generally have a limited capacity to respond to purely local
needs. Their links with national technology transfer organizations are often
tenuous-and it is physically impossible for their limited staff to cover vast
expanses of ecologically diverse terrain. Thus, with regard to integration,
the IARCs do not yet bridge the chasm between agricultural research and
technology transfer. Perhaps this will change as donor pressures lead them
to do more field trials with national extension staff. This trend is not likely
to occur spontaneously, arising from within their internal, professional
incentive system - a further indication of the importance of donor percep
tions of problems and funding priorities.
Although the CGIAR centers now try to respond to the needs of resource
poor producers, it is proving difficult to design technology suited to their
needs. FSR, to which we will turn next, represents a major step in that
direction.
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Farming systems research. The FSR approach seeks to increase relevance
and responsiveness through multidisciplinary, location-specific field re
search emphasizing the solving of practical problems. FSR does not neces
sarily focus on the rural poor, and thus does not inevitably clash with the
interests of rural elites, who exert an influence in some domestic policy
making systems. FSR may nevertheless be "disarticulated" from many
IATS because its approach differs significantly from the established prac
tices of agricultural scientists, and integrative mechanisms are often weak
(Marcotte and Swanson, 1987).
FSR emphasizes the adaptive research which is essential if the needs of
the rural population are to be served. The capacity of its practitioners to
serve this large constituency may be diminished by their distance from the
professional mainstream which, as we have seen, confers rewards and
prestige on scientists who conduct strategic and applied research on well
equipped stations. As "deviants", FSR practitioners enjoy less prestige than
other national and international scienth-s, on whose priorities they cannot
exert much influence. Since FSR often lacks strong indigenous political
backing, it is vulnerable to charges that it embodies external donor interests
rather than local ones.
Some observers have categorized FSR asyet another top-down approach
to the transfer of technology, albeit a more cunningly disguised one. The
acid test of FSR is its responsiveness. As it has been practised so far, FSR has
not usually provided forclients' direct participation in setting the research
agenda. Only recently have its proponents begun to promote methods that
change the roles of scientists and farmers in the process of technology
generation. Nor are the incentives for such a change very strong even now
(Chambers and Jiggins, 1987).
At least FSR does riot preclude participation - and many FSR teams are
indeed responsive to the needs of farmers, which they identify through
diagnostic research, a process similar to the market research carried out by
the private sector. They can and do help to persuade biological scientists of
the legitimacy of farmers' views, thereby promoting the relevance of
research. Becauseof theiruseof sample surveys, thesocial scientistsat work
in FSR teams can be more aware than other scientists of the needs of
resource-poor farmer.: Thus they can also improve the responsiveness of
research.
Social scientists need to be well integrated within interdisciplinary
teams, and not simply serve as window dressing, if FSR is to lead togreater
research relevance and responsiveness. One of the problems is that biologi
cal researchers have higher status and ar_2 usually more senior. It may be
unrealistic to expect them to allow junior social scientists to set their
research priori ties u less the latter have substantial support from further up
the hierarchy.
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A major criticism leveled against FSR is that it tends to by-pass formal
extension services in its efforts to bridge the gap between researchers and
farmers. Extension needs to "co-evolve" with research as the latter becomes
more relevant to its clients. It must assume a more active role in the process
of technological change, otherwise it will become increasingly irrelevant
(Johnson and Claar, 1986). This is unlikely to happen automatically. It will
occur only if FSR redefines its mission to incorperate extension in its
diagnostic research and on-farm trials, and encourages researchers to learn
from extension staff as well as from farmers.
In sum, FSR's success in promoting relevant and responsive research
depends on the strength of its incentives to do so, and on the nature of the
interaction of its scientists with their colleagues in research, extension and
the farming community. The incentives provided to FSR teams must be
weighed against the rewards offered to the professional mainstream in
order to predict how individual researchers will respond. FSR researchers
are more likely to be concerned with adoption than their station-bound
colleagues because they encou nter non-adopiersas well as adopters, thereby
receiving potentially useful feed back. The major problem that remains tobe
addressed is the integration of N-R activities with those of station-based
scientists and extension agents.
The Training and Visit system. The third major initiative undertaken by
donors focuses on extension. The 'Fand Vsystem ismoreconcerned with the
links between research and extension than is FSR. It does not address the
problem of responsiveness, but pays greater heed to adoption than does
FSR. A major weakness of the system is its assumption that research is
relevant, and that its results need only be delivered to farmers.
The 'and Vsystem attempt, to make extension activities more specific,
and thereby facilitate interaction with researchers, whose work is inher
ently more precise (Israel, 1987). The system's key contribution is its estab
lishment of formal links between research and extension through subject
matter specialists, who serve as mediators and participate in regular train
ing sessions.
The efficacy of formal links is shaped by professional values, the strength
of incentives to coopera te and the extent of support from local, national and
donor intercst groups. If senior research staff wish to develop better
relations with their rural clients, they may welcome the chance to train
extension personnel and become involved in field activities. But where
researchers are oriented toward a professional audience, they will view
training se:;sions and missions to the field as burdensome tasks which
deflect energy from the preparation of publications. In tile first case,
extension staff will probably appreciate the opportunity to enhance their
status, whereas in the second they will resent the claims on their time and
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the didactic approach of their trainers. In the latter case, integration will
be
purely a formality, tailored to meet donors' requirements.
Like FSR, the T and V system is often seen as representing external
interests and priorities more than domestic ones. Ifdomestic policy makers
are not fully committed to it, Tand Vpractices will be diluted and modified.
Actual performance is determined at the field level, by staff who hold
decisive informal power in the realm of policy implementation (Wagemans,
1987).
The incentives for senior officials in departments of agriculture to com
ply with the organizational demands of the T and V system are frequently
both visible and compelling. The system's top-down approach is easily
ac
commodated in hierarchical bureaucracies whose leaders condone such
an
approach. Policy makers often appreciate new mechanisms for holding
field staff accountable for performance. Yet the incentives and conditions
needed to fulfill Tand Vrequirements at the field level, where they are most
needed, are often quite weak.
The T and V system's success depends on the vitality of adaptive
research. Where such research is deficient, extension staff may be held
accountable by theirsuperiors for the regulardelivery of information which
is of little value to clients. In such cases, extension staff soon lose both the
respect of their clients and their own morale. The ability of subject-matter
specialists and field staff to convey feedback toscientists and influence their
research priorities and design is therefore crucial. Occasionally, extension
agents are able to takc the initiative in applying i'_formation creatively,
according to the varying :, ds of their clientele ("iratne, pers. comm.).
As we noted earlier, hierarchical systems such 'is T and V hinder
feedback from subordinate staff and clients. While the T and V systemn
clarifies what extension agents are supposed to do, itdoes not address their
major grievances, including low pay and inadequate logistical support
in
the field. The rigid schedule of training and visits facilitates monitoring and
evaluation, but does not take constraints at the local level into consideration.
The T and V system is most successful where producers are relatively
advantaged in terms of resources and agro-ecological conditions, and
operate farms where conditions are relatively homogenous and broadly
similar to those of research stations. These circumstances prevail in
the
north Indian state of Haryana, where the system is said to have shown
positive results (Feder et al., 1985). Farmers in Haryana enjoy access
to
agricultural inputs and credit thanks to the extensive involvement of both
the public and the private sectors.
The T and Vsystem has trouble responding to farmers who do not share
such advantages. Resource-poor farmers face extremely variable condi
tions in which the information and technology of broad applicability
typically disseminated through the T and V system have little value. Even
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in favored regions such as north India, many farmers now need a more
detailed understanding of technological requirements than is afforded by
the general prescriptions of the T and V system (Byerlee, 1987). Resource
poor farmers often want credit and inputs much more than they want
advice that does not help them increase production without incurring
additional costs. Hence, the T and V system is weak in terms of relevance
and responsiveness.
Evidence on the extent to which the T and V system has promoted
adoption isstill limited and mixed. Federet al (1985) reported high adoption
in Haryana, but Khan et al (1984) found that there had been no significant
impact in Pakistan's Punjab. Byerlee (1987) noted mixed results. It appears
that adoption is high where farmers and researchers face similar environ
mental conditions, provided that adaptive research is adequate. In any
event, increased attention to the criterion of adoption represents a po~sitive
development.
Extension staff suffer losses as well as gains frnmn the attempts of the 'T
and Vsystem to streamline their institutions aLd ipgrade their training and
performance. They may lose autonomy and informal income as a result of
their narrowed mandate, limiting their tasks to advisory functions. In
addition, while the resp>onsibilities of field staff may be reduced in theory,
they may remain broad in practice because pxlicy makers persist in assign
ing them additional resxonsibilities which furtherofficials' own interestsat
the local level.
In sum, theTand Vsystem addresses the problemof integration through
the extension system. Its impact on relevance is limited since its concern is
mainly with extension and its hierarchy inhibits feedback. It does not
promote responsiveness. Since it does not expand the supply of relevant
research findings, itsimpact on adoption will bestrongonly if such findings
are already available. But at least it directs attention to this performance
criterion.
Farmers' Organizations
There is considerable evidence to suggest that the strength and character
of farmers' organizations are the single most important determinant of
IATS effectiveness. In some political systems state leaders have promoted
these organizations; in others, they have developed spontaneously, in the
faceof indifferenceoreven resistanceon the part of thestate. Wherever they
exist they seem to be important for the quality of agricultural research and
extension.
The importance of farmers' organizations is that they directly represent
the users of agricultural research. To the extent that they are effective in
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transmitting the needs of their members, they will demand
relevant re
search, press for the integration of research and technology transfer
and, as
a consequence, promote adoption to a greater degree than do
any other
actors in the political or bureaucratic system. The managers
of research
stations and extension organizations frequently regard the interventions
of
farmers' organizations as technically ill-informed, short-sighted
and gener
ally a nuisance. Yet these organizations are vital in keeping research
and
extension on their toes, exerting pressure on them to integrate, and
provid
ing political support for better funding and policies for agriculture
as a
whole.
The history of agricultural development in the USA and Japan
is often
cited to illustrate the ability of governments to heed demands
from their
rural clients to improve agricultural services (Binswanger
and Ruttan,
1978). In both cases, the government helped stimulate demand
for innova
tions by organizing farmers' associa tions (McConnell, 1959). These
bodies
were seen as crucial in mobilizing mass participation in the
quest for
progress. The benefits of experimentation by farmers and the exchange
of
knowledge within the farming community had been illustrated
by the
extension systems which farmers had erganized themselves in
18th century
Britain. Active farmer involvement in the generation and diffusion
of
technology abolishes theartificial distinctions between theseprocesses
that
are so often maintained by fomal organizations.
Relatively few contempo, ary governments in developing countries
have
actively promoted farmers' organizations (Taiwan is one example).
Lnfor
tunately, most policy makers believe that the political risks
incurred by
encouraging farmers to form organizations outweigh the economic
bene
fits. Governments lack the capacity to restrict the fccus of farmers'
associa
tions to strictly technical issues, and are unable or unwilling
to address
broader ones.
Nonetheless, the initiative toorganize farmers' associations need
not rest
with public officials, who neither work with the soil nor bear
the risks of
doing so. Demand for improved agricultural services has usually
been
pressed most effectively by highly commercialized producers,
who have
political and economic power. As prod ucers of cash and export
crops, they
command the leverage needed to direct the attention of the IATS
to their
concerns, for they can provide powerful Jx)litical support in
return. The
urgent need for foreign exchange, so often a major government
preoccupa
tion, combines with the needs expresssed by the interest groups
represent
ing commercial agriculture to produce strong pressures for
relevant re
search and the adoption of its results.
Farmers' organizations tend to be more influential when their
members
are relatively well educated and enjoy access to resources which
help them
absorb the risks of innovation. The power of farmers' organizations
is
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considerably influenced by whether or not they fund research, since fund
ing sources influence the choice of research priorities. In societies where
farmers contribute resources .oagricultural research - as they do in the
Netherlands, for example - scientists have clear incentives to address their
problems, but in most developing countries funding is usually pi-ovided by
government and commercial interests. Both the latter generally give prior
ity to export crops, a rational choice in an environment overshadowed by
foreign exchange problems.
As noted earlier, peasant producers tend toorganize along patron-client
rather than associational lines. However, the increasing commercialization
of production is causing a gradual weakening of patron-client ties. New
organizations are emerging in the countryside. These appear to be associa
tional while still relying heavily on patron-client "templates" to siructure
internal relationships. Where these organizations are specifically agricul
tural, their leaders tend to be larger farmers, who can act as patrons.
Nonetheless, the needs of small-scale producers may also be represented if
the distribution of land resources is relatively equitable (or unimodal), for
then the more advantaged farmers share similar production conditions to
those of the less advantaged.
Where bimodal distributions of farm size occur, farmers' organizations
(or less structured lobbies) tend to represent the interestsof thelarger enter
prises, with smaller farmers remaining on the sidelines, waiting for innova
tions suited to their circunstances to "trickle down". To the extent that there
are significant differences in the production systems of the two groups, the
small-scale farmers will become increasingly disad va:itaged.The factor en
dowments of large- and small-scale farmers are usually such that the large
scale ones benefit by capital-intensive new technologies while the small
scale ones gain from more latxr-intensive ones. The political strength of the
large-scale producers is likely to lead research to stress capital-intensive
technologies, and small enterprises will become marginalized as a result.
We need to know more about the effects of benefits accruing to large
scale producers on the interests of small-scale producers in the technology
development and dissemination process. To the extent that large-scale
farmers dominate farmers' organizations they will both increase the politi
cal effectiveness of these organizations and bias the IATS toward meeting
their needs. For small-scale producers there is a trade-off here: more and
better research and extension may be obtained, but these may be less
responsive to their needs. The question is where, on balance, this trade-off

becomes disadvantageous to them. Ifboth groups of prodtucers are growing
the same crops and using some, at least, of the same technology, resource
pxor farmers may gain considerably more benefit from the political ability
of the large owners to lobby for agricultural interests than they lose in bias
of the system against their particular needs. We do not know.
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The Colombian Coffee Growers' Federation is a case in point (Kaimo
witz, 1988). The federation was neither promoted by the state nor had
any
explicit political functions. It grew out of the efforts of large-scale
coffee
producers to organize themselves. Through their influence it was
granted
monopsony powers by the state, which taxed the coffee ind ustry in
order to
provide it with services. The federation now provides research and
exten
sion services which score high on integration, relevance and adoption,
and
from which small-scale producers have clearly benefited to some
extent.
The services do less well on responsiveness to the needs of the poorest
coffee
farmers, however, being biased against research on their particular
prob
lems.
Diversity militates against the development of commodity-specific
farm
ers' organizaiuons. The typical low-income country is culturally and
ecol
ogically heterogeneous, and farmers' organizations show marked
regional
variation. If a crop important in the national economy is produced on
small
plots throughout the country, farmers are unlikely to organize because
the
crop, though widely grown, remains a minor one for each farmer.
If it is
cultivated on a larger scale in a particular region only, producers there
are
more likely to organize (Pifieiro and Trigo, 1983).
The political power of farmers and their organizations varies considera
bly according to the crop(s) involved. Apart from export crops of strategic
national importance, some fx×d crops are widely consumed and marketed
domestically, while others are not. It is the producers of subsistence
crops
consumed mainly on the farm who are least organized and represented
in
the policy-making process. These prod ucers live on the periphery of
society
and its formal agricultural knowledge systems. The research bodies charged
with subsistence crops are generally centralized and therefore weak
at the
local level, where adaptive research is most needed. Under these
circum
stances, external assistance may be needed to help create farmers' organi
zations to work with researchers and extension agents.
Farmers' organizations which express the interests of wealthier farmers
may simply seek advantages for this group at the expense of resource-poor
farmers. In general, however, elite fanmers are more interested in techno
logical development than aredisadvantaged farmers. Organizations
repre
senting resotrce-poor farmers tend to focus on issues such as land
tenure.
Such organizations may indirectly improve iesearch and extension
in the
long term, ifelite coalitions come to see resou rce-poor farmers as a consti
tu

ency whose demands require some response, even if not the one that is

asked for. If the elite rules out the redistribution of land, for example,
it
might decide to pursue productivity improvements on smallholdings
instead.

On balance, it seems likely that any type of farmer organization is better

for the effectiveness of the IATS than none at all.
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Commercial Firms
As already noted, commercial interests alone are unlikely to meet all a
country's needs in technology development and transfer. Many needs are
best met through public goods from which it is difficult to generate a profit.
Some technologies have the attributes of private goods, however, and
private enterprise will grow up around them if it is permitted. As we shall
see shortly, veterinary services and farm machinery are two such technolo
gies.
For those go×)ds and services it markets, private enterprise has very
positive effects on integration, relevance and adoption, for these criteria are
closely related toa firm's profits. In this respect there are substantial benefits
to be derived from private sector research and development. Private enter
prise can also put pressu. on the public sector to perfon better.
Private enterprise poses a danger for responsiveness, for it will focus on
the neels of wealthier producers. It will be oriented toward the develop
ment of discrete products whose distribution can be cont:olled and which
that is, private gtxxis. Commercial
can therefore be marketed for profit --firms will not be interested in good management practices which farmers
can communicate to each other by word of mouth, nor in improved seeds
which farmers can breed themsel yes-- that is, in public gc×ds.'lhese biases
are not a prolIem as long as commercial interests do not distort public sector
priorities to s,it their own agendas.
Veterinary services. The veterinary field differs substantially from other
areas of agricultural research and extension because thedistribution of most
of its innovations can be controlled and are therefore private goods. Cura
tive veterinary medicine is also the area of agricultural services that has the
highest producer demand: a farmer with a sick animal is extremely con
scious of his or her need for assistance. As a result, in cotuntries with a
sizeable livestock sector, veterinary research and extension generally enoy
much wider political support and grass roots demand than do most crop
oriented services (Leonard, 1987). The most closely comparable area of crop
production is the treatment of plant diseases and pests, which also enjoys
high demand.
The widespread awareness of veterinary problems and the broad base of
political support for their redress makes veterinary medicine one area in
which the involvement of farmers' organizations is likely to be positive for
all four performance criteria. Such involvement is likely to be beneficial
even if the organizations are dominated by elites. Elite and rewurce-pxr
farmers in the same area tend to raise the same animal species, susceptible
to the same diseases. If anything, the crossbred animals kept by elites are
more susceptible todisease than are the traditional breedsraised by the less
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well-advantaged farmers and pastoralists. The increased risk of disease
discourages such producers from adopting improved breeds. Thus
the
benefits ofdevelopments in the veterinary field are much more likely to
be

widely shared than is the case with crops.
The involvement of commercial pharmaceutical companies is likely
tobe
positive in terms of integration, relevance and adoption. It may
also be
beneficial in terms of responsiveness, although to a lesser degree because
of
the limited purchasing power of the poor. The increased availability
of
information and prod ucts resulting from commercial activity has
a broadly
positive effect. l-owever, businesses have little interest in promoting
im
proved management practices that reduce the incidence of disease,
and
government extension efforts are normally necessary in this area.
Government can have two opposite effects on responsiveness, depend
ing upon how it is involved. If the government service reaches
a broad
clientele, it increases demand from subsistence producers and hence
in
creases commercial interest in manufacturirng proiucts which are
tailored
to this group. If, on the other hand. the government service is relatively
ineffective, it may instead stifle demand from px)orer producers by
"skim
ming" tle market. A weak or undisciplined public system tends
to subsi
dize services for the more commercial and politically influential livestock
owners, making it unecon,)mic for private enterp-rise to meet the remaining
demand. In this case, tile effect is to depress commercial pharmaceutical
interest in manufacturing products for resource-poor farmers (Leonard,
1987).
Farm mechanization. In contrast to veterinary medicine, farm mechaniza
tion is an area in which the needs of elite and subsistence farmers are
likely
to be radically different, for the two groups are distinguished alxve
all else
by the capital they own.
If elite farmer groups are strong, mechanization islikely tobedetrimental
to the poor, both as subsistence producers and as farm laborers.
The
technologies developed will depress demand for farm lab-r and reduce
the
competitive advantage of farms with more labor thai, -apital.
Poorer
producers tend to be better served instead by technologies that help
them
to break labor bottlenecks or increase the efficiency of their labor,
rather
than replace it.
Commercial involvement in the development and extension of
farm
mechanization will promoteintegration,adoption and relevance,but
it will
be negative for responsiveness. Nonetheless, it is possible for private
enter
prise to benefit pxorer producers through mechanization, provided
they
have some cash to invest and represent a large market, ashappene-l
injapan
after the Second World War, when machines such as roto-tillers
were
widely sold to smallholders.

Sims and Leonard

69

Government efforts in farm mechanization are not necessarily superior
to those of the commercial sector. The problems of in tegra tion and relevance
are more severe with regard to mechanization than they arQ in other areas.
The development of appropriate technology depends on bringing together
not only the perspectivesof the farmer and the researcher but also that of the
manufacturer. Very few government efforts have been known to surmount

this barrier without the involvement of private firms.

Summary and Conclusions
In developing countries, historical and contemporary factors led to the
establishmentof agricultural research institutionsoriented toward an inter
national market and an international professional audience. There is a gap

between research and technology transfer institutions, and an even wider
breach exists between technology transfer instituti(,, s and the majority of
agricultural producers in developing countries. Development can take
place only if this situation changes, whereby institutions, technology and
client groups coalesce in the search for the new agricultural technology
which is urgently needed as the next century approaches.
The effectiveness of IATS can be assessed according to four citeria: inte
gra tion, releva nce, responsiveness and adoption. Four groups of people can
force technology development and transfer systems in these directions:
national policy makers, external donors, farmers' organizations and com
mercial firms.
There are only a few examples of effective state intervc!dion combining
technological and institutional change. The state has seldom managed to
elicit the broad participation of its rural people in transforming an extensive
tradition-based agricultural system into an intensive science-based one. Yet
wedonot rule out the possibility that coalitions will arise within state struc
tures and prevail over the powerful default conditions that lead to inertia.
Forces related to the international environment have a mixed impact on
national IATS. The international economic system combines with the inter
national scientific community to offer compelling incentives to national
professionals toconduct resa rch on key export crops. Donoragencies have
hindered integration by focusing attention on either agricultural research or
extension, rather than on both together. Yet they have made significant
strides toward responsiveness in some cases and relevance in others,
notably by launching the IARC system and the [SR movement.
The pressures and competition provided by con-mercial firms are posi
tive in the domains where significant profits can x captured, but if market
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demand alone drives the system, large constituencies will be slighted.
Much
will depend, in the future, on the recognilion of the poor as
a market, and
the steps taken to give them purchasing )ower. At present,
the private
sector is still largely unresponsive to the needs of poorer producers,
and
neglects innovations whose benefits are primarily collective (public
goods).
The most powerful demand for integration is likely to come
from those
whoare, orshould be, at the centerof technology development
and dissemi
nation 
farmers. The knowledge of resource-poor farmers is seldom
tapped by external actors, and a complex web of social,
economic and
political factors inhibits the farmers' articulation of their interests.
Among
them is the traditional involvement of peasants in patron-client
relation
ships, which prevents the expression of their collective as opposed
to their
individual interests. Agricultural research and extension are
particularly
negatively affected by such relationships. Aithough the commercialization
of agriculture is weakening these patron-client ties, they still
pervade mosi
farmers' organizations. Associations representing the collective
interests of
peasants are now developing, but their purposes are sometimes
subverted.
Resource-poor farmers need to be helped to recognize their
collective
interests as producers, over and above the socio-economic
and personal
differences which divide them at present. Donor agencies
and national
policy makers should encourage tnem to organize themselves
so as to
interact more effectively with research and extension. The participation
and
support of producers generates strong pressures for integra tion,
relevance,
responsiveness and adoption.
The first step in improving the performance of IATS in the
developing
world is to recognize the very real social and political shackles
that bind
them. Only then can oie move intelligently to loosen them as
opportunities
arise, rather than flayi ig at them mindlessly or passively accepting
their
constraints.
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3
The Effect of Changes in State Policy
and Organization on Agricultural
Research and Extension Links:
A Latin American Perspective
Roberto Martinez Nogueira

One of the most widely debated issues in the field of agricultural research
policy, organization and management is how to establish effective links
between research and extension. The degree to which these two activities
should be integrated, and the nature of that integration, has been examined
from many perspectives and within many contexts.
Broadly, the problems related to creating effective research-extension
links are similar to other integration problems within the public sector.
However, because of the natureof research and extension activities, and the
way in which they are incorporated into the state's organizational structure,
they have specific linkage problems.
The purpose of this paper is to analyze the correspondence between the
changing role of the state and the organization of government research and
extension, and to examine the effect of this correspondence on the links
between research and extension. Thus, the scientific and technological
aspects of the links (which relate to the translation of contributions from
different disciplines into practical and relevant technologies that can be
transferred to the farmer) are not a core feature of the analysis. The emphasis
is placed instead on research-extension links in the political/institutional
and organizational/managerial spheres. The analysis adopts an historical
approach, within the context of I atin America.
The paper is divided into three parts. In the first part, the analytical
framework is presented and its central issues defined. This is followed by
an historical review of the Latin American experience. The review focuses
75
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on the ways in which Latin American governments have sought to give
coherence to their objectives, policies and actions and have. attempted to
overcome the problems arising from the need to create a wide range of
specialized institutions. The final part summarizes the organizational and
institutional development of government research and extension and out
lines the main factors to be considered in thedesign of new structures which
promote effective collaboration between the two activitie.i.
What emerges from the review isa pattern of progressive institutionali
zation of research and extension and the links between them. The basic
hypothesis of this paper is that:
" public administration becomes more complex through the incorpora
tior. of new functions in response to the emergence of new problems
and the changing role of the state in development
" this increasing complexity is accompanied by an increase in interde
pendence between research and extension and requiresgreaterdecen
tralization and a corresponding decrease in the structural differentia
tion between the two activities, particularly with regard to adaptive
and applied research

The Analytical Framework
The Nature and Context of the Problem
The linkage problems between agricultural research and extension arise
from the differences in the nature of the two activities, in their objectives,
and in the knowledge and resources they mobilize to achieve these objec
tives. Research is concerned with increasing scientific knowledge and
generating new technologies. Extension is concerned with the delivery and
adoption of new technologies; it relies upon communication, education and
producer participation, with the overall aim of changing behavior. Thus, the
two activities are carried out by professionals with different academic ori
entations who are answerable to different sectors of the public and whose
work is evaluated according to different criteria. The fact that they are
typically carried out in separate organizational contexts is an institutional
ized recognition of these differences.
Integration problems are common toall organizational settingsin which
there is functional specialization. In the case of research and extension, the
characteristics, perccption and evaluation of these problems have varied
from one historical period to another.The key to understanding the specific
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linkage problems which now exist between the two activities lies in an
analysis of their institutional development.
Although institutional development is a complex process, it is not a hap
hazard one. It follows a general pattern, dictated by the role of the state in
terms of the objectives, formulation and implementation of state policies.
The role of the state in each historical situation is itself determined by:
"
"
*
"

how power is mobilized within the state and the broader society
the main problems confronted by the state
the repertoire of accepted solutions
the available economic, political, administrative, social and environ
mental resources

In this paper, the phrase "policy context" is used to encompass all these
factors.
The analytical framework rests on an analysis of theorganizational struc
ture of public research and extension within the prevailing policy context
and of the issues which define the relationships within this structure. Figure
1 (see overlea) is a diagrammatic representation of this framework.
The Role of the State
The agricultural policies adopted by the state comprise the immediate
policy context in which research and extension operate. These policies
change from one period to another, according to the prevailing political and
socio-economic objectives of the government. These objectives determine
the role of the state in agricultural development, the degree of autonomy it
allows agricultural institutions, the importance it attaches to research and
extension and what it considers the research and extension priorities should
be.
Policy objectives. The objectives of Latin American agricultural policies,
and the sequence in which the policies have been introduced over time, are:
1. To develop the infrastncture needed to facilitate the production of a
few commodities for export
2. To protect the producers of these commodities against production
risks and market fluctuations in price and demand by imposing
regulatory controls
3. To increase production and productivity, particularly through the
application of new technologies, in order to reduce domestic food
prices and increase export surpluses
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Figure 1. The analytical framework

POLICY CONTEXT
Mobilization of power within the state and the broader sodety
Problems confronted by the state
Repertoire of accepted solutions
Economic, political, social, environmental and administrative resources

OLTE
OFIVTECO
PRIVTE
<_Policy
ECTO

ROLE OF THE STATE
Policy objectives
formulation and Implementation

ORGANIZATIONAL STRUCTURE OF RESEARCH
AND EXTENSION
Factors alectlng the
organizational structure
Compleoxiry
Functional specialization
Interdependence

Organizational adjustment
mochanlsms
Integration mechanisms
Bulfer mechanisms
Decentralization

4. To reduce the possibility of social confi;.:t by satisfying the demands
for equity through the introduction of land reform and rural develop
ment policies

5. To develop national agricultural research capabilities, diversify pro
duction and promote social and regional development, in line with a
new perception of agriculture's contribu lion to national development
and macrocconomic adjustment policies
Policy formulation and implementation. A major factor which determines
how policies are formulated and implemented is the degree of concentra
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tion of power. To best understand the concept of concentration of power, it
is useful think in terms of a continuum. Atone extreme lies a total monopoly
of power resources, while at the other lies equal distribution of power
among all participants; the intermediate situations are those in which the
degree of access to power and the opportunity to use it varies from one
participant to another.
Each situation is associated with a specific decision-making process. In
the first case, the subordinate levc ; of the government are totally respon
sive to the political will at the top. ,n thecaseof equal distribution of power,
theoverall resultof the participants' decisions isindependent of thewill and
interests of each participant. In the intermediate situations, decisions are a
product of confrontation and collaboration between various groups with
varying degrees of power in the decision-making process.
The rational-deductive model of decision making put forward by aca
demics to explain the process of policy formulation and implementation is
based on the assumption that there is total concentration of power. In this
model,an c :plicit set of goals is drawn up, rational calculations are made as
to how best to achieve these goals, policies are formulated and the actions
required to implement these policies are defined and carried out (Dahl and
Lindblom, 1953). Such a model lends support to the idea that research and
extension activities can be successfully integrated through centralized
control and planning. In practice, however, total concentration of power
cannot exist, because of three major constraints:
" the multiplicityof participants who attempt to influence government
processes and outputs
" the discretionary nature of research and extension tasks
" the limited amount of information that can be handled by those at the
top of the hierarchy
Multiplicityof participants.Agricultural research and extension involves
many individualsand groups of inJividuals, including politicians, farmers,
scientists, development officers .,(,d input producers. These individuals
mobilize different types of sociat ,,nd organizational resources to promote
their interests and points of view. All government levels become the target
of their pressures, and they have the capacity, in varying degrees, to block
or distort public actions. This threatens the overall coherence of policies
which attempt to integrate research and extension through centralized
control.
Discretionarynatureof researchand cxtension. In both activities, consider
able discretion must be given to the professionals at the lower levels of the
hierarchy. Central planning cannot take account of all the contingencies
with which these professionals are faced. The way in which they use this
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discretion is affected by the influence exerted
upon them by different
clienteles, by their personal interests and by the
degree to which these
interests are consistent with official policies and objectives
(Etzioni, 1961).
Information constraints.The specificity, complexity
and unpredictability
of the problems faced by researchers and extension
workers impose infor
mation constraintson the concentra tion of power.
To integrate research and
extension from the top in a centralized way would requirea
continuous flow
of informati n to and from the central authorities
to dictate specific com
mands for situations not accounted for by the
central plan. In reality,
however, the central authorities can handle only
a limited amount of
information and thus are not in a position to effectively
link lower-level
research and extension activities from above.
In essence, then, the total concentration of power
whereby a central au
thority determines the activities to be carried out
by the members of each
subordinate unit, and has the power and ability
to plan and control the
integrative mechanisms which operate between these
units, is a theoretical
concept which rarely exists in practice. Thus, to
achieve coherence, it is
necessary to create linkage mechanisms which cater
for tile need to reach
agreement on the overall objectives and to coordinate
activities at the
operative level.
Organizational Structure of Research and Extension
In terms of the focus of this paper, the analysis of
the effect of the role of
the state on the organizational structure of research
and extension can be
divided into: organizational factors affecting the
links between research
and extension;and aspectsof theorganizational structure
which, within the
confines of the prevailing policy context, can be
altered to improve the
effectiveness of research and extension.
Organizational factors affecting research-extension
links. In the organ
izational stncture of agricultural research and extension,
the main factors
which affect the links between the two activities arecomplexity,
functional
specialization and interdependence.
Complexity. Tile types of complexity wvhich affect links
between research
and extension are:
" structural complexity (an increasi ng numberof
instit lions, and hence
an increasing number of mechanisms needed
to coordinate their
activities)
" situational complexity (a wider range of clients,
commodities and
environments)
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. analytical complexity (an increasing numberof disciplines, approaches
and methodologies involved in the conceptualization of the roles and
aims of the two activities)
To overcome the challenges posed by complexity, several courses of
action have been put forward.
One suggestion is to establish increasingly specialized departments
within research and technology transfer units, with each department focus
ingon a particular topic area and goal (Simon, 1976; Thompson, 1967). How
ever, this has resulted in an increase in the interdependencewithin each unit
and has not lessened the need to establish links between research and
extension.
Another way of dealing with the effects of complexity is to: specify more
clearly the nature and goal of each research and extension task and the way
in which these tasks should complement one other; establish procedures
which ensure that those carrying out the tasks conform to these specifica
tions; and draw up riles for making decisions in potential situations
unlikely to be covered by the specifications.
These courses of action incorpora tea considerable degree of hierarchical
control and planning. However, the greater the complexity, the less effec
tive is hierarchical control in integrating the different contributions. Many
of the difficulties which are encountered in developing effective research
technology transfer links can be explained by the fact that hierarchical
mechanisms have been used. More effective ways dealing with these
problems are those which rely on participative interaction and mutual
adjustment at all levels (Ackoff, 1974).
Functionalspecialization. Functional specialization arises when, in order
to complete a task, responsibilities for carrying out parts of that task are
allocated !odifferent individuals or groups of individuals.
The overall task we are concerned with here is the generation and transfer
of new technologies "he knowledge, skills, functions and length of time
,ecnologies differ from those required to deliver
required to develop
these technologies to the tarmer.
This functional specialization forms the basis of the conventional struc
tural differentiation between research and extension whereby the two
activities are performed by different units. Inherent in such a division is a
divergence in interests, values, behavior and goals between the units. In
addition, the differences in the types of activities performed by each unit
and in the way in which the units interact with their clients gives rise to
differences in ,he type of management styles which are appropriate (Law
rence and Lorsch, 1967).
Interdependence. The concept of interdependence relates to the links
whi.1 exist between units in order to complete the overall task. The various
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types of interdependence can be divided into four categories (Thompson,
1967; Van den Val et al., 1974). These categories are:
* pooled (in which the activities of one unit do not depend
on the
activities of other units in order to contribute to the completion of
the
overall task)
* sequential (in which one unit depends directly on another in order
to
make its contribution)
* reciprocal (in which the contribution of one unit is the input
for the
other, and vice versa)
* team (in which the members of one unit participate directly
in the
activities of the other unit, and vice versa)
There is a clear correlation between these types of interdependence
and
how advisors have perceived the relationship between research
and exten
sion. Initially, both activities were considered to be independent
of each
other but contributing to a comnmon purpose. Liter, extension wa3
consid
ered to be sequentially linked to research, receiving its inputs from
research
and incorporating these into a package of services for the farmer.
Subse
quently, their reciprocal interdependence was recognized, with
extension
identifying problems and supplying information which enabled
research
ers to define priorities. The current view is that the two activities
should be
seco-as completely interdependent, with extension workers participating
in
experimental research work and researchers establishing closer
ties with
farmers.
Organizational adjustment mechanisms. The policy context
in which
agricultural institutions operate can rarely be altered in significant
ways
from the perslxctive of research and extension. However, three
aspects of
the organizational structure which can be altered to promote the
effective
ness and efficiency of research and extension are: integration mechanisms,
btif r mechanisms and decentralization.
;..legration inechanisnis. Interdependence between research
and exten
sion assumes interaction between many participants. This interaction
is
usually hampered by institutional mandates and restrictions, which
reduce
flexibility and encourage the tendency towards institutional isolation
and
self-su fficiency. Thus itis necessary to provide mechanisms to integrate
the
contributions and interests of thedifferent institutionsand the units
within
them.
In some cases, these mechanisn: are defined and controlled
by the
higher levels of a hierarchy; in others, they emerge as a result of
coordina
tion between all levels of a hierarchy. The choiceof integration mechanism
depends on the nature of the activities involved and the degree
of inter
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dependence between them. There is empirical evidence to suggest that
where these activities are characterized by a high degree of heterogenity
and uncertainty, as is the case with research and extension, integration
mechanisms based on coordination rather than ,ontrol will be more effec
tive (Perry, 1967; Thompson, 1967).
Buffer mechanisms. The creation of buffer mechanisms t3 i~oat, some
activities from the turbulence of the environment is a defensive strategy
adopted by institutions in order to reduce uncertainty and to enable them
to pursue long-range goals (Thompson, 1967). Structural arrangements
creating buffer mechanism, are common in the field of research and
extension. Most relate to research activities, and aim to protect the long
range orientation of these activities from bottom-up demands and pres
sures. Others are aimed at :educing the vulnerability of both research and
extension to changes in the objectives and implementation of state policies.
Extension actsasa buffer to research in that, typically, extension workers
interact with farmers, passing on to them the knowledge generated by
research and thus precluding a direct relationship between researchers and
farmers. This is a way of "protecting" research from the immediate and
diverse demands of farmers. Research can thus be carried out on the basis
of a time horizon which looks beyond the farmers' immediate needs.
There are a numberof ways in which agricultural institutions attempt to
reduce their vulnerability to changes in policy. Among these are the
constant search for institutional autonomy and the attempts to introduce
automatic financing measures that would reduce the need for endless
bargaining during the process of central budget formation.
Despite their advantages, the creation of buffer mechanisms is also a
source of problems. The effectiveness of extension as a shield for research
may lead to the latter developing along lines unrelated to the needs of
farmers, or to extension itself ceasing to act as a channel for the transfer of
knowledge and becoming a service for the satisfaction of other kinds of
farmer .eeds. Institutional autonomy may undermine the capacity of policy
makers to effectively orient institutional activities.
One way of overcoming these problems is to introduce an appropriate
level of decentralization. Another way is to reduce the diversity of the en
vironment with which an institution interacts by specializing in producing
a specific type of kno,!edge (for example, by specializing, in a particular
commodity, discipline or region). Researchers and extension workers who
focus on a specific target group or problem are less likely to lose track of
policy objectives or farmers' needs.
It salso necessary to distinguish between the role and aims of basic and
strategic research and those of applied and adaptive research. While the
former should be protected to some degree from multiple and diverse
demands emanating from the state and the farmer, the promotion of more

84

Mart nez Nogueira

effective interaction between researchers, extension workers and farmers
implies that there should be few, if any, buffer mechanisms between
extension and applied and adaptive research.
Decentralization.Theaim of decentralization is tochange thedistribution
of decision-making powers so that more decisions can be taken at regional
and local level. As such, it is an issue which concerns the relationship
between the higher levels of governmen' and the agricultural institutionsas
well as the relationships within the institutions themselves.
It was stated above that because of the heterogenity and uncertainty of
research and extension activities and of the policy context it, which they
operate, centralization is not a viable strategy. However, decentralization
could make the various levels of the organizational structure more vulner
able to external pressures and thus have an adverse affect on overall
coherence. Decentralization measures must therefore include the construc
tion of mechanisms that will ensure control from above as well as facilitate
regional and local integration.

An Historical Review of the Organization
of Research and Extension in Latin America
Despite diverse historical situations and experiences, a common path
followed by Litin American governments can be identified. Those whose
organizational stnctures developed earliest, and are the largest and most
complex, took the lead in incoq)rating organizational innovations and
provided a modiel for other countries.
File pattern of increasing complexity in the organization of research and
extension in latin America does not differ substantially from the pattern in
other developing countries. As a society matures, so new demands are
made upon the state. The cumulative result of attempts to satisfy these
demands and resolve specific problems is an organizational structure that
is frequentlydisjointed and lacking in integration. In aneffort to rationalize
the structure, the state will often make use of organizational models
developed in other contexts which are unsuited to local circumstances.
Different stages can be distinguished in this process. In the following
review, the process has been divided i;r'.;; :ive stages. In each stage, the role
of the state and the organizational structure of research and extension are
described. The main aspects of these descriptions are then summarized in
terms of the variables outlined in the analytical framework. Thesummaries
are divided into: the variables which relate to the role of the state; those
which relate to theorganizational factors affecting research-extension links;
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and the overall effectof both setsof variables on the organizational structure
in terms of integration, the use of buffer mechanisms and the degree of
decentralization.
The Early Period
Role of the state. The first stage lasted from the mid-1 9th century until about
1930. It was characterized by efforts to expand the state's control over the
entire country, with the state becoming a revenue-collecting entity charged
with safeguarding the social order and providing the infrastructure needed
for the development of production, particulaly in relation to export com
modities. The institutional foundation for resource-expanding activities
was established and state policies were oriented towards the expansion of
the usable land by pushing out the frontiers, the incorporation of human
resources through immigration, and the attraction of investments and
resources from abroad.
This produced a geographically far-flung state based on ever-expanding
legislation. With a rigidly stratified socicty and a simple political system
allowing little participation, it aimed at establishing ground rules that
would promote the accumulation ef economic resources and power. Its
policies reflected an "illuminist" concept of its role in society. This was the
liberal period during which the state encouraged public education and
science and attempted to make technologies in use elsewhere available to
the productive system.
Organizational structurf" of research and extension. The conceptual dis
tinction between researcL. nd extension was minimal, and thus there was
no structural differentiation between them. What would now be called
extension activities originated in different institutional spheres, including
universities, departments within ministries of agriculture and institutions
responsible to those ministries. The emphasis on education was reflected in
the development of agricultural schools, with significant participation by

European technicians (for example, Italians and Belgians in Peru, and
Germans in Chile); these technicians played a role in the transfer of farm
management techniques and carried out some adaptive crop research.
The ministries of agriculture were new and rather weak institutions.
Their place within the government structure was not yet clearly defined and
theirefforts in technology transfer tended to be unsystematic. These efforts
were incorporated into the activities of promotion units which were set up
in close proximity to the farmers and had little connection with research.
The units' fieid officers played (and in many countries continue to play) a
diffuse role, acting as intermediaries between the farmers and administra
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tive and political levels of government, as well as bing
involved in credit
supervision and regulatory control and supplying inputs
such as seeds and
fertilizers; technology transfer was relegated to the bottom
of their list of
priorities.
Some agricultural services were initiated in response
to the interest
shown by farmers' associations in developing the agricultural
secto'. These.
associations had been established to defend farmers'
interests and to
promote their views, and they became a major source
of support for the
introduction of new technologies. For example, the National
Agricultural
Societics in Peru and Chile set up experimental stations;
the Rural Society
in Argentina was created with the objective of improving
livestock and crop
producilon; and, in the 1870s, the Colombian Agricultural
Society was
founded with the stated purpose of exchanging seeds, promoting
improved
livestock breeds, setting up agricultural schools ahd
disseminating ad
vanced agricultural techniques from abroad (K-irnowitz,
1988).
In some placeL; a leading role was played by private sector
companies
interested in developing agricultural proo uction. In the
case of the railway
network in ,'rgentina, where the railway line usually heralded
the produc
tive occupation of the land, such companies provided
channels for the
transferof knowledge through demonstration units scattered
over the lands
they owned (Marzocca, 1985). Private sector involvement
was a!so evident
among certain export companies; these companies set up
technical services
for the production units (such as large farms and ranches),
which in many
cases they themselves own-ted.
Summary
A clearly stratified society, with a high concentation of
power and a
simple government system that facilitated the implementation
of
policies that had a strong influence on the economic growth
of the
countrybut werelimited in numberand in theirdegree of
intervention
in social and economic life. These policies required little
systematic
organization of the state and involved simple planning,
management
and evaluation procedures. Public activities were designed
to pro
mote develooment and agricultural production, primarily
for export
markets; this was reflected in their focus on the educational
sphere
and their efforts to meet the needs of farmers' associations
which
began to sh)w intcrest in technical innovation.
Low structural and situa.ional complexity because of the
existence of
onlya few institutions, acting completely independently
and dealing
with a limited range of clients, commodities and environments;
low
analytical complexity in that there were few distinctions
between
scientific disciplines, approaches and methodologies.
There was
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minimal functional specialization and no interdependence. Linkage
problems were not perceived.
Close relationships and relatively informal interactions between the
institutions and higher policy levels because of the small size of the
state apparatus. There was a low degree of decentralization. Buffer
mechanisms were not necessary.
By the end of this period many countries had incipent institutions and
linkage mechanisms that would develop in subsequent stages. But this
development was not to be a total transformation for, in many cases, the
pattern established in the early period persisted in spite of attempts to
change it; in some cases it is still in evidence.
The Transition to Institutionalization
Role of the state. The second stage lasted from 1930 to the 1950s, and was
characterized by a proliferation of government insitutions and the emer
gence of a much more complex state apparatus. This situation arose because
of the need to respond to the new problems emerging from the already
exhausted growth potential of the development model based on the pro
duction of primary products for the export market.
As a result of market closures and the introduction of protectionist
policies in the wake of the 1929 financial crisis, a regulatory state was ta. dng
shape haphazardly in some countries, notably the largest and most devel
oped ones. Its intervention in social and economic life increased in response
to the crisis, as it sought to restore the former participation of national
production in international markets.
The state's ad hoc responses to the changed circumstances produced a
cumulative growth in state functions. New functions gave rise to the
creation of new institutions, some within the central administration and
others with a greater degree of autonomy, as decentralized institutions.
There were even a few instances of a certain degree of privatization in the
public sphere, the control of the new institutions being the responsibility of
their own specific clienteles. The case of Argentina, where a number of
commodity regulation boards were created to supervise a wide range of
functions aimed mainly at stabilizing markets and prices, is an example of
this trend.
The first import substitution policies were implemented during the
Second World Warand were extended thereafter. This marked a fundamen
tal change in the role of the state. It was no longer simply a framework for
activities in which it took no direct part; instead, it became a producer, a
marketing agent and a provider of credit through the development of a

88

MarthezNogueira

network of public enterprises and banks. This path,
pioneered by a few
countries, was later followed by almost all Latin
American countries.
Organizational structure of research and extension.
Research
sion were located atdifferent levels in the state's organizational and exten
framework,
and varied in terms of organizational arrangements,
their degree of auton
omy and their operational capacity. In some
cases they
funded; in others they received significant contributions were publicly
from farmers. In
Peru, for example, the experiment station La Molina,
where an agricultural
university was later established, originated in the
efforts of the National
Agrarian Society which had bought the land for the
construction of labora
tories and experiment fields and offered it to the
School of Agriculture.
Wherever commodity-specific activities were initiated
in order toorientate
and regulate production, usually with farmer participation,
these activities
formally incorporated technology transfer tasks.
Technological issues were gradually winning public
recognition, and in
the 1940s the ministries of agriculture began to
undergo a thorough re
organization. For example, in the restructuring of
the Chilean Ministry in
1940 and in the reforms in Argentina in 1944, a more
prominentposition was
given to research. In Colombia, a specific agricu!tural
ministry was re
established in 1947. In Brazil, the National Centre
for Agricultural Teaching
and Research was set up to coordinate the activities
of state and federal
institutions.
During this period the process of creating institutional
resources for re
search made gradual progress. In the early 1940s,
Argentina had 12 experi
mental stations, Chile 13, Colombia four, Mexico 14,
Uruguayone, and Peru
a network of five stations and substations.
Commodity-centered bodies began tocome to the
fore, particularly those
concerned with export commodities. Experimental
stations established
previously on the basis of farmers' contributions,
such as the cotton and
sugarcane stations in Peru, were now financed out
of tax revenue or export
duties.
Foreignassistance.Foreign technical assistance began
to playa significant
role. In Guatemala the National Agricultural Institute
was established as a
joint venture between the Chinchona Growers Association
States Department of Agriculture (USDA). Subsequently, and the United
the USDA initi
ated joint ventures in other countries, setting up
experimental stations
where the emphasis was on research rather than extension
1942, the first permanent teams of official US agricultural (Rice, 1971). By
technicians had
arrived in Latin America. Between 1943 and 1948
the USDA Office of
Foreign Agricultural Relations provided technical
assistance in 10 coun
tries, with the aim of developingalternative sources
of tropical agricultural
supplies.
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Simultaneously, US government agencies were becoming involved in
the development of extension. The Institute for Interamerican Affairs
(IIAA), a public entity which had been established by the US Congress to
foster technical cooperation with Latin America, stimulated the creation of
rural agricultural services (known as servicios) aimed at promoting the pro
duction of local food crops. During the war, IIAA placed teams in 11
countries. The servicioswerebilateral, operational agenciesunder American
direction with a network of field offices staffed by extension advisers. After
1950, the USDA programs were integrated into these serviciosas part of a
broader shift in technical assistance policies from research to extension
(Rice, 1971).
Buffering researchandextension. Another change taking place at this time
was that those engaged in technological activities began to seek a measure
of autonomy for the research and extension institutions. These institutions
were responsible to the ministries of agriculture, and the intention was to
protect them from the political unrest that affected the ministries. Inthis
area, advice from the foreign agencies involved in Latin America often lay
behind the moves towards autonomy, as in the case of the institutional
reforms introduced in Mexico in 1945 on the suggestion of the Rockefeller
Foundation.
This process was among the factors which contributed to the relative
domestic isolation and highly developed external connections which began
tocharacterize public sector agricultural insti tu."ions. Institutional relation
shipsbetween countries were encouraged, again with significant participa
tionby the Rockefeller Foundation. The Interamerican Institute for Agricul
tural Sciences (IICA), a branch of the multilateral Organization of American
States (OAS), made an important contribution towards establishing hori
zontal relationships.
Originally created to offer professional training in the biological and
social sciences related to rural development, the IICA played a fundamental
role in introducing American organizational models and developing new
approaches, particularly in relation to extension. This role was reinforced by
the heavy flow of personnel who were sent to the USA for training;
previously, training had been based on criteria developed in Europe and
transmitted by European technicians who taught in the universities and
schools.
Asin theearly period, there wasstill little or no interdependence between
research and extension. The general belief was that technology was already
available and that the most serious constraint on rural development was the
absence of rural institutions oriented toward motivating, organizing and
informing the farmers (Rice, 1971). Research units usually had their own
demonstration fields and their own connections with seed suppliers. Exten
sion concentrated on spreading cultural practices that made scant use of
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inputs from local research. This conceptualization meant that linkage stilt
did not appear to constitute a problem.
Summary
Attempts by the state to incorporate new functions in response to
demands born out of new conditions in international markets; a
growing number of individuals, associations and agencies interested
in the development of agricultural production, with a progressive
divergence of interests among them. Agricultural ministries contin
ued to be weak in a situation in which sectoral interests were increas
ing their capacity to exert pressure on the state. However, there was
still no real challenge to the dominant interests and perspectives
which shaped policy formulation and implementation.
Organizational structure of research and extension, and the circum
stances in which they operated, becoming more complex. This was
because of greater state participation in research and extension activi
ties, theincreasing influence of bilateral and multilateral aid programs
and the expansion in the number and variety of institu'.ions. In
response to this growing complexity, hierarchical structures devel
oped and there was increasing functional specialization among exist
ing institutions. Analytical complexity increased as research ind
extension began to develop as different disciplines with different
methodologies. There was little interdependence; institutions devel
oped distinct identities and particular sources of financial support.
Still a low degree of decentralization as research and extension contin
ued to be closely connected to the hierarchical apex. However, some
attempts were being made to create buffer mechanisms between the
state and research and extension activities.

Developmentalism
Role of the state. From the late 1950s to the early 1970s, developmental
attitudes and ideologies prevailed. In some countries, with the emergence
of large urban populations, there had to be a dramatic increase in agricul
tural production to meet their demands for cheap food; in others, agricul
tural production had been declining, resulting in serious trade balance
problems.
The overall policy objectives were to reform the agricultural sector and
develop the rural areas. There was a dramatic increase in structural com
plexity: new functions were added to the established ones and new institu
tions appeared, many of them becoming semi-autonomous. The state was
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seen as the spearhead of development; it sought to determine the structure
of the national economy and to redistribute power and wealth.
During this period three practices were having a strong impact on gov
ernment organization: national planning, the creation of organizational sys
tems and the introduction of development programs. The conceptualiza
tions underlying the implementation of these practices were based on the
rational-deductive model of decision making.
National planning. Planning mechanisms based on a comm~on model
became institutionalized. The influence of international bodies was evident.
The United Nations Economic Commission for Latin America (ECLA)
provided the technical expertise and the justification for restructuring the
state apparatus, developing new concepts of theobstacles and strategies for
the growth of Latin America economies. The new era of public international
financing encouraged the development of criteria for project analysis and
evaluation, and multilateral organizations gave advice and support in
policy implementation.
Institutionalized planning aimed at being comprehensive and compul
sory for the public sector. There was a conceptual and organizational
separation between policy formulation and policy implementation. Na
tional and sectoral objectives would be defined by the highest political level,
and would determine the criteria on which the allocation of functions were
to be based. It was considered that the most effective way to achieve these
objectives would be to have a clear differentiation of units, with each unit
specializing in a particular type of activity. To ensure that these units
functioned efficiently, a technocratic approach was adopted whereby pro
cedures and problems were to be handled in a clearly defined rational and
professional manner.
The diversity of the new functions incorporated by the government
raised the problem of their coherence and integration. To address this
problem, administrative control mechanisms and a series of planning levels
- national, sectoral, regional and institutional - were established to
ensure that planning forecasts were met.The plan provided the instruments
for regulating the different kinds of interdependence, for achieving consis
tencybetween decisions at different levels and fordefining theactionsof the
implementing agencies.
Organizationalsystems. With the diversity ofactivities for which the state
was now responsible and the progressively more dynamic policy context in
which it operated, new organizational structures had to be devised. The
design of these structures was based on the systems approach. According
to this approach, each unit is part of a whole and has hierarchical and
functional relationships with other units, all oriented by the same set of
goals. The design of the system consists of the identification ofthe appropri
ate structural differentiation necessary to accomplish these goals, the pro
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vision of integration mechanisms to cope with
interdependencies an the
establishment of a central authority with enough
powerand information to
govern the direction of the system and the
relationships within it.
In the new situation, integration could not
be controlled exclusively by
the top levels of the system. Each unit was given
enough decision-making
power to deal with the specific problems faced
in the context of its mandate.
Functional relationships multiplied and overall
effectiveness depended on
the way the various kinds of interdependence
were structured. The estab
lishment of systems as groupings of units
linked by a common set of
objectives was intended to solve this problem
and thus facilitate policy
implementation.
In the process of this restructuring, it became
clear
feasible tosimply create new units within thesystem that it was no longer
Instead, the entire system had to be reorganized, to meet new demands.
and thus research and
extension became the subject of institutional
experimentation. In many
cases, this radical change of thought was
associated with new policies
aimed at reforming the agricultural sector.
An added incentive for restruc
turing was the availability of promising new
technologies in the interna
tional arena.
Development programs.It was during this period
that
grams" first became a feature of national development "Development Pro
strategies. Usually
financed from abroad, they concentrated
resources on the solution of
problems of national priority. They were incorporated
into the national plan
but, to reduce the interdependencies that might
detract from theireffective
ness, they had a privileged administrative
status and vere given a certain
degree of autonomy.
The fact that it was considered necessary to set
these programsapartfrom
other government activities is indicative of a
growing problem: thedifficul
ties of implementing public policies in situations
of high structural com
plexity. Removing an activity from thecentral
administration of thegovern
ment, and internalizing within it all the functions
which were necessary to
achieve its goals, is a strategy now often applied
to
such programs in order
to increase their effectiveness. The Agricultural
Plan which has been oper
ating in Uruguay since 1961, and is designed
to provide technical assistance
and credit, is a case in point.
Organizational structure of research and extension.
From the perspective
of research and extension, the most important
developments
during this
period were: the withdrawal of US technical
assistance; the creation of the
decentralized semi-autonomous research
institutions; and the effect of
agrarian reform and rural development policies.
US technical assistance. At the start of this period,
bilateral aid was still
exerting a strong influence. Servicios had been
set up through aid programs
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i all countries apart from Argentina, Mexico, Uruguay and Venezuela. In
the smaller countries, servicioshad started operating even before research
activities developed. As late as 1966 there were 11 such arrangements, most
of which played a significant role in the institutionalization of extension
activities.
Within the serviciosa process of trial and error, combined with diverging
opinions within the responsible US government agencies, led to the devel
opment of a variety of organizational models. At dihe time, these models
were the subject of a heated debate in the USA; the major issues were the
relative importance aid proper roles of research and extensioi. in develop
ment aid and the potential contributions of differecnt models to the overall
process of institution building. While "productivists" tended to emphasize
particular technological initiatives and productive investment projects, a
group moreorientated towards community developmentstresspd the need
for broader educational efforts and sociai and cultural change (Barksy,
1988). These debates contributed to the growing analytical complexityin the
conceptualization of extension
Withdrawal from the serviciosbegan in the late 1950s, culminating years
later in the end of the direct involvement of US personnel in extension
activities. In their place, financial support began Zo be provided forspecific,
nationally managed extension projects (Rice, 1971).
Decentralized research institutions. The first attempts at an overall reor
ganization of research and extension activities were made in the 1950s.
Fresh consideration was given to agriculture in a new political context,
which involved governments whose banner was development, institution
alized planning and the consolidation of international public financial insti
tutions. A new perception of problems, a developmental ideology and an
assumed availability of technolo:,ies led to new approaches to research and
extension.
Many attempts were made to bring coherence and order to the great
variety of existing institutions. Increasing structural complexity and differ
entiation led to a growing awareness that many problems derived from
weak or non-existent links between research and extension. The two activi
tiesbegan tobe seen as sequentially interdependent, with extension respon
sible for transferring the results of research activities to the farmer.
In those countries where extension services had been established with US
support, these services were incorporated into the central administrative
structure. In other countries, decentralized, semi-autonomous institutions
began to be established, an arrangement that eventually was to prevail in
almost all Latin American countries (Pifieiro, 1983). The first of these
institutions, the Instituto Nacional de Tecnologia Agropecuaria (INTA) in
Argentina, was created in 1956 and incorporated both research and exten
sion activities.
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These institutions had a clear mandate. National planning was charged
with issuing the policy directives that were to guide their activities and,
in
conjunction with joint programming, with ensuring integration between
research and extension, whether they were under the same institutional
roof or not. A semi-autonomous status was granted to the institutions
in
order to facilitate policy implementation, provide better services to farmers
and develop scientific and technological capabilities, particularly with
regard to advancing from adaptive research to applied and basic research.
Agrarian reform and ruraldevelopment policies. The attempts at agrarian
reform that took place in the 1960s placed extension activities in a new
context. A new brand of institutions was born; these institutions were
experimental in nature and thus their functions were not very clearly
specified. Some of them were to provide a range of rural development
services, including supervised credit, technical assistance and organiza
tional support. In a few cases extension was incorporated as an additional
function. This helped the development of a new conceptualization
of
extension activities; they were given a more dynamic orientation
and
focused more on social and organizational factors.
Within this context, extension was no longer sequentially related to re
search. A reciprocal interdependence was evident, with extension provid
ing research with important inputs for identifying problems and defining
priorities. At the same time, the new functions assigned to extension made
it more interdependent with other development activities, thus multiplying
the sources of influence on the extension worker and further diluting
the
purely technological content of his work. The difficulties that arose in
the
efforts to integrate different activities led to an incipient awareness
that
coordination through planning was inadequate. The concern to set
up
mechanisms to facilitate communicatio- '.,tween the activities was grow
ing,and this,in turn, gave rise to the nr
,iatives thatemerged during the
following period.
After 1970 a new type of policy aimed at alleviating rural poverty and
increasing agricultural production was adopted by several countries. Pro
grams of integrated rural development were implemented, most of
them
financed by the World Bank. These programs made heavy demands on
the
administrative and coordinating capabilities of public institutions, and
in
most cases this resulted in a duplication of functions and an increase
in
structural complexity.
The organizational arrangements for implementing agrarian reforms
and integrated rural development programs tended tobe highly centralized
(Barsky, 1988). Centralization, coupled with increasing situational com
plexity and the multiplicityof policy instruments employed, resulted
in the
arrangements also becoming more bureaucratized. This reinforced
the
isolation of these progi ams from research institutions.
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Summary

A more turbulent social and political environment, with new groups
claiming a larger proportion of the national income and wealth. With
the development of national planning and organizational systems to
cater for economic as well as scientific and technological policies, a
more intricate government system began to emerge. The role of the
state was not only to encourage growth but also to promote social
change through transformations in the distribution of resources. This
was the outcome of new demands on the state, most of them resulting
from the equity problems generated by imbalances in the develop
ment pattern.
Explosive growth of situational and structural complexity. New poli
cies were aimed at areas and types of farmers previously excluded
from public policies. A host of new institutions developed in a rather
haphazard way, in spite of planning efforts. Extension activities were
being carried out from a variety ofdifferent locations within the state
system and relating simultaneously to various aspects of farmer
problems, agricultural education and technology transfer. The intense
debate on the role and aims of extension and the development of many
organizational models illustrate a growing analytical complexity.
Reciprocal interdependence between research and extension was
apparant in many cases but, despite this, there was still effective
autonomy between public institutions.
The use of extension as a buffer, in some cases for research, and in
others for central authorities in a context of growing social conflicts.
Semi-autonomous institutes buffered research (and, to a lesserextent,
extension) from central authorities. Integration mechanisms were
revised and new forms of centralized control implemented, with
growing inefficiencies in the use of resources.
The Crisis
Role of the state. In the early 1970s, most countries had relatively high
economic growth rates. Strategies of development which were based on
industrialization were pursued with renewed energy. Macroeconomic
policies gave protection to and made possible an expansion in manufac
tured consumer goods, as well as intermediate and capital goods. Subsidies,
rates of exchange, and trade, fiscal and food price policies discriminated
against agriculture, but there were certain policy instruments such as credit
and public investment that had a positive impact on agiculture (Lopez
Cordoves, 1987). Government expenditure was relatively stable.
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By the mid-1970s, however, the trend had begun
to change. Social unrest
in some countries. an energy crisis in others,
and changing conditions in
foreign markets for most, precipita, d a crisis
that was aggravated later by
the impact of heavy foreign indebtedness. Since
1984, annual economic
growth rates have been consistently low. All
economic indicators show
similar patterns: production, capital formation,
employmentand real wages
are deteriorating, while, in most countries, inflation
and trade imbalances
are increasing.
In organizational terms, this crisis situation led
to renewed concern for
the role of planning and a change in the perception
of coordination prob
lems.
The role of planning. The greater uncertainty
and instability associated
with the crisis raised new problems. Without
giving up its role ofpromoter
and agent of development, the state became
more
public institutions, each with different analytical like a confederation of
and operational capabili
ties and all subject to pressures from corporate
interests. The increase in the
diversity and scope of state objectives, and the
growing inability of central
authorities to control the implementation of state
policies, led to a situation
in which the state began to abandon the aspiration
to plan everything.
It was realized that too much had been expected
of planning as a
mechanism for solving coordination problems.
The enormous complexity
arising from the proliferation of new institutions
and the dynamism of the
social context showed in a dramatic way the political
and technical limita
tions of the existing planning systems. Social
conflict and the uncertainties
and vulnerabilities arising from the way the countries
were placed in world
markets challenged the assumptions of the planning
new, more strategic concept of the planning process techniques in use. A
started to develop.
The coordinationproblem. The questioning of whether
the different facets
of government shared a unity of purpose and
consistency of action led to a
cha ige in the perception of coordination problems.
Faced with decreasing
resources, overwhelming short-term pressures
and the weakness of the
central decision-making authorities, government
institutions made use of
discretionary powers to reinterpret their mandates.
In the new approach to state organization, horizontal
relationships were
viewed as critical. The state began to be seen as
similar to a market where
different power groups confront each other and
resources are allocated.
From this perspective, it had little resemblance
to the centralized, bureau
cratric structure envisaged by conventional planning.
Consequently, iden
tifying and evaluating the interdependence between
units became crucial to
the understanding of linkage problems.
Organizational structure of research and extension.
Overwhelmed by
mounting pressures and problems arising from
declining state resources,
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fractured power and external demands, the development of research and
in
extension slowed down until, in most cases, stagnation set in. Indeed,
(Barsky
some countries, there had already been stagnation for some years
within
feeling
growing
a
also
was
and Pifieiro, 1985). In addition, there
agricultural
public
that
governments and among farmers' associations
institutions were becoming excessively autonomous.
on two
Attempts to deal with the problems arising from the crisis focused
ineffective
The
issues in particular: therole ofextension; and centralization.
involve
ness of these attempts contributed to the growth of private sector
factor
ment in agricultural technology. A separate but equally significant
internal
which contributed to this growth was the state's attempt to reduce
agricultural
complexity and divest itself of the some of theresponsibility for
to the
functions
extension
and
research
some
over
technology by handing
private sector.
pattern
The role of extension activities. The limitations of an institutional
required
that
groups
with
confronted
based on functional specialization but
clear
multidisciplinary and multi-institutional supportbecame dramatically
focus
to
and
targeted
when agrarian policies began to be more specifically
pro
more on resource-poor farmers, as in the case of rural development
modifica
grams. This led to a situation in which continuous organizational
organiza
tions were being imposed on extension activities; in contrast, the
tional framework for research activities remained relatively stable.
gov
The constant search for a better coordination within and between
ernment institutions led, and continues to lead, toephemeral arrangements,
support.
most of them lacking the necessary administrative and political
which
institutions
various
among
Extension responsibilities are distributed
agrarian
with
associated
be
may
work with different types of farmers,
or
reform or rural development, and can be administered at either national
institutions
of
both
local level. Problems arise because of the multiplicity
solve
and of their orientations, and differing views emerge as to how to
approach.
these problems. Each institution seeks to legitimize its particular
trans
Debates arise as to what extension means (education or technology
or
fer), what its goals are (empowerment, acquisition of a new set of values,
how
attitudinal change), who it is for (the farmer or the rural family), and
mass
through
or
groups
farmer
through
it is to be carried out (individually,
communication).
Centralization. The model of the decentralized research institution as
which
sumes that there is a strong state with clearly defined policies in
develop
overall
the
with
sectoral and technological plans are consistent
research
ment strategy. The fact that this scenario seldom existed, and that
and extension activities had a wide scope in terms of types of farmers,
the semi
commodities and environments, explains why in many cases
in
autonomous institution had become an arena for tensions and conflicts
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the allocation of resources. Central planning
mechanisms were unable to
formulate clearguidelines for identi fying
research and extension priorities.
This role had to be assumed by the institutions,
leaving other levels of the
government with scant supervisory capacity.
The institutions started to play politicai
games, searching for potential
allies by distributing resources such
as the location of their stations and
agencies and the types of technology
they generated and transferred. The
main factors determining their priorities
and the location and conduct of
their activities were intra-institutional
interests, the interests of farmers'
associations and the central budgetary
units of the government. These
pressures were felt at all levels of the
institutions, each level being influ
enced by varying viewpoints and interests
(Martinez Nogueira, 1988).
A common response to this situation
was to impose greater centralized
control from the highest government
levels. This had important effects on
the links between research and extension
and on the degree of success that
each activity had in meeting its objectives.
Compared to extension, research is easier
to orientate through resource
allocation; it is also determined to some
extent by the researcher's discipli
nary background. Extension can be controlled
from the centeronly in terms
of how itis carried out; it is in the field
that theactual contentsof the activity,
the specific relationship with the farmer
and the technologies transferred
aredecided. These differences also reflect
the different social linksof the two
activities. In research, pressure is exerted
at the policy-making and re
source-allocation levels, whereas the
pressures on extension arise locally.
The role of the private sector. The private
sector, in the form of farmers'
associations, non-governmental organizations
(NGOs) and private compa
nies, began to play an increasingly important
role
during this period.
In this context, it is important to stress
that access to technology varies
greatly among farmers. Those who
are more sensitive to technological
change, and have greater resources
to
production, demand more from researchincorporate it into their units of
than from extension. They have
access to private professional services,
they are members of farmers' asso
ciations that provide assistance and
they can purchase technologies avail
able in the market. The small farmers
come
ogy mainly through government services. into contact with new technol
These differences became par
ticularly noticeable in the late 1970s when,
with the decline of most govern
ment services, more attention began to
be focused on private sources of tech
nology. As the number of private sources
increased, so too did the complex
ity of the organizational arrangements
and linkage mechanisms.
The growing importance of the private
sources of technology is yet
another manifestation of a recurrent
phenomenon already noted in earlier
periods. When farmers with resources
and specific technology needs do not
find an adequate response from the
state, either because their aims differ
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from the state's aims or because they are unable to exert pressure on research
institutions, they set up their own services (Kaimowitz, 1988;Pifieiro, 1983).
An early example was the creation of the Colombian Coffee Growers' Fed
eration in 1927. In Argentina, th Consorcios Regionales de Experimen
taci6n Agropecuaria (CREA) were set up in the late 1950s by medium- and
large-scale farmers who felt that their need for technical information was
not being adequately met by the public sector (Martinez Nogueira, 1988).
Widespread and increasing NGO involvement in agricultural technol
ogy is evident in this period. Generally externally supported, these NGOs
work with poor farmers, assisting in the development of new organizations
and providing a channel for the acquisition of new technical, managerial
and political skills. Some NGOs, such as Central Ecuatoriana de Servicios
Agricolas (CESA) in 7cuador and Centro Para el Desarrollo Social y
Econ6mico (DESEC) in Bolivia, have been highly successful; in a few
countries, including Bolivia, they have even become the most important
means of transferring technical knowledge to the farmer (Barsky, 1988).
Private initiatives have proved highly effective. In the case of private
institutions which are commodity-oriented, the main reasons for this suc
cess are that they have homogeneous clienteles, which enables them to have
? more focused concentration of activities, and their internal structure is
clearly defined, which facilitates control by the center. In the case of the
privately developed farmers' consortia, such as those in Argentina and
Uruguay, the factors which have contributed to their success are the
members' common social background, their economic resources and their
fairly high level of understanding of technical matters. The effectiveness of
NGOs emanates mainly from their small scale, their flexibility and their
project orientation; even when they depend heavily on support from
outside sources,bc 1h public and private, their legitimacy at grass roots level
is well established; governments have recognized this by starting to give
them a role in the implementation of programs to alleviate rural poverty.
Summary
A dramatic increase in the ur.certainties faced by Latin American
societies and their governments, with a downward trend in the levels
of economic growth. This was accompanied by a decrease in the state's
capacity to orient society and promote development and a tendency to
hand over tasks to the private sector. Crisis management prevailed,
with the state's efforts focused on pressing short-terAt problems.
Planning systems were reorganized, with a progressive loss of confi
dence regarding their effectiveness and their ability to adjust to new
circumstances. Resources declined, putting additional strainson public
institutions; the state attempted to handle this by making frequent

100

MartinezNogueira

attempts to reduce the autonomy of implementing agencies. Expan
sion ofpublic institutions was curtailed, resulting ina decreasein their
scientific and technological potential.
An increase in structural complexity, resulting from the creation
of
new organizational arrangements to deal with specific problems and
sectors of the population and from the consolidation and expansion of
private and quasi-government involvement in agricultural technol
ogy. Situational complexity continued to increase as a result of the
uneven impact of the crisis or, different commodities and type
of
farmers. The frequent modifications of the organizational frame, ork
for extension were symptomatic of growing analytical complexity.
Inherent in some of these measures was a recognition of reciprocal
interdependenciesand hence the need to reduce functional specializa
tion.
Inability of extension to play its buffer role because it was the subject
of frequent reorganization in attempts to determine its role and
location in the organizational structure. This sometimes led to
re
search attempting to by-pass extension altogether and link directly
with farmers. The growing attempts to centralize decision making
dislocated links between research and extension.
The Present
Role of the state: Newchallenges. The policycontext whichdetermined
the
role of the state during the crisis period persists. However, although
there
are some efforts being made to design specific organizational structures
which suit this context, more attention is now being paid to the develop
ment ofgeneral ideas and proposals which will meet the challenges
emerg
ing from the crisis situation.
These challenges have a dual nature. On the one hand, public institutions
must become more efficient and effective because of the pressing situation
in terms of the resource base and the need for less costly and
more
productive technologies. On the other hand, while many new
private
institutions have been established and have provided alternative means
of
generating and transferring technology, their actions must be made
consis
tent with national priorities, and efforts must be made toascertain how
their
activities can complement those of the pubhi institutions.
The most critical issues in the current situation are:
" the exhaustion of the develoij.,;ent model which has oriented most
state policies since the Second World War
" the serious problems arising from the foreign debt situation, which
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necessitate a renewed effort to diminish the burden of agricultural
imports and to heavily promote exports
" the state's financial crisis, which requires a reorientation of public
spending
" the introduction of adjustment policies in an attempt to overcome
current difficulties and reorientate the economies
In the face of these problems, government policy is best oriented on the
basis of strategic proposals rather than on the basis ofa set of detailed, com
prehensive plans; the latter course is being abandoned almost throughout
the region. There is a heated debate as to the role and functions of the state,
and attempts are being made to focus action, make better use of scarce
resources, improve performance and redefine the role of the private sector.
Impact of new challenges on the organizational structure ofresearch aid
extension. Agriculture has taken on renewed importance, and is now being
seen as a strategic means to alleviate current difficulties. Against this
background, various trends can be identified:
" increasing concern about the technological lag that could occur in
Latin American countries in relation to research progress being made
elsewhere, and about the private appropriation of the results of this
research
" consolidation and expansion of private efforts in the field of technol
ogy generation and transfer
questioning theappropriateness ofthe prevailing institutional model,
with its centralized nature and lack of flexibility
In response to these trends, the national systems have undergone various
kinds of reorganization in an attempt to increase decentralization, improve
efficiency in the use of resources, acquire new sources of finance, introduce
greater flexibility and derive maximum benefit from accumulated scientific
capabilities. Major organizational changes are currently under way in
Argentina, Colombia, Ecuador, Mexico and Uruguay.
The debate on extension has continued, to the point where even the term
itself has fallen into disuse. Greater emphasis is now being given to what is
specifically connected with technology transfer, and it is in this area that
most new institutional arrangements are occurring. In Chile, for example,
the Instituto Nacional de Investigacion Agropecuaria (INIA), has followed
the example of the CREA groups in Argentina and established its own tech
nology transfer groups (GTrs). Comprised of farmers, these groups ex
change their experiences of different technologies with each other and
receive technical support from INIA; once they reach maturity and can
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operate with minimal support, INIA partially disengages
from them
(Goldsworthy and Kaimowit2, 1988).
Efforts to increase the relevance and responsiveness of research
and ira
prove its links with extension include conducting on-farm research
and
redesigning the functions of the experiment stations. On a broader
scale, it
has become clear that certain features of the organizational
structure,
particularly those relating to increased centralization, are unworkable
in
the present situation. The desire to achieve adequate control
through
centralized coordination mechanisms clashes with the ability
of powerful
interest groups to persuade high-level policy makers to meet
their de
mands. Overloaded by detail, the state loses sight of strategic
issues and
becomes enmeshed in bureaucratic procedures. This weakens
its adminis
trative and information dissemination capabilities, inhibits regional
and
local adaptation of policies and restricts the capacity for mutual
adjustment
between the institutions implementing these policies. The institutions
begin
to compete with each otherand to develop contradictory aims and
interests.
In such a situation, coordination mechanisms become inoperative.
Thus, it has been necessary to change course. In the debate as
to how to
do this most effectively, certain major issues have come to the fore
- decen
tralization, farmer participation, cooperation between public
and private
institutions, and interaction between research and extension.
Decentralization.During the crisis, a common policy was to try
to reduce
the vulnerability ofresearch and extension to external pressures
by reinforc
ing centralization within institutions. Now, new approaches are
necessary
to decentralize these activities while preserving an institution's
ability to
plan, monitor and evaluate them.
The experience ofINTA in Argentina provides an example of why
a new
approach is needed. Originally, a central extension unit provided
the
general orientation ofextension activities. In terms of day-to-day
activities,
however, the extension agents were responsible to INTA's
experiment
stations; these stations also managed the research programs and
tended to
relegate extension to second place. Their supervision of extension
activities
was reduced tobureaucratic procedures and the extension agenthad
to use
his own initiative, within the broad guidelines provided by the
central unit,
as to how to dispose of the insufficient resources at his command.
Thus,
there was vulnerability in the field and heavy dependence on
the center for
direction.
,
To overcome such problems, attempts are being made to design
an or
ganizational structure that is both responsive to farmer's needs
and ori
ented by national policies and priorities. These new structures are
not based
on cen.ralized decision making, and central planning is evident
only in
terms of strategic issues. Planning is seen as a process in which
the core
features are participation by all relevant groups and emphasis
upon the
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evaluation of research and extension activities and their impact upon the
farmer. In other words, qualitative, rather than quantative, planning will
determine the direction of research and extension.
Decentralization is an organizational resource for coping with structural
and situational complexities. Decision-making powers are located at the
lower levels of institutions and closer to the farmer. To be effective and to
foster responsivesness from the farmers, administrative procedures have to
be simplifici. However, there is a risk that autonomous institutions which
lack a common purpose will develop. To reduce this risk, decentralization
must be complemented by other institutional mechanisms.
If responsivenessis desired,a systematic channeling
Farmerparticipation.
of farmers' demands through farmer participation in planning and decision
making is required. In this way, farmers' needs can be incorporated into the
problem identification, priority setting and progamming stages.
However, as in thecase of decentralization, there are risks attached to this
strategy. One is the possible corporate takeover of farmers' organizations.
Another is the possibility that research and extension institutions will
become arenas for resolving intrasectorial conflicts; if the interests and
demands of farmers who are pressurizing the institutions are not homo
genous, research will be pulled in one direction, extension in another. Thus,
integration between the two activities is adversely affected. This is less
likely to occur in situations where research and extension have a narrow
commodity or geographical focus; the greater the disparity in the produc
tion systems with which :he activities are confronted, the more likely it is
that farmer participation will threaten integration.
Cooperationbetween the public and private sectors. Technology transfer is
carried out not only by public institutions butalso by private agencies, and
problems arise in the attempts to set up operational coordination mecha
nisms between the two sectors. How to establish an effective cooperative
relationship between public and private institutions (such as NGOs, private
companies, cooperatives and farmers' organizations), with a cleardivision
of roles and well-defined complementarities, is an issue that has assumed
a new relevance in the light of declining state resources and growing
technological awareness among farmers.
In many cases, to establish this relationship requires a change in orienta
tion, attitudes and methods and a redesign of the prevailing linkage mecha
nisms. Public institutions have paid only slight attention to private sector
development of new scientific and technological capabilties, partly because
of the public sector's traditional bias against the private sector. The results
of public research have been transferred through a limited number of
channels, without the involvement of the private sector.
Public institutions must develop methods tobring researchers into closer
contact with the farmer and make research results accessible to all those
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involved in technology transfer (Bunting, 1986). Extension services
mustbe
more flexible, in recognition of the fact that there are many different
types
offarmers and thus many different ways oftransferring technology,
and the
activities of extension workers must reflect a greater awareness
of the
services being provided by private institutions. Whereas commercial
serv
ices and collaborative arrangements are becoming more widespread
among
larger farmers, cooperatives and NGOs are providing services
to small
farmers, thus complementing the work of traditional extension
services.
It is likely that the outcome of adjustments to take accountof these
factors
will result in the establishmentof networks ofinstitutions, linked
bya variety
of mechanisms.
Interactionbetween researchandextension. The new challenges to the
organ
izational structure of research and extension have highlighted
the need to
establish more effective interaction betIween the two activities.
In order to
meet this need, revisions must be made in three particular
areas: use of
financial and material resources; evaluation criteria; and personnel
man
agement.
Links at the local level require a flexible use ofresources, butpublicsector
regulations limit this flexibilityby inhibiting the exercise ofdiscretion
at this
level. These constraints also limit participation in decisions
concerning
resource management. This rigidity must be overcome.
The differences in the nature of research and extension means
that
follow-up and evaluation aie usually based on cdifferent indicators.
Whereas
research is evaluated on the basis of conventional scientific
criteria, the
evaluation of extension is concerned with the effective transfer
of technol
ogy. These differences give rise to different routines and behaviors
aimed
at satisfying the evaluation criteria. New evaluation criteria, which
combine
relevance, adequacy and transferability, must be developed.
Public sector personnel management regulations require a clear
defini
tion of the powers and obligations of each staff member. Currently,
the defi
nition of a researcher's role is much less controversial than the
definition of
the role of the extension worker. Associated with these definitions
are im
portant salary, promotion, and career development differences
between re
searchers and extension workers, which contribute to the lack
of effective
interaction. Policies related to these issues must be revised.

Conclusions
A general pattern of progressive institutionalization of research
and ex
tension emerges from the historical review of public sector agricultural
re
search and extension in Latin America. From this pattern, certain
conclu
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sions can be drawn as to the main factors which should be taken into account
in the design of new organizational and institutional structures.
Organizational and Institutional Pattern of Development
As indicated in the introduction to the historical review, the Latin
America experience does not differ substantially from that in other devel
oping regions. However, it mustbe borne in mind tha! in some respects the
heritage c government organizations and the challenges that they face
differ from one region to another, and thus some elements of the pattern
outlined here are peculiar to Latin America.
The pattern of organizational and institutional development in relation
to agricultural research and extension is as follows:
" The initial situation is characterized by the existence of a variety of
independent institutions, each institution fully exercising its own
decision-making powers and pursuing its own objectives; there is
little distinction between research and extension. There is minimal
complexity, interactions are random and linkage does not seem to
constitute a problem.
* The number of institutions participating in research and extension
activities increases, and there is a corresponding increase in structural
complexity and functional specialization. The state attempts to reor
ganize the structure by placing both activities under the same author
ity. Research and extension are seen as forming part of a functionally
related whole; this pooled interdependence is controlled through
hierarchical arrangements aimed at achieving coherence.
" The objectives of the state policies expand. As a result, more institu
tions, with a wider range of client groups, commodities and environ
ments, are created and there is greater differentiation between re
search and extension. This increas,: in structural and situational
complexity leads to a change in the concept and objectives of exten
sion; it is first seen to be sequentially related to research, but later a
reciprocal relationship is evident. National planning attempts to
achieve compatibility between the policies governing the two activi
ties and between these activities and sectoral objectives. The organiza
tional structure is redesigned, based on the systems approach, in an
attempt to ori:ntate institutions towards a common goal and coordi
nate their actions through centralized control.
" Complexity continues to increase, and the inadequacy of previous
arrangements becomes evident. The nature of research and exten sion
and the diversity of the environmental conditions they confront
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renders hierarchical arrangements ineffective in terms of orientating
the activities. The attempt to monitor activities leads an overflow of
data at the upper levels of the organizational structure. Centralized
planning mechanisms fail to promote effective linkage at operational
levels. In an effor: to provide specific responses to the variety of
economic and social demands, there are instances of some links being
created at the operational level, based on mutual adjustment between
activities.
In the context of increasing complexity, the state recognizes the need
to improve the efficiency and effectiveness of research and extension,
to introduce a greater degree of flexibility and to derive maximum
benefit from accumulated scientific knowledge. This, in turn, leads to
a recognition of the need for constant interaction between research
and extension, and hence less differentiation between the two activi
ties. A major reorganization becomes necessary. The central features
of this reorganization are an increase in decentralization, farmer
participation, cooperation between the public and private sectors, and
the establishment of interactive linkages between research and exten
sion. Associated with this process, new modes of action are devel
oped, including on-farm research, researchers working with t.chnol
ogy transfer groups, and the allocation of some research responsibili
ties to extension workers.
Design of New Organizational and Institutional Structures
The historical review shows that the design of new organizational struc
tures should take into consideration the policy context in which they
operate and the type, source and frequency of the interactions research and
extension institutions are expected to develop with the different sectors of
society. Contingency theory, a well-developed perspective in organiza
tional analysis, postulates that an institution's effectiveness depends on the
"goodness of fit" between policy context and organizational structure.
This implies that prior to reorganization, the policy context should be
analyzed. The more fragmented the power structure and the larger the
number of people involved in formulating and implementing research and
extension policies, the greater the complexity of the organizational struc
ture will have to be. Given this greater complexity, the most effective
reorganization should incorporate a reduction of differentiation between
research and extension at lower institutional levels which are closer to the
far.mers while, at the same time, creating buffer mechanisms to protectbasic
and strategic research activities from short-term demands and political
uncertainties.
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The evaluation and selection of organizational structures is influenced
by the conceptualization of the state's ability to formulate and implement
coherent policies. Thus, to design appropriate structures, an analysis must
first be made of the assumptions underlying these conceptualizations and
of how these assumptions conflict with realiiy; the analytical tools used
must be capable of capturing the complexity of the environment and of the
interaction of research and extension with this environment. In general, a
modest view of the state's managerial and administrative capabilities
should be adopted, with planning being guided by strategic considerations
at the central level an Jfostering participation and interaction at the opera
tional levels (Cro."ier, 1987). To establish more effective interaction, the
design of new structures must take into account the need for greater
flexibility in the use of resources, for coherence in the evaluation of research
and extension activities and for personnel management policies which
incorporate a clear definition of roles and more equitable terms and condi
tions of employment between researchers and extension workers.
In terms of the design of the institutions themselves, the choice consists
of various ways of allocating tasks, of regulating interdependencies and of
allowing for complexity. It has been shown that excessive differentiation of
research and extension, based on functional specialization, has resulted in
severe linkage problems. However, the nature of the two activities makes a
certain degree of differentiation unavoidable. Thus, institutional design
should aim at achieving an adequate balance: differentiation should incor
porate the recognition of the particular knowledge and skills required in the
generation and delivery of technology, but it should not be so great as to
isolate one part of the process from the other. It is important to remember
that research is not a homogeneous activity. While, on the one hand, a
logical step towards avoiding linkage problems may be to reduce the
differentation between extension and adaptive and applied research, on the
other a differentiation between these activities and basic and strategic
research may be necessary to protect the latter from everyday demands.
In the light of a growing understanding of the nature of the interdepend
ence between research and extension, the design of linkage mechanij:us
and the perception of linkage problems has changed. Team interdep:td
ence, whereby the technological needs and priorities in a given situatio,' 'are
established as a result of close collaboration between research and exten
sion, is now seen as the most effective way of carrying out these activities.
Thus, institutional design should allow for mutual adjustment at opera
tional levels, and this implies inat the decentralization of certain decision
making powers must be undertaken. The need for decentralization is
reinforced by the high levels of complexity which now characterize the
organizational structure of research and extension and the policy context in
which they operate.
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4
Intergroup Relationships in Institutional
Agricultural Technology Systems
PaulBennell

Links between agricultural research and technology transfer can be ana
lyzed from a number of perspectives, including economic, political, organ
izational and socio-psychological perspectives. To date, much of the discus
sion on the links in developing countries has focused on organizational
issues and much less on the human behavior that shapes the relationships
between agricultural research and technology transfer personnel. How
ever, as Frosch points out, "the single most important point about technol
ogy transfer is that it is a human process.... Unfortunately, it is frequently
treated asan organizational difficulty, or a communications problem, tobe
dealt with by the establishment of the appropriate reports, planning sys
tems and organizational modes" (Frosch, 1984). This observation is based
on the findings of a survey of relationships between research and develop
ment (R & D) groups in industrial corporations in the USA, but it appears
equally valid for agricultural research and technology transfer groups in de
veloping countries.
The purpose of this paper is to investigate the potential impact of various
behavioral and socio-psychological processes on the relationships between
agricultural research and technology transfer personnel in developing
countries. Building effective links within institutional agricultural technol
ogy systems (IATS) requires that the individuals participating in these
systems have certain values, attitudes, beliefs and goals which motivate
them to relate to each other as well as possible. Normally, each IATS
comprises two major groups of individuals (typically "researchers" and
"extensionists") who interact in various ways. From a socio-psychological
therefore, with the perceptions, moti
perspective, my primary concern iL,
individuals, in order to identify how
these
of
vations, feelings and actions
109

110

Bennell

they influence, and are affected by, the relationships between
the two
groups. Social psychology  the study of behavior in social contexts
- is
able to offer considerable insights into the nature of these relationships.
The paper is structured 3s follows. The firstsection, "Links between
IATS
Groups", briefly discusses the types of relationship which
are officially
prescribed, which are theoretically possible, and which actually
exist they are usually different- between the twogroups. A simple model
ofthe
organizational structure and associated occupational subgroups
commonly
found in public sector IATS is presented in order to facilitate the
analysis.
The second section, "Relationships between Groups", considers
the distinc
tion between interindividual and intergroup relationships. In the
third and
fourth sections, I examine the usefulness of the two main socio-psychologi
cal theoretical approaches to intergroup relationships, Realistic
Conflict
Theory and Social Identity Theory, for explaining relationships
between
groups within IATS.
Other relevant characteristics ofgroups notspecifically covered by
these
theories are dealt with in the fifth section, "Intragroup Characteristics
and
Intergroup Contact". The sixth section, "Occupational Groups
and Struc
ture", focuses on more strictly sociological explanations of occupational
groups and their inter-relationships. In final section, Isummarize
and draw
some conclusions.

Links between IATS Groups: An Overview
The Desired Relationship
The importance of establishing effective research-technology
transfer
relationships has been constantly reiterated by developing-country
politi
cians, policy makers, IATS leaders and other experts in official
statements
and policydocuments, as well asat national and inter, ational seminarsand
other meetings specially convened todiscusslinks within IATS (forexample,
see FAO, 1979; Asian Productivity Organization, 1980; Cernea
et al, 1984).
The linkage requirements of IATS are determined by the specific
nature
of each technology generation and technology transfer subsystem.
In geri
eral terms, however, individual members of these subsystems must
interact
with each other to perform all or some of the following functions:
" diagnosis of producers' problems
" testing of new technologies
" communication of new information from research to technology
transfer
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" feedback of information about the performance of agricultural tech
nologies from technology transfer to research
" training, mainly of technology transfer staff by researchers
" provision of services and regulatory functions (for example, seed
testing, pesticide registration, soil testing, plant pathology services)
In developing countries, it is the third function, the commurication ofin
formation from research to technology transfer, that has received most
attention from public sector institutions. However, increasing emphasis is
now being given to the need for more intensive collaboration between re
searchers and technology transfer workers in developing technology pack
ages for producers. Lionberger refers to this process as the "information in
tegration" function (Lionberger and Chang, 1970; Lionberger, 1986). Con
sequently, the testing and feedback functions have assumed greater impor
tance.
This has critical implications for the nature of links within IATS. In the
past,links were characterized by sequential, functional interdependence, in
that the research grcup was seen primarily as providing knowledge and
technology to the extension group which, in turn, transferred these to
farmers. However, in operational terms neither group impinged signifi
cantly on the other. The new emphasis on information integration means
that links within IATS are now conceived in terms of reciprocal, task inter
dependence. That is, neither research nor extension can fulfill its responsi
bilities without the operational involvement of the other.
Given the high degree of interdependence between the two groups it is
usually argued that links should be strongly collaborative, facilitated by
good communications, and with the members of each group well motivated
and endowed with the necessary skills to interact in the prescribed fashion.
Feelings and attitudes of trust, mutual respect,empathy and understanding
should therefore underpin linkage relationships.
Possible Relationships
The types of relationship between IATS groups that are theoretically
possible can be categorized as follows:
" cooperative-collaborative, asis normally officially prescribed by IATS,
where both parties are strongly motivated to interact effectively with
one another
" competitive-collaborative, where there is considerable competition
between the groups but where each group's need to collaborate with
the other in key areas enables workable compromises tobe reached on

112

Bennell

the basis of constructive bargaining (cooperative- and competitive
collaborative relationships should be seen as part of a
continuum
rather than as pure categories)
" conflictual-engagement, associated with negative feelings
and atti
tudes (such as hatred, dislike, mistrust, annoyance, condescension,
disdain, jealousy, lack of respect) and where group members
openly
engage in conflict with little scope for compromise
" conflictual-avoidance, again associated with negative
feelings and
attitudes, but where one or, more typically, both groups
avoid -nter
acting with each other to varying degrees
" indifference on the part of one or both groups; here interdependence
between the groups is perceived as zero or insignificant
This is a useful categorization of possible relationships between
groups
in IATS. In practice, however, relationships are often more
complicated
than this. For example, the categorization implies that each
group
metrical views about the other. While collaborative relationships has sym
are gener
ally based on symmetrical motivational needs ofboth groups,
relationships
in which the motivation for one group to interact wi th the
other is asymmet
rical can also exist. In this situation, one group is dependent
on the other
and is therefore motivated to collaborate, whereas theothergroup
has little
or no motivation and is largely indifferent. The nature of
the relationship
depends on the distribution of power between the two groups
but, given
that one group is unwilling to collaborate, the outcome is
likely to be con
flictual.
It is also possible for different combinations of relationships
to co-exist
with respect to different functions or individuals: "Two organizations
may
engage simultaneously in different types of cooperation or
contest interac
tion focused on different issues and involving different
configurations of
personnel, interest, domain sectors, and types of resources
applied to the
issues" (Thomas et al., 1972).
The Relationship in Practice
A review of the recent literature on links in IATS, including
papers given
by IATS personnel at international and national meetings,
shows that the
research-extension rela tionships in developing countries rarely
correspond
to expectations or officially prescribed norms, given
the nature of the
alleged interdependence between the two. That is, links are
only exception
ally cooperative-collaborative or even competitive-collaborative.
Palmer
and his associates, forexample, nodoubt heavily influenced
by theirCentral
and South American experience, suggest that conflictual-engagement
rela
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tionships are the norm between research and extension organizations in
developing countries:
The research-extension relationship is often poor. This situation has
resulted over many years as a result of competition for funds, man
power and physical facilities and the perception of each service's
performance by the other. Administrative and budget structures
generally discourage rather than encourage communication,coopera
tion and integration of the two services. There is often little or no
contact and a lack of respect between the two groups. Often there are
power struggles between the heads of the two agencies (Palmer etal.,
1983).
I argue, however, that such openly conflictual reiationships are in fact
fairly rare among IATS indeveloping countries. The available evidence sug
gests that relationships characterized by conflictual-avoidance and indif
ference are more common. As Compton remarks, "the biggest problem may
be that such strains and tensions (between research and technology transfer
groups) exist but there is a general failure to recognize or accept this fact....
The failure to see the need for more effective interactive exchange between
research scientists and extension personnel is of greater concern" (Comp
ton, 1989).
A high level of indiffere.,e is borne out by two recent surveys of research
and extension staff. In a questionnaire survey of extension directors in 59
countries, Sigman and Swanson found that "contrary to the general expec
tations ofthe literature, only 17% and 16% respectively of those responding
perceive linkages and technology as serious problems" (Sigman and Swan
son, 1982); the directors ranked links eighth out of nine possible factors
affecting their institutions' performance.
A survey of Indian research scientists, carried out by Balaguru and
Rajagopalan, found that the scientists ranked an efficient extension service
as the least important of 12 factors determining their research output. The
authors concluded: "It is rather strange to note that the agricultural scientist
gave least importance to the extension service, which is considered the
hallmark of agricultural research output in the country" (Balaguru and
Rajagopalan, 1986). Rather than being strange, this situation is probably
quite common in developing countries. Ishall return to this in the section
on Realistic Conflict Theory.
Poor links are not confined to IATS in developing countries. Problems in
the relationships between research and development and/orbetween mar
keting and production departments in industrial organizations in both de
veloped and developing countries is a major theme in R &D management
literature. Furthermore, despite the differences between organizational
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environments, many factors seen as responsible for poor links in industrial
organizations are very similar to those which undermine relationships
between IATS groups in developing countries.
However, there are two factors confronting these IATS which distin
guish them from their counterparts in the developed world. First, they
are
often institutionally much weaker, with limited human and financial
re
sources and frequently with inadequate political support. In addition,
many IATS institutions are relatively young, particularly in coun trieswhich
have gained political independence in the past 20 to 30 years.
Second, the status and educational and cultural gaps between research
ers, extension workers and farmers are usually considerably larger
in
developing than in developed countries. I shall return to this issue
in the
sixth section of this paper.
Organizational Structure and Group Composition
IATSin developing countries have a variety oforganizational structures.
The most common structure within the public sector is the existence
of
separate research and extension departments, located in the same organizaFigure 1.Group composition and linksbetween subgroups Inthe
two-department single-apex management structure

AM

RM

4

EM

0 most Important links
AM apex management; RM research management; RP research professional; AS
research
support; EM extension management; SMS subject-matter specialist; EFW extension
field
worker; RL research liaison; EL extension liaison
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tion (a ministry, parastatal or university) or the responsibilityof separate or
ganizations (Swanson and Rossi, 1981). Here, I shall focus mainly on the
two-department structure with both departments controlled by a single
policy making/management group, which I shall refer to as apex manage
ment (AM).
Even within this fairly simple structure, intergroup relationships are
likely to be complex. In a typical research organization, three main sub
groups can be identified: the research managers (RMs), the research profes
sionals (RPs) and research support (RS), the latter including all technical
and administrative staff.
Extension personnel can be divided into the following subgroups: the
extension managers (EMs), theextension specialists (subject-matterspecial
ists, or SMSs), and the extension field workers (EFWs). In addition to these,
some IATS, especially the larger ones, have specific liaison positions, in
cluding liaison officers and information and training specialists. These
people may constitute distinct subgroups, research liaison (RL) and exten
sion liaison (EL).
In most discussions of the links between research and technology trans
fer within IATS, the greatest amount of emphasis tends to be placed (at least
implicitly) on the RP-SMS relationship and the RP-EFW relationship.
However, as Figure 1 shows, there are at least another five intergroup
relationships which have a key bearing on the effectiveness of linksbetween
IATS groups.
These intergroup relationships are:
" the RM-EM relationship
" the separate relationships of EM and RM with AM (that is, the EM
and RM relationships with government ministers, deputy minis
ters, permanent secretaries, directors general and their senior assis
tants)
" the SMS-EFW relationship (extension departments are increasingly
seen as being part of the agricultural research system, to the extent
that SMSs are becoming heavily involved in adaptive and systems
research; while this may strengthen the integration of the IATS as a
whole, it may weaken links between SMSs and EFWs; one of the
most critical linkage relationships at present is thus intra-depart
mental)
" the RL-EL relationship
These relationships need not be identical and may even be highly di
verse, ranging from cooperative-collaborative relationships to those which
are characterized byindifference (seeFigure 2 overleaf). Thus,each subgroup's
relationships should be studied independently. However, the relationships
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between the management subgroups are likely to be critical
in setting the
tone for those of the other subgroups.
Figure 2. Possible relationships between IATS subgroups
Type of

relation. Cooperativeship collaborative
Subgroups

Competitivecollaborative

ConflIctualengagement

ConflIctualavoidance

Indifference

AM - EM

AM-RM

RM-EM

;'P- SMS

RP-EFW

SMS - EFW

RL-EL

Relationships between Groups
In analyzing the relationships between groups, a precise distintion
must
be made between interindividual and intergroup behavior
and relation
ships. Some socio-psychological theories place primary
emphasis
role of interindividual relationships in explaining relationships on the
between
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groups. In contrast, the dominant theoretical perspective of contemporary
social psychology focuses on the existence of intergroup relationships and
behavior which, because they are the outcome of group processes, are quite
distinctive from those governed by strictly interindividual relationships.
Sherif defines intergroup behavior as occurring "whenever individuals
belonging to one group interact, collectively or individually, with another
group or its members in terms oftheirgroupidentification" (Sherif, 1966; italics
mine). Similarly, Turner argues that "the perceptionof ourselvesand others
is more influenced by group memberships (rather than by personal iden
tity)in somecontexts. The transition in cognitive functioning from personal
togroup identitycorresponds and underpins a shift from interindividual to
intergroup behavior" (Turner, 1982).
Interindividual Relationships between Groups
From inis perspective, the main concern is to identify the personality
characteristics and the values and attitudes of individual group members
which exist independently of interaction between groups.
Individual personalities. At the simplest level, the linkage relationships
within IATS can be explained in terms of the interaction of individuals. If
the balance of personalities is favorable, then good relationships will
prevail.
Certainly, a common perception among IATS personnel and senior man
agers in developing countries is that poor links are often the result of per
sonality clashes. If this is so, then presumably removing key individuals in
extension and research who cannot get along would go a long way toward
overcoming poor relationships between groups.
Individual personalities are likely to be an important factor in shaping
relationships between IATS groups in certain situations. For example,
Akinbode, in his study of agricultural research and extension links in
western Nigeria, concluded that personality factors were the most frequent
cause of conflict between the two groups (Akinbode, 1974). Nor would it
seem that this factor becomes any less important with increased economic
development: in a survey of R & D organizations in the USA, Souder
concluded that "many distrust cases (between individuals in R & D and
other groups) are characterized by personality conflicts" (Souder, 1980).
It is quite common for social conflicts to be attributed to personality
clashes, both by observers and by participants. However, this still begs the
question whether individual personalities are the real cause of conflict, or
whether they are merely a symptom of poor relationships between groups
as a whole.
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It is well known thatpeople with broadly similarattitudes are more likely
to get on with each other than those who hold different views. If mutual
attraction is a component of a successful working relationship, then good
links between IATS groups will depend on ensuring that EMs and RMs and
other research and extension personnel who deal with each other have
similar attitudes. However, a major weakness of this argument is that
it
does not address the question of why people from different groups might
have different attitudes in the first place. In other words, the very disparity
in attitudes which is thought to be causing the problem may well origiiate
from some group or intergroup source.
Unfortunately, no empirical evidence has been collected on whether
there are systematic differences in the attitudes of research and extension
personnel thatare independentof group and intergroup processes. Itiscon
ceivable that people with different views and attitudes are attracted
to
different occupations and hence different groups. For example, it is some
times argued that research scientists tend to be individualistic, and are
therefore loners. As such they would be less likely to establish cooperative
relationships with technology transfer personnel.
Personality, culture and modernity. One of the major preoccupations
of
anthropology is to identify the effect of specific aspects of an individual's
culture in shaping his/her personality and/or behavior. Some of the main
personality characteristics that have been shown to beculturally influenced
include need achievement, aggression, dominance, conformism, anxiety,
self-esteem and cooperativeness. Such characteristics, if they are wide
spread within a population, could be important in explaining the nature
of
intergroup relationships within IATS.
A society's culture and structure shape social relationships and behavior.
Again, this has critical implications for relationships between IATS groups.
For example, the more socially stratified, authoritarian and/or status
conscious a society is, the mere difficult it islikely tobe for individuals from
different classes, status groups, castes or ethnic groups employed by an
IATS to collaborate effectively. Leonard's study ofagricultural extension
n
Kenya showed how formal organizational relationships were frequently
supplanted by behavior based on informal, political and ethnic patron
client relationships (Leonard, 1977). Cultural attitudes and behavior con
cerning relationships between people of different ages and sex are also
potentially significant.
According to modernization theory, poor relationships between IATS
groups in developing countries can be directly attributed to the extent
to
which individual employees have internalized "modern" values and atti
tudes. This is because "all forms of complex organization entail inconsisten
cies with prevailing norms and values in traditional societies more than
in
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modem ones" (Tannenbaum, 1985). Modem values and attitudes are
characterized by high achievement needs and a strong attachment to
occupational roles (professionalism). However, modernization theory is
too vague to be of much value in getting to grips with the complexities of
intergroup relationships withii, IATS.
In the absence of hard evidence, it is difficult to assess the role of inter
individual relationships in shaping linkage relationships in IATS. I hy
pothesize, however, that interindividual relationships are more likely to be
an important contributory factor if: (1) the group identity of researchers
and/or technology transfer personnel is low; (2) there are relatively few
individuals in each group (as is the case in small countries); and (3) both
groups work in close proximity to each other, especially in remote locations.
A key indicatorof the importanceof interindividual relationships would be
the degree of their variability, that is, the absence of stereotyping.
Intergroup Relationships
As noted earlier, the group rather than the individual is now the main
unit of analysis for theories ofintergroup relationships. Groups are seen as
distinctive socio-psychological entities which condition their members'
perceptions of the world around them, and especially their relationships
with other groups. This is thought to be a collective process that is not only
not the sum of the individual attitudes and actions of group members but
may even depart considerably from some individual preferences.
IATS comprise specific occupational groups whose members, by defini
tion, share the same or similar organizational pc-tions, participate in
equivalent work experiences, and consequently have similar organiza
tional views. However, it is important to recognize that individuals also
belong to other groups - for instance, extended families and ethnic,
religious, gender, recreational and political groups - which may affect the
relationships between occupational groups in various ways. For example,
if a researcher and an extensionist belong to the same political party this may
be an important influence on their professional interaction, transcending
otherinfluences. In short, membership of the research and extension groups
cannot be looked at in isolation from membership of other groups.
Intergroup relationships can be broadly divided into two distinct but
interrelated types - instrumental and expressive. Certain stakes and
processes are associated with each type.
Instrumental stakes and processes. Instrumental stakes are the resources,
both tangible and intangible, put at risk by each group undertaking shared
activities. They reflect the commitment ofeach group, and its potential gains
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or losses in the joint venture. According to Walton, instrumental stakes are
revealed when the following questions are answered:
" In intergroup plans, how much emphasis is given to the policie,
programs and philosophies of each participating group?
" What proportion of each group's resources will be committed to
implementing intergroup activities?
" How much operational control will each groupbe able to exercise over
joint activities?
" How much credit or blame will each group receive in the event of
success or failure? (Walton, 1973).
Walton argues that the instrumental stakes of collaborating groups may
be compatible, containing integrative potential, or they may be fundamen
tally incompatible, in which case they will give rise to conflict. Two types
of process are associated with compatible and incompatible instrumental
stakes between groups, namely problem solving and bargaining. Problem
solving occurs when the joint gain to both the groups is perceived as
variable, while bargaining occurs when the joint gain is perceived as fixed.
Instrumental stakes and processes reflect the goals and preferences of
each group and the objective conditions which facilitate and frustrate their
attainment. Realistic Conflict Theory (RCT) analyzes the relationships be
tween groups primarily in relation to group goals. RCT is the oldest and
most influential theory of intergroup relationships within social psychol
ogy. It will be discussed in greater detail in the third section.
Expressive stakes and processes. Expressive stakes and processes concern
the behavior of the individual that "expresses who the person and the group
Figure 3. Instrumental and expressive stakes and processes: Mixed
motive situations

Compatible
Group goals are

Instrumental stakes
and processes

Expressive stakes
and processes

Problem solving
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he represents wants to be in the situation and.. how he perceives and feels
about other participants and thegroup they represent" (Walton, 1973). Both
individuals and groups have identity attributes, all or some of which may
be at stake in their relationship. Compatible attributes lead to identity
reinforcement, while incompatible ones lead to identi ty denial. Social Iden
tity Theory (SIT) seeks to explain the nature of expressive stakes and proc
esses.
Walton argues that most relationships between groups contain all four
processes - problem solving, bargaining, identity reinforcement and iden
tity denial - and, as such, are "mixed-motive" situations (see Figure 3).
Furthermore, the prevalence of each of the four prnce-.s differs from one
setting to another and can change over time.

Realistic Conflict Theory
In this section I will explore the usefulness of RCT in explaining the
dynamics of relationships between groups within IATS. RCT was origi
nally developed by Sherif and his associates in the USA during the 1950s
and has subsequently formed the intellectual basis for much of theliterature
on inter-organizational/departmental conflict (Sherif et al., 1961).
The fundamental pr'oposition of RCT is that intergroup attitudes and
behaviorare determined mainly by the nature of the goals that link groups.
RCT is therefore concerned with analyzing the goals of each group and, in
particular, the extei.t to which these groups are interdependent.
The intergroup relationship is dominated by one of two types of inter
dependence which RCT terms as cooperative and competitive. RCT further
assumes that there is normally a clear, inverse relationship between coop
erative and competitive interdependence.

Competitive Interdependence
As its name indicates, RCT takes conflict between groups as its starting
point. Conflict is seen as the result of competition between groups for the
same resources. This may seem an unduly narrow perspective: surely, it
could be argued, there are sources of conflict other than just resources. RCT
overcomes this objection by adopting a wide definition of resources, which
itsees asboth concrete and abstract. Thus, groups may compete for tangible
resources, such as fu nds or physical inputs, or for less tangible ones, such as
power and status which, despite their abstract nature, have direct conse
quences for the rea!ization of a group's goals.
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Public sectoragricultural research and extension groups have a common
overall objective (to improve agricultural productivity), are often partof the
same organization, and are government funded. Thus, within the RCT
perspective, conflicts about their goals and priorities are bound to reflect
competition for both concrete and abstract resources.
Extensive research on RCT has demonstrated the powerful psychologi
cal forces which come into play between competing groups. According to
this research, personality differences or previous interindividual relation
ships play only a limited role in influencing intergroup relationships.
Typically, open hostility escalates rapidly between groups which have
a strong sense of ingroup identity and solidarity ( "us and them" feelings).
In such groups there is a marked overestimation of ingroup achievements
and underestimation of outgroup achievements. Misperceptions and mis
understandings play an important part in the development of competition.
Members of one group think that they understand perfectly the other
group's position, when in fact they do not. Areas which the groups share
in common are likely to go unrecognized, and to be seen as characteristic of
one's own group only. Aggressive group leadership emerges.
Where competition between two groups is intense and unavoidable,
RCT predicts that open hostility will break out between them. However,
apex management may refuse to allow hostility to manifest itself openly, in
which case the relationship will be characterized by conflictual avoidance
and suppressed hostility.
In other situations, competition between groups may be low, but indif
ference or conflictual avoidance still dominate the relationship. Walton
argues that this is mainly because of the lack of pressure to integrate
activities. In such cases the costs associated with failure to solve problems
or bargain appear to be very low - merely the disapproval of bureaucratic
superiors, a disapproval that is frequently more apparent than real. "Fail
ure to cooperate only involves opportunity costs, not regression from the
status quo" (Walton, 1973). The factors that dissuade groups from cooper
ating with one another include the bureaucratic time involved, the risk that
cooperation will fail, the lack of symmetrical gains in interdependent
ventures, higher vulnerability to attack as a result of increased organiza
tional visibility, and a desire to preserve a particular identity or status.
How important is competition for resources in shaping relationships be
tween IATS groups in developing countries? I shall consider intergroup
competition for the following types of resource: power and responsibility,
tangible inputs, status and rewards, and impact recognition.
Power and responsibility. The ability of a group to achieve its goals
depends completely on the power it possesses. Power is therefore the
ultimate resource on which all other resources depend. Intergr,'p compe
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tition for power is likely to be important where: (1)one or both groups are
unhappy with the current balance of power between them, and (2) the total
amount ofpower available is seen as a fixcd resource tobe divided between
the two groups; that is, the more research has, the less extension has.
In formal organizational terms, public sector agricultural research and
technology transfer institutions rarely have clear-cut de jure power or
control over each other. However, because there are other source.- of power
(coercive, expert, political, charismatic/personal) which either grcup can
exploit, defacto power is not normally equally distributed. Apex manage
ment often favors one group over the other (or is perceived as doing so),
especially when research and technology transfer are parallel branches or
departments of the same ministry or parastatal. The favored group is usu
ally agricultural research, because of its higher status and because apex
managers frequently have research backgrounds, but occasionally exten
sion may be favored by managers concerned about the limited impact of
research. Policy makers may also favor extension because it has a short-run
rather than a long-run time horizon, and because some extension activities
may pay substantial political dividends.
In formal organizations, competition between groups for power usually
takes place mainly at the leadership level. Senior IATS managers may have
spent many years reaching their present positions and strong rivalries
between them may have developed. Thus, the "heavy hand of the past" is
likely to be much in evidence in the current competition for power. Inter
individual competition among senior managers, especially for the few apex
positions that offer promotion, is also an important factor. Leadership
conflicts of this kind can destroy departmental cultures conducive to strong
linkage relationships.
A group's power depends on the extent of its formal responsibilities.
Consequently, intergroup competition for power often manifests itself as
conflict over functional responsibilities. However, the desire of one group
to take over some of the functions of another group may also be mctivated
by the conviction that the second group is not performing those functions
satisfactorily. This is often the case between research anJ extension. In
practice, then, it is rarely possible to disentangle the extent to which a
group's bid for power is influenced by its attempts t,stake out its access to
resources in a Machiavellian sense, and its desire to fulfill what it believes
are its rightful responsibilities.
Competition between groups over functional responsibilities can have a
number of consequences. One or both groups may try to reduce their
dependence on the other. Thus, in some countries technology transfer
institutions have tried to take increasing responsibility for adaptive re
search. Conversely, where agricultural researchers have held negative
views about the efficacy of technology transfer they have sometimes at
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tempted to internalize various technology transfer functions (especially
where these have a strong client orientation) or, alternatively, have dis
missed the role of technology transfer institutions in the belief that "good
technology sells itself".
The extent to which interdependence can be reduced varies according to
the type of research involved, as well as the topics covered. Technology
transfer institu tions cannot usually undertake strategic orapplied research,
especially on tree crops and on crop and animal breeding. With regard to
adaptive research, however, particularly in the areas of agronomy and the
social sciences, there is considerable scope for expanding the role of the
technology transfer group.
Tangible inputs. Competitionbetween groups for tangible inputs iscentral
to RCT. With regard to financial resources, the extent of competition will
depend on:
" The overall availability of funds. The greater the shortage of funds in
relation to present and future needs, the greater the competition is
likely to be.
" The extent to which the two groups view the resources available to
them as being fixed rather than variable in amount. If resources are
seen as largely fixed and emanating from the same source, this will
tend to encourage a competitive, bargaining type of resource procure
ment and allocation process.
" The degree to which the present breakdown in resources between the
two groups is seen to be equitable and stable. Frequently, norms
become established over time concerning this breakdown, with the
preceding budget being used as the main criterion for deciding
current allocations. Initiatives by apex management to change the
budgetary allocations can precipitate conflict.
As part of the programming and budgeting processes, it may be useful
to establish common resources that are earmarked for specific linkage ac
tivities. In this way, linkage resource requirements are clearly established,
thereby reducing competition for them.
Conpetition between groups for human, as well as financial and physi
cal, resources is also an important factor in many IATS. The intensity of this
competition will depend on the availability of individuals who meet the
required recruitment standards, and on the relative success of each group
in recruiting them.
The extent to which potential recruits are attracted by the prospect of
employment in each group is a critical factor. University graduates often
prefer a career in agricultural research, with the result that the research
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group is normally able to attract recruits of relatively high calibre. Exten
sion, on the other hand, is often regarded as less stimulating, even hum
drum, and may fail to attract sufficient numbers of high-quality graduates.
In addition, competitive feelings and attitudes may be intense when one
group habitually "poaches" recruits from the other.
The degree of intervention by apex management in the recruitment
process can also be a factor. For instance, ministries sometimes assign
recruits to extension departments instead of allowing them to work in
research, as part of a deliberate policy to strengthen extension. Such a policy
may be resented by the research group as favoritism, thereby exacerbating
competition.
Status and rewards. Intergroup competition over status and rewards is
endemic in the public sector labor markets of most developing countries.
Within IATS, this can often be directly attributed to the significantly higher
status and rewards enjoyed by the research group. Even where rewards are
broadly similar, competition may still be intense because, when negotiating
increases in rewards, each group may rely heavily on making comparisons
with the other. Where professional researchers have higher status than
professional extensionists - as they usually do - the latter are likely to
resent having to continually convince their governments that they are as
valuable as researchers.
Generally speaking, there is an ascending "hierarchy of status" which
goes from farmer to extensionist to researcher. According to Lionberger and
Chang, this hierarchy becomes less marked as agriculture advances and
becomes more specialized and sophisticated (Lionberger and Chang, 1970).
Thus, one would expect competition over status and rewards to become a
less serious factor in undermining linkage relationships in IATS as countries
develop their agricultural sectors.
In order to assess the impact of competition for rewards and status on
intergroup relationships in IATS, it would be necessary to: (1)determine the
size (over time) of status and reward differences between the relevant
occupational subgroups (AM, RM, EM, RP, RS, SMS and EFW, in my simple
model); (2) analyze the factors responsible for the differences; (3) ascertain
the extent to which the inferior subgroups (invariably those in extension)
perceive themselves asdisadvantaged; and (4) discover the extent to which
they interact competitively with the more privileged group or subgroups in
order to improve their positions. In view of the importance of this topic, it
will be discussed further in the section on "Occupational Groups and
Structure".
Impact recognition. Conflict between research and technology transfer
groups can arise as a result of the difficulty of disentangling their specific
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impacts on agricultural productivity and production. When both groups
are ineffective there is a strong tendency for each to blame the other. Over
time this can develop into a perverse kind of interdependence wherebyeach
group needs the other as a scapegoat.
From an RCT perspective, the resource implications of any attempt to
improve the links between research and technology transfer are critical,
since the benefits and costs of changes are unlikely to be the sameamong the
two groups. It may be necessary to substantially increase the resources
available to one or even both groups. The introduction of the Training and
Visit (T and V) extension system, for example, is usually accompanied by
budget increases for both groups. However, even this may be insufficient
to overcome competition that has existed over a long period or that hasbeen
created as a direct result of the attempt to bring the two groups closer
together.
In such cases it may be necessary to increase apex management control,
thereby reducing, in varying degrees, the power and autonomy of one or
both groups. Group, as well as apex, managers will normally be required
to exercise closer supervision. Attempts to improve linkage re.ationships
are often unpopular, and staff discontent will usually be targeted at their
own group managers in addition to members of the other group. Strong
leadership is needed to weather the storm.
Ultimately, if intergroup competition cannot be resolved effectively, the
only solution may be to reconstitute the groups through organizational
changes. This should be an option of last resort, however.
Cooperative Interdependence
Superordinate goals. RCTpostulates thatshared superordinategoals must
be established if conflictual intergroup relationships are to be transformed
into collaborative ones. A superordinate goal is one that has "a compelling
appeal for members of each group, but one that neither group can achieve
without the participation of the other" (Sherif et al., 1961).
In principle, IATS groups share the same superordinate policy goals,
since they are both formally mandated to pursue the national agricultural
objectives laid down by government. Clearly, however, in many countries
exhortations for research and extension to meet the technological needs of
farmers are not sufficient to ensure that they will collaborate effectively.
This is often attributable to an unstated lack ofgoverriment commitment to
agricultural development, coupled with the inability of agricultural pro
ducers, in particular smallholder subsistence farmers, to put sufficient
pressure on research and extension to ensure collaboration. Furthermore,
when agricultural development policies are only broadly stated, there is

Bennell

127

considerable scope forresearch and extension to interpret these as they wish
so that,in practice, each group'sgoals are not only significantly differentbut
may, in fact, be incompatible.
Operational measures. RCT places primary emphasis on the establishment
of superordinate goals, but the mere statement of such goals is not enough
to ensure more integrated IATS performance. To be successful, the intro
duction of superordinate goals must be accompanied by operational meas
ures, including the redefinition and redistribution of roles and tasks in such
a way as to stimulate a joint problem-solving approach. The following
conditions will normally have to be met:
" The technology transfer process must become central to both groups.
Where necessary, other responsibilities and activitits should be
downgraded or eliminated in order to create the required focus on
technology transfer. This has been a key aspect of the T and V ap
proach to extension (Benor and Baxter, 1984).
" The two groups must become more interdependent in operational
terms. This invariably entails important changes in the functional
responsibilities ofeach group and therefore a significant redrawing of
group boundaries. In the past,extension departments have often been
too passively dependent on research for information, and generally
unable or unwilling to engage in problem-solving activities. The
desire to change this relationship has underpinned recent attempts by
governments and do, tor agencies to move away from the traditional
concept of extension (as "techniques, methods and means of adult
education") to a new concept, that of "technology transfer", involving
a major new emphasis on adaptive research and the integration of
information.
"Mlished for
" Operational goal statements and objectives shoulc
possible
W
both research and technology transfer groups. 1
aictly en
these should be objectively verifiable, and they must
forced by apex and group managements. The activities and linkage
responsibilities of each group member should be clearly specified in
job descriptions and, more importantly, as part of the annual pro
gramming process.
" Formal and/or informal linkage groups (or teams) comprising both
research and extension personnel should be created. These would be
similar in approach to task forces or to the product teams used in
industrial R &D.
The leadership of new linkage groups is critical, requiring sensitivity to
the different backgrounds and needs of the research and technology trans
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fer members making up the new group. In bringing individuals from two
groups together, it is important that each subgroup within the new group
should continue to have distinct functions. Careful consideration must be
given to identifying the appropriate positions and individuals to make up
the new group. The farming systems research and extension (FSR/E) teams
established recently in a number of developing countries, especially in subSaharan Africa, are perhaps the most concrete examples of formally consti
tuted linkage groups of this kind. Such groups must often keep a low
organizational profile during their early years, in order not to be perceived
as a threat by other groups. In addition, it is important that they do not see
themselves as a new functional group having separate aims from both
research and extension.
The role of management. "Management, not the researcher, defines what
it wants R & D to do" (Berman, 1973). Superordinate goals must be
formulated and inculcated by policy makers and managers atboth theapex
and group levels. Developing political, managerial and staffcommitment to
superordinate goals is normally a considerable challenge. It may well be
necessary to replace current management with new personnel who are not
encumbered by the legacy of past tensions between the two groups. Even
this drastic measure may fail if traditional institutional culture and practices
are deeply ingrained at professional and subprofessional levels.
Apex management should be seen as impartial, concerned only with
fulfilling client needs. This will require the elimination of any inequality in
the power of the twogroups fostered, consciously or unconciously, by apex
management in the past. Steps should also be taken at the highest political
level to encourage farmers and their organizations to take a more active role
in determining the research agenda and ensuring that prescribed linkage
activities are effectively undertaken.
Asmentioned earlier, creating superordinate goals will normally require
an increase in the supervisory control exercised by apex management, espe
cially during the early stages of change. Nonetheless, interaction between
apex and senior group managers, while becoming more intensive, should
remain flexible, informal and open in order to create strong collegial
relationships based on trust. There must also be some tolerance of failure
among all three management groups.
The establishment of superordinate goals will normally depend on
changes in the institutional cultures of research and extension. Schein
defines institutional culture as "the pattern of basic assumptions that a
given group has invented, discovered ordeveloped in learning to cope with
its problems of external adaptation and internal integration" (Schein, 1984).
The strength of an institutional culture depends largely on the homogeneity
and stability of group memberships and the length and intensity of shared
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experiences, as well as on leadership. Apex and group managers have the
primary responsibility for establishing institutional cultures conducive to
positive intergroup relationships. Normally, the greatest potential for in
stilling the new culture will be among recent recruits, particularly at the
professional level.
The informal personal goals of both managers and staff can seriously
interfere with their commitment to superordinate goals. The existence of
complex networks of social obligation, coupled with pervasive patron
client relationships, are the most significant manifestations of this phe
nomenon There are no easy solutions to this problem.
Donors often play key roles in formulating new superordinate goals and
in the activities subsequently undertaken in pursuit of these goals. Such
interventionscan be useful during the early stages of an attempt to improve
links,but onlyif they are based ona detailed understanding of the dynamics
of intergroup relationships in IATS. In the past this has been the exception
rather than the rule.
The commitment of staff. RCT p( stulates that superordinate goals can
exert a positive influence only when the following conditions are met:
" The status and/or reward grievances of disadvantaged and dissatis
fied groups are adequately resolved.
" Individual goals are sufficiently compatible with superordinategoals.
The relative importance of individual attitudes and behavior which
adversely affect the performance of formal occupational roles must
therefore be taken into consideration.
" Sufficient weight is given to the attainment of superordinate goals in
performance appraisal and reward systems. The conventional ap
praisal criteria used in agricultural research (publications, potential
impact of new technology) and ext2nsion (visits/contacts, inputs
distributed) often give little weight to linkage behavior.
Blake and Mouton argue that commitment to improving relationships
between groups has to be based on the direct participation of group
members at all levels in intensive, carefully structured interactions with one
another. Theybel ieve that conventional approaches to reducingconflict (or
indifference) and building cooperation are "useful" but not sufficiently
"focused on penetrating the underlying dynamics" of the relationship
(Blake and Mouton, 1984).
Blake and Mouton's "interface conflict-solving model" helps groups
"generate the motivation and commitment required to escape an undesir
able history of conflict and establish new norms of cooperation and collabo
ration". Their approach requires that the key members of each group to
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interact both with each other and with the othergroup, using the following
steps:
Step 1: DeveloFing the optimal relationship. Each group works sepa
rately tocreate a model ofthe optimal relationship, in the lightof their
own problems and needs.
Step 2: Consolidating the optimal relationship. A model of a sound rela
tionship is then generated through the two groups' joint efforts.
Step 3: Describing the actual relationship. The current relationship is
described by each group separately, with members analyzing the his
torical factors that have shaped it.
Step 4: Consolidating the actual relationship. The two groups' perspec
tives are amalgamated in a jointly agreed picture that objectively de
scribes the current relationship.
Step 5: Planning for change. The operational changes to be made a.-e
jointly agreed upon and described in detail.
Step 6: Progress review and replanning. Dates are fixed for the two
groups to reconvene 3 to 6 months after the initial session in order to
review progress, criticize their new relationship, and plan the next
steps.
Individuals who are "respected neutrals" should be used asgroup facili
tators.
Inmost societies, people have little idea how theyoperate ingroups in the
workplace. Conseqnently, additional management initiatives should be
regularly undertaken to increase managers' own self-awareness and thatof
their subordinate staff.
Healthy competition. Establishing compelling superordinate goals rarely
means that all competition between groups will be eliminated. Some
management specialists argue that not only is some competition inevitable
within or among complex organizations but that it isalso desirable. Healthy
competition motivates both managers and their staff: if agricultural re
search and extension personnel are "too good friends" (Souder, 1980), the
resulting relationship is unlikely to be sufficiently challenging. Such com
petition also helps ensure that difficult problems are not suppressed but
dealt with quickly and openly. Where two groups have been uninterested
ir (or have avoided) each other, healthy competition forces them to relate,
thus providing a more effectivebasis for the establishment ofsuperordinate
goals.
The notion of healthy competition is based on impressionistic evidence,
mainly from the highly competitive environment of the USA. There is no
rigorous evidence within social psychology that competition between
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groups is desirable - :.'s own right. Field and laboratory studies have
almost always show L>at cooperative goals elicit superior performance
and that therefore the overall aim of management should be to encourage
as much collaboration as possible.

Social Identity Theory
Group Identity and Comparison
There hasbeen criticizism of RCT because ofits exclusive focusongroup
goalsand competition for resources, and its corresponding lack ofattention
to individual motivation and the psychological processes associated with
this. Thus, RCT takes the existence of groups as given and posits a simple
one-to-one correspondence between the objective existence of the group
and how it is perceived by group members.
SIT addresses these weaknesses of RCTby offering more strictly psycho
logical explanations of intergroup behavior and relationships. An impor
tant difference in the application of the two approaches is that SIT has been
developed primarily in situations where there is unequal power between
the groups which are being studied.
With regard to links within IATS, SIT offers many useful insights. It was
originally developed by Tajfel and his associates in the late 1960s in order
to analyze socio-psychological processes underlying tensions between
major social groups orcategories, most notably ethnic, national and linguis
tic (Tajfel, 1982; Tajfel and Turner, 1979; Turner et al., 1979). However, SIT
has also been applied to intergroup behavior in more micro-level organiza
tional setti igs, and as such is directly relevant to the analysis of links within
IATS (Bourhis and Hill, 1982; Brown, 1981; Brown and Williams, 1984;
Brown et al., 1986).
SIT has its intellectual roots in socio-psychological theories which are
concerned with the processes by which individuals interpret events. Ac
cording to these theories, a fundamental human drive is the comparison of
oneself with other people (Festinger, 1954 and 1957). All individuals desire
to be at least as proficient as those with whom they compare themselves.
They are thus motivated to test their own abilities against the abilities of
others, but they will only do so in ways that are unlikely to threaten their
own self-esteem. This determines the targets which are selected for com
parisons, and whether an individual's feelings towards others are positive
or negative.
A key proposition of SIT is that a group exists only in so far as it relates
to other groups. The imperative to compare is what drives relationships
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between groups. SIT relies on four key concepts: social categorization,
social identity, social comparison, and positive group distinctiveness.
Social categorization: Human beings are assumed to be continually active
in their efforts to define themselv es in relation to the world they live
in. A key aspect of this basic cognitive process is social categorization,
whereby each individual categorizes the social groups to which he/
she belongs and also those of other people. This segmentation of the
individual's world imposes a certain order and provides the focus of
self-identification.
Social identity: The individual's knowledge of his/her membership of
various social categories or groups and the intellectual value and
emotional significance attached to these memberships are defined as
his/her social identity.
Social comparison: This is the psychological process throi:gh which char
acteristics of the individual's own group (the ingroup) are compared
with those of other relevant groups (outgroups): "The characteristics
of the individual's own group achieve most of their significance in
relation to perceived differences from other groups and value conno
tations of these differences" (Tajfel, 1982).
Positive group distinctiteness: Individuals act in a manner to make their
own groups as favorably distinctive as possible from other groups:
"Every social groap attempts to achieveand preservea social identity,
and such an identity is always achieved in contradistinction to an
outgroup" (Tajfel and Turner, 1979). It follows, crucially, that "an
ingroup may discriminate against outgroups notbecause there is any
realistic conflict of group interests but simply to differentiate them
selves and maintain a positive social identity for their members". In
other words, the process of comparison creates competitive relation
ships,and thisis asmuch a subjective, psychological process as itis the
result of objective conditions.
If a group has "an inadequate social identity", its members will, accord
ing to SIT, attempt to change this situation in a number of ways. If the
inferior status is generally accepted, members will seek toachieve a positive
self-imageby individualistic means, notably by makirg favorable compari
sons with other ingroup members, thereby negatively affectingingroup co
hesion, or by trying to gain entry into the higher-status outgroup. If,
however, members reject their lower status, SIT identifies three possible
strategies for group action: (1) gain equality with the outgroup on relevant
characteristics; (2) redefine negatively valued characteristics positively (the
"black is beautiful" counter-resoonse); (3) create new dimensions not
previously used in intergroup comparisons. Based on empirical analysis of
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the processes of group cctegorization and comparison, SIT theorists have
developed a number of general propositions:
" The stronger the importance attached to belonging to a group, the
stronger ingroup favoritism and outgroup prejudice will be. In other
words, the level of conflict between groups is likely to be that much
greater the more group members are committed and loyal to theirown
group and the less interested they are in the goals of other groups.
" During intergroup conflict, group cohesiveness increases because the
external threat to the group brings members closer together.
* Stereotyping, based on the conviction that "they are all the same", is
a widespread symptom of conflict between groups.
" There is a universal tendency to exaggerate the differences between
individuals falling into different categories and to minimize these
within categories (Tajfel's law of categorization).
* The more similar groups are in terms of a characteristic, the greater the
need to create positive group distinctiveness with regard to this
characteristic and the more likely, therefore, that mutually competi
tive behavior will occur.
" The more threatened the ingroup by the outgroup, the greater the
ingroup antipathy towards the outgroup.
" Disadvantaged/dominated group members define themselves more
in terms of their social position and their group membership, whereas
more advantaged group members conceive of themselves less in
terms of the group and more in terms of personal cha"acteristi':s.
" Aningroupcan maintain positivesocial identitybyavoidingunfavor
able comparisons with more advantaged outgroups.
" The moredistinctive a particulargroupattribute, the more it will tend
to be evaluated positively.
" It is not possible to predict with any certainty what strategies a group
will adopt in order to improve its identity.
The Relevance of Social Identity Theory
Although SIT is more abstract and theoretically complex than RCT, it
provides a highly relevant framework within which to analyze relation
ships between groups within IATS. SIT nicely complements the neoWeberian theories of occupational structure and interaction, described later
in this paper. On the limited evidence available, the processes of categori
zation and comparison identified in SIT seem universal, not specific to
certain cultures. And the analytical methods ofSIT, while requiring careful,
structured questioning of respondents, are relatively straightforward.
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In accordance with the key concepts outlined above, a SIT analysis
of
relationshipsbetween groups in IATS would seek to: (1)unravel the
process
ofgroup categorization undertaken by individuals engaged in research
and
extension (including apex management); (2) ascertain the relative
impor
tance attached to ingroup memberships; (3) evaluate positively
valued
group characteristics and thelevel of group distinctiveness; and (4)
identify
the strategies used by individuals or groups to rectify negative
social
identity. This latter part of the analysis would be particularly relevant
to
extension personnel, who often suffer from negative social identity.
SIT is more pessimistic and thus more conservative than RCT
on the
potential role of management in improving intergroup relationships,
at
least in the short term. This is because comparisons between groups
are
usually the outcome of a long history of deep-seated status differences
between them. Nor does SIT claim to be able to predict the likely
strategy
ofa disadvantaged group. Thus, in practical terms, SIT tends to place
most
emphasis on changing group structures as the only effective way
of break
ing down disfunctional group categorizations and comparisons.
With regard to IATS, this implies abandoning or radically changing
the
current division of labor between "research" and "extension" staff.
perhaps most feasible in small countries, where there are fewer andThis is
more
closely knit staff. For example, in Jordan research and extension
as separate
job categories have been replaced by production specialists. The
more
ambitious FSR and on-farm research programs may also be radical
enough
to trigger the reconstitution of group identities. But it remains to
be seen
whether this wi~i also be true of T and V extension systems, which
usually
do not fundamentally change the job structure of extension or research.

Intragroup Characteristics and Intergroup Contact
In this section Iwill consider two sets of factors which, although
they are
not directly covered by RCT and SIT, can influence the relationships
between IATS groups. The first setof factors concerns intragroup
character
istics; these are work orientation and style, competence, and group
size,
complexity and cohesiveness, while the second set focuses on intergroup
contact and communication.
Intragroup Characteristics
RCT emphasizes those characteristics of groups that are directly related
to competition for resources. SIT, on the other hand, being concerned
with
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group identification and comparison, focuses more on group characteristics
as explanatory factors in their own right. Nevertheless, it is usually not
possible to determine a priori how specific similarities and differences
between groups will affect their relationships. In general terms, both RCT
and SIT predict that the greater the similarity between groups, the greater
the likelihood of conflict. However, it is usually the differences, not the
similarities, that are seen by the group members themselves as the cause of
conflict. These differencesare most evident in the areasof work orientation
and style.
Work orientation and style. Research and extension are distinct functions
with distinctive tasks and other characteristics. Thus,regardless of resource
competition and/or group identity issues, each group is "bound to see
things differently" (Thomas et al., 1972). This leads to legitimate differences
ofopinion between the two groups. When these get out ofhand, intergroup
relationships become openly hostile.
The alleged differences, in developed countries, between R &D person
nel and those involved in operations (mainly marketing and production)
have been extensively discussed in the R & D literature. The most com
monly cited differences are listed here:
" "Researchers primarily identify with their profession, not their em
ployer. They have no natural affiliation with industry" (Biller and
Shanley, 1975). Consequently, researchers keep themselves separate
and isolated from the production process.
" The goals of researchers are broader, less precise and measurable than
those of operational personnel: "R &D are mostly concerned with big
fundamental changes, whereas operations are happy with small in
cremental ones" (Westwood, 1984).
" Researchers have a longer time perspective, whereas opeiational
personnel are constantly engaged in resolving immediate problems.
The latter therefore tend to perceive their environment as being more
uncertain, and are more dependent on the activities of other col
leagues.
" There is more informality and collegiality among researchers than
among operational personnel, and a general aversion tobureaucracy.
Similar differences between researchers and extensionists are thought to
exist in developing countries. However, hard evidence to support the
existence of these differences in both develcping and developed countries
is lacking. Indeed, where alleged differences have been systematically in
vestigated, the findings have often been inconclusive. In a comprehensive
survey of industrial corporations in the USA, Gupta and his associates
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concluded that "the widely held notion thatR &D and marketing managers
are simply different and thus cannot cooperate with each other appears
to
have little substance" (Gupta et al., 1986).
Competence. The competence of a group in performing prescribed linkage
activities is clearly a critical factor. Within the extension group, the main
skill deficiencies are likely to centeron the ability togather and disseminate
information and to package and test technologies. Among the research
group, communication and training skills (rather than technical/intellec
tual competence per se) usually give the greater cause for concern.
In order to interact as equal partners with researchers, technology
transfer personnel responsible for linkage activities should have similar
levels of technical competence to those of researchers. As the agricultural
sector develops, ordinary extension field workers too will experience
pressure to upgrade their abilities as their role as simple information
dis
seminators becomes instead one of kno dledge integrator and farm advisor.
Group size, complexity and cohesiveness. There is little firm evidence
concerning the effects of group size, complexity and cohesiveness
on
relationships between groups. It is sometimes argued that the larger and/
or more complex the group, the more disputes it is likely to have with other
groups. This is because it is more difficult to achieve a consistent point
of
view among group members; inconsistency confuses the members of other
groups, putting a strain on relationships with them (Zander, 1982). How
ever, the opposite argument could also be true: since a smaller group
will
find it easier to maintain cohesion, it might develop stronger prejudices
against other groups.
It has also been suggested that groups which have coped successfully
with serious intragroup tensions and conflicts are less likely to develop
strong feelings against other groups (Billig, 1976). Again, the opposite might
also be true: group leaders might exacerbate intergroup tensions to distract
attention from current intragroup problems.
Intergroup Contact and Communication
The level of contact between groups has an important influence on their
relationships. Often, con tact between IATS groups in developing countries
is relatively limited. There are several reasons for this: (1) the spatial sepa
ration of research and extension personnel across different geographical
locations, a factor often exacerbated by poor transport and telecommunica
tion links; (2) inadequate mechanisms for bringing together research
and
extension personm~el to discuss issues of mutual interest; (3) high rates
of
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staff attrition, thwarting the development of close relationships between
individuals in each group, especially among those who occupy key linkage
positions. In many IATS, therefore, poor intergroup communication is
simply the consequence of the relevant groups being "out of sight, out of
mind". The implication is thatall contact is beneficial and should be encour
aged. However, RCT argues that if contact between groups takes place in
the absence of compelling superordinate goals, it may serve only as a
medium for further accusations.
Contact theories. These theories are generally based on the belief thatdirect
interaction between individuals from different groups builds up mutual
understanding and reduces tensions. The theories have been tested mainly
among ethnic groups with deeply ingrained prejudices (Hewstone and
Brown, 1986). Such prejudices are unlikely to exist between occupational
groups within IATS. However, contact theories highlight the need to think
carefully about how contact between groups should be structured. Cook
predicts that less derogatory ou tgroup attitudes will result when individu
als have personal contact with members of a group they dislike under the
following four conditions:
" participants from the twogroups have equal status within the confines
of the contact situation
" the characteristics of outgroup members with whom there is contact
refute the prevailing outgroup stereotype (that is, the outgroup mem
bers are seen as atypical)
" the contact situation has high "acquaintance potential" (that is, it en
ables individuals to get to know each other as individuals, rather than
as group memLk.rs)
" the social norms within and surrounding the contact situation favor
"group equality" and "egalitarian intergroup association" (Cook,
1978)
There is not complete agreement among contact theorists concerning
these four conditions. Brown and Hewstone argue that unless contact
personnel are viewed as typical of the outgroup, there will be no generali
zation to the rest of the ou tgroup- the contact personnel will be seen as the
exception that proves the rule. They propose that the contact situation
should be such as to encourage participants to interact with each other as
members of their respective groups. The trick is then to ensure that the
positive attributes of each group's stereotype of the other are emphasized
(Brown, pers. comm.).
Another aspect of contact theory concerns contact initiation. It has been
suggested that ifonegroup predominatesin initiatingcontacts with another
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group, the latter tends to become irritated and resentful (Whyte, 1957). This
may be an important factor influencing relationships between IATS groups,
especially where the research-to-extension communication function is
dominant and extension has an essentially passive role in the technology
generation process.
R & D communication processes. "The overall pattern of the innovation
process can be thought of as a complex net of communication paths linking
the various stages of the process" (Rothwell and Robertson, 1973). How
ever, sociometric studies of research organizations in advanced industrial.
countries have consistently found that:
" Formal organizations create serious barriers to effective communica
tioi, with external sources of information.
" "The technologist cannot communicate well with outsiders" (Allen,
1971).
" A high proportion of the communication that does take place is
undertaken informally. It is therefore not possible to design a pattern
of communication based wholly on a particular organizational struc
ture and/or set of job positions.
" A fairly small numberof individuals is responsible for a high propor
tion of internal and external communication. These "gatekeepers"
evolve to fulfill a need the organization itself cannot satisfy (Allen et
al., 1979).
" Given groupand intcrgroup goals, thereisan optimal flow ofcommu
nication. Trying to establish more intensive communication beyond
this level is disfunctional and leads ultimately to chaos.
Detailed sociometric research on the communication networks of IATS
in developingcountries has not yet been undertaken. However, manyof the
findings are likely to be the same as those in developed countries.
Certainly, it is highly probable that IATS contain individuals who can be
regarded as gatekeepers. Management should focus on identifying actual
or potential gatekeepers in each group and, where appropriate, should
provide training or other kinds of assistance to help them fulfill their com
munication roles more effectively.
Other, more obvious ways of improving contact and communication in
IATS center on intensifying the level of personal contacts between groups.
On a day-to-day level this could be achieved by increasing the physical
proximity of groups by, for example, locating group members in the same
office buildings. Regular meetings, including joint workshops and semi
nars, are of paramount importance. In some situations, contact can be
facilitated by the temporary secondment of individuals from one group to
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another. This has been tried by some IATS for young, newly recruited
professional staff, as part of their apprenticeship training.

Occupational Groups and Structure
As mentioned earlier, the distribution of status and rewards is critical in
influencing relationshipsbetween groups within IATS. In order to identify
the determinants of group status and rewards, however, itis necessary to go
beyond the socio-psychological explanations of intergroup relationships
that have been the focus of attention so far., and briefly consider more
mainstream sociological theories which help to explain the occupational
structure of a society. As with other related groups of o-cupations (such as
health, law and engineering), especially in the service sectors, the occupa
tional structure of IATS is powerfully influenced by the constitution oftheir
professional groups and, in particular, by the relationships of these groups
with each other and with ron-professional occupational groups.
Neo-Weberian Theory
The traditional definition of a profession is that its practitioners acquire
a set of skills which are, in some way, superior to those skills possessed by
other individuals: "It is the existence of specialized techniques acquired as
a result of prolonged training which gives rise to professionalism and ac
counts for its peculiar features" (Carr-Saunders and Wilson, 1964). Adher
ence to certain ethical codes and the overall regulation of work practices by
members are the other commonly cited characteristics of a profession.
This approach to the professions has two main problems. First, it is
ahistorical: little attempt is made to investigate the profession's evolution.
Such an investigation would focus on the processes whereby the profession
establishesits place in society and its response to pressures for change, such
as technology developments, government policies and practices, and shifts
in economic and social powei. Second, this approach uncritically accepts
ihe profession's own definition of itself, which focuseson its perceived role
and contribution to society. Only those aspects of professional behavior that
conform with the profession's own ideology are emphasized.
Instead of the traditional approach, Ipropose to adopt a neo-Weberian
perspective in analyzing occupational relationships in IATS. The basic
proposition of the neo-Weberian theory of occupational structure is that
occupational groups compete with one another for status and economic
rewards. The main form this competition takes is the attempt by groups to
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"inclose" themselves, excluding rival groups. Through the labor market,
bargaining occurs between individuals with different skills and formal
qualifications which constitute their "market capacity".
The principal means by which occupational groups preserve or attempt
to improve upon their position in the hierarchy is through the erection
of
"barriers to entry" based mainly on the acquisition of academic qualifica
tions which are sufficiently superior in content and length of training
to
create the desired distance between themselves and rival groups.
This
emphasis on credentials is likely to become acute at times when education
and training are expanding, as occupational groups attempt to escalate
the
qualification barriers between themselves and their increasingly
well
educated rivals further down the hierarchy (Dore, 1976).
The neo-Weberian approach focuses mainly on the process of profession
alization. Professionalization is the development over time of the market
capacity ofan occupation, which eventually enables it to establish a monop
oly over specific areas of the division of labor. Originally, a professioncould
attain and maintain its position "by virtue of the protection and patronage
of some elite segment of society which had been persuaded that there
was
some special value in its work" (Friedson, 1972). In time, 'he role of patron
and protector may be gradually assumed by the state, especially when
the
occupation is employed mainly in the public sector, rsis often the case
for
agricultural research and technology transfer in developing countries.
Professionalization comprises the processes off inclusion and exclusion
that characterize the development of a professional group. Successful
"in
closure" depends on the ability ofa profession to establish control over
two
key processes; namely, the creation ofan exclusive protected market
for its
skills, and the education and training of new recruits into the profession.
To be marketable, the "professional commodity" has to be distinct and
recognizable to clients and the public at large. This necessitates the estab
lishment of an intellectual basis for the profession. Hence the creation
and
regulation of a marketof professional skills hinges on the ability of the
pro
fession to control the production of the professionals themselves (that
is, to
control the relevant part of the formal education and training system).
"The
singular characteristic of professional power is that the profession has
the
exclusive privilege of defining both the content of its knowledge and
the
legitimate conditions of access to it, while the unequal distribution
of
knowledge protects and enhances this power" (Friedson, 1972).
Status and Income Differences
Marked differences in occupational status and income between profes
sional and subprofessional personnel are a common feature of the occupa
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tional structure of many developing countries. This is especially true of
groups within IATS.
The main factor responsible for these differences is that an individual's
occupational posio. in the modern sector of most developing countries
continues to be overwhelmingly dependent on educational attainment.
(This is also true in developed countries, but the importance of education
and qualifications is generally less pronounced). In determining public
sectorgrades and remuneration, considerably less importance is attached to
experience and skills gained on the job by subprofessional personnel,
compared with equivalent positions in Europe and North America.
Another contributory factor in much of Africa and, to a !esser extent,
Asia, is the continuing legacy of colonial public sector grade and salary
structures. Government jobs were racially segregated during the colonial
period; Europeans occupied professional positions and were remunerated
on the basis of metropolitan salary structures.
Nationals, on the other hand, were generally confined to subprofessional
positions and were paid on the basis of prevailing local labor market
conditions. In many developing countries political independence did not
resultin a major reform of the inherited colonial grade and salary structures.
Nationals took over the jobs of the European colonizers, but there was little
desire on the part of the new political and bureaucratic elites to undermine
the privileged economic and social position of themselves and their col
leagues. Although successive government financial crises, coupled with the
increasing supply of trained personnel, have gradually eroded income
differences, they remain considerable in many countries (Bennell, 1982).
In more general terms, the marked separation of professional and sub
professional staff in many developing countries is symptomatic of the
greater dominance of professional groups in the class structure of these
societies. This dominance has inhibited the emergence of occupational
structures conducive to meeting the needs ofpredominantly poorand rural
societies (Bennell, 1982; Bennell, 1983). It is against this background that
relationships between IATS groups must be examined.
Agricuiture Research: An Established Professional Group
From their inception, agricultural research organizations in developing
countries have generally enjoyed relatively stable occupational structures,
with few pressures for change. In large part this can be attribu ted to the fact
that, as research organizations, they have been labelled "professional", a
status originally acquired through the transfer of professional researchers
from the colonial countries. The emergence of a local agricultural research
establishment is a fairly recent development. As a result, the professional
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status of the agricultural researcher in most
developingcountries has never
been seriously questioned.
Against thisbackground, the professional
"inclosure" of theagricultural
researcher has generally been highly effective.
The heightened occupa
tional separation between professional and
subprofessional personnel has
meant that agricultural researchers in developing
countries have not, in
general, felt threatened by support staff seeking
significant restructuring of
the occupational division of labor.
Nevertheless, agricultural researchers have
frequently had tostruggle to
maintain or improve their status in comparison
with higher-status, more
established professions, such as medicine,
law and engineering. In com
parison with these professions, agricultural
researchers are a relatively
small group whose close association with
farmers and agriculture has not
helped their image. In addition, their bargaining
power has traditionally
been weak, often reflecting the lower priority
afforded by government to
rural as opposed to urban development.
In order to promote their group identity,
agricultural researchers have
generally tried to ensure that their market
capacities remain at least equal
to those of other professions. This has encouraged
greater
and sophistication, often associated with raisingqualification specialization
requirements
to the post-graduate level (ofcourse, there
have also been genuine technical
reasons for increased specialization and
training). Equally important has
been the corresponding need to distance the
profession from lower-status
professions and occupations, in particular,
with which it tends to be most
commonly associated, namely agricultural
extension. This may involve
attempts to maintain the subordinate status
and income positions of exten
sion workers which, for obvious reasons,
is likely to engender conflict.
There are exceptions to this picture. In some
countries researchers do not
perceive themselves as a separate professional
group, or at least attach
limited importance to the difference. In Taiwan
in the 1960s, for example, it
was observed that "agricultural technicians
in research institutes and
improvement stations do both extension
and research and regard them
selves generally as being part of both. They
rarely regard themselves as
exclusively one or the other" (Lionberger
and Chang, 1970).
Status distinctions among the various disciplines
search may also affect intergroup relationships within agricultural re
precise nature of these effects remains unclear. in IATS. However, the
According to the proposi
tions of SIT, lower-status disciplines (typically
social scientists and general
agronomists) with insecure social identities
should be less likely to cooper
ate with technology transfer groups, which
have a lower status still. On the
other hand, perhaps the belief systems
and work orientation of such
disciplines make them more inclined than
other disciplines to cooperate
with technology transfer groups.
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Agricultural Technology Transfer. Art Emerging Professional Group
In many developing countries, public sector technology transfer activi
ties were not formally institutionalized until after the establishment of ag
ricultural research organizations. As latecomers, technology transfer per
sonnel experienced difficulty in gaining credibility with other public sector
agricultural personnel, in particular agricultural researchers.
A key characteristic of agricultural technology transfer organizations
during this early period, particularly in Africa and Asia, was that they were
staffed mainly by subprofessionals. In part this reflected the relative under
development or novelty of public sector agricultural extension in the
colonial countries, in contrast to agricultural research. More important,
however, was the narrow concept of technology transfer, in which the
extensionist was for the most part seen merely as a disseminatorof informa
tion to peasant farmers, concerned to "show how" rather than to "know
how". That such a concept prevailed was not surprisinggiven the huge size
of farming populations and the chronic shortage of skilled staff. Moreover,
extension workers had to live near their farmer clients, and only relatively
low-status, non-professional employees could be expected to work in these
rural environments, which at that time generally lacked iasic amenities.
Thus, in man), countries there were few professional extei isionists or even
well-trained subprofessional extension workers who could have acted as
effective intermediaries between research scientists and field-level exten
sion workers.
Given this historical legacy, links within IATS were, and in many
countries still are, characterized by a professional research-subprofessional
extension relationship. The distinction between mental and manual laboris
particularly important here. Research scientists are seen as theembodiment
ofa high level of mental labor, while the extension workers' role is often seen
as involving low-level mental activities ("delivering messages") and man
ual activities (delivering inputs and preparing demonstration plots).
The professional research-subprofessional extension relationship has,
more often than not, resulted in tensions between the two groups, mainly
because researchers have tended to adopt patronizing attitudes towards
extensionists who, not surprisingly, have resented being treated in this
manner.
Extension's close association with small farmers has further served to
undermine its status, during a period when governments have been gener
ally preoccupied with industrialization. Nor, except in a few countries with
more advanced agricultural sectors, have there been any significant num
bers of people engaged in technology transfer activities in the private sector,
whose higher status and pay could have served as a powerful reference
point for their public sector counterparts.
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With their relatively low status and poorer pay and working conditions,
agricultural extension services have generally been unable to attract good
quality recruits. Research has invariably been the preferred career choice
among university graduates in agriculture. Some governments have re
sponded by compelling graduates and others to take up jobs in extension,
but this has merely increased resentment and job dissatisfaction. In many
countries, particularly in Asia (including Nepal, Philippines, Sri Lanka,
Taiwan and South Korea), it appears that extension recruitment standards
have continued to deteriorate. In Sou th Korea, 48% of extension agents were
university graduates in 1965; this had fallen to 25% by the late 1970s (Asian
Productivity Organization, 1980). Many agricultural extension organiza
tions have found it difficult to retain their more able and experienced senior
staff, especially where private sector employment opportunities have been
relatively plentiful. As a result of high levels of attrition, the average age of
extension staff is often relatively young, making it more difficult for them
to build relationships with older research personnel.
The inferior status of agricultural extension staff has made the occupa
tional structure ofextension organizations in most developing countries in
herently unstable, as extension personnel have tried to improve matters.
Only a small proportion have been able to overcome their negative social
identity by joining research organizations. The other individualistic re
sponse postulated by SIT (making favorable comparisons with other in
group members) may have occurred in some developing countries, with
professional extensionists trying to distance themselves from subprofes
sional junior colleagues.
However, the most common response by extension staff has been to try
to improve their position through professionalization. On the one hand,
this has been justified in strictly functional and technical terms, given: (1)the
increasing sophistication of farmers and the agricultural sector in general,
and the corresponding need to upgrade extension workers' skills; (2) recent
recognition of the importance of certain functions and activities (in particu
lar, information integration and adaptive research) which hitherto have not
been adequately performed by research or extension; and (3) the greater
availability of skilled personnel. On the other hand, professionalization is
also a social process, enabling extensionists to attempt to increase their
market capacities and thus their status and incomes. If the attempt is suc
cessful it should, according to both RCT and SIT, create the necessary socio
psychological conditions for more effective intergroup relationships.
The professionalization ofextension has taken different forms according
to local conditions. In many countries, the introduction of T and V marked
the beginning of the process; it is likely to be a slow one, passing through
several different stages. The characteristics of the new professional group
have to be formalized and the necessary government bodies convinced of
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the need for change. The impact on government funding, particularly
where the technology transfer subsystem is large, as in many Asian coun
tries, is a critical issue. Professionalizing extension will increase salary costs.
Hence the pace of professionalization in most countries will be slow.
Generally, the new professional extension service has !,egur by covering
technical service functions undertaken mainly by subject-matter specialists
(including communication and training experts); gradually, ithas extended
its activities to incluce field service functions. Extension has needed to take
on significant additional responsibilities and functions in order for its
managers to make a convincing case for the professionalizationof their staff.
The response of public sector research organizations to the professionali
.ation of extension has varied. To the extent that research has felt the need
to distance itself from extension, attempts by the latter to close the occupa
tional gap have worsened tensions between the two groups. Typically,
disputes have centered on the involvement of extension in adaptive re
search and knowledge integration.
A research department can respond in several ways. First, itcan respond
cooperatively, accepting the need for greater involement of extension in
adaptive research and seeking to integrate the activities of the two depart
ments as prescribed. Second, it can respond evasively, by redefining its
mandate and sphere ofknowledge, often by increasing the sophistication of
research which, with greater emphasis on postgraduate training, forms the
new basis forgroup distinctiveness. In other words, researchers give up re
sponsibility for adaptive research, which in most countries they regard as
lower status anyway. Thus, they maintain their separate professional
identity and subvert official attempts to establish closer research-extension
links. This response is most likely to occur in larger IATS, especially those
that have traditionally shown little interest in adaptive research in the first
place.
The third response is to engage in conflict. This is common where adap
tive research forms the major part of the mandate of the research department/subsyEtem, as it does in most developing countries with small IATS.
Disputes under these conditions can be serious: the research subsystem's
raisond'6tre (at least officially) is to undertake adaptive research; thus any
attempt to increase the involvement of extension threatens its professional
and institutional identity. This has occurred in some countries where
research has been weak. Whether organizational arrangements such as
FSR/E teams are effective in overcoming conflicts of this kind remains tobe
seen.

In some South Amcrican countries (Argentina, Chile, Colombia, Vene
zuela and Uruguay), recognition of the professional role of extensionists
occurred much earlier - even during the establishment phase of the
relevant public sector institutions. This was mainly because of the relative
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sophistication of the agricultural sector and the greater availability
of
graduates. Another important factor is the part played by US aid agencies
and universities in setting up national IATS, given that extensionists
had
achieved full professional ,arity in the USA by the early 1950s.
The
professional identity of the South American ingeniero agrdnomo has
also
been strengthened by the introduction of compulory registration and
the
development of national professional associations for agriculturalists.
Although the differences between research and extension have been less
pronounced in South America, linkage relationships are still poor. From
an
RCT perspective, this is attributable to deep-seated competition between
the two groups. For SIT, on the other hand. it is precisely the similarity
of
the two groups (in terms of background, age, qualification, etc), in addition
to power differences between them, which is likely to have been the
major
cause of tension.
Another possible contributory factor has been the growing numbers
of
extensionists and researchers employed in the private sector, whose
higher
levels of pay have posed an increasingly serious threat to the viability
of
public sector research and extension. Faced with this challenge, intergroup
professional relationships in a number ofcountries have been placed
under
increasing pressure as the morale and confidence of staff have declined.

Conclusion
The purpose of this paper has been to explore the relevance of socio
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factors. As with all social science research, however, neatly separating out
the influence of socio-psychological factors from explanations provided by
other disciplinary areas will remain problematic.
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5
Links between On-Farm Research
and Extension in Nine Countries
PeterEwell

In most developing countries, agricultural research and extension are
separate public institutions with different mandates and different ways of
operating. Even where they are formally located in the same ministry, they
usually have very different organizational structures and operational pro
cedures.
The predominant model for the generation and transfer of agricultural
technology isbased at least implicitly on systems forbreeding, testing, and
distributing improved crop varieties. Researchers are expected to develop
superior genetic material and/or production techniques, which they then
turn over to extension for demonstration and diffusion to farmers.
Top-down systems of this kind have functioned reasonably well to meet
the demands of resource-rich farmers, as well as those of both large- and
small-scale producers ofhigh-value commodities. These farmers have been
able to communicate their needs to researchers, either directly or through
producers' organizations, and to assess and adapt the recommendations
which come to them through the extension system.
However, the lack of effective links between research and extension
institutions has impeded the development and transfer of technology
appropriate for small-scale, resource-poor farmers, particularly those in
low-potential, heterogeneous agro-ecological areas. These farmers have no
effective organizations through which to make their needs known.
Researchers do not receive enough information about these farraers'
conditions and resources to set relevant priorities and goals. At the same
time, local extension agents do not receive the information and cooperation
they need to first adapt and then diffuse appropriate technology. The lack
of good communication between research and extension has particularly
limited the transferof technologiesother than improved crop varieties, such
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as storage and pest management methods. Rather than improved inputs,
which are physically distributed, these often consistof concepts which must
be reinterpreted and adapted to each new situation (Horton, 1986; Rhoades,
1987).
Extensionists are caught in the middle in many ways. They are often
responsible for a broad range of government services in rural areas, of
which technology transfer is only one. Seldom do they receive adequate
resources for field work and travel. They are obliged to promote whatever
technology comes down to them, even if it is not adapted to local agro
ecological or socio-economic conditions. They are almost always separated
from researchers by wide gaps in educational level, status, salaries and
social class. Researchers blame them for their failure to transfer innovations
which have shown promise under experimental conditions, and for their
apparent inability to provide systematic feedback. Farmers often see them
as incapable of providing answers to local problems and needs (Collinson,
1985).
Farming systems resea. ch (FSR), and especially on-farm research, has
been promoted as a way of developing appropriate technology and adapt
ingit to the specificagro-ecologicaI and socio-ecnnomicconditions ofsmall
scale farmers. Many national agricultural research systems have developed
interdisciplinary programs of this kind, with two major objectives:
1. To diagnose needs and constraints at the farm level
2. To adapt technologies to the agro-climatic and socio-economic condi
tions of target producers
Parallel initiatives within extension institutions have also been launched
(Swanson, 1984; Cernea, et al., 1985). The initiatives of both research and
extension focus on farm management and the factors affecting farmers'
daily decisions and overall strategies.
It has been hypothesized that these approaches can break down the tra
ditional barriers between research and extension. On-farm research teams
should themselves become the critical link: "Farm-management oriented
research/extension personnel can serve in a research and extension capacity
to work with farmers and research scientists in technology development"
(Andrew and McDermott, 1985; italics mine).
The achievement of this admiraole goal is a major challenge for the man
agers of both research and extension institutions. On-farm research cannot
in itself solve the problems of technology transfer, or substitute for an
effective extension system. Indeed, moving researchers off the station into
the "space" conventionally occupied by extension and development insti
tutions requires the careful rethinking of mutual roles and functions, as well
as the development of new ways of working together.
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This process often brings other organizational and managerial problems
into relief. If either the research or the extension institution suffers from
poor leadership, inadequate funding or poor staff mo -ale,linking them will
not solve the problem. If effective mechanisms for the joint planning and
implementation of tasks related to common goals are not developed,
information on farmers' needs will not be used effectively, no matter how
many surveys, experiments, trials or demonstrations arecarried out (Stoop,
1988). If farmers do not participate fully, the technology developed is
unlikely to meet their needs.

Scope of This Analysis
This paper forms part of two studies being undertaken by the Interna
tional Service for National Agricultural Research (ISNAR): the study of the
links between research and technology transfer; and the research project on
the organization and management of on-farm client-oriented research
(OFCOR) in national agricultural research systems.
OFCOR is designed to establish closer links between research and re
source-poor farm households. Numerous anproaches to this type of re
search have been developed, including "cropping systems research", "farm
ing systems research", "on-farm adaptive research", "farmer-back-to
farmer", "farmer-first-farmer-last" (Byerlee et al., 1988; Collinson, 1987;
Gilbert et al., 1980; Harwood, 1979; Rhoades and Booth, 1982; Zandstra et
al., 1981). What all these approaches have in common is a focus on farmers
as the clients of research, an emphasis on diagnosing constraints and setting
research priorities in the context of the whole farm system, the design of
technological solutions in response to opportunities or constraints identi
fied on farm, and the involvement of farmers at various stages in the
research process.
The analysis isbuilt around case studiesof national agricultural research
systems which have formally included OFCOR as a major activity and have
at least 5 years' experience with this research approach (Avila et al., 1989;
Budianto et al., 1989; Cuellar, 1989; Faye and Bingen, 1989; Jabbar and
Zainul Abedin, 1989; Kayastha et al., 1989; Kean and Singogo, 1988; Ruano
and Fumagalli, 1988; Sol iz et al., 1989). Nine countries were included in the
study: Bangladesh, Ecuador, Guatcmala, Indonesia, Nepal, Panama, Sene
gal, Zambia and Zimbabwe. Improving cooperation between researchers,
extensionists, development agencies and farmers was an explicit goal of
most of the programs reviewed. A variety of mechanisms had been devel
oped to link researchers and extensionists in the planning and implemen
tation of various tasks. Nevertheless, forging effective, sustainable links
across institutional barriers proved a major challenge.
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The case studies review the experience of nearly 20 on-farm programs,
organized in a variety of ways, following different approaches and using
different methods. The word "program" is used loosely, to describe any
organized on-farm activity; it does not necessarily imply the existence of a
formal program analogous to a semi-autonomous, multidisciplinary com
modity program of the kind commonly found in national and international
institutes. The role of on-farm research as a means of strengthening links
between research and extension was a key area of analysis in the case
studies. It should be noted, however, that the studies were written from the
perspective of research, aix, do not provide a detailed analysis of the
extension institutions wiih which the on-farm research programs int ract.
In the first section of this paper, the relationship between on-farm re
search and extension is contrasted in three countries - Guatemala, Nepal
and Zambia. The second section draws on evidence from all nine countries
toanalyze the experience with six mechanisms for linking on-farm research
and extension. The final section points out the lessons that emerge from the
case studies for research managers using on-farm researrh as a means of
strengthening the links between research and extension.
Assessing the Effectiveness of Linkage Mechanisms
The effectiveness of mechanisms linking on-farm research with exten
sion will be assessed in terms of these questions:
1. How well do.:s the mechanism, or group of mechanisms, facilitate the
flow of information on farmers' conditions and needs to researchers
does it improve the system's responsiveness to the needs of its
targeted clients?
2. How well does the mechanism facilitate the flow of information and
techniques from the research system to resource-poor farmers -does
it improve the system's capacity to transfer relevant technology?
3. How sustainable is the mechanism, given the various institutions
involved?
Responsiveness to the needs of targeted clients. The diagnosis of farmers'
conditions and needs is the basis for setting priorities and planning re
search. Informal and formal surveys, on-farin trials, meetings, field days
and other special events all provide opportunities for researchers to learn
from farmers (Biggs, 1989; Ewell, 1988). A number of mechanisms have
been used to analyze farmers' needs and then carry the lessons learned into
the process ofplanning and programming research on experiment stations
(Merrill-Sands and McAllister, 1988).
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Most approaches to on-farm research assign primary responsibility for
the functions of diagnosis and feedback to social scientists from the research
institution (Byerlee et al., 1980; Byerlee and Tripp, 1988; Zandstra et al.,
1981). Some authors have envisioned a much broader role for extensionists
in on-farm research programs as the principal "voice" of the farner (Johnson
and Claar, 1986; Johnson and Kellogg, 1984; Lionberger, 1986). Neverthe
less, on-farm research programs have taken over this function in mostcases
precisely because the professional capacity of extensionists has been judged
unequal to the task.
The case studies show that extension agents have participated in the
processes of characterization and diagnosis of local farming systems pri
marily as informants. They have provided information on the agro-ecologi
cal conditions and farming systems in their areas as a preliminary basis for
planning research; they have helped to locate farmers for surveys, experi
ments and field days; and in some cases they have served as enumerators.
They have been seen as a resource - as a broadly distributed network of
people in day-to-day contact with farmers. However, they have seldom
been treated as equal partners, or given co-responsibility for setting priori
ties or channeling more detailed information into the research system.
Capacity to transfer relevant technology. In the countries studied, the tasks
involved in adapting and transferring improved technology to farmers had
traditionally been assigned to extension institutions. By developing on
farm research programs, the research institutions have taken on new
responsibilities for working directly with farmers. This has changed the
demands placed upon extension services: instead of demonstrating a uni
form package of technology, extensionists are now expected to adjust the
flexible recommendations resulting from on-farm research to suit local
variations in agro-ecological and socio-economic conditions. This reqvires
training and other resources which have often been beyond the capacity of
the extension departments.
Some on-farm research programs have relied on the demonstr.tion effect
of on-farm trials and on informal communication among farmers to diffuse
technology, with very little contrib ition from the official extension service.
Others have used conventional mechanisms such as technical bulletins and
field days to communicate the results of on-farm research to extension
agents, who are then expected to diffuse them more widely; special projects
have occasionally been set up to link on-farm research witl theTrainingand
Visit (T and V) system of extension. Still others have sought more direct
collaboration and have defined explicit roles for both researchers and
extensionists at established stages in an integrated approach to technology
generation and transfer. The rationale for this integrated approach has been
that if extensionists are involved in, or at least informed about, the on-farm
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research program, they will be much more knowledgeable about and
confident in the technologies and recommendations produced and, thus,
more committed to their transfer and diffusion.
Institutional sustainability. The case studies report several examples of
links between research and extension that have not lasted. Many on-farm
research programs have been developed with the support of international
agricultural research centers (IARCs) and donors. Linkage mechanisms
that have semed veiy promising in a pilot project supported wii, pec.al
funding and expatriate staff have not always been successfully incorpo
rated into the procedures of the institutions responsible for maintaining
them after support has been withdrawn.
The most successful cases of institutionalization are those where links
have been forged simultaneously at several levels of the administrative hi
erarchies of the organizations involved. Good cooperation at the field level
is impossible to sustain unless regular opportunities to meet and work to
gether are actively supported by management. Again, joint goals agreed
upon by high-level coordinating committees cannot be realized unless
specific operational procedures are worked out at both regional and local
levels.

7 tree Case Studies
Out of the nine case studies, three exemplified markedly different de
grees of integration between on-farm research and extension. Two cases,
Guatemala and Zambia, lay at opposite extremes, while one, Nepal, was
"intermediate", representing the kind of situation commonly found in de
veloping countries.
Guatemala provides an example of an on-farm research program devel
oped separately from the extension service, on the assumption that new
technology adapted to farmers' conditions would diffuse spontaneously.
The limitations of this approach led to the organization of a large project to
bring extension into the process, over 10 years after on-farm research had
been started. In Nepal, extension agents were involved in various on-farm
research activities under the auspices of different agencies, but solid links
had proved elusive. Heads of stations or programs had set up links on an
ad hoc basis, but a high-level policy commitment and strong leadership
from an integrated senior managerial group were lacking. The new national
on-farm research program in Zambia was organized from the start with
strong research-extc:ision links at various levels of the administrative
hierarchy, including the highest level. It is too soon yet to tell whether the
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Zambian model is successful, but good progress has been made in integrat
ing the research and extension systems, such integration being one of the
hallmarks of successful agricultural technology generation and transfer in
developed countries.
The material in this chapter draws extensively from Ruano and Fum
agalli (1988) in the case ofGuatemala; Kayastha, Rood and Mathema (1989)
in the case ofNepal; and Singogo (1987) and Kean and Singogo (1988) in the
case of Zambia.

Guatemala
Guatemala's national agricultural research system was totally reorgan
ized in the early 1970s because the existing system for the generation and
transfer of technology was not meeting the needs of an important group of
clients. The agricultural sector of the Guatemalan economy is highly polar
ized: large-scale farmers, who constituted less than 1%of the population in
1970, controlled over 80% of the country's cultivable land. Most of their
farms are located on good soils on the coastal plain or at mid-elevations, and
specialize in the production of high-val ue export crops. This group has long
had privileged access to modern technology, credit and inputs from public
and private institutions.
The majority of rural households are concentrated in the highlands.
Working on small plots, :hese small-scale farmers produce food crops both
for home consumption and for sale. In the early 1970s, the capacity of this
peasant sector to meet the demand for food in the rapidly growing urban
areas was deteriorating, while imports were increasing.
Since the 1940s, research and extension services within the Ministry of
Agriculture had followed procedures based on models from the USA
(Mosher, 1957). Researchers developed programs within their disciplines
according to their own interests and judgement. Extension was seen as a
"top-down" program of adult education, spreading information about
modern methods of farming. Neither wasbased on anyanalysis of the needs
of particular groups 3f farmers. Some of the results were useful to large
scale farmers, but peasant producers received very litle benefit.
ICTA: An institution integrating on-station and on-farm research. As one
response to the mounting crisis in food production, the Instituto deCiencia
y Tecnologia Agricolas (ICTA) was founded in 1973 as a semi-autonomous
research institute to generate, adapt and transfer technology appropriate to
the conditions of small- and medium-scale farmers. A team of senior
national scientists developed an integrated research system which linked
on-station and on-farm research in a single process based on the diagnosis
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of farmers' conditions and needs. They drew heavily on the experience
of
the Office of Special Services (OSS), which had included extensive on-farm
testing in the successful development of improved wheat varieties in
both
Mexico and Guatemala during the 1950s.
The pioneering institutional arrangements and working methods devel
oped at ICTA had a major impact on on-farm client-oriented research
in
many other countries. However, no explicit, formal role was provided
for
exten-sion in the initial plan.
Technology development system. Figure 1 illustrates how ICTA's system
has structured both the flow of information from farmers into the research
process, and the adaptation and transfer of relevant technology. The agenda
for applied research developed by scientists in the commodity programs
at
the regional experiment stations is based on three types of input. The
first
is the basic and strategic research which is carried outby IARCs and univer
sities, and the contributions of other public institutions and the private
sector.
The second is an evaluation of farmers' needs through studies organized
by ICTA's Socio-economics Department: both scientists and senior admin
istrators participate in informal interdisciplinary surveys called sondeos;
more detailed data on costs and returns are then collected from the farm
records of a smaller sample of farmers. The third type of input is feedback

Figure 1.Diagram of the flow of Information through ICTA's
system for the generation, testing and transfer of technology
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from on-farm research: all the technology produced by the stations is run
through a standard sequence of on-farm trials, which are the responsibility
of the Technology Testing Department. This department is organized as
subregional teams, each consisting of five or six agronomists assisted by
locally hired technicians.
First in the sequence of on-farm trials are multi-factorial experiments
called "agro-technical trials". These are designed and implemented by re
searchers; the farmers contribute land, some labor and their assessment of
the results. Next, the costs and returns of t'e most promising technologies
are compared with those obtained using farmers' current practices in
simpler experiments known as "agro-economic trials". Technology which
passes this stage is then validated in on-farm tests, which follow a simple,
standard design, on a larger number of farms. In theory, the information
from all three stages is fed back into the process of planning and priority
setting at the stations. Finally, surveys known as "acceptability studies" are
carried out to see how many of the farmers who participated in on-farm ex
periments have actually adopted at least some elements of the new technol
ogy, and if so, which.
Here the process stops. The only systematic mechanism for transferring
technology to the wider target group of farmers are field days for the
neighbors of the participants and for extension workers. The assumption is
thatgood technology spreads spontaneously through informal networks of
farmers.
Doesgood technology spreadspontaneouslij There is evidence that some
new crop varieties have indeed spread spontancously. Over time, suitable
inputs and management practices to accompany the new varieties have also
been adapted to local conditions by farmers. An evaluation carried out in
the La Maquina area of the coastal plain where an ICTA team had intro
duced an open-pollinated maize variety found that the extension service
had played almost no part in its diffusion. The principal mechanism had
been the on-farm tests, the results of which had been diffused through the
neighbors and friends of collaborators. A second and much more modest
influence was exercised by the commercial agrochemical companies pro
moting improved seeds and pesticides.
This kind of impact is concentrated in areas with high yield potential.
Although the beneficiaries are small-scale farmers relative to the large-scale
export-oriented sector, theyare nonetheless those with relatively privileged
access to resources within their communities. The much larger number of
resource-poor farmers working on steep slopes and under other marginal
conditions are largely left out.
Weak links with extension. These have been a major constraint on the
adoption of ICTA's technology. The Direcci6n General de Servicios Agrico
las (DIGESA), the national extension service for crops, did not change its
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philosophy and methods in response to the development of ICTA. The
service lost its best professionals when ICTA was formed, and lost status
relative to the new, highly visible, internationally connected organization
(Gostyla and Whye, 1980). Extension agents were less well educated than
researchers, with significantly lower pay and status. They were not for
mally included in sondeos, planning meetings or other mechanisms built
into ICTA's system for obtaining feedback from farmers. Researchers were
responsible for all on-farm experiments.
DIGESA continued to follow the model of an adult education program,
promoting modem methods to"ignorant" farmers (Ruano, n.d.). Local ex
tension agents remained responsible for a number of bur,-aucratic tasks be
sides those directly connected with agricultural production. Until 1982,
they played a key role in the processing and approval of applications for
credit. In most areas, extension "-orked quite independently of ICTA. A
survey conducted in 1982 found that very few extension agents could
explain how the research system worked. Most did not know what its
technical recommendations were or, if they did, could not explain their
potential economic benefits to farmers (McDermott and Bathrick, 1982).
Good informal working relations developed between ICTA's technology
testing teams and local extension agents in some areas, particularly where
technology in high demand from farmers was becoming available (Whyte,
1983). ICTA personnel depended on extensionists for the selection of col
laborators, and to widen their area of influence. DIGESA and ICTA have
different approaches to field days, but often combine them in practice.
Formal mechanisms to involve extension agents in the research work
proved difficult to sustain. In one region, extension agents were invited to
take part in the implementation of on-farm tests. For 2 years, a special
course for researchers new to ICTA - the Curso de Producci6n Agricola
(CAPA) .-included a subcourse for extension agents, so that they would
understand the three stages of ICTA's work and convey its results to
farmers. Both of these initiatives fell foul of the same institutional bottle
neck. Although they were based on formal agreements between the direc
torsof ICTA and DIGESA, local extension managers did notreduce the load
of other tasks agernts were expected to perform. Work with ICTA came to be
seen as an extra burden which could not be sustained.
A new joint program.To improve matters, the Proyecto de Generaci6n y
Transferencia de Tecnologia Agropecuaria y Producci6n de Semillas
(PROGETTAPS),a new program for the generation and transferof technol
ogy and the production of seed, was established in 1986. The program is
based on the crncept of close links between research and extension (Ortiz,
1987). Fundea .y the International Fund for Agricultural Development
(IFAD) and the Inter-American Development Bank (1DB), it draws on
ICTA's earlier experience in collaborating with a World Neighbors project
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in San Martin Jilotepeque (Ruano, pers. comm.). This program was de
signed to be implemented jointly by ICTA, DIGESA and the Direcci6n
General de Servicios Pecuarios (DIGESEPE), the national livestock exten
sion service.
Local extension workers are given the title "promoters", responsible for
promoting specific technologies, not for providing general technical assis
tance. In contrast to the situation in many other countries, the task of
promotion has become the full-time responsibility of the extension agents
working in the program. Selected farmers, known as "rural leaders", are
trained in the management of new technologies and hired on a half-time
basis. One, two or three promoters are tied to each research scientist on the
technology testing teams. Each of these promoters is expected to work with
15 to 20 rural leaders. Technology which has already been validated in on
farm trials is demonstrated in "transfer parcels" managed by the rural
leaders on their land. Each rural leader then supervises similar demonstra
tions on the farms of 20 neighbors. Through this "branching tree" approach,
the work of each on-farm research scientist is expected to reach up to 600
farmers. Farm records surveys permit researchers to evaluate the economic
benefits of a new technology, to monitor its adoption and to provide
guidelines for credit.
The project has set up several support activities, including seminars and
workshops for training the promoters. Funding for new staff, vehicles and
other facilities is provided. A national coordination committee and regional
subcommittees have been set up by government decree.
In short, the program is an attempt to draw extension intoa structure and
approach based closely on what ICTA has already developed. It has
expanded the network of farmers exposed to new technology through on
farm trials, but does notenvision qualitatively different extension methods.
In other words, it is an attempt to broaden and institutionalize the concept
of OFCOR as the basis for the diffusion of technology.
Early reports cn the implementation of PROGETTAPS indicate thatgood
progress has been made. In only 2 years, research teams have carried out
validation trials at 3000 sites and rural leaders have laid out about 8000
transfer parcels. The program appears to be reaching the very poor, and
farmers' demand for new technology is such that the program has had to
organize small-scale seed production units (Ruano, pers. comm.). How
ever, success in the longer term, particularly if external fundingis reduced,
will depend on close collaboration between institutions with a disappoint
ing history of cooperation. They will need to institutionalize common
objectives, a uniform operational approach, and integrated work plans.
Conclusions. ICTA's past provides a clear example of an innovative on
farm research program whose success in meeting the broad range of needs

162

Ewll

of its target clients was limited by poor links with extension. Its presentdem
onstrates an imaginative approach to overcoming linkage problems.
Responsiveness to the needs of targeted clients. Until PROGETrAPS was
formed, the extension service played a very limited role in diagnosis and
feedback. The primary responsibility for bringing information on farmers'
conditions and priorities into the research processes was given to ICTA's
Socio-economics Department. The social scientists developed an innova
tive approach, but the department lost most of its senior scientists in the
early 1980s after the departure of its first expatriate director. For several
years, ICTA was unable to channel a continuous flow of information on
changing rural conditions into its research program; nor was extension
offered any role in this process.
The agronomists in the technology testing teams were in constant com
munication with the farmers with whom they worked, and had informal
contacts with local extension agents. They provided feedback into the rest
of the research system on the performance of particular technologies under
farmers' conditions.
Capacityto transferrelevant technology. ICTA has successfully transferred

new technology -

primarily new crop varieties 

onto the farms of

producers of basic food crops who had not previously benefited from public
sector research. In general, the beneficiaries are the less disadvantaged
members of their communities, with privileged access to resources. This
subgroup ofclients is in a good position to pick up new technology through
informal networks and to purchase the necessary inputs. The lack of an
effective extension system has limited diffusion to farmers with more
limited resources working in more marginal areas. The new joint PROGETTAPS program promises to broaden the coverage and increase the effi
ciency of the same basic system of diffusion by demonstration.
Institutionalsustainability. Before 1986, attempts to link ICTA's on-farm
research with extension proved unsustainable. The PROGETTAPS pro
gram has been initiated with substantial external financing. Its long-term
effectiveness will depend on how solidly it can be incorporated into the
regular procedures and budgets of the three institutions involved.
Nepal
Agricultural development in Nepal faces severe constraints. The moun
tainous topography and lack of roads inhibit communications and make
inputs expensive and difficult to obtain. Despite significant investments in
research since the early 1970s, production of basic food grainsbetween 1970
and 1981 increased at an average annual rate of under 1%- far below the
annual population growth rate of 2.7% in the same period (Yadev, 1987).
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One of the few areas with a relatively high potential is the Tarai, the
lowland plain along the border with India. The control of malaria and the
building of roads and other infrastructure opened up the Tarai for settle
ment, starting in the 1950s. Researchers concentrated on developing high
yielding crop varieties appropriate for conditions in the Tarai. However,
most of the rural population lives and farms in the lower potential, hetero
geneous hill districts. The generation and transfer of technology capable of
increasing theiroutputand incomes has presented major difficulties foron
farm research and extension programs.
The institutional structure. In Nepal, extension and most research is
carried out under the Ministry of Agriculture. On-farm client-oriented
research is organized in several different research departments and organi
zations. In each case, extensionists have been asked to perform a role.
The basic units for the extension service are the 75 political districts into
which the country isdivided. Agricultural District Officers directextension
workers outposted in rural areas, each comprising several villages. Each
extension worker is theoretically responsible for an average of 2500 farm
households. Technical programs are planned and coordinated both at the
national level and in the five development regions into which the country
is also divided.
Village-level extension is not an established professional career. At one
time, all students of agriculture were required to serve as extension agents
for2 years-a yearas an assistant in the middle of their secondary training,
and another year as a technician -before being admitted to the university.
Then, because ofmanpower shortages, permanent extension positions were
created, with no chance of advancement into research. Salaries and benefits
for these extension workers are low, and staff turnover is high. Only during
the 1980s have professional subject-matter specialists been appointed in
some districts as a part of the T and V system.
The national agricultural research system in Nepal is organized as de
partments and commodity programs, supported by a network of experi
ment stations and farms. The case study highlights the on-farm programs
of the National Rice Improvement Program, the Cropping Systems Pro
gram - which subsequently became the Farming Systems Research and
Development Division - and the externally funded Lumle and Pakhribas
Agricultural Centres.
Each program has developed its own on-farm and outreach agenda.
Each has different types of links with extension, but all participate in
nationally organized on-farm demonstration programs as well. Research
and extension are coordinated informally at both national and regional
levels, but no formal mechanisms for joint planning orevaluation across the
sector had been developed at the time of the study.
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Outreach activities of the National Rice Improvement Program. All the
major commodity programs in Nepal have outreach activities in the areas
immediately surrounding their principal experiment stations. These activi
ties were organized in response to requests for greater technical support
from the regional extension officers. The outreach activities also provide the
scientists based at the stations with opportunities to obtain first-hand
experience of the issues being faced by farmers and extension agents in the
field.
The outreach activities of the National Rice Improvement Program, high
lighted in the case study, are typical of those which are found in the com
modity programs. They are part of a larger World Bank program centered
on the establishment of a Tand V system of extension. Two outreach officers
located on the research station administer an on-farm research program
designed to adapt crop varieties and other technology to local needs. The
implementation of the trials is delegated to local extension agents. The
outreach officers provide back-up to the rice subject-matter specialists ofthe
extension service, who in turn provide technical support to the extension
agentsat village level. They have also organized regular bi-monthly and bi
annual meetings at the station, when research specialists and the senior
extension staff discuss problems identified in the field, potential solutions,
and plans for future research. In addition, village-level extension workers
arebrought to the station for training in problem identification, methods for
on-farm trials, and the background of new recommendations.
The Cropping Systems Program. The Cropping Systems Program oper
ated from 1977 to 1985 within the Agronomy Division of the ministry. The
program's approach was developed by the International Rice Research
Institute (IRRI), working in cooperation with national agricultural research
systems in a network covering Asia (de Datta et al., 1978). An integrated
approach to research and extension wasdesigned, with theaim of replacing
farmers' current production practices with improved cropping systems
over large areas. Research and extension were given precise, predeter
mined roles.
Rigid approach through production programs. Those who developed the
approach started from the assumption that a "submissive approach", which
depended entirely on improved technology lying within farmers' existing
limitations, would be unlikely to have significant effects on food produc
tion. Instead, they proposed an "interventionist approach", combining
improved technology with packages of credit, inputs, irrigation and other
improvements. As these services were supplied by separate government
organizations in most countries covered by the network, special production
programs were set up as "buffetJ ' institutions to concentrate the necessary
resources and to coordinate their use (Zandstra et al., 1981).
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The researchers developed a uniform set of methods for the develop
ment, testing and promotion of new technologies based on improved grain
crop varieties. Target areas for development were selected before research
sites, the whole process being directed towards specific, production-ori
ented goals (Denning, 1985). The technology generation and transfer proc
ess followed a set sequence of steps:
1. site selection
2. site description- benchmark surveys, crop-cut studies, farmer inter
views, and farm management studies
3. design of improved cropping systems, under controlled conditions
4. cropping systems testing, in farmers' fields
5. pre-production evaluation - multi-locational on-farm testing of
promising technical alternatives, implemented in cooperation with
extension
6. production programs, to diffuse the innovations over large areas,
under the management of extension and development agencies
Extension became involved only at steps 5 and 6. Pre-production verifi
cation trials were designed by researchers, but extensionists were usually
involved in their implementation. Eventually, responsibility for managing
the programs was transferred to extension and development agencies.
Success in the Tarai.The program in the Tarai was designed to promote
packages of technology based on improved rice and other crop varieties,
mostof which were already available "on the shelf". National scientistsand
their expatriate advisors determined which varieties could be fed into on
farm research. Interdisciplinary teams of researchers were given responsi
bility for the early stages of the process - the selection of sites, the diagnosis
of local conditions, the design of improved cropping systems, and the
preliminary testing of these systems in farmers' fields.
Detailed manuals explained how extension personnel were expected to
carry out their part of the process - the broad testing of promising
technology and the administration of input supplies and credit. Senior
extension officers were represented at the planning and review meetings
held before each cropping season. Initially, the researchers ran pre-produc
tion verification trials in pilot areas. Little by little, procedures were simpli
fied and responsibility was handed over to local extension staff.
The researchers were concerned to maintain the consistency of the data
collected, and thus discouraged adaptation of the content ordesign of trials
to local circumstances. Analysis was handled centrally, with the result that
extensionists could not easily use the results of the experiments they had
implemented. Modifications to the original packages were made,but on the
recommendations of the researchers, not the extensionists.
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The highly structured Cropping Systems Program was reasonably
success
ful in the two of its five sites which were located in the relatively
high
potential Tarai. The responsibility for production programs
in 22 districts
was passed on to extension after 6 years.
Difficulties in the hills. Developing appropriate technology and
forging
links with extension proved much more difficult in the heterogeneous,
densely populated hill regions, with their poor communications
facilities.
Once again, the goal of the researchers was to have a dramatic
impact on
production. Sites were chosen on the basis of rapid reconnaissance
tours
using two criteria - high theoretical potential for the technology
the
pro-ram intended to promote, and low current use ofimproved
technology
of any kind. There was no size limit - that is, no specified
number of
villages or households-and no relationship between thesites
selected and
the operational zones of extension.
This program encountered several implementation problems.
The exten
sion workers regarded the trials they were expected to administer
as a
burden on top of their regular work. Researchers complained
that pre
scribdI steps in the methods to be followed had been omitted,
and that ex
tensionists had been careless with trial management and data (Lipinski
and
Rizal, n.d.). The basic problem was that extension had been
handed an
impossible task. The high-input technology that researchers were
promot
ing could not realistically be supported through production
programs
under resource-poor conditions.
Reorganization: Farming Systems Research and Development
Division.
The advisors and planners concluded that the technology being
promoted
in the hills was too narrowly based on the major grain crops.
A broader
range of more fle'ible technologies was needed to provide
farmers with
producive alternatives. In 1985, the Cropping Systems Program
was reor
ganized with a broader farming systems mandate and elevated
to the status
of a fully fledged research division. Known as the Farming
Systems Re
search and Development Division, it works exclusively in the
hills.
The Cropping Systems Program had been a special program
with a pro
duction-oriented mandate. Researchers from various commodity
programs
had worked closely with local extensionists in the target areas.
The creation
of the new independent division weakened the links with other
research
divisions and with extension. Its field assistants have been
employed
directly and, so far, have had almost no contact with the
Agricultural
District Officer or other extension personnel in the districts
where they
work.
Socio-economic research, which had been an integral part of
the Crop
ping Systems Program, was recently separated from the Farming
Systems
Division to form the Socio-economic Research and Extension
Division. In

Ewell

167

spite of its name, this group has not worked with extension, except for a
single survey of the methods used by different agencies. Its professionals
feel over-extended, and have lobbied to have their mandate narrowed by
dropping the word "extension" from the name of the division.
Lumle and Pakhribas Agricultural Centres. The Lumle and Pakhribas
Agricultural Centres were established in 1968 and 1973 respectively, in
different areas of the hills. Funded entirely by the British Government, their
initial purpose was to support the resettlement as farmers of Gurkha mer
cenaries returning from the British army. The centers developed their own
extension activities to serve specific target areas, and organized both on
station and or, larm research.
The centers later expanded their mandates to include the provision of
technology to all farmers, covering larger areas. They have taken advantage
of the flexibility provided by external funding ta develop some innovative
methods and procedures, including the involvement of extension in the
planning and implementation of research. Nevertheless, neither of them
has established close working relationships with the ministry's regular
extension staff, although both centers have recently been officially inte
grated into the public sector national agricultural research system.
The Lumle Centre has concentrated its work in a single target area sur
rc..inding the station. Originally, each commodity section at the center
organized its own extension efforts. A farming systems research section was
set up with its own field staff, which implemented on-farm trials in selected
subdistricts. As the center's activities multiplied, farmers became unsure
whom to ask for information on specific topics. In response, the center
created a separate extension section responsible for synthesizing informa
tion from the researchers and passing it on to farmers. This service com
pletely replaced the work of the ministry's extension agents in the target
area. Links with extension in the larger region were developed only in the
mid-1980s, with the naming of outreach research staff to feed technology
into a T and V program.
The Pakhribas Centre has its own extension programs in two separate
target areas, serving a total of about 9000 households by 1986. The center has
also established on-farm research as a mechanism for feeding information
to extension in the four districts covered by the Koshi Hills Area Rural De
velopment Project (KHARDEP).
Both centers have set timetables for integrating their work more closely
with that of the ministry, including extension.
National on- farm demonstrations. Two different typesof on-farm trials
farmer field trials and minikits - are routinely implemented through the
ministry's extension department. Farmer field trials are standardized tests
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of promising technology. They are designed by scientists in the commod
ity programs, and run either by researchers on regional stations and farms,
or by extensionists on farmers' fields. Data are collected, sent back to the
commodity programs and analyzed centrally. For thelocal extension agents,
the trials are simply one more routine task. They have not been authorized
to modify the designs in any way, and the results are never analyzed in
terms of local conditions. The usefulness of the trials at national level has
also been limited. The trials clearly show a wide gap between yields on
stations and on farms, but they do not provide enough information on farm
level conditions to identify specific constraints or suggest potential solu
tions.
Minikits were initially designed as a relaively cheap and easy way to
provide feedback to the breeding programs on the performance of different
varieties and advanced lines under farmers' conditions. Small packets of
seed, sometimes accompanied by measured amounts of fertilizers or pesti
cides, are distributed through extension to farmers, along with a form which
the farmer is expected to fill out with his or her reactions and returnby mail.
In most parts of the country, few cards are returned and little or no analysis
is done of the data from those that are. Extensionists have a role in
administering the program, but are not given enough discretion to provide
useful feedback. The minikits are an effective mechanism for the wide
distribution of new seed, but they are ineffective as a research tool and as a
means of demonstrating new technology for extension purposes.
The integrated research and extension programs at the Lumle and
Pakhribas Centres use minikits, in a modified procedure, as a tool within
their target areas. Instead of distributing just one kind of improved seed,
they include local varieties in the package. The extension agents follow up
with the farmers and collect the forms, which are analyzed at the local
station before being sent on to the national program. Feedback is effectively
stimulated on several levels.
Group treks. Systematic feedback from farmers is difficult to obtain in
Nepal, given the difficultiesof communicationsand travel. Several on-farm
research programs have met this challenge by organizing group treks at
regular intervals. Senior scien fists and on-farm researchers travel together
through the target areas, interviewing farmers and officials. They assess
local conditions and constraints, and put together work plans for on-farm
research on the spot. The Lumle and Pakhribas Centres, where this ap
proach was first developed, include senior extersion staff on their treks.
Managers of the Farming Systems Research and Development Division
sometimes invite Agricultural District Officers on their treks as a formal
courtesy, but have on the whole made much less effort than have other
programs to draw on the experience of extension personnel.
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Conclusions. Personnel from extension participate in on-farm research in
Nepal in various ways, but formal links have proved difficult to institution
alize. Although research and extension operate within the same ministry,
links at national level are weak. Apex management has not played a strong
role in encouraging the integration of the research and technology transfer
system as a whole. A recent reorganization which has strengthened the
inoipendence of the research branch has, if anything, reduced the formal
opportunities for joint planning and coordinaition.
Responsiveness to the needs of targetedclients. All the on-farm research pro
grams examined in Nepal had accepted primary responsibility fordiagnos
ing needs and constraints at the farm level. The group trek is the primary
mechanism for bringing senior researchers directly into contact with farm
ers on a regular basis. Extension has played only a supporting role.
Capacityto transferrelevanttechnology. Outreach programs have provided
a means of getting information fron, research into the hands of extension
ists, both through theTand Vsystem a: .d through KHARDEP. The support
of extensionists has been enlisted to extend the coverage of on-farm re
search. Farmer field trials and minikits have brought new varieties and
other technology to the attention of large numbers of farmers. However,
these mechanisms have not been flexible enough togive extension an active
role in adapting technology to local conditions.
Institutionalsustainability. Agricultural research in Nepal, and on-farm
research in particular, has been heavily supported by donors and IARCs.
Specific linkage mechanisms, such as the group treks at the Lumle and
Pakhribas Centres and the production programs of the Cropping Systems
Program, have been dependent on external funds. These mechanisms have
proved difficult to institutionalize in the ministry, with its highly restricted
budget for operations.

Zambia
In Zambia, research and extension are the two branches of a single ad
ministrative structure within the Ministry of Agriculture. On-farm client
oriented research has been introduced as a national program in theresearch
branch. Field work is organized through semi-autonomous provincial
operational units known as Adaptive Research Planning Teams (ARPTs).
Each team carries out on-farm research in a number of small areas which are
selected to represent agro-ecological "recommendation domains". The
work of these teams is intended to complement that of the Commodity and
Specialist Research Teams (CSRTs) which are responsible for applied
research on the experiment stations. The managers of the ARPT program
have placed a great deal of emphasis on institutional issues and, of the nine
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countries studied, Zambia 'as developed the most elaborate set of mecha
nisms to link research and .xtension.
The extension service in Zambia is based on the T and V system and is
administered by Agricultural Officers at provincial and district levels.
Although a formal structure has been created to support this extension
system, in many parts of the country its implementation has been inhibited
by low population densities and organizational problems.
Improved links with extension: An explicit goal of ARPTs. Before ARPTs
were set up, farmers' needs were brought to the attention of station-based
researchers through provincial research tours, followed by meetings of the
Provincial Experimental Committees. These tours enabled junior and sen
ior extension staff to meet researchers, but they were net systematic or
frequent enough to provide accurate information for setting research priori
ties. At the meetings, more time was spent discussing administrative
problems and bottlenecks than technical research issues.
On a practical, day-to-day level, there was little interaction between re
search and extension. Extensionists saw the work being done on experi
ment stations as irrelevant to the needs of the farmers with whom they
worked; researchers blamed extension for not transferring technology to
farmers. When the ARPTs were set up in 1980, two explicit goals of the
program were:
1. To draw the extension staff into the process of generating and adapt
ing technology
2. To pass information on toextension, credit and marketinginstitutions
Each provincial ARPT is funded by a different donor, and has experi
mented with different methods and procedures for organizing on-farm
research and linking with extension. The ARPT program was intended to
support extension workers in various ways, particularly by sharpening the
focus on the conditions of small-scale farmers and the logic of their decision
making. Much has been learned, although surveys of extensionists have
revealed widespread confusion as to whetheron-farm trials are anadaptive
phase of research or a demonstration phase of technology transfer.
Complementary links between research and extension have been estab
lished at various levels of the administrative hierarchy. The major points of
contact are summarized in Table 1.
Nationalpolicyand coordination. Cooperation between on-farm research
and extension has received high-level support within the Department of
Agriculture.Senior staff, including the Assistant Director of Agriculturefor
Extension, were directly involved in setting up the ARPT program. The
Assistant Directors of Research and Extension have adjacent offices. For
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Table 1. Zambia: Links between on-farm researc;h and extension at various
levels of the administrative hierarchy
Administrative level

Linkage mechanism

National administration

The Assistant Directors of Agriculture for
Research and Extension have been Involved
in (he on-farm research program since itwas
first established, and confer frequently.

Provincial administration

Provincial ARPTcommittees are chaired by
the Provincial Ag ricultural Officers, who are
the heads of extension in each province.
Meetings are attended by subject-matter
specialists from extension. The committees
recommend sites for on-farm research and
review the on-farm client-oriented research
programs. The committees have not been
as effective as their creators hoped.

ARPT provincial teams

A Research-Extension Liaison Officer Is
assigned to each provincial team. A profes
sional employed by extension, he or she Is
responsible for facilitating the flow of Infor
mation Inboth directions.

On-farm research teams

The Trials Assistants, who Implement sur
veys and on-farm experiments, are sec
onded to ARPTs from extension.

Local extension workers

Contacts between researchern and local
extension workers outside the research
areas have been limited.

several years while the ARPT program was first being developed, its
national coordinator had his office in the same building as well. This close
contact between policy makers and senior administrators permitted fre
quent consultations over problems as they arose.
Coordinationat provinciallevel. Provincial ARPT committees were setup
as a forum for the joint planning and review of on-farm research and
extension at the opereu, ' level. The meetings are chaired by the Provin
cial Agricultural Officer, who is the key figure responsible for the ministry's
activities in each province, and are attended by both researchers and
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subject-matter specialists from extension. In theory, these committees are
a critical linkage mechanism, but in practice their record has been disap
pointing. The only kind of decision on which they have had much impact
has been the selection of target areas for on-farm research. Reviews of the
research programs have been perfunctory, and there is little evidence that
plans have actually been altered in response to comments from extension
staff. Nevertheless, the committees have kept the subject-matter specialists
informed about the purpose and progress of on-farm research activities.
Role ofResearch-ExtensionLiaisonOfficers. In early discussions ofthe corn
position of ARPTs, it was suggested that senior professionals from exten
sion should be included as fully fledged members. This suggestion was
adopted, but there has been no universal agreement as to what the job
description of these officers should be.
The first Research-Extension Liaison Officer, an expatriate, was ap
pointed to the team in C, atral Province, with funding from the United
States Agency for InternationnI Development (USAID). He thought that
neither the leadership of the ARPT nor the FSR methodology developed by
the Centro Internacional de Mejoramiento de Maiz y Trigo (CIMMYT)
involved extension suffi,:'iently, and he worked to broaden its role. He
stressed the importar.c : .king technology through a testingstage in close
cooperation with the local extension workers. He organized training work
shops, demonstrations and field days, and also started a monthly newslet
ter for extensionists.
In other provinces, the dual responsibilities of the Research-Extension
Liaison Officers led to delays in recruitment and contusion over the job
description (Hudgens, 1986). For example, no liaison officer wasappointed
to the team in Eastern Province until 1986, partlybecause the Farm Manage
ment Of ;cer of the World Bank's extension program had nearly identical
terms of reference. In fact, however, the latter spent almost all his time
organizing the T and V system. A long delay in appointing a liaison officer
for Luapula Province hindered interactions with extension. Little by little,
the Research-Extension Liaison Officers demonstrated their usefulness,
and by 1986 six of them - foreigners as well as nationals - were on the
ARPT staff. Interest in filling the posts increased as the provincial ARPTs
acquired technologies that were ready for broader testing and validation.
Use of extension workers as Trials Assistants. The single most important
linkage mechanism was developed on an ad hoc basis. The program
organizers did not atfirst have a clear plan topost technicians to the research
areas to supervise the day-to-day operations ofon-farm research. They did
not really face this issue until they began to plan the trials for their first major
field season in 1981. Rather than hire technicians directly, they decided it
would be cheaper and more effective to use extension personnel seconded
on a full-time basis.
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These people playa critical role in the on-farm research process. They are
usually from the areas where they work, speak the local languages, under
stand local farming practices, and serve as an effective link with village
communities. They are responsible for implementing on-farm trials, and
also assist in the organization of field days to diffuse the results.
Some extensionists without diplomas are recruited, but the standard of
competence is generally high. Most of the Trials Assistants regard the
o-portunity to work in research as a privilege. Nevertheless, it has taken
tih.e to train them tobecome effcctive research technicians. When the ARPT
program wasbeginning, training was conducted centrally, with a course for
all Trials Assistants given at the central research station. Subsequently, the
provincial teams assumed responsibility for provding informal training
because it was thought that this would help develop stronger regional
teams. The original idea was to rotate local extension workers through the
ARPT program, to expose them to the research process and make them
familiar with the new technology. In fact, the research teams try to retain
them for as long as possible, to save the expense and trouble of constant re
training.
Trials Assistants are paid by the extension branch but supervised by
researchers. This joint jurisdiction leads to some conflicts. For example,
critical repairs to field housing were delayed while the two administrators
argued over v hc should pay. Nevertheless, good comniunication at the
provincial ar d national levels makes it possible to resolve issues of this kind
before they bov:ome serious problems.
Links with non-ARPTextensionworkers. Contacts between researchers and
local extension workers who do not work directly with an ARPT are limited
(Edwards et al., 1988). Local agents are used as the main informants in
informal, preliminary surveys carried out to demarcate farming systems
and recommendation domains. They also help identify new research areas
by introducing researchers to farmers and acting as interpreters. Once the
research programs are established, however, even routine communications
prove difficult to sustain. In Central Province, for example, only half of the
extension staff regularly received the newsletter produced by the ResearchExtension Liaison Officer for their benefit. Informal contactsbetween Trials
Assistants and their colleagues who are local extension workers have been
useful, but this influence has not extended beyond the research areas.
Conclusions. The ARPT program in Zambia has made significant progress
in forging links with extension at various levels from the field up to the top
of the bureaucracy. However, even in this situation, where senior research
managers have given priority to developing strong links through on-farm
research, there are still problems. The different methods employed in
research and extension have led to problems of overlap and inadequate
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coordination. Various shortcomings have been identified for each of the
linkage mechanisms, and important differences in attitudes and in organ
izational culture remain. The local extension workers are overworked and
underpaid, and staff turnover is high.
Responsiveness to the needs of targetedclients. Extensionistsat various levels
hav,,e opportunities to bring farmers' perspectives and needs into the
research process. The Trials Assistants are in constant contact with the
farmers who cooperate in the on-farm research program. Nevertheless, as
in many othercases reported from the nine countries, it has proved difficult
to capture the results of this experience adequately. Only a few of the
provincial ARPTs have systematically included the Trials Assistants in their
annual research planning and review processes.
The primary responsibility for feedback lies with the social scientists in
the ARPTs. The sociologists are organized as a special unit which conducts
studies on a mul:i-provincial basis. They also provide support to the
provincial teams for particular pieces of research. Economists are assigned
directly to most teams, to conduct surveys and analyze the results of
experiments; rather than use local extensionists, they hire and train their
own enumerators. Some scientists argue that the economists on the teams
should be replaced by Research-Extension Liaison Officers, who would be
agronomists with some training in economic analysis.
Capacityto transfer relevant technology. In the early years, the ARPTs con
centrated on the development oftechnology, on experiment stations and in
farmers' fields. The program was only 6 years old at the time of the study,
and the process of verifying promising results in broader on-farm tests was
just starting. The choice ofsites had been organized through local extension
workers, under the coordination of the Research-Extension Liaison Offi
cers.Where possible, demonstrations were located on theland ofthe contact
farmers working with the T and V system. Lengthy discussions on the
technology to be demonstrated were held with the subject-matter special
ists. It was still too early to assess the effectiveness of the transfer process.
A variety of mechanisms are used to transfer preliminary infoination
from the ARPTs to extension workers. Researchers participate in training
courses for extensionists. ARPT agronomists and subject-matter specialists
collaborate in the revision of formal recommendations. Scientists from both
branches contribute material to newsletters for the field-level staff.
The Tand V system creates incentives and formal settings for interaction,
but also places very strict controls on the time and activities of extension
workers. Unless they work directly in the research areas, they have few
opportunities to receive information from ARMT researchers outside a few
formal events.
Institutionalsustainability. The ARPTs and extension depend on several
donors with different approaches and priorities. Although formal linkage
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mechanisms have been put in place at national level - Provincial Coordi
nating Committees, Research-Extension Liaison Officers, the secondment
of Trials Assistants to provincial ARPTs - their effectiveness has varied
considerably among teams. Moreover, a great deal of administrative time
has been spent on keeping critical linkages functioning. A strong cormnit
ment to research-extension links by senior administrators will be required
if these are to be sustained once donor support ends.

Mechanisms Linking On-Farm Research
and Extension
Six types of linkage mechanism were identified in the case study pro
grams. They are not mutually exclusive and are usually found in various
combinations with one another. These linkage mechanisms are:
• informal cooperation at field level
* national and regional research-extension coordinating committees
* participation ofextension field staff in the implementation of surveys
and trials
* participation of senior extension specialists as scientists in on-farm
research, or of researchers as outreach officers in extension programs
* participation of on-farm research staff in rural development projects
* integrated on-farm research and extension programs
The first and second linkage mechanisms provide opportunities for
members of staff to talk - to exchange information and ideas with each
other and to plan joint activities. Such mechanisms are essential, but they
must be backed up with more formal arrangements if shared programs are
to be effective.
The third and fourth mechanisms involve the secondment of staff be
tween extension and on-farm research programs. Direct collaboration of
this kind is an effective way to pool experience and to get on-farm research
activities moving. In the longer run, joint staffing often proves difficult to
administer as seconded personnel lose their identity and become isolated
from normal career opportunities in their parent institutions.
The last '.wo mechanisms involve the joirt participation of research arid
extension in integrated programs. This might seem to be the ideal solution,
but in practice it is difficult to maintain the focus and continuity ofresearch
goals in the face of the strong, short-term pressures to produce quick results
experienced in a development project.
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In this section, the experience with these six mechanisms is discussed,
and their effectiveness is assessed in terms of three basic criteria:
1. Their responsiveness to the needs of targeted clients
2. Their capacity to transfer relevant technology
3. Their institutional sustainability
Informal Cooperation at Field Level
Examples from the case studies. The on-farm research field staff in all the
programs studied depended heavily on the informal cooperation of local
extension agents for assistance in such areas as securing the cooperation of
local leaders, identifying collaborators and organizing field days. Obvi
ously, the success of any link depends on good working relationships
between thepeople involved. Nevertheless, informal exchanges ofinforma
tion between people cannot by themselves serve as dependable linkage
mechanisms.
As the experience in Guatemala demonstrates, informal cooperation
must be supported by formal mechanisms, or researchers and extensionists
will inevitably drift into the routine procedures of their parent institutions.
In turn, many ofthe formal mechanisms function best when informal coop
eration is already strong.
The Programa de Investigaci6n en Producci6n (PIP), the on-farm re
search program in Ecuador, provides another good example of the limita
tions of unsupported informal cooperation. Several of the provincial PIP
teams had shared offices with extension agents from the Ministry of
Agriculture. They consul ted each other about issues such as the selection of
farmers, and organized joint field days, but various barriers prevented close
collaboration.
First, the extension system was divided into operational regions which
did not correspond with the recommendation domains developed by PIP.
Second, the extensionists' experience in conventional programs had put
them in contact with relatively large and prosperous farmers, not the re
source-poor target group PIP was trying to reach. Third, the national
extension program had been extensively reorganized several times; the
resulting shifts in responsibil ties made it difficult for researchers to de
velop and maintain working relationships with senior specialists. Finm!ly,
the day-to-day operating procedures of the two institutions did not mesh
easily. The field extension workers were busy with their own tasks, and
their budgets were limited. Their schedules did not give them enough
flexibility to visit research sites with any frequency, even if the on-farm
research teams offered transportation.
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Assessment. The following assessment of informal cooperation at field
level as an effective linkage mechanism is based on the three criteria listed
above.
Responsiveness to the needs oftargetedclients.Informal contacts with exten
sion agents and other officials with experience at village level are a valuable
first step through which on-farm researchers can learn about local farming
systems and the constraints faced by farmers. They can also provide
valuable introductions into the local community. Nevertheless, care must
be taken to avoid introducingextensionists' biases into the research agenda.
Extensionists often work with relatively prosperous farmers who are influ
ential members of their communities. Over-reliance on their assistance can
bias the samples and research priorities selected away from the needs of
resource-poor farmers (Biggs, 1989; Ewell, 1988).
Capacity to transfer relevant technology. Informal field visits, which are
supplementd with regular events such as field days, can be valuable
mechanisms for transferrin technology to extensionists in the immediate
areas where on-farm trials are conducted. New crop varieties and some
other technologies will then diffuse spontaneously through the informal
networks of farmers. Nevertheless, as the experience in Guatemala shows,
extension activities which are based on more formal links are necessary to
transfer more complex technologies and to reach clients in marginal areas.
Institutionalsustainability.Links which depend on informal, personal
contacts between individuals fluctuate in their effectiveness not only ac
cording to changing circumstances in the field, such as staff turnover, but
also according to the degree to whic6 they are encouraged and supported
at more senior levels. They are often invoked as evidence of a working
relationship when in fact the institutions involved have not succeeded in
developing more permanent mechanisms for cooperation.
National and Regional Research-Extension Coordinating Committees
Examples from the case studies. Coordinating committees with members
from both on-farm research and extension institutions had been set up in
several of the case study countries at both national and regional levels.
Nationalcoordinationin Zimbabwe.Prior to independence in 1980, research
and extension in Zimbabwe were organized to serve the needs of European
farmers in the large-scale commercial sector. A major policy of the new
government was to expand their awnclates to meet the needs of African
farmers in the communal areas. The commnmal areas area legacy ofcolonial
land policy, which authorized the private ownership of commercial farm
land forthebenefitof the white settlers, and recognized traditional commu
nal patterns of land tenure for the African population in the remaining,
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more marginal areas of the country. Today, the communal areas consist of
170 separate territorial units. About 760 000 households farm and raise
livestock on this land, much of which has very low productive capacity.
The Department of Agricultural, Technical and Extension Services
(AGRITEX) was formed "n1981 by uniting the staff and facilities of two
organizations. One of iese organizations had served the commercial
farmers and had long worked in close association with research, while the
other had been a much less technically oriented division of the ministry
responsible for Tribal Trust Lands, which had supported the African
farmers.
There was a substantial exodus of experienced staff during the reorgani
zation. Nevertheless, AGRITEX was one of the few agencies with an estab
lished structure in the communal areas, so heavy demands were placed on
it by numerous agencies trying to comply with political directives to work
there. Among the most demanding were thesemi-autonomous institutesof
the Department of Research ai d Specialist Services (DR and SS) of the
Ministry of Lands, Agriculture and Rural Resettlement. These institutes
had set up entirely separate and uncoordinated on-farm research programs.
Various seminars and workshops to address the problem werc organ
ized sporadically, but there was no forum for regular consultation or coor
dination until the Committee on On-Farm Research and Extension (COFRE)
was established in 1986 at the initiative of research and extension staff
working in the communal areas. The committee consists of the deputy
Director of AGRITEX, and senior representatives from each of the research
institutes of DR and SS working in the communal areas. It has been effective
because its members have the authority to implement the decisions made.
It has also been strongly supported by the Directors of DR and SS and
AGRITEX, and resources have been allocated as required to carry out joint
field activities.
The first coordinating bordy to cut across the decentralized structure of
DR and SS, the commit! , immediately had a positive impact in several
areas. It published a general directory of on-farm trials and demonstrations,
to avoid overlap and duplication of effort. It organized joint field monitor
ing tours for senior staff from both research and extension. Specific research
proposals and extension recommendations are now discussed at subcom
mittee meetings of specialists in the major commodities. This is a way of
getting proposals screened and, if necessary, modified at an early stage, at
a forum where it is not humiliating for a scientist to back down. Meetings
between research and extension staff are held in each province to discuss
their results and plans in the light of the comments made by the sub
committee. Workshops on special topics are held at intervals. The coordi-
nating committee hasbeen well received because it ties national plans to the
concrete products of both research and extension at regional level.
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Regionalcommittees. In Zambia, among the mecharisms linking the ARPT
on-farm research program with extension are the Provincial Coordinating
Committees. As we have already seen, these have not been as effective as
was first hoped. Few extension administrators or senior staff realize the
power they could wield by taking a more active role in their meetings.
Nevertheless, the committees have been far more effective than their
counterparts in Guatemala and Ecuador, which are regional committees in
form only. They bhve had no effective influence and seldom even meet.
AssessmenL Coordinating committees can be an effective linkage mecha
nism if several conditions are met. At the very least, the objectives of the
committee must be clear and there must be general agreement among
members over what needs to be done. Members must have the authority
and the budget allocations needed to implement the decisions made. There
must be enough flexibility in the agenda of eLch agency to accommodate
new joint tasks.
Responsiveness to the needs of targeted clients. As the experience in Zim
babwe shows, a coordinating committee can catalyze the translation of a
national policy favoring a particular client group of farmers into coordi
nated research and extension programs.
Capacityto transferrelevanttechnology. Coordinating committees can be a
valuable way of generating consensus and will be needed if research and
extension are to cooperate in developing and disseminating a new technol
ogy. Much depends on whether both parties consider the technology has a
high potential to benefit the welfare of targeted clients. The participaticn of
on-farm researchers and extensionists on committees toapprove the release
ofnew plant varieties or modify technical recommendations to farmers can
facilitate the work of both groups. This has been an effective function of
COFRE in Zimbabwe. In Zambia, meetings convened to revise recommen
dations have been one of the few occasions which have brought subject
matter specialists from extension and on-farm researchers together.
Institutionalsustainability.As a mechanism, committees are usually for
mal, representing some degree of institutionalization. Yet, to besustainable,
they have to be incorporated into the regular procedures and staff respon
sibilities of the institutions involved. Coordination committees thatexist in
name only are all too common in research and extension systems. Such
committees also need to be flexible and dynamic. Their composition may
need to change to reflect the nature of the technology currently being
transferred, or the kind of information sought fiom farmers and extension
agents. If committees become routinized, members will come to feel that
membership does not contribute to their work and attendance at meetings
will decline. Thus, the effectiveness of the committee a, a iiiadage mecha
nism is reduced.
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Participation of Extension Field Staff in Implementing
Field Surveys and Trials

Examples from the case studies. In a number of the programs reviewed in
the case studies, field-level extension staff were directly involved in on-farm
research, both as interviewers in surveys and as assistants in the day-to-day
management of experiments. Thereare two ways in which this can be done:
routine tasks can be delegated to extension agents in addition to their
regular du ties, or extension agents can be formally seconded to the research
agency to perform certain tasks.
Delegation of research tasks to extension agents. Delegation is a tempting
option, because it allows the geographical coverage of a research program
to be increased through the use of existing extension personnel. Neverthe
less, the case studies show that unless researchers work closely with them,
extension agents are rarely able to manage experiments successfully. When
the management of experiments is added to their normal duties, extension
agents do not have the time, training, experience, mobility or motivation to
keep loss rates and coefficients of variation down. It is a recipe for frustra
tion - everyone involved ends up feeiing they are wasting their time.
The problems of obtaining good daa from the farmer field trials and
minikit program in Nepal have already been discussed. The case study from
Zimbabwe provides anothergood example of this prr blem. The Agronomy
Institute, a division of the research unit of DR and SS, instituted an on-farm
testing program immediately after independence in 1980. Called the
Communal Areas Research Trials (CART), the program's goal was to adapt
existing technology to the conditions of resource-poor farmers in the
communal areas. Experiments on a range of different crops were scattered
widely. They were designed by the research staff, but their routine manage
ment,
left to local agents of the extension agency (AGRITEX) and to the
farmet. . mselves. Assistants were trained atannual 4-day workshops on
trial design and data collection.
It was not an effective strategy. The research scientist in charge was
forced to travel constantly, but still did not have time to think through the
experimental design appropriate for each site or to interact with the exten
sion agents and farmers. Many trials were lost altogether, and few useful
data were fed back into the research process. Almost no technology imme
dlately suitable for transfer to farmers was identified. The program was
reorganized in 1984 with an increased focus on applied research. A greatly
reduced numberof trials were clustered in a few representative areas under
the direct management of technicians from the research institute who were
outposted to the sites. The results became much more valuable.
Secondment of techniciansfrom extension to on-farm research. The ARPT pro
gram in Zambia is the only instance in the case studies in which the
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technicians responsible for on-farm trials are formally seconded from
extension. Once trained, these Trials Assistants become effective members
ofthe field research teams. They speak the local languages, and understand
local agronomic practices and food preferences. However, the mechanism
has not functioned effectively as a link with extension agents outside the
areas where the ARPT field teams have conducted on-farm trials.
Assessment. Research organizations need field technicians when they set
up on-farm research programs far from their normal bases of operation.
Extension agents can meet this need at relatively low cost, but careful
management is required if they are to produce satisfactory research results
and also serve as a link with the extension system as a whole.
Responsiveness to the needs of targetedclients. If extension agents are local
people whospeak the farmers' language and are familiar with local farming
practices and constraints, their participation in the research process can
increase its responsiveness. However, the experiences in Nepal and Zambia
demonstrate that merely including extensionists in on-farm research does
not guarantee that their knowledge and experience will actually be used in
research priority-setting and planning - if this is to happen, specific feed
back mechanisms to higher levels must be developed and managed.
Capacityto transferrelevant technology. Participating in on-farm research
can help extensionists understand a new technology and explain it to
farmers, but this is effective only if the data are analyzed and interpreted in
terms of local conditions. Extensionists almost inevitably have lower status
and educational levels than researchers. If this mechanism is to be effective,
they mustbe respected as valuable team members, not used simply as cheap
labor toincrease the numberof trials thatcanbe run. Their direct experience
with research can also help them explain results to other extensionists who
do not take part directly. This influence will not extend beyond the imme
diate areas where research is done unless extensionists are rotated through
the on-farm research program or participate in formal training courses.
Institutionalsustainability.The incorporation of field staff from extension
into on-farm research can be sustained on a regular basis only if their other
responsibilities are reduced and if permanent funding arrangements are
made. Mechanisms ensuring thatinformation flows in both directions must
be developed if the link is to improve the effectiveness ofboth institutions.
Participation of Senior Extension Specialists as Scientists in On-Farm
Research or of Researchers as Outreach Officers in Extension Programs
Examples from the case studies. Senior extension personnel can serve as
valuable members of on-farm research teams. They can facilitate flows of
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information inboth directions: summarizing reports on farmers' conditions
from local extension agents for use by researchers, and synthesizing the
results of research into communications materials forextensionists to use in
the field. Outreach officers from research can play analogous roles in
extension programs. On the other hand, it is not easy to work in a job where
responsibilities and lines of responsibility are split between two institu
tions.
Partialparticipationin Nepaland Zim ;abwe. In Nepal, the British-funded
Lumle and Pakhribas Agricultural Centres have their own extension pro
grams in selected target areas. Their extnsion professionals participate in
both the planning and analysis of on-farm research, although they are not
fully integrated with field research activities. Outreach officers from the
commodity programs have worked within extension programs, although
this role has rot become permanent.
In Zimbabwe, the cotton specialist of AGRITEX, the extension service,
has his office op the eyperiment station of the Cotton Research Institute,
which is a division of DR and SS. He participates in both research and
training for the communal areas, and develops messages for AGRITEX's
radio programs.
Research-Extension Liaison Officers in Zambia. These officers are fully
fledged members of some of the provincial ARPTs. They are involved in a
wide range of activities, including the planning and implementation of on
farm demonstrations, the organization of field days and in-service training
programs, the production of regular newsletters for distribution to re
searchers and extension workers, and the preparation of extension materi
als. The divided responsibility and ambiguous job descriptions for these
positions makes them difficult Lo fill.
Assessmenf. Most linksbetween research and extension require communi
cation between different institutions and between people of differentstatus
and educational level. The few cases where professionals from extension
have been brought in to participate as equals in on-farm research programs
show this to be a promising strategy.
Responsiveness to the needs of targetedclients. Senior professionals from the
extension department have both the mandate and the stature to keep on
farm research programs focused on farmers' priority needs. Outreach
officers from research are well placed to alert the research group to technol
ogy adoption problems encountered by extension agents.
Capacityto transfer relevant technology. Full-time specialists with a clear
understanding of the structure and needs of the extension system expedite
the flow of useful information and technology from on-farm research.
Outreach officers from research are in a good position to synthesize experi
mental results into a useful form.
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Institutional sustainability.In spite of these advantages, it is difficult to
work for one institution and operate in another. Research and extension are
parallel branches of the same organization in Zambia, the only example in
which this mechanism is well developed, and even there the position of the
Research-Extension Liaison Officers has been ambiguous. The long-term
sustainability of cooperative participatory arrangements between research
and extension probably depends on whether or not the two groups as a
whole are developing shared goals and operatibnel procedures. If they are
drifting further apart, with the result that rivalry is developing between
them, participatory arrangements are unlikely to survive.
Participation ef On-Farm Research Staff in Rural
Development Projects
Examples from the case studies. Integrated rural development projects
have often sought out on-farm research programs to cooperate in the
development of locally adapted technology. The advantage of these ar
rangements is that researchers and extensionists can collaborate closely
under a single funding and management structure. However, there are
some dangers. Development programs are vulnerable to frequent shifts in
the goals and focus of their donors. They often ask researchers to work on
whatever problems are most pressing at the moment. This can conflict with
broader, long-term research goals, and make it difficult to accumulate and
interpret data according to consistent criteria.
Coordinationwith regional development agencies in Senegal. For over 20
years, on-farm research in Senegal has included the issue of technology
transfer on its agenda. Integrated research and extension programs known
as unitds expdrimeniales(experimental urats) were designed by French re
searchers in the 1960s to raise groundnut yields through the diffusion of
tested technology (Bingen and Faye, 1985; Fresco and Poa ts, 1986). This was
the background for the on-farm research program set up by the Institut
S ngalais de Recherche Agricole (ISRA) in the 1980s with funding from
USAID and the World Bank.
Extension services were organized within regional development agen
cies forSenegal's major river basins. They developed two different kinds of
liaik with on-farm research at ISRA. The Senegal River basin autfhority
signed contracts with ISRA for particular lines of research designed to
contribute to well-defined development objectives. On-farm experiments
were organized jointly by research scientists and extension agents. The
trials were used as an opportunity to train the authority's field staff in farm
level conditions. In the Casamance Riverbasin, collaboration between ISRA
and the Soci6t pour la Mise en Valeur de ]a Casamance (SOMIVAC) was
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mandated by two separate donors. USAID made the disbursement of the
second phase of funding contingent upon the establishment of a formal
protocol between research and extension. A liaison committee was estab
lished to implement the agreement.
Joint activities consistcd primarily of regular meetings between senior
researchers and senior management in the agency. These had several
positive results. SOMIVAC agreed to redefine its operational zones, which
had been based solely on soils and hydrographic data, using an alternative
system developed by the on-farm research tearn which included socio
economic criteria. Several lines of research on the local experiment station
were initited in response to needs identified by the development workers.
A major weakness was that the meetings were attended primarily by
senior personnel from both agencies, most of whom were expatriate scien
tists. Neither field-level extension workers nor farmers were directly in.
volved. Because the link was not institutionalized, the process ofactive co
ordination did not survive the departure of a few key individuals.
Quite separately, an appraisal of the project by the World Bank recom
mended the appointment of a Research-Extension Liaison Officer. The
proposal was never fully discussed with either ISRA or SOMIVAC, and
neither agency would appoint a person to fill the position.
Providingmanpower to ruraldevelopmentin Ecuador. Fiveofthe 10regional
PIP teams in Ecuador have participated directly in projects of the Programa
de Desarrollo Rural integrado (PDRI), the country's integrated rural devel
opment progTam. Researchers assigned by the Instituto Nacional de Inves
tigacione, g'ropecuarios (INIAP) work closely with the projects' extension
staff. Farmers volunteer as collaborators at meetings convened for broader
purposes by the project. The major advantage of the close association of
research with other aspects of the project is that locally tested technology is
provided to the beneficiaries in an integrated package of inputs, credit and
advice. A disadvantage has been that, under pressure to show short-term
results, on-farm research scientists have been drawn into service functions
such as the multiplication of seed and the distribution of inputs. Restric
tions on the projects' budgets have further reduced the range of subjects
researched.
Jointmanagement "nIndonesia.The Upland Agriculture and Conservation
Project in Indonesia is a regional development project managed coopera
tively by the several agencies involved, including both research and exten
sion. The research agenda of the project is designed and monitored by a
technical advisory team of senior research scientists, who have identified
component technologies for adaptation and testing on-farm. Extension
staff are consulted in the planning and implementation of on-farm experi-.
ments as frequently as once a week. Once promising technology is identi
fied, special training courses for field extension workers are held in the
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target areas. The field extension workers are then responsible for imple
menting pre-production verification trials and for instructing farmers on
how to apply the new technology.
Assessment. All the on-farm research programs that have collaborated
closely with large-scale nral development projects have experienced a
tension between the advantages of more efficient links with technclogy
transfer and support systems on the one hand, and the disadvantages of
losing autonomy and being subject tu the pressures of the short-term
production goals of the development projects on the other. Conflicts can
easily arise because of the differing goals, methods and operational time
frames of the research programs and the development projects.
Resporsiveness to the needs of targetedclients. Rural development projects
are planned on the basis of an assessment of local conditions and needs.
When they are targeted at increasing productiviv on small farms, their
managers often find that little appropriate technology is available. Adap
tive on-farm research teams are often called in after the targets and goals
have bcer. set. This provides the on-farm research program with clear
objectives, but also reduces its flexibility to develop and adjust its own
agenda on the basis of its experience with farmers.
The integration of on-farm research with development projects has
another cost. Almost invariably, the link between on-farm adaptive re
search and the applied research carried out on experiment stations weak
ens. On.-farm research comes to be viewed as an extension rather than a
research activity, and opport-mities for communication and interaction be
come more limited. As a result, feedback on farmers' needs is inhibited, with
potentially negative consequences for the relevance tf applied research
(Merrill-Sands and Mc.llister, 1988).
Capacityto transferrelevant technology. Although providing feedback to
research may be more difficult in these situations, it bec .mes much easier
for on-farm research to contribute to technology transfer. Projects provide
established channels through which technology can be transferred to farm
ers, along with the necessary credit and inputs. Links are clearly most
successful when there is technology available "on the shelf", ready for local
adapt ition.
Institutionalsustainability.Development projects are normally funded by
donors for relatively limited periods. Funds for personnel, vehicles, travel
allowances and other operating costs facilitate close working relationships
between researchers and e~etensionists. These are vulnerable to major
change, in a project, or to its termination, unless special efforts are made to
incorporate the linkage mechanisms into the regular procedures of the
institutions involved, and unless sufficient funds are provided through
regular channels.
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Integrated On-Farm Research and Extension Programs

Examples from the case studies. The case studies document two types of
program designed to bring on-farm research and extension together in an
integrated system: production programs, and T and V extension.
In the first section ofthis paper, theapproach of theproduction programs
developed by IRRI through its Asian Cropping Systems Network was de
scribed with respect to Nepal. Successful progress through the research,
extension and implementation stages is limited to regions with two basic
characteristics: the yield potential of the major grain crops in the improved
system must be high, and the distribution of the necessary inputs must be
feasible.
The T and V system of extension is a highly programmed system devel
oped in the late 1970s by the World Bank (Benor and Baxter, 1984). It has
been financed and promoted in many developing countries. According to
the model, village-level extension workers deliver technological messages
to selected contact farmers according to a reguiar schedule. These farmers
are expected to pass theinformation on to others in theirarea. The extension
workers attend fortnightly training sessions, each of which is focused on
messages appropriate to farmers' activities at the current stage of the
growing season. T and V is a rigid, hierarchical system which emphasizes
continuous monitoring and evaluation. Some countries have included on
farm research directly in their T and V system; others have depeanded on
cooperation with on-farm work implemented by research institutions.
The spirit underlying the top-down structure of the T and V system is
very different from that of most on-farm research programs, with their
emphasis on flexible, adaptive research. Nevertheless, T and V systems
create an institutional demand for locally adapted technological "mes
sages" to present at the regular extension meetings. Several of the on-farm
research programs in thecase studies had developed mechanisms to satisfy
this need for a constant stream of information.
A successfulTand V program in Bangladesh. The most successful example
in the case studies of a program of this type developing effective research
extension links through on-farm research is the Extension and Research
Project cf the Bangladesh Agricultural Research Institute (BARI). It was
initiated in 1978 in the high-potential northwestern region of the country.
Extension activities had previously been scattered between eight special
ized organizations, each with its own mandate and methods. The World
Bank provided substantial funding to reorganize them into a single T and
V system, supported by new facilities, staff, vehicles, trainingand operating
expenses for both research and extension.
The primary goal of the research project was to provide answers to the
many questions posed by farmers and extension workers. Other objectives
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included delineating the areas where existing packages of improved seeds
and practices were and were not appropriate, developing agronomic rec
ommendations for local varieties, and identifying the potential for new
crops within existing farming systems.
It took some years for BARI and the new extension organization to
develop effective mechanisms for joint planning and coordination, in 1980,
a 2-day meeting was called to discuss links between agencies, to plan the on
farm research program for the following year, and to set supply and equip
ment needs. It was over in less than 2 hours, because nobody present knew
how to prepare or carry out an exercise of this kind. The approach used by
IRRI's Cropping Systems Network was subsequently adopted precisely
because it provided clear guidelines on how to proceed.
The hierarchy of coordinating committees created on paper under the T
and V model never functioned, because the senior ad ministrators named as
their chairmen did not have the time or incentive to organize them. Because
the researchers and extension workers felt the need to coordinate their
activities, they organized their own technical committees at regional and
district levels. These became important bodies which met 5 to 10 times a
year.
As they gained experience, the researchers instituted a number of impor
tant innovations. They involved personnel from extension directly in site
selection and diagnostic surveys, and in the design and testing of cropping
patterns. They made an effort to identify innovative farmers, learn what
they were doing, and pass the results laterally along to farmers in other
areas. They developed flexible procedures for on-farm research which were
later adopted by other divisions of BARI. At the same time, they satisfied
their specialized mandate by organizing field days and training programs
forextension workers, and by providing various kinds of information to the
extension system.
Otherexperiences. The basic challenge of the T and V system is to provide
enough new information to farmers to justify the cost. Experience in both
Zambia and Nepal suggests that unless farmers receive concrete benefits,
they become bored, refuse to be contact farmers, and stop attending
meetings (Sutherland, 1986). The system has worked best in densely popu
lated regions where production systems are relatively homogeneous, so
that a single technical message is appropriate for a large numbercf farmers,
and where the ratio ofclosely supervised local extension workers tofarmers
is high. It has been much less successful elsewhere, in part because it
becomes impossible to identify enough widely appropriate technology to
send down through the complex structure (Howell, 1988).
Assessment. Both production programs and T and V provide a framework
for establishing links between on-farm research and extension. Both are
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organized hierarchically, with set roles fixed for all parties in advance.
Production programs are initiated from the research side, and include
mechanisms for extensionists and input-supplying agencies to carry the
technology on to farmers. T and V systems are initiated from the extension
side, and include mechanisms to obtain the necessary technological mes
sages from researchers.
Responsiveness to the needs of targetedclients. The cropping systems pro
grams in the case studies did not involve extensionists in the selection of
sites or in surveys of farmers' practices and constraints. T and V systems
operate within hierarchcal, formalized organizational structures which
emphasize the close supervision of local extension workers. Neithersystem
facilitates feedback from farmers to researchers, either through extension
ists or directly.
Capacityto transferrelevanttechnology. Both systems are oriented towards
increasing production as rapidly as possible, and have developed a variety
of linkage mechanisms tc move technology to farmers. Both are successful
primarily in high-potential areas with relatively homogenous farming
systems. Resource-poor farmers in more heterogeneous farming systems
tend not to benefit. Both are biased towards the introduction of packages of
new technology with associated inputs.
Institutionalsustainability. Production programs and T and V systems
have been funded by external donors. Many of their linkage mechanisms
depend on vehicles, maintenance, reliable travel funds for regular meet
ings, and other recurrent costs, as well as on a continuous supply of
technical inputs and messages. Unless the usefulness of these mechanisms
is clearly demonstrated, they will become vulnerable as the programs are
institutionalized and unless national programs are firmly committed to
meeting their operating costs.

General Lessons
Conditions for Building Effective Links
Ideally, an effective program of research and extension for theadaptation
and transfer of technology to small-scale farmers should be based on the
following conditions:
1. a shared analysis of target farmers' conditions and problems
2. technical alternatives to farmers' current practices which can be
successfully adapted to suit local circumstances through on-farm re
search
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3. well-trained and committed professionals in the institutions respon
sible for both research and extension
4. a cleardivision ofresponsibilities, assigning toeach institution a setof
tasks for which it has a relative advantage
5. effective linkage mechanisms, together with administrative and
budgetary support, which allow researchers and extensionists to plan
and carry out coordinated programs
None of the countries in the case studies met all these conditions. Only
in a few cases had research and extension even attempted to orgarize joint
activities directed towards common goals. In most cases, public research
institutions had established on-farm programs on the assumption that this
would overcome the most important barriers to getting improved technol
ogy to small-scale farmers. Often there was a feeling that this was necessary
precisely because the extension institutions were not doing their job effec
tively.
On-Farm Research: No Substitute for Extension
The on-farm research programs documented in the case studies made
important contributions towards improving the process of defining the
needs ofresource-poor farmers; it would seem that theyarebetter suited for
this role than extension services, which are sometimes biased in favor of
more prosperous farmers. In many cases they also successfully adapted
technology and transferred it tosmall-scale farmers within their immediate
project area. Recommendations tailored to location-specific circumstances
have been developed - a great improvement over the blanket technology
packages extension services often promote.
However, the coverage of on-farm research is not broad enough. Wide
spread impact is limited by the chronically weak links between on-farm
research and extension. The case study experiences argue forcefully thaton
farm research cannot substitute for extension. Good institutional coopera
tion is crucial if new technology is to be broadly verified and transferred to
a full range of clients.
Anticipating the Need for Links with Extension
Links with extension were a secondary priority in many on-farm re
search programs, and virtually all the case studies concluded that this had
been a weak area in the implementation of on-farm research. Often, manag
ers had failed to think about links with extension until technology was ready
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to transfer. Thus, one of the major conclusions of this comparative study is
that on-farm research programs need to pay more attention to forging links
with extension orother technology transfer agencies, if the processof trans
ferring and diffusing technology is to become more effective.
Links between on-farm research and extension are likely to be more ef
fective when they are built in at the early stages of an on-farm research effort,
rather than when they are hastily created, as on-farm research produces
technologies for widespread verification and demonstration. Establishing
links at an early stage, while it may appear wasteful when there is asyet little
technology to transfer, has two important advantages: it allows extension to
contribute to the planning of research and hence increases the likelihood
that research will be relevant to clients' needs; and, more important still, it
means that the structures and procedures for technology transfer will be in
place when they are needed - the research and extension staff responsible
for linkages will be better trained and motivated, and will share a common
sense of purpose. Indeed, the early establishment of linkage mechanisms
may exert a positive demand for relevant technology on the adaptive and
applied research system, increasing the pressures on the sys, 2m to perform.
Targeting Resource-Poor Farmers
Equity was a major concern in all thecase studies. Theon-farm programs
had attempted to develop technology appropriate for resource-poor farm
ers in marginal agro-ecological zones. The record was a mixture of success
and failure, but itmust be recognized that this is a challenging problem even
in developed countries with well-established institutions. On-farm re
search programs as different in their philosophies as ICTA in Guatemala
and the production programs in Nepal were inost successful with relatively
prosperous small-scale farmers working under relatively favorable coridi
tions. Links with extension had not contributed much, in part because most
extension institutions are biased toward so-called "progressive" farmers,
who are in a position to adopt yield-enhancing technologies. On-farm
research programs had partially compensated for this bias in the area of
diagnosis and prioritization of farmers' needs.
Alternatives outside thepublic sector need to be explored carefully. Non
government organizations (NGOs) often have a long-term, focused com
mitment to development in poor rural areas and are less hampered by
bureaucratic constraints (Sager and Farrington, 1988). In the case studies,
there were several examples of successful cooperation between on-farm
research programs and NGOs. In Guatemala, World Neighbors effectively
transferred ICTA's adaptive research results to one area of the highlands.
Once methods and procedures have been worked out on a pilot basis in
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collaboration with an NGO, they could be transferred to the public exten
sion service.
The Status Problem
There is a hierarchy of prestige in agricultural science throughout the
world. Maintaining effective two-way communication between lower
status field researchers in on-farm programs and their higher-status col
leagues on experiment stations, even in the same institutions, was a real
problem in all the programs studied (Merrill-Sands and McAllister, 1938).
The gap in status between researchers and extensionists is even greater and
more deeply entrenched; in addition, there is often a wider institutional
boundary to cross. On-farm research programs have tended to view exten
sionists as implementors rather than as partners. There is little evidence that
the needs identified by extension institutions played a significant role in
setting the research agenda of the on-farm programs. Moreover, the empha
sis on adaptive research responsive to local conditions has put new de
mands on extensionists without providing them either with a more efficient
structure or with additional resources to carry them out effectively.
The use of Research-Extension Liaison Officers in on-farm teams, as in
Zambia, is an interesting development in the search for ways of bridging the
status gap between research and extension. Although their intermediate
position between the two leads to organizational and personnel problems,
their role as technology packagers and consolidators can provide extension
with a professional contribution to make to the transfer of technology and
its fine tuning to local conditions. The problems encountered in defining the
role of such officers - awkwardly straddled between organizations with
different objectives and procedures- shows their task tobe a complex one.
One of the lessons emerging from the case studies is that, when setting up
on-farm research programs, managers must not to do so at the expense of
the existing extension service. The transfer of prestigious tasks or senior
staff from extension to research can be demoralizing for extension pro
grams, and thus reduce the chances of developing effective links in the
future. Seconding staff from the extension service to the research program
may help overcome this problem - as long as such officers are seen as still
"belonging" to extension, and not as outsiders.
In the short term, managers must recognize that programs attempting to
integrate the work of professionals, technicians and farmers across institu
tional boundaries and in defiance of status differences will encounter
problems. In the longer term, emphasis must be placed on upgrading
extension: more equal education, better training and more joint appoint
ments are some of the measures needed.
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Developing Linkage Mechanisms

Better ways of working together despite the difficulties need to be devel
oped. The linkage mechanisms analyzed in the second section of thispaper
are a good starting point. The first two - informa', contacts in the ield and
formal committees at higher levels of administration - are necessary first
steps for any kind of collaboration; they provide a basis for communication
about common goals and a framework for joint planning. The next two 
secondment of jvnior and/or senior staff to specific resc irch or extension
programs -- have a mixed i'ecord of effectiveness; they have been most
successful where roles and job descriptions were realistically and clearlyde
fined. The last two- which involve joint participation in common projects
- clearly facilitate the transfer of technology, but have often suffered from
unrealistic expectations and excessively rigid structures.
Links at Multiple Levels: A Key to Success
The most successful cases of integration of on-farm research and exten
sion are those in which links have been forged simultaneously at several
levels of the administrative hierarchy of theorganizations involved: techni
cians in the field, scientists and administrators at regional level, and high
level national committees. It is clear from the case studies that on-farm
research alone cannot solve the linkage problem.
When there are links at multiple levels, a strongapex managementgroup
can develop that not only combines the viewpoints of research and exten
sion, but also has access to the structures and mechanisms needed to
implement its vision. In Zambia, senior extension staff were involved in the
initial planning of ARPTs. Provincial Agricultural Officers also provide ad
ministrative support and supervision in the field. This has helped to keep
the ARPTs actively pursuing stronger links with extension.
It is too early to gauge the success of the Zambian experiment, but
Research-Extension Liaison Officers working in the field may provide the
crucial link between on-farm research and extension. Often seconded from
extension, yet committed to the technology developed by the on-farm team,
they are well placed to become product champions, enlisting the coopera
tion of the extension service in the verification stage and thus broadening
the impact of on-farm research.
The Sustainability Issue
The sustainability of a linkage mechanism should be judged in the
context of how well the mechanism contributes to an eff'?c!4'.e working

Ewell

193

relationship between research and extension institutions over the longer
term. For example, an expatriate Research-Extension Liaison Officer who is
working as part of a donor-funded project may stay in the job for only a few
years, after which his/her position may not necessarily be replaced by a
national staff position. Nevertheless, if he/she organizes workshops which
lead to a regular program of joint planning and review, then the post will
havebeen an effective mechanism. This kind of progress, however, requires
leadership from senior management. Clear goals must be set, linkage
mechanisms must be supported with the necessary resources, and incen
tives must be created to reward cooperation.
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6
Private Sector Agricultural Research
and Technology Transfer Links in
Developing Countries
CarlPrayand Ruben Echeverria

Within the context of the current ISNAR study on the nature and causes of
linkage problems between agricultural research and technology transfer,
and its aim to suggest ways in which these problems might be overcome,
this paper has two broad objectives. These are to identify:
" characteristics of private sector links which could be used to improve
links between research and technology transfer in the public sector
" changes that could be made to government policy to strengthen links
within the private sector and between the private and public sectors
The paper is based on material gathered by the authors during interviews
and literature surveys for a CIMMYT-sponsored study of private sector
research in Latin America and USAID-sponsored studies of private sector
research in Asia. From an analysis of this material, the authors present a
number of working hypotheses on which to base further studies of linkage
problems.
Links between research and technology transfer serve to transform
farmers' needs into researchable problems and to communicate the results
of this research back to the farmers. Many types of public and private
institutions conduct research and transfer technology, and the characteris
tics and effectiveness of these links depend upon the institutions involved.
Figure 1 shows the links between public a-nd private sector research and
technology transfer (see overlea).
In the public sector, most research is carried out by departments within
ministries of agriculture, by semi-autonomous institutions and by univer
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Figure 1.Research and technology transfer links among private and
public Institutions
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sities. Research output is embodied in an input, such as an improved plant
variety, or takes the form of new knowledge, such as improved farm
management techniques. Embodied technology requires an input-supply
organization to produce the improved input. In many cases, input produc
tion is handled by a government corporation, which then transfers the
improved input to a government extension department; in other cases, the
technology is given or sold to cooperatives or private companies for further
developmentand distribution. Management technology requires extension
services to transfer the technology to the farmer. Usually, these services are
provided by a government extension department, sometimes they are
provided by other government organizations which are responsible for
specific commodities or inputs (such as fertilize- production, sugarcane
development or supervised credit). Some universities aiso have their own
extension projects.
As indicated in other papers in this publication which focus on public
sector links, the interaction betweer, public research and technology trans
fer may be ill defined or inefficient. The two activities are often carried out
by separae institutions which have to compete with each other for govern
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ment resources and thus have little incentive to cooperate. It appears that
the most effective links exist where the resources are distributed on thebasis
of the impact of technology in farmers' fields.
The involverent of private institutions in the generation and delivery of
agricultural technology has increased rapidly in developing countries
during the past 20 years. Six types of private institutions conduct research:
input production and supply companies; large farms and plantations;
processing companies; consulting firms and agricultural publishing com
panies; cooperatives and commodity groups; and research found:tions.
Research in input-supply companies is aimed mainly at producing technol
ogy that can be embodied in their products; the other types of institutions
tend to produce technologies that are not embodied in a particular input.
These products and technologies reach the farmer through private market
ing and, in some cases, through government extension organizations.
For the purposes ofthis papee, "marketing" includes the activities ofboth
the marketing personnel and the technical advisors of input producers,
distributors and dealers, as well as the extension services of other types of
institutions.

Research and Marketing in the Private Sector
Categories of Private Institutions
Each of the six types of private institutions which carry out agricultural
research has different research/technology transfer links. The private agri
business companies - input-supply companies, large farms and planta
tions, processing companies and consulting firms - are categorized ac
cording to what they produce: agricultural inputs, agricultural products,
processed products and information. Cooperatives and commodity groups
are distinct in that they are coopei itively owned by a number of farmers or
companies. Research foundations are characterized by the fact that they
have an independent board of directors and independent sources of fund
ing.
Input industries. Most private sector research in developing countries is
carried out by the seed, pesticide and livestock #eed industries. These
industries conduct mainly applied research, and within each industry this
research tends to be restricted to the largest companies. Many companies
concentrate only on production, and an even larger number only on
distribution and marketing.
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Seed and livestock feed research is conducted by multinational
coorpo
rations (MNCs) and local companies. Seed production focuses on
breeding
hybrid cultivars of maize, sorghum, sunflower and a few other crops.
Most
livestock feed research focuses on producing new materials to
reduce the
cost of high-quality feed. Pesticide research is conducted mainly
by MNCs.
Theycarryou t the intitial research (such as synthesizingnew chemicals
and
screening new pesticides) in Europe, the USA and Japan; screening
new
pesticides in field trials is conducted at iheir experiment stations
in various
agro-climatic zones, including tropical and subtropical sites; the
final trials,
the trials required for registration and the development of safe and
effective
ways of applying pesticides are conducted by local subsidiaries.
Whereas most small companies involved in research handle their
own
production but appoint distributors to market their products in
a particular
region or country, large companies usually have not only their own
produc
tion division but also a marketing system that reaches farm level.
These
large companies, especially those which produce agricultural
chemicals,
also have their own technical services or extension staff who set up
on-farm
trials, organize farmers' field days, train sales staff and distributors
and
handle complaints about the effectiveness or quality of company
products.
Large farms and plantations. Most research carried out by these
institu
tions concentrates on improving management techniques. For example,
in
recent years Malaysian plantations have developed ways of
reducing
fertilizer and pesticide applications withc -t reducing yields,
and have
introduced a pollinating beetle that has both cut the costs of pollinating
oil
palms and increased yields. Many of these institutions also develop
nlhw
inputs; some of the most important rubber and oil palm varieties,
for
example, have been developed by private plantations.
Some large Malaysian plantations have technical advisory services
that
provide management assistance both within the plantation and outside
it to
other plantations. These technical service staff act as a communication
channel between the scientists and the farm managers.
Processing companies. This category consists mainly of tobacco
compa
nies, sugar mills, brewery companies and horticultural processors.
The aim
of research in these iistitutions is to increase the productivity of
the farms
that supply them with the raw materials, and at improving the
quality of
these materials. Most research focuses on management; some is
concerned
with procuring new inputs, such as new tobacco and sugarcane
varieties.
Processing companies have their own extension staff, who
are also
buyers of the crops. It is these people, rather than the marketing
personnel,
who have the most contact with farmers and who transmit the needs
of the
farmers to the researchers. Marketing personnel, particularly
those in
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tobacco companies, provide researchers with objectives as to the quality of
the product but they seldom provide information on farmers' needs. Some
tobacco companies, and mary companies in the dairy, processed vegetable
and brewery industries, have contractual relationships with farmers whereby
the company provides inputs, technical advice and credit and then buys the
product at a guaranteed price.
Consulting firms and agricultural publishing companies. These institu
tions specialize in technology transfer, and some of them conduct applied
research. Consulting firms based in the USA and Europe, such as Che
monics, Harza International, Arthur D. Little and Winrock International,
play an impo'tant role in transferring technology internationally.
In some developing countries, consulting firms service the needsof large
farmers. In Uruguay and Argentina they conduct applied research on
cultural practices, such as fertilizer application and pastoral management,
for ranches specializing in livestock and crops, and transfer information
from public research stations to these clients; the information and/or the
inputs are usually sold to the clients as part of a package. Consulting firms
in Asia tend to concentrate on plantation crops; most of them are, in fact, the
technical services departments of these plantations. A growing number are
independent of a plantation base and are staffed by ex-plantation managers
and technicians, but these firms conduct little or no research.
Companies that publish agricultural magazines play an importantrole in
the transfer of technical information from the public and private sectors to
farmers and from one farmer to another. Examples of such magazines are
the Latin American publication Agricultura de las Amiricas and the Asian
publication AgriculturalMechanization.These publications depend heavily
on advertising from the input-supply industry.
Cooperatives and commodity groups. Many of these institutions conduct
research. Their members are usually large commercial farmers, plantation
owners or processors. Examples of cooperatives and commodity groups
which have their own research programs are SUL and CALNU, the Uru
guayan wool and sugarcane associations; FEDEARROZ and CENICAFE,
the Colombian rice and coffee federations; CEPLAC, the Brazilian cacao
research organization; the vegetable oil mills association in India; and the
Davao banana plantations in the Philippines.
An example of a smaller organization is the Consorcios Regionales de
Experimentaci61t Agropecuaria (CREA), in the southern part of Latin
America, which consists of small groups modelled on French farmers' as
sociations. Each group islocated in a specific region, hires experts to provide
techn;" Al advice on farm management and commercialization issues and
conc ucts applied research as part of regional and national programs.
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Foundations. There are foundations in Latin America that conductor fund
research and provide technical assistance to farmers in the Dominican
Republic, Ecuador, Honduras, Peru and Venezuela. In Asia, a number of
small foundations conduct research; an example is the Tata Energy Re
search Institute in New Dehli, India, which conducts research in agricul
tural biotechnology.
Characteristics of Private Sector Research and Marketing
The goal of private agribusiness companies is to maximise profits. Thus,
to produce new technologies, they must allocate funds as efficiently as pos
sible to the various activities involved -research and development (R &D),
marketing, production and others.
To allocate the right amount to R &D, these companies need information
from scientists and engineers on what new products can be produced, the
cost of R &D, and the probability that the products will be developed within
a certain time. They also need estimates from their marketing personnel on
future prices and sales of the products.
To allocate the right amount to marketing, agribusiness companies need
financial information on the impact ofa dollar spent on marketing on prices
and sales of new products. They also need technical information from
scientists about the products they intend marketing; for example, informa
tion that pests are likely to develop resistance toa new pesticide in fiveyears
or that disease resistance in a new maize hybrid is likely to break down in
a few years will affect the amount ofmoney companies consider should be
spent on advertising these products.
The economic value oflinksbetween research and marketing is that they
provide information which reduces the amount of research resources
wasted on developing products for which there is no market and the
amount of marketing resources wasted on advertising and transferringnew
technology. The costs of linking research and marketing relate to the time
staff spend in informal linkage activities and the salaries and facilities for
staff engaged in formal linkage activities. In the case of agribusiness
companics which rely on other companies to provide market information
and to sell their products, the costs relate to the expenses incurred in buying
this information and educating the dealers or technology transfer agents in
these other companies.
The research, development and production process. The two characteris
tics of the R &D process which distinguish it from all other activities in an
agribusiness company are that it may take many years to complete and its
outcome is very uncertain. For this reason, companies periodically re
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evaluate research projects to establish whether they are still technically and
commercially viable. The process of researching, developing and produc
ing new technology can be divided into six stages (Booz et al., 1987):
Exploration:Searching for product ideas which meet the company's ob
jectives
Screening: Determining on the basis of a quick analysis which ideas are
pertinent and merit more detailed study
Businessanalysis:Expanding the idea intoa concrete business recommen
dation, including product features and a production program
Development: Transforming the idea into a demonstrable and producible
product
Testing: Conducting the necessary commercial experiments toverify ear
lier business judgements
Commercialization:Launching the product in full-scale production and
sale, thus committing the company's reputation and resources
As an idea for a new product moves from the exploration stage to the
commercialization stage, costs are low at first and then rise rapidly. As
shown in Figure 2 (see overleap, a very small share of the total cost of a new
product is spent at the screening and business analysis stages, while the
largest share is spent at the commercialization stage. This provides manag
ers with the incentive to identify and eliminate doubtful product ideas as
early as possible; thus, most ideas are eliminated at the screening or
business analysis stage. A study of US agribusiness companies showed that,
on average: a firm reduces its product ideas from 60 to about seven at the
screening and business analysis stages; about a third of the ideas which then
go through the development, testing and commercialization stages are
commercial failures; and the time and money spent on the many ideas that
are eliminated in the early stages and on those which fail after introduction
account for about 70% of total cost (see Figure 3 overleap.
At every stage of the process, marketing plays a key role in setting
priorities. In most companies, marketing personnel (along with scientists
and others) contribute ideas during the exploration stage; they are involved
in eliminating ideas at the business analysis stage; they play the major role
in the testing stage; and ihey manage the commercialization stage.
Throughout this process, R &D personnel communicate technical know
ledge about a new product to marketing and production personnel. If the
business analysis and testing are done internally, educating marketing
personnel about the product is well under way before the product reaches
the commercialization stage, at which point more marketing personnel
have to be educated about the product through literature and formal
training courses.
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Figure 2.Cumulative expenditure and time required to develop new products
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Thus, the two linkage functions - information to marketing and feed
back to scientists-are going on throughout the research, development and
production process.
The activities which are related to these functions take place within the
company, or some of them may be contracted out to other companies. For
example, some of the small biotechnology companies in the USA hire con
sultants to assess the market for their proposed product and they then
contract large pharmaceutical or food companics to commercialize the
product.
Three types of links are important:
Informal links: The norm in small organizations in which there is little
need for specialized divisions; research, marketing and technical
assistance personnel meet almost daily
Formallinks: Common in largecompanies; examples include thestrttegic
planning departments of the training departments which characterize
such companies
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Figure 3.Mortality of now product Ideas
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Marketlinks:Occur when R &D and marketingare conducted by different
companies, and the service is provided for a fee
As one moves from informal links to formal links, and then to market
links, the expense and difficulty oflinking research and technology transfer
increase. Formal links are more expensive and cormunication more diffi
cult than informal links because the specialization which gave rise to the
formal links is in itself expensive and it leads to status, institutional and
perhaps even geographic barriers to communication. Market links are more
expensive and difficult than linksestablished within a company because, in
addition to the problems ofspecialization, thereis the problem of protecting
proprietary information and this further restricts the flow of information.
The Booz, Allen and Hamilton model is applicable to small companies.
They may contract out for market information and commercialize their
products in joint ventures, but they can cut costs and increase the number
of successful innovations by involving in-house marketing personnel or by
contracting market support in theearly stages of R &D. If they do notdo this,
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they will spend more money on R &D, have fewer successful products and
be less competitive.
Private research in developing countries. Private agricultural R & D in
developing countries has grown rapidly in recent years. However, on the
basis of the limited amount of detailed data available, it is estimated that in
most of these countries expenditure on private R &D rarely exceeds 10% of
the total national expenditure on research. In comparison, it is estimated
that in the USA 66% (represen "ng US$1.7-2.6 billion) of all research on food
and agriculture is conducted by private companies (Crosby, 1986).
The most detailed data available on private R &D in developing coun
tries derive from a survey in the mid-1980s of R & D companies in Asia
(Pray, 1985; Ruttan and Pray, 1987). Most large Asian agribusiness compa
nies with formal R &D programs were contacted (the survey did not include
research conducted by commodity groups, cooperatives, consulting firms
or foundations; during the colonial period most of the research was carried
out by commodity groups, but since independence most of these groups
have been taken over by governments).
As shown in Table 1, the data gathered during the survey were divided
into five categories of private research: seeds; pesticides; machinery; live
stock; and processing and plantations. The first four are input industries.
Processing and plantations were placed in one categorybecause most of the
processing industries that were conducting their own research also had
their own plantations. R & D by input industries makes up 60% of the
private R & D in Asia. Only in two countries, the Philippines and Malaysia,
does the total expenditure on private research exceed 10% of public research
expenditure.
Private research in Latin America at least equals, or may even surpass,
the amount done in Asia. The input industries are particularly important
(de Obschatko and Pifieiro, 1985; Echeverrfa, 1989). Most of the major
MNCs and some large local companies invest in R&D in Brazil, Argentina,
Mexico and Chile. In Central America a.d northern South America ,o.-ne
plantations invest in R & D. Farmer cooperatives and commodity 1"oups
take a far more active role in R & D in Latin America than is the cas, with
their counterparts in Asia or Africa.
Much less private research is conducted in Africa than in Asia or Latin
America (Eicher, 1984; Hobbs and Taylor, 1987). In a few countries there arm
private research programs on oil palm, rubber and tea plantations. Private
research on maize and sorghum plant breeding and, to a limited extent, on
pesticides is conducted in Egypt, C6te d'Ivoire, Kenya, Nigeria, the Sudan
and Zimbabwe.
In general, private research in developing countries tends to be applied
in nature. International seed companies develop new hybrids by crossing

Table 1. Private sector research expenditure In seven Asian countries,
1985 (US $1000's)
Seeds

India
833

Philippines Thailand Indonesia Malaysia
1583
665
0
0

Pakistan
182

Bangladesh
Less than

Total
3264

(8)8

(4)

(3)

3500
(20)

1000(1)

1170
(8)

887
(5)

800
(1)

500
(3)

387
(5)

40
(2)

7-84

none

none

none

?

none

none

6 775

500
(6)
1137
(7)
4390

1725
(2)
1034

600
(3)
600

?

non

none

5100

10000

234

50

16379

Total Private Research

6 775
(3)
2275
(3)
3324
(25)
16707

(3)
4311

(3)
2000

(9)
10500

(2)
804

(1)
90

Govt Agricultural R&Db

38802

248000

7000

73595

6700

44400

56 170

8000

7

63

5

3

24

1

Agricultural Value Added ($ billions)

1

59.7

8.7

5.6

21.1

6.6

6.6

6.7

Private as %of Agricultural GDP

.03

.06

Pesticides
Machinery
Uvestock
Processing and Plantations

Prlvate as %of Govt Research

(5)

.05
.01
.17
.01
.01
I Number of firms in parenthess. bThese numbers are not consistent in their inclusion
capital expenditures, but Pakistan dues, and in some other cases it is unclear whether or exclusion of capital expenditures; the Philippines does not include
or not capital expenditures have been included.
Reprinted by permission from Ruttari and Pray, 1987, p. 415. Data sources:
India, 1983-India. Department of Science and lechnology, Research and Development
Statistics, 1982-83, New Delhi. 1984. Philippines. 1984-Moises Sardido unpublished
statistics collected for UNDP study. Thailand. 1984-Rungruang Isarangkura.
"Thailand and the CGIAR Centers: A Study of Their Collaboration in Agricultural
Research:" Study Paper No. 16, Consultative Group on International Agricultural
Research, 1986. Indonesia, 1984--personal communication with Peter Oram,
IFPRI. Malaysia, 1980-personal communication with Peter Oram. IFPRI.
Pakistan.
1984-Pakistan Agricultural Research Council. NatiorialAgriculturalResearch
Plan, Islamabad, 1986. Bangladesh, 1985-personal communication with A. Kaul,
Winrock
International.

208

PrayandEcheverra

their elite lines with local germplasm. Local companies use the results of
public research to develop hybrids. Multinational pesticide companies
screen new products for efficiency at their experiment stations located in
various agro-climatic zones, including tropical and subtropical zones. Local
subsidiaries carry out the final field trials and the trials required for
registration. Most agricultural machinery research takes the form of experi
mentation by implement producers, who incoroorate modifications sug
gested by their own staff and by farmers.
Marketing in developing countries. The amount of money spent on
marketing varies between industries and between types of companies.
Much of this expenditure is not, in fact, related to transferring technology
or educating farmers about new technologies but is simply product promo
tion.
No data have been found on the amount spent overall by agribusiness
companies on marketing in developing countries. It is likely that this
amount is exceeded by the amount spent on public extension services, but
as countries become more developed the expenditure on public extension
will probably decrease while expenditure on private marketing will in
crease (de Andrade Alves, 1984). In comparison, private marketing is
predominant in aeveloped countries, whereas publicextension is relatively
limited.
On the basis of data gathered from Asian agricultural, chemical and seed
companies, it is estimated that input industries that conduct R &D in Asia
spend at least two or three times as much on marketing as they do on
research. In addition, there are a large number of companies that do little or
no research but have substantial marketing departments. The Indian seed
industry is an example: about 3% of sales of the main seed companies is
spent on research, whereas about 15% of the market price goes to the
distributor, of which 10% is supposed to be passed on to the dealers (Pray
et al., 1989). This 15% represents the main marketing cost of Indian seed
companies, but they also spend money on advertising and on training their
distributors and dealers.
Plantations, processing companies and cooperatives "market" the re
sults of their research primarily through their own technology transfer or
advisory services. They do not have the costs of advertising their new
products or management techniques, which reduces their total marketing
budget relative to input industries. However, in most cases, the amount
they spend on technology transfer probably exceeds that spenton research.
Processing firms such as cigarette companies have many more technology
transfer agents than researchers (although these agents are also buyers of
tobacco leaf from farmers). In Pray's Asian survey, the only firms which
invested more in research than marketing were the Malaysian plantation
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companies; they spent about twice as much on research as they did on
advisory services.
Private marketing includes most of the techniques which are used by
public extension: farmers' meetings; demonstration plots; short courses for
farmers, distributors and dealers; radio programs; and information bulle
tins. There are also a number of actvities not commonly used by public
extension, such as advertising on television and radio and in newspapers
and magazires.
The amount of technical information that companies provide with a par
ticular input depends on at least two factors:
the complexity of the input in terms of management and farmers'
safety (for example, more information is required on the safe and
effective use of pesticides than on new crop varieties)
the structure of the market (for example, pesticide companies selling
their own product through their own distribution system invest more
in providing technical services to ensure its proper use than if they sell
it to the government for distribution through public extension serv
ices; companies may also invest in advertising to maintain their
market share in a product if there are no property rights, such as
patents, or if a patent expires)
Links between Research, Marketing and Farmers
This section describes the informal, formal and market links in R & D
planning and the dissemination of research information in the private
sector, and then briefly outlines regional differences in private research
marketing links.
Research and development planning
Informal links. The seed companies in India, Guatem'ala and Mexico
provide examples of the way informal links help determine how much and
what type of research is done. In India, until the early 1980s local companies
were engaged mainly in marketing hybrid seed produced by public re
search. These companies are now investing in hybrid research because of
the profitabilityof a pearl millet hybrid and a fodder sorghum hybrid. Itwas
only when the marketing personnel were convinced of the profitability of
research than the companies started plant breeding. Marketing personel
and researchers are in regular contact with each other, and thus no formal
linkage mechanisms are needed.
In contrast, the Mexican and Guatemalan maize sFed industries were
started by companies with a heavy emphasis on research. There seem to

210

Prayand Echeverrfa

have been three well-defined phases in the development
of research
marketing links. In the first phase, marketing had little influence
on research
priorities; most resources went into breeding and/or adapting
hybrids
from elsewhere, while marketing simply tried to sell what the
researchers
produced. In the second phase, marketing was concerned with
the collec
tion of basic data on seed prices and quantity and market share;
there was
a two-way flow of information between researchers and marketing
person
nel, with both groups playing an equally important role in marketing
and
research planning decisions; and companies were still small
enough to
allow the two groups to have daily contact with each other.
In the third
phase, marketing had developed to the point where it set
the research
priorities, asking researchers to develop specific products to meet
farmers'
needs in a particular region.
In many small agricultural machinery shops, the "researcher" is
actually
the owner, who is also in charge of production and marketing
(Mikkelsen,
1984). He spends part of his time tinkering with the machines
he produces
in order to improve them, often on the basis of suggestions made
by farmers,
and to find cheaper ways to produce them.
Formal links. In large companies, formal links take the form of
strategic
planning programs and decision-making procedures that bring
together
research and marketing. Major decisions on important research
issues (such
as whether, in the case of an agricultural chemical company,
research
should concentrate on herbicides and fungicides and drop
insecticide
research) are made by top management, in conjunction with
the strategic
planning department. Strategic planning groups usually include
both
marketing personnel and technical scientists. In US-based
MNCs, top
management consists mainly of non-scientists.
Formal planning procedures are also used to help top management
of
agricultural chemical companies decide on such as issues as what
type of
biotechnology research to invest in. For example, once the US-based
MNC
DuPont decided to invest in agricultural biotechnology, a DuPont
team of
scientists and marketing personnel surveyed a large ,umber ofagricultural
scientists and farming experts to assess which products they expected
to be
affected by biotechnology and when. In conjunction with advice
given by
scientific and marketing experts, this information was then used
to deter
mine biotechnology priorities.
Multinational agricultural chemical companies decide which
crops and
pests should be included for screening the biological efficacy
of new
chemicals by assessing the potential economic importance ofcontrolling
the
pest. To do this, marketing personnel assess major markets by using
public
data on market size, purchasing market information from
outside the
company, and conducting surveys among relevant experts. Because
the R
&D costs of producing new technologies are so much greater than
the costs
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of screening and business analysis, marketing personnel and information
play a key role in determining which products should be developed.
R &D projects undergo regular reviews to ensure that progress is being
made towards producing a technology that will be viable for the company.
For example, if in the R & D process it is discovered that a chemical is
effective only against insects, wherezs the company is specializing in
herbicides and fungicides, development might be stopped and the chemi
cal, if the company had patented it, might be licensed to another company.
If a herbicide is developed that is found to be effective against a weed that
is a problem only in a small area, further development work would
probably be stopped unless the government provided subsidies to meet the
costs of the final development and government approval processes.
MNCs may have difficulty in overcoming distances and cultural differ
ences between headquarters and subsidiaries. The top management ofa US
company, for example, decided incorrectly not to commercialize a particu
lar herbicide inThailand because itconsidered that the market was not large
enough to justify costs; the head of the company's Thai subsidiary, however,
was able to reverse this decision by using local funds and frequent commu
nication with headquarters to prove that the demand was higher and the
commercialization costs lower than headquarters envisaged.
In many companies, before funds can be allocated for research on a new
product which accords with the general goals of the company, scientists
have first to convince production and marketing personnel that the out
come has a good chance of being not only technically feasible but also
profitable. At Hindustan Lever in India, for example, various profit centers
in the company (such as animal fed, or plantations) decide what type of
research they need, and then provide money to the central research facility
in Bombay to carry out that research. Ongoing research programs are
reviewed at least annually to establish whether they still serve the purposes
of the profit center and, if they do not, they are stopped.
Private companies are willing to invest large amounts of money in formal
linkage mechanisms to ensure that they have the information necessary to
set research priorities. A good example which highlights the differences
between private and public investment in this sphere concerns the Virginia
tobacco breeding programs in Bangladesh. One program is run by the
government, the other by the Bangladesh Tobacco Company (BTC). Both
entities are aware that smoking quality is the key factor in the profitability
of a new variety. The BTC built a laboratory for testing the quality of its
varieties, incorporated thisinformation into its plantbreedingprogram and
developed a high-quality variety which is popular with farmers and ciga
rette producers. The government, on the other hand, has not built a quality
testing facility and continues to produce new varieties which have low leaf
quality, fetch low market prices and are rarely grown by farmers.
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Some of the largest companies have found ways to shorten the "distance"
between researchers, marketing personnel and farmers. At Pioneer Hi-Bred
in theUSA, theseed producer/distributorisa farmcrhimself. He feedsback
information directly to marketing or production personnel who, in
turn,
pass this information on to researchers at regular meetings held between
marketing and research personnel. Plant breeding stations are scattered
throughout the important maize-producing regions of the USA, and
the
plant breeders at these stations, who are influenced by their close contact
with the farmers, work with the scientists at headquarters to set research
goals. In Latin America, this is taken one stage further in that in many
cases
Pioneer's plant breeders are farmers themselves.
Product development personnel from agricutural chemical companies
and private sector plant brecders regularly work with the marketing
personnel in their companies to conduct trials of new products on farmers'
fields. The companies then invite local farmers to field days at which
the
farmers and plant breeders discuss desirable improvements in the varieties.
The farmers' comments are taken into account in the conduct of subsequent
trials. This pattern of using both internal and external sources of informa
tion is exemplified by the way Northrup King sets its research priorities
(see
Figure 4). Seedstock (inbred lines of hybrids and pure lines of varieties)
is
produced on the company's farms; the farm managers inform researchers
whether an experimental variety is commercially producible; and commer
cial seed is produced externally by contract farmers.
Market links. These links are more common among smaller companies
than in larger concerns. New companies made up primarily of scientists
have to link R &D with marketing personnel by hiring marketing services
rather than building internal links in the company.
In the USA, the expansion of private R &D in biotechnology was led
by
scientists from the privateor public sectorwho invested capital in settingup
small research companies. The companies received someguidance from
the
investors, and to obtain the market information they required they
hired
consulting firms. Many of these companies are now approaching
the
commercialization stage. Those that started with a strong marketing contin
gent in top management seem to be doing better thar. the science-driven
companies which did not haveclose links with marketingat theearly
stages
of product development.
Many companies, including both MNCs and small local firms, sell their
products through other companies. By doing this, they may lose access
to
information on which to base re,,.arch And development planning.
For
example, Monsanto, which concentrates on product development
and
manufacturing, sells its products in Southeast Asia through other compa
nies. In the case of the Philippines, Monsanto products are sold through
Bayer; Monsanto has product development staff who work with Bayer
and
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Figure 4. Research product feedback
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thus are in a position to provide feedback which would help set future
researchpriorities,but because Monsanto and Bayer are rival companies in
many other partsof the world, there are limits as to how much information
Bayer will pass on to Monstanto and vice versa.
Companies in developing countries often buy information for use in their
R & D planning activities. They b--:y technical expertise by hiringscientists
from universities, government research programs and consulting firmns as
consultants and, in countries where relatively sophisticated market re
search firms exist, they may buy marketing information.
Dissemination of research information
Informnal links. In small firmsin which the only links are informal ones, the
dissemination of information about a new technology is inseparable from
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the research process itself. In small agricultural machinery shops in the
Philippines and Thailand, for example, product and marketing personnel
spend some time on research, and thus no special communication links are
needed. Similarly, in small seed or tobacco companies, thedealers, technical
advisors and purchasing agents conduct field trials; thus the only technical
information needed is on how to conduct the trials and record the results.
If a firm is large enough to have some specialized personnel, information
may still be disseminated through informal links. When marketing or
technical services personnel in such companies face a technical problem,
they can go directly to the scientists to discuss it.
Formallinks. Large input-supply companies have several formal mecha
nisms for transferring research information to their production and market
ing personnel. These include regular meetings at which scientists report
their results to technicians and marketing personnel, and regular training
sessions, often held just before each crop season, at which scientists explain
new technologies or farm management practices to marketing personnel.
Another type of formal research-marketing link used by many compa
nies is on-farm research and/or demonstrations. Seed companies' regional
marketing personnel conduct trials of the hybrids in the final testing stages
on rented land or farmers' fields, and in this process they acquire informa
tion about the new technology. Scientists also work with distributors and
dealers to set up demonstration plots of proven new technology. Agricul
tural chemical companies, processing companies and cooperatives use
experiments and demonstration plots to bring together researchers, mar
keting personnel and technical advisers.
Companiesalso disseminate research information through internal news
letters and, in some cases, electronic-mail networks. For example, Cargill
has an electronic-mail network through which managers throughout the
world reporton improvements they have made in their feed millsor on new,
less costly materials for producing feed. Cargill's central research depart
ment uses this network to disseminate information on its results and on
public research results around the world.
Many large companies incorporate into their recruitment and personnel
policies the recognition that personal communication may be the most
effective way of facilitating the dissemination of research information. One
way of encouraging this type of communication is to recruit marketing
personnel whose technical background and experience is such that theywill
not feel intimidated by the scientists and will feel free to ask them foradvice.
Another strategy is to move, when possible, personnel between R & D,
technical advisory and marketing roles. MNCs constantly move scientists
and technicians between headquarters and subsidiaries in developing
countries. Scientists from headquarters often visit the subsidiaries, carrying
the latest information from the central research department and bringing
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back information from the developing countries; likewise, scientists and
technical personnel from the subsidiaries visit headquarters to exchange
technical and marketing information.
Market links. When market links are the main channel through which
research information is disseminated, companies have to train not only their
own marketing and technical personnel but also the personnel in the
companies to whom they sell new technology. Input companies in Asia
train thousands of dealers each year. In Bangladesh, for example, CibaGeigy conducted a 3-day training course in basic agriculture and the use of
pesticides for 2000 pesticide dealers in 1985.
Regional differences. In Latin America, the local private sector is less
actively involved than the MNCs in R &D and marketing. The production
of chemicals (herbicides and pesticides) is done almost entirely by MNCs.
However, a few local companies have played an important role in some
areas (wheat seed in Argentina, agricultural machin( .y in Argentina and
Brazil, rice and coffee in Colombia and cacao in Brazil).
Within Latin America there are regional variations in the links between
research and marketing. In countries with large markets, such as Argentina,
Brazil and Mexico, it is common to have foreign and local companies doing
both research and marketing. There isless research in countries with smaller
markets, such as Bolivia, Ecuador, Paraguay and Uruguay, and the pre
dominant research-marketing links are those between R &D headquarters
(regional, or in the USA or Europe) and local marketing subsidiaries; there
are also a few foreign and local companies in these countries which
specialize in marketing public research results.
Much of the private research effort in Asia is conducted by large local
companies, and thus there are more research-marketing links within local
companies than is the case in Latin America. In Africa, some countries, such
as C6te d'Ivoire, have strong commodity organizations involved in both re
search and marketing, as well as a few private input-supply companies
which are regulated by the government.

Relationship between the Private and Puulic Sectors
Links between Private and Public Research and Technology Transfer
Governments intervene in the provision of new technologies for several
reasons. Firstly, they act in response to market failure. When private firms
are unable to make a profit from investments in R &D and marketing, they
begin to underinvest in these activities; governments respond by investing
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in research or implementing policies that increase private sector incentives
to invest. Secondly, they intervene to keep markets competitive and protect
local producers from foreign competition. Thirdly, they intervene to im
prove income distribution in thecountry. Fourthly, they regulate industries
through legislation designed to safeguard health and protect the natural en
vironment. In addition, governments may implement policies, such as
import barriers, which, although not specifically aimed at R & D and
technology transfer, do have an important impact on these activities.
The most important type ofgovernment involvement in the provision of
new technologies is public sector research and extension. In Latin America,
research and technology transfer was dominated initially by public organi
zations; this was followed by a period when private sector R & D and
marketing grew substantially, especially in agricultural chemicals and
machinery and improved seed varieties.
In Asia, private R &D and marketing started from a small base and has
grown quite rapidly in recent years, but public research and extension
continues to be predominant. Thus links between public research and
private marketing are more common in Asia than in Latin Anerica. In
Africa, private R &D arid marketing is very limited; only in a few countries
has there been any growth in private sector involvement.
Public and private sector research links. The interaction between private
and public sector research usually takes place at the individual level. This
is mainly because scientists from both sectors have often studied at thesame
university, the number of scientists working on a specific project is small,
and many private sector researchers worked initially in the public sector.
In addition to these informal channels ofcommunication, there are some
formal links, such as publications in scholarly journals, professional society
meetings and meetings to set public research priorities. Cooperative re
search projects are also a form of linkage mechanism; for example, compa
nies may provide a new technology (in most cases, seeds or chemicals) to be
tested by public experiment stations, and the discussions of the results of
these tests provide a good opportunity for interaction.
Market links between public and private research consist of contract
research by public institutions and public sector scientists working in
private institutions as consultants. In India, several large agribusiness
companies contract researchers from university agricultural departments
or from management institutes. In Southeast Asia, many university scien
tists work as consultants on private research projects. In Latin America,
government scientists often do part-time research for private companies.
Public and private sector technology transfer links. Informal links be
tween public extension agents and private company marketing personnel
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are less common than in the case of public and private sector scientists.
Among the reasons for this are differences in background, training, the size
of the region covered and the type of farmer with which each sector works.
In some countries there are formal arrangements for cooperation be
tween the two groups. Private companies sometimes provide government
extension departments with trail'iing in the use of new inputs. Government
extension agents may arrange meetings between farmers and private
marketing personnel or technical advisors.
There are also some examples of market links between the two groups.
In several Southeast Asian countries it appears that some government ex
tension agents "moonlight" as salesmen or demonstrators forprivate input
supply companies. There are also reports'hat in some developing countries
distributors from private input-supply companies pay government exten
sion agents to push their products.
Private sector transfer of public sector technologies. There are many cases
in developed and developing countries where public research results are
transferred to farmers by private companies. Local companies which do not
have research programs depend on technologies developed by public
research; they market public research results and compete with larger
companies which have their own research programs.
In many developing countries, public research improves germplasm and
develops hybrids and other varieties which seed companies then commer
cialize. In India, the flow of seed from the public to the private sector
involves using informal, formal and market links. An example of the use of
informal channels is when companies receive seed samples from friends or
relatives who work in public research institutions. Companies also acquire
new varieties through formal channels; for example, coordinators attached
to the All India Crop Improvement Project (AICIP) may release seed to
private companies upon request; most Indian public research institutions,
as well as the International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT), provide breeder seed free of charge.
Seed companies also use market links to acquire new varieties developed
by public research. A few universities in India and the Kasetsart University
in Thailand sell their maize inbreds to private companies. Companies also
buy foundation seed from the National Seed Corporation and the State Seed
Corporation in India. Local seed companies in Guatemala buy maize
foundation seed from the public research institute and pay a royalty for
basic seed developed by the institute.
Public sector transfer o.' private sector technologies. The transfer of
privately developed technology by public extension agents occurs when
these agents recommend and/or sell privately developed inputs. An ex

218

Prayand Echeverrfa

ample of formal private research-public extension links can be found in the
US dairy industry, when public extension agents recommend a new milk
ing parlour which will use privately developed milking equipment; private
companies, such as Alfa-Leval and Surge, set up demonstration farms
where they explain the advantages of the new equipment to the extension
agents. These companies may also provide equipment to universities for
testing, and send information about their products to extension agencies.
Farmers frequently ask public extension agents for advice about inputs
which have been privately developed. When public extension is part of a
government credit system, private sector inputs are usually included in the
credit and extension package.
Market links are found in the input distribution systems in many devel
opingcountries. Fertilizers, seedsand pesticides developed by private com
panies are imported and/or purchased locally by the government and then
recommended and sold to farmers by the extension agents.
Effect of public research and extension on private sector links. Private R
& D activities are influenced by public sector research in several ways.
Private sector scientists get new ideas and inputs from government scien
tists when the two groups meet informally or formally, such as at confer
ences. The results ofprojects undertaken by the public sector to compare the
usefulness of similar technologies can help shape private research pro
grams.
The existence of an effective government extension system can influence
research and marketing, and the links between them, in private companies.
A company may change its research priorities to, btain government ap
proval; for example, a private research company in India may aim to
produce a variety which stands a chance of winning the AICIP yield trials,
although producing seed from this variety is not economically viable.
Companies will also formulate marketing strategies aimed at convincing
government scientists and extension agents about the effectiveness of their
products, and thus the information that flows between a company's re
search and marketing personnel will have more to do with what extension
wants, rather than what farmers need.
Government procurementof agricultural inputs affects the types of links
between private research and marketing, and the information flowing
through these links. If government purchases account fora large shareof the
market, private input companies have to devote some of their time to
predicting and influencing government demand rather than meeting the
needs of commercial farmers. Thus, instead of using technical marketing
personnel who are skilled in communicating with farmers, companies hire
people who have government connections and are able to communicate
effectively with government personnel.
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In some countries, government ministries or extension systems have en
couraged the establishment of input industry associations or commercial
farmers' organizations. Among the tasks which industry associations per
form are educating the public about theuse of new inputs and gathering and
disseminating information, some of which is useful to individual compa
nies in helping tlhem determine their research priorities; thus, these associa
tions perform some of the linkage activities which otherwise would have
been undertaken within a company, or not at all. For example, the Fertilizer
Association of India collects and publishes a considerable amount of
agricultural data, and has played an important role in popularizing the use
of fertilizers through setting up thousands of demonstrations throughout
the country.
Impact of Government Policies on Private Sector Links
The structure and efficiency of links in the private sector and between the
private and public sectors are affected by how much private research and
marketing government policies and regulations allow or encourage, their
effect on company decisions asto whether to use informal, formal or market
links, and the manner in which regulations are executed by government
policy makers, scientists and extension agents.The policies and regulations
which have most impact on private sector links are those concerned with:
government approval ofnew technologies; import restrictions; restrictions
on MNCs; property rights; price controls on new technology; and tax
incentives for R &D.
In Table 2 (see overleafp, an assessment of the impact of these measures is
given in columns 2 and 3. (Forexample, import restrictions on a commercial
product which embodies new technology, such as a pesticide, would
protect local companies and might encourage them to conduct more re
search -- hence, the plus sign in column 2; such protection would, at least
initially, have a negative effect on technology transfer in that the product
would notbe available to farmers -hence, the minus sign in column 3.) The
role of public research in making or enforcing policies and regulations is
given in column 4. (Using the example of import restrictions, public sector
scientists do not have a major impact on policy but may be asked for advice
on which imports are particularly important to the country's agriculture.)
Government approval of new technologies. The regulation of new tech
nologies can be seen as a linkage activity in that it determines which
technologies should pass from the R &D to the marketing stage. In several
countries, privately developed seed varieties must be approved by the
government before the company is allowed to sell the seed. Government
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Table 2. Impact of government policies and regulations on private research
and marketing
Policiesand Regulations

Impact on
Private
Research

Impact on
Private
Marketing

Public
Research
Role

Govt approval of new technology
Seed certification required
Registration of chemicals

Run tests/approve
Run tests/approve

Import restrictions

Commercial products
Research inputs

+
-

-

Advise
Advise


-

-

Advise
None
None

Restrictions on MNCs

Research pe,'mission
Foreign ownership
Repatriation of profits

Property rights
Patents

+

Plant variety protection

+

+

+

Utile

Oppose

Price controls on new technology

-

Advise

Tax incentives for research

+

Approve

Note: + positive Impac;

-

negative Impact

field tests are conducted to ensure that a new variety is resistant to impor
tant diseases and produces higher yields than other commercial varieties.
On the basis of these tests, a government-appointed board decides whether
the new variety should be released; these boards usually include public
sector plant breeders, some of whom may have their own varieties in the
trials, and thus the decision may be a biased one. The process involved in
obtaining government approval of a new commercial variety may take
several years.
Cr inpanies that introduce new pesticides are required to show that these
products are effective and meet certain toxicology and environmental
standards; these requirements are almost universal, but their enforcement
varies greatly from one country to another. Public institutions are called
upon to test the effectiveness of the product against pests, and government
scientists may be asked for their advice on whether or not the product
should be approved.
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The process of approving new technologies brings the public and private
sector together during the testing stages, the formulation ofnew regulations
and the publication of results. This may lead to more informal contacts and
better communication between the sectors; in some cases, however, it may
reduce communication (forexample, where there isconflict of interest, oran
adversarial relationship develops between the two groups). If government
trials to test new technologies are well organized, they can influence the
direction of private research. By testing a new technology and then publi
cizing the results, governments can encourage companies to competeon the
basis of the product itself, rather than on the basis of advertising.
Government regulations may also alter the links between private sector
R & D and marketing. For example, tu meet regulations concerning the
toxicology and environmental impact ot pesticides, more scientists may be
required; this prevents small firms from entry into the industry. Such
regulations may also influence company decisions on the type of marketing
personnel to recruit, and may require than marketing personnel focus much
of their attention on working a product through the regulatory system.
Import restrictions. Governments in many developing countries impose
import restrictions on inputs which embody new technology. These restric
tions range from a total ban on importation to the introduction of tariffs.
Some countries have limits on the levels of royalties that can be paid to
import new technology. The Philippines Board of Investment, for example,
tries to keep royalties below 2% of sales, while India limits royalties to less
than 1%of profits.
If import restrictions encourage local companies to undertake R & D,
rather than relying on foreign technology, this may strengthen links be
tween R &Dand marketing because the two activities would be taking place
in the same countries and thus there would be fewer cultural barriers to
communication. However, import restrictions may also have the effect of
reducing the opportunities for local applied research to adapt foreign
technology, thus providing little incentive for local R &D and having a
negative effect on links between R &D and marketing.
Restrictions on MNCs. These restrictions are almost universal. Many
countries allow MNCs to operate in the country only if they establish joint
ventures with local companies; some countries require majority local
ownership of such ventures, or even as much as 60% local ownership. In
some cases, certain industries are reserved completely for local ownership
There may also be restrictions on the amount or percentage of profits that
can be repatriated by MNCs.
In order to operate within the constraints imposed by such restrictions,
the links between R &D and marketing within a particular MNC may have
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tobe replaced by marketlinks between the company's R &D section and the
local partner or distributor.
Property rights. The property rights to new technologies are strengthened
through patents. Some developing countries have patent regulations butdo
not have the judicial oradministrative machinery to enforce them. In several
cases, new agricultural technology is specifically excluded h Om patent
regulations Legislation on plant variety protection, which is a property
right similar to patents, exists in both the USA and Europe but, in the
developing world, is found only in Argentina and Chile.
Patents are a formal linkage mechanism between R & D and marketing
in that they require the disclosure of a new technology to the public. Once
a new technology is made public, other companies may attempt to produce
a similar product, thus increasing competition within the industry. Patents
also provide the basis for market links between companies that develop
new technologies and those that want to market these technologies. In the
absence of patents, companies protect their new technology through trade
secrets, which restricts the flow of technological information and may
reduce their incentive to license the technology widely.
Price controls. Many developing countries impose price controls on agri
cultural inputs and outputs. These regulations reduce or increase the profits
that companies engaged in R & D and marketing can expect to make, and
thus influence the amount of R & D and marketing being undertaken in a
particular country.
Tax incentives. Some developing countries have tax incentives to encour
age R & D (for example, writing off research costs for corporate taxes, or
reduced import duties on machinery or chemicals required for R & D). Tax
incentives in India and the Philippines have induced some companies to
organize their research activities into separate research institutions; this
may create an additional barrier between researchers I..ad marketing per
sonnel, and thus reduce the effectiveness of the company's research and
marketing activities.

Summary and Conclusions
The private sector is playing an increasingly important role in agricul
tural research and technology transfer in developing countries and, in
general, spends more money on linking the two activities than is the case in
the public sector. To further benefit farmers in developing countries, gov
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ernments should not only implement policies that improve private sector
links but should also draw on the lessons provided by the private sector to
improve public sector links.
Policies to Improve Private Sector Links
Government policies should aim at ensuring that public sector research,
extension and input-supply complemen" the role being played by the
private sector. As discussed earlier, government policies and regulations
influence not only the amount of private R & D and marketing being
undertaken in a country but also the nature of the links, and the type of
people who operate them, within the private sector and between the private
and public sectors. In the case of some of these policies and regulations, it
is difficult to ascertain v.hat changes in them would lead to improved links.
However, there are certain areas where changes could have a positive
impact on links.
Unbiased and well-publicized government trials ofprivately developed
inputs (which are relevant to farmers' needs) would encourage competition
on thebasis of technology rather than of advertising. Release of information
from these trials would also accelerate the diffusion of new technology.
Government extension recommendations and procurement policies based
on such trials would encourage the private sector to set research priorities
that reflect farmers' needs.
Extension could play a role in training dealers in basic agriculture, the
potential of various inputs and management practices, and the safe hand
ling of agricultural chemicals. It could also encourage the development of
industrial associations which would improve communication within pri
vate companies and between these companies and their clients.
The existence of well-defined property rights to new technology would
have a positive effect on links in so far as it would encourage more transfer
of knowledge by developers of new products. In some cases, if a developing
country reduced the restrictions on MNCs and on technological imports,
this would improve links with other countries (both developing and devel
oped) which are involved in producing technologies which are important
to that country.
Another area ofgovernment activity which can play an important role in
improving private sector links is in the provision of agricultural education
facilities at local universities and technical colleges. If marketing personnel
received better technical training, for example, they would assimilate
specific technical knowledge more rapidly and with less input from the
company, as well as beir.g better equipped to communicate with scientists
and to assess farmers' needs.
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Lessons for Public Sector Links
Private companies are more efficient than public institutions in develop
ing new products primarily because their marketing personnel play a
greater role than their public sector counterparts in decisions as to what R
& D projects should be funded and when they should be terminated. For
example, most successful Indian seed companies were started by marketing
personne' and continue tobe controlled by them. In multinational chemical
companies, marketing personnel are involved both in strategic planning to
set the overall research priorities and in the decisions as to whether or not
to end research projects.
All this is in contrast to the procedures which characterize public sector
links. Here, decisions on research priorities are usually made against the
background of little information on the potential market for research
output. The result is that many projects continue through inertia to termi
nate them and/or develop products which are irrelevant to farmers' needs.
The Booz, Allen and Hamilton model suggests that efficient companies
make a substantial investment in gathering and using marketing informa
tion in the early stages of the R &D process. Data gathered from a number
of successful companies in developing countries, including BTC, Hindus
tan Lever Ltd and Mexican and Indian seed companies, indicate that they
follow this model. Public research programs, on the other hand, rarely have
the expertise to make effective use of market information in planning and
managing the research process.
Most public agricultural research systems could increase their efficiency
by investing more in social science research to assist in research planning
and by improving the links between extension, government social scientists
and private sector marketing personnel during the early stages of the
research process. Extension agents, for example, usually have little "veto
power" in decisions regarding the nature and duration of research projects.
Increased public sector efficiency would result in a reduction in the
number of improved animal or crop varieties that farmers do not use and in
the number of farm management recommendations that farmers do not
adopt. However, bearing in mind the fact that a large proportion of
privately developed technologies are not commercially successful (for
example, 33% of new products developed and marketed by the private
sector in the USA fail after they have been introduced into the market), even
the most efficient public sector research programs will still produce some
results that have little impact.
There are a number of measures which could be adopted to improve the
flow of information within the public sector about new technology. If
extension agents were involved in evaluating research projects, they would
learn about the characteristics ofa new technology as itprogressed through
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the screeningand field testing stages; this information could then be passed
on to other extension agents. Another 'measure would be to include re
searchers in extension teams engaged in popularizing major new technolo
gies, such as a high-yielding hybrid seed or a new fertilizer. To improve the
flow of information in both directions, governments can increase the
amount of personal contact between researchers and extension agents and
dismantle as many status and institutional barriers as possible; in some of
the larger public agricultural research systems, personnel could be rotated
between research and extension.
Private companies have profit as their goal, and scientists and marketing
personnel are rewarded with an increase in salaries when they contribute to
ao increase in profits. Communication between research and extension in
the public sector would improve if the two activities had a common goal
and an institutional structure that rewarded contributions towards that
goal. Too often, public research and extension are separated into different
institutions with different goals; researchers want to advance scionce, while
extension agents want to spread technology. In addition, unlike the private
sector, the cost of unsuccessful attempts to commercialize a new technology
is borne by extension or public input-supply companies; researchers do not
suffer any immediate consequences from developing technology which is
not accepted by farmers.
The flow of technical information within the public sector may also
benefit from more investment in modern communication devices, such as
computers and electronic communications networks, and in training per
sonnel to use these devices effectively. This would beparticularly beneficial
in large countries where public sector personnel are widely dispersed
throughout the country. In many developing countries, large companies are
making far more effective use of modern communication systems than
public sector institutions.
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7
A Conceptual Framework for
Studying the Links between
Agricultural Research and Technology
Transfer in Developing Countries
David Kaimowitz, Monteze Snyder and PaulEngel

Many studies and program evaluations have identified weaknesses in the
links between institutions responsible for agricultu'al research and those
concerned with transferring technology to farmers asa major obstacle to the
development and application of beneficial new technologies in developing
countries (World Bank, 1985). In response to this, the leaders of these
institutions, as well as those who fund and oversee them, have attempted
toidentify policies and organizational structures that would strengthen the
relationship between research and technology transfer.
A number of models have been put forward as possible solutions.
Among the most prominent are the US Land Grant model, which combines
research, extension and education in one institution; the Training and Visit
system (T and V), which involves subject-matter specialists and regular
training of extension workers; and farming systems research (FSR), which
emphasizes the role of constraint diagnosis and on-farm trials. Other sug
gestions include setting up joint committees of various sorts and establish
ing or strengthening agricultural information departments.
Experience has shown, however, that it is impossible to come up with a
set of general recommendations which would be appropriate in all circum
stances. Solutions which work well in one context perform poorly in others.
While some characteristics are common to all situations where technologies
are successfully developed and delivered, these tend to be of a general
nature; the specific mechanisms for maintaining the links between research
and technology transfer vary considerably from one situation to another.
227
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However, when asked for advice on how to improve the links, we should
be in a position to say something more than "it depends on the circum
stances." This paper presents a conceptual framework and a setof hypothe
ses which may enable us to offer more meaningful advice once our study
has been completed. It does not attempt to prescribe solutions to the prob
lems of linking research with technology transfer, although we have fleshed
out our conceptual framework with relevant observations wherever
we
ha-v : felt able to do so at this stage in our study.
In particular, the paper addresses four basic questions:
" What linkage mechanisms exist and what are their characteristics?
• What contextual factors influence which linkage mechanisms are
appropriate to use and how?
" Which of these contextual factors can be controlled or influenced by
policy makers and leaders ofresearch and technology transfer institu
tions?
" What limitations do contextual factors imposeupon the useof linkage
mechanisms?
The term "linkage mechanisms" refers to the specific organizational
procedures used to maintain research-technology transfer links. "Contex
tual factors" includes all the factors that affect the use and re!evance
of
linkage mechanisms. Some contextual factors are internal in that theycanbe
controlled or influenced by the leaders of the institutions; others are external
and are influenced by the institutions' broader physical, political and socio
economic environment (Merrill-Sands and McAllistair, 1988).
Contextual factors can be divided into political, technical and organiza
tional factors (Lane et al., 1981). "Political" does not refer here to party
politics or broad government policies but to institutional politics and
the
interest groups which play a role in them; among these groups are those
which are internal (such as research and technology transfer personnel),
those which are external (such as national policy makers, foreign agencies
and private companies) and those whose involvement can be both internal
and external (such as farmers). We need to know what role these groups
play in the creation of values, rewards and sanctions which inhibit
or
facilitate collaboration between research and technology transfer institu
tions.
The technical factors are the activities and methods which are associated
specifically with the development and transfer of different types ofagricul
tural technology to different environments and target groups. The organ
izational factors include the division of tasks, resources and authority
between different organizations and individuals, and the internal manage
ment and informal dynamics of each organization and its components.
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In some situations, the research-technology transfer relationship is not
the critical constraint, such that manipulating linkage mechanisms and the
contextual factors that condition them would make little difference. Changes
in other areas must come first. In those situations where the relationship is
critical, the linkage mechanisms and contextual factors which can be ma
nipulated and those which are fixed may vary in each situation. Manage
ment must, in each case, identify the factors that can be controlled, deter
mine the options available, and make hard decisions.
This framework and the overall study of which it forms a part are
intended to provide a road map for that process. It should help leaders of
research systems find out what paths exist and where they lead. The specific
routes to guaranteed improved performance ofresearch systems are not yet
known, but this paper gives some indications as to their general direction.
The paper opens with an elaboration of the key concepts of the frame
work, and then discusses the criteria for evaluating performance. This is
followed by analyses of the political, technical and organizational factors
which affect linkage mechanisms in the development and transfer of agri
cultural technology.

Key Concepts
Research and Technology Transfer
The terms "research" and "technology transfer" have both functional
and institutional meanings. The functional meaning relates to the tasks
involved in the development and delivery of new technology. The institu
tional meaning relates to the institutions and personnel responsible for
carrying out this process. Throughout this paper we have used these terms
in both senses, as is common practice; it will be evident from the context in
which the terms appear which usage is being referred to.
The main tasks of research are:
* discovery
* exploratory development
o technology consolidation
Discovery is the process of collecting information and/or searching for
relationships between variables, the specific usefulness of which is as yet
undetermined. This process is often also referred to as "basic research".
Exploratory development is concerned with the identification, under
standing and control of the interaction between a proposed technology and
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the physical, economic and/or social environment
in which this technology
will ultimately be used. This process is often labelled
"applied research".
Technology consolidation is the process of translating
the resultsof basic
and applied research into specifications for a new
technology and ensuring
that these specifications suit the type of farmers
for whom the technology
is intended. This involves some adaptive research,
but it also includes all the
work carried out to determine how to present and
package a new technol
ogy and to identify exactly who might be interested
in using it.
The main tasks of technology transfer are:
• technology production
" delivery of technologies to farmers
* monitoring and evaluating the use of technologies
Technology production is theprocess of producing
the materials (physi
cal inputs and/or information) in sufficient quantity
and of making these
materials available to those responsible for technology
delivery.
Technology delivery is the process in which the technology
is promoted
and distributed to farmers. In most instances, agricultural
technologyis
de
livered through manychannels and over varying
lengths of time; asa result,
what the iarmers receive is often incomplete and
contradictory.
Monitoringand evaluating the use of technologies
involves ascertaining
whether farmers have acquired the new technology,
assessing the extent to
which they adopt, adapt or reject it,and identifying
the reasons underlying
their response to it.
Implicit in the tasks outlined above is the assumption
that they occur in
a logical sequence; indeed, common sense and
much of the available
literature support this assumption (McDermott,
1987). In practice, how
ever, many of these tasks may be performed simultaneously.
Work may
begin with exploratory development rather than
discoveryor new research
may be carried out on a technology already in the
process of consolidation.
A variety of institutions and personnel play
a part
research and technology transfer tasks. It is also important in carrying out
to note that many
research institutions and personnel may be involved
in producing, deliver
ing and evaluating new technologies, while many
technology transfer
institutions and personnel may be active in discovering,
developing and
consolidating new technologies.
Technology Transfer or Extension?
We have used "technology transfer", rather than
the more familiar term
"extension", throughout this paper, apart from
a few contexts in which

Kaimowitz, Snyder and Engel

231

national extension services are specifically discussed. The reasons for this
decision are:
1. It is important to include the role if inputs and services in the
discussion of technology development and delivery. This broader
view is captured by the term "technology transfer", whereas "exten
sion" implies a more limited focus on education/information.
2. Some activities associated with "extension", such as informal educa
tion in nutrition and health, are not within the scope of this paper.
3. "Extension" is now usually associated with conventional public sector
extension services. "Technology transfer", however, can be applied
not only to these services but also to those provided by many other
institutions or organizations, such as private firms, parastatals, non
governmental organizations, formal educational institutions and
producers' associations.
In this paper, "technology transfer" is not restricted to meaning a one
way flow of materials and infcrmation from those who develop and deliver
the new technology (usually professional and paraprofessional personnel)
to those who use it (the farmers, who are often mistakenly assumed tobe less
knowledgeable than the first group). "Technology transfer" implies a two
way flow of technical information between these groups. Materials and in
formation are never simply "transferred" to the farmers; they are adapted
and assimilated. Farmers do not only receive materials and information;
they also provide information, both to other farmers and to those who are
responsible for delivering materials and information.
Institutional Agricultural Technology Systems
An agricultural technology system (ATS) consists of all the individuals,
groups, organizations and institutions engaged in developing and deliver
ing new or existing technology. This definition is somewhat different from
that of R61ing (1988) and others, in that we make no assumption that the
different institutions in the system work together or in a compatible fashion,
nor are we using the word "system" in the dynamic sense commonly found
elsewhere in the literature. ATS participants may nonetheless be linked in
terms of their geographical focus or in terms of their focus on a particular
commodity, or both (Engel, 1988). "New technology" refers not only to
technology that has been recently developed but also to older technology
which is being introduced to a new area or a new group of users.
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In many ATS, some sources of information, knowledge, physical inputs
and services may be entirely unconnected with any formal institution, but
this feature is not within the scope ofthis paper. We are concerned here only
with those parts of an ATS in which a set of formal institutions or units is
involved; to denote this,we have used the phrase "institutional agricultural
technology system(s)" (IATS) in this paper.
In order to carry out their various research and technology transfer tasks,
IATS engage in a number of basic activities. These activities can be catego
rized into:
" thoseconcerned with problem identification and with theacquisition,
transformation, storage, retrieval, dissemination and use of know
ledge
" those concerned with the production of material goods, including
conceptualization, design, prototype production, testing, multiplica
tion, packaging and distribution
" those concerned with the management of and administrative support
for the above activities
In all three categories, there are various types of skills involved; these
range from specific technical and socio-economic skills to more general
managerial, communications and participation skills. This variety of skills,
combined with the fact that most IATS encompass many different client
groups, agro-ecological and administrative regions, products, approaches
and disciplinary fields of interest, makes even the smallest IATS quite
complex.
Links and Linkage Mechanisms
As indicated above, "research" and "technology transfer" have both a
functional and an institutional meaning. Thus, the links between them may
be discussed from two points of view: they may be seen as functional links,
which relate to research and technology transfer activities; or as institu
tional links, which relate to the institutions and personnel that carry out
these activities. In the former case weare thinkingof links as activities which
aim to form a bridge between research and technology transfer. In the latter,
we are discussing the exchange of resources (such as information, money,
labor and materials) between institutions and personnel. In this paper, the
general term "link" is usually used, since both viewpoints are normally in
cluded in the discussion. However, there are a few contexts in which we
specify our viewpoint by using the terms "functional links" and "institu
tional links".
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The organizational procedures used to establish, maintain or improve
links are termed 'linkage mechanisms". These mechanisms can be charac
terized according to the following attributes:
" whether they are formal or informal, regular or ad hoc, mandated or
voluntary, permanent or temporary
" whether they are facilitative mechanisms (that is, they provide re
sources) or control mechanisms (that is, they determine how resources
should be used) (Leonard, 1982a)
* the amount and type of resources exchanged
* the administrative level at which they operate
* whether they focus on programming activities or are concerned with
implementation or evaluation
* the numbers of individuals involved
A scale can be created going from the least to the most demanding types
of linkage mechanisms. Mechanisms for facilitating the exchange of infor
mation would be at the lower end of this scale; those for implementing joint
activities would be at the higher end; and those for the joint planning of
independently implemented activities would lie somewhere in between.
Formal and informal links. The degree to which a link is formal refers to
whether or not it is given official sanction (Snyder, 1988). In theory, formal
linkage mechanisms follow officially specified patterns, whereas informal
ones do not, being built on personal relations. In practice, the distinction
between the two is less clear cut: most formal interactions have informal
aspects, and vice versa.
Formal linkage mechanisms mentioned in the literature include: com
mittees, task forces, liaison units and officers, agricultural communications
units, pre-extension units, subject-matter specialists, joint activities, con
tracting research by development agencies, farming systems programs,
publications, presentations and demonstrations, staff exchanges, inter
agency agreements, service provision, matrix management, joint plans,
shared supervisors, policy mandates, and meetings.
Informal mechanisms consist of the exchange of resources and informa
tion without official sanction or through personal contacts. Communica
tions studies have found that people who maintain personal contacts
outside their unit play a key role in inter-unit communication.
Just because a mechanism is informal does not mean it cannot be
managed. Management can either foster or hinder the establishment of
informal links. This can be done by changing the physical proximity of
groups, promoting joint social activities, encouraging staff rotations, pub
licly sanctioning informal contacts, placing people in certain positions on

234

Kaimowitz, Snyder and Engel

the basis of their compatibility and previous personal ties, and a number of
other measures.
Institutionalization refers to the degree to which a pattern becomes
routine and follows set rules. For the most part, institutionalized mecha
nisms are more permanent and formalized, ad hoc mechanisms more
temporary. Ad hoc and temporary mechanisms, such as task forces, have
the advantage of being designed to meet a specific objective. Their extraor
dinary nature can create a sense of urgency. Institutionalized mechanisms
permit the development of mutual expectations and can be improved over
time. Although there are important exceptions, recurrent problems lend
themselves more to formal approaches.

Criteria for Evaluating Links
Any discussion on improving the relationship between research and
technology transfer requires some idea of what constitutes a good relation
ship. We have established five criteria for evaluating the links which form
the basis of this relationship:
"
"
"
"
"

IATS integration
availability of new technologies
relevance of new technologies
responsiveness of new technologies toneedsof resource-poorfarmers
institutional sustainability

These criteria will enable us to study links from a purely analytical and
objective standpoint. Although only one criterion, integration, refers to the
links themselves, high performance on the others provides indirect evi
dence of effective links.
The criteria chosen here are not necessarily those which are used in IATS
to evaluate links, for such criteria often contain a more subjective element
in that they reflect not only the official goals of an institution but also the
goals of the individuals within it. This is an important point, because too
often people who evaluate IATS assume that the individual goals are the
same as the official goals; in reality, however, each individual has his/her
own set of personal, institutional, social welfare and/or political goals over
and above the official goals. These individual goals may be both rational
and legitimate, and they should be taken into consideration when seeking
to understand the behavior ofan institution and the staff within it,but they
do not provide a basis upon which to evaluate the efficiency and effective
ness of an IATS.
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All IATS will perform better with regard to some criteria than to others.
Although we have used several criteria, noattempt hasbeen made to weight
them; each one is regarded as just as important as the others and must be
examined independently. Neither has any attempt been made to produce
an overall success indicator. Instead, the criteria are best used simply as a
checklist. Policy makers and managers may find there are trade-offsin their
achievements.
The criteria are defined here; a brief note is added on the impact of new
technologies on welfare. We will then examine how political, technical and
organizational factors affect the performance of IATS in relation to these
criteria.
Definition of the Criteria
IATS integration. The idea that a high level of coordination, collaboration
and communication within an IATS is a prerequisite for high system
performance constitutes our first criterion, integration. The level of integra
tion isgauged according to the amount of resources exchanged betveen the
parts of an IATS and the importance that each part attaches to these
resources.

IATS which regularly make availablerelevant new technologies exhibit high
levels of integrationbetween researchand technology transfer.
However, it must be pointed out that the existence of a high level of
integration in an IATS is not a guarantee that relevant new agricultural tech
nologies will regularly be made available, because there are other condi
tions that must also be met. There is little value in coordination, collabora
tion and communication for their own sake. Similarly, although a low level
ofintegration will contribute to the failure ofan IATS to regularly make new
technologies available, it need not necessarily be the only reason for this
failure.
High levels ofintegration do not necessarily imply theabsence of conflict
between researchers and technology transfer workers. And where conflict
exists, it may makea more positive contribution to the research- technology
transfer links than is often thought; it can prevent stagnation, highlight
important issues which might otherwise be overlooked, stimulate both
groups to work harder, foster creativity and provide a forum for problem
solving (Arnold and Feldman, 1986). High levels of integration are best
achieved by effectively managing conflicts, not trying to suppress them.
Another important aspect ofintegration is efficiency. Integration is costly
in terms of time, money and other resources and generally involves a
reduction in autonomy. Some integration is necessary, butbeyond a certain
point devoting additional resources to integration in preference to other
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Figure 1.The relationships between the performance
evaluation criteria
Technology development
and delivery process
(Integration)

Eff iciency*
(Availability)
Improved new technologies
delivered

Continued performance over time
(Institutional Sustainability)

Appropriateness of technologies

delivered ingeneral
(Relevance) for resource-poor
(Responsiveness)

Impact*
Increased productivity
income/stability/equity
Note: "not explicitly covered inthis paper
Source: Adapted from Engel, 1988b

activities will be counterproductive. On purely theoretical grounds, effi
ciency is important enough tobe included as a separate criterion. Inpractice,
however, it is difficult to assess.
Availability of new technologies. The term "availability" is used to cover
the process in which a new technology is invented, technology transfer
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workers and producers are made aware of it, and producers are provided
with access to the inputs and services necessary to use the new technology.
The degree of availability depends on how much technology is produced,
how effectively it is promoted and how reliable and convenient the inputs
and services needed by the producers are.
Relevance of new technologies. A new technology is relevant to a group of
farmers if itresponds to their needs. The best way to assess the relevance of
a technology that is widely available is to look at the extent of its adoption.
There are a number of variables which determine the extent of adoptior.,
including the profitability and social acceptability of the technology, i'is
importance to producers' systems of production, and whether or not it was
developed in response to isclearly articulated demand from producers or
technology transfer workers.
Responsiveness of new technologies to the needs of resource-poor farm
ers. This is exactly the same criterion as relevance, only it refers to whether
the technologies are relevant for resource-poor producers as opposed to
other types of producers. It has been included because there is strong
evidence that the linkage mechanisms required to serve high-resource
farmers may be significantly different and, generally, easier todevelop than
those needed to serve their poorer counterparts.
Institutional sustainability. IATS which seem quite successful according
to an evaluation carried out over a particular period may seem less success
ful in an evaluation carried outat a later date. Thus an important evaluation
criterion is the ability of an institution to sustain its performance. Because
of the sustainability issue and the fact that technology development and
delivery is a slow and often discontinuous process which may take years
before coming to fruition, performance should be assessed only over a long
period.
Impact of New Technology on Welfare
None of the criteria which have beenoutlined above relates specifically
to the impact of IATS on the welfare of producers and consumers.
The first criterion, integration, deals only with the system's efforts, not
with the results of those efforts. Availability focuses on the ability to
produce and deliver outputs, not on the impact those outputs may have
(Snyder, 1988). Sustainability deals with the performance of institutions,
not with the impact that that performance has on producers. Only relevance
and responsiveness to the needs of resource-poor producers are in some
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sense connected to impact in thatproducers would be unlikely toadopt new
agricultural technologies which adversely affected their welfare.
The impact of new technologyon welfare could be examined on the basis
of such aspects as increased farm income, reduced risk, resource conserva
tion, improved health, better security and overall economic growth. How
ever, because so many variables affect these aspects, it is almost impossible
to establish a direct correlation between research-technology transfer links
and the impact of new technology on welfare.

Political Factors
The political factors which influence research-technology transfer links
can be divided broadly into:
" those which determine the external and internal pressures on institu
tionsand personnel within IATS toachieve high levels ofpei formance
" those which determine the quantity and quality of the resources
within IATS
With regard to the firstgroup, imposing goals on institutions and person
nel within IATS and providing them witi the resources needed to meet
these goals would have little effect unless they had the desireto achieve such
goals; that desire depends largely on what incentives are provided. Regard
ing the second group, many political factors come into play in determining
whether or not IATS have adequate resources to fulfil their mandates.
In essence, then, without adequate resources and the desire to use them
effectively, no mechanism created to improve links is likely to produce
satisfactory results.
Political Pressures
In theabsenceof positiveexternalpressurefrom nationalpolicy makers,foreign
agencies, farmersor the privatesector, the dynamics of an institution tend to be
dictated by internalprocesses, resultingin rou7 performance.
This hypothesis is borne out by the situation found in many low-income
countries and is the result of historical factors and current political and
social structures (Sims and Leonard, 1989).
The historical legacy. In most low-income countries there is a marked
difference between the historical legacy of the commercial agricultural
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sector and that of the subsistence sector. In the case of the former, foreign
settlers and indigenous landed elites had close and generally direct contact
with researchers. Researchers endeavored to meet commercial farmers'
needs for several reasons: they felt obliged to do so; they had a relatively
small group to deal with; and they *aadsimilar backgrounds to the farmers
and therefore could communicate relatively easily.
Responsiveness to the needs of the subsistence sector, however, was
poor. Little or no technology was produced specifically for this sector, and
where extension services existed they often focused on non-technological
act-vities. Research-technology transfer links were characterized by a great
difference in status between researchers and technology transfer workers
and between thelatter and farmers. Information flowed only one way, from
the researchers "down" to the farmers. Responsiveness to the needs of
resource-poor farmers would often increase significantly in times of famine
and other similar crises, only to decrease again once the crisis was over.
Thus, in terms of the criteria defined above, the commercial sector
benefited from substantial technology availability and relevance, as well as
from institutional sustainabili ty; there was integration in a sense, but much
of it was directly between researchers and producers. For the subsistence
sector, however, IATS performed poorly in relation to all the criteria.
Current political and social structure. Where external pressures on IATS
have not intervened to change the historical pattern, it has persisted or, in
some cases, degenerated to the point where the attempts being made to
meet the needs of either the commercial or the subsistence sector meet with
little success.
In many cases, the IATS in low-income countries face little external
pressure to improve the links between research and technology transfer
other than that applied by foreign donors. For political reasons, govern
ments are reluctant to allow farmers' organizations to be formed or to
become too powerful. Usually, the only types of organizations which are
found among resource-poor farmers are informal networks of the patron
client type; stronger members take on the rolc of patrons, while the rest of
the members assume the role of clients. The members of these networks
exchange goods and services, with most of the benefit accruing to the
patrons.They may take advantage of the credit, inputs or services which are
offered by IATS but they rarely exert pressure on the IATS to produce new
technologies.
The dominance of patron-client politics in low-income countries has a
twofold effect on research-technology transfer links:
* technology transfer services come under pressure to provide more
than just advice and are pushed towards concentrating on activities
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likely to make them less integrated with research;
for example, they
offer credit and inputs rather than information,
or concentrate on
servicing the needs of the patrons, who may
have some political
power, rather than those of the clients, who have
none
research institutions tend to become oriented towards
the rest of the
scientific community or towards their hierarchical
superiors, which
results in the tendency among researchers to prefer
to do on-station
rather than on-farm work, to concentrate on export
crops and to live
in urban areas where they can interact with people
of similar back
grounds rather than in remote areas where they
would have more
interaction with resource-poor farmers
In essence, the lack of external pressures may result
in institutions and
personnel becoming motivated more by theirown
social and political needs
than by the needs of resource-poor farmers. Many
of these institutions
suffer from iack of funding, and this further reduces
the level and quality of
the work done by their personnel.
Effects of external pressures. As implied in the
hypothc3is, good institu
tional performance requires positive external pressures
policy makers, foreign donors, farmers and the private on IATS by national
sector. The nature of
these pressures is described here; this is followed
by an outline of how
external pressure may, in some cases, adversely
affect research-technology
transfer links.
Nationalpolicymakers. G&ierally, national policy
makers intervene force
fully in technology issues only in exceptional circumstances,
such asdisease
outbreaks, major crop shortfalls, rapidly rising food
imports, rural unrest,
a highly publicized international breakthrough
in technology or a radical
change in government. At such times, they will exert
pressure on IATS tocut
through red tape and bottlenecks to prod.uce quick
results; new resources
are brought in, objectives are clarified and there
is an overall, albeit often
short-term, dramatic improvement in performance.
More consistent pres
sures are exerted by national policy makers usually
only in those countries
where one or a few crops play a dominant role in
society, as in the case of
rice in A:ia or sugar in the Caribbean.
Foreigndonorr.This term includes multilateral and
bilateral aid agencies,
externally sponsored non-governmental organizations
(NGOs) and inter
national agricultural research centers (IARCs).
These groups provide a
substantial proportion of the resources required
by national institutions in
low-income countries; their tendency to concentrate
their funding on pro
gram expenses, equipment and training, rather
than on salaries, and their
ability to elicit government matching funds for
their projects give them
greater leverage than their overall budget share
might warrant.
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Until recently, foreign aid agencies regarded research and technology
transfer as separate systems. This approach is now changing, and they are
making the improvement of links betwveen the two systems a precondition
for further funding. In addition, theyare increasing financial support for the
developmentof technologies relevant to the needs of resource-poorproduc
ers. Externally sponsored NGOs are carrying out innovative participatory
projects. IARCs are providing researchers and, to a lesser extent, technology
transfer workers with incentives to engage in more relevant work; they are
also trying to mobilize more external funding for linkage activities, such as
extension training, agricultural communication and liaison, farming sys
tems research, social science programs and the use ofsubject-matter special
ists. This has provided an incentive for those working in the national
institutions to focus more attention on the links between research and
technology transfer.
Farmers.As indicated above, resource-poor farmers in low-income coun
tries are seldom able to exert pressure on national institutions, but there are
situations in which they may benefit from the pressures exerted by other
producers. This is most likely to occur where there is a group of more
affluent and politically influential farmers who have the resources and
incentives to invest in research-generated technologies. Although this may
bias researchers and technology transfer workers towards the needs of this
more affluent group and thus detract from efforts to meet the needs of
resource-poor farmers, to the extent that the two groups of farmers grow
similar crops, contend with similar agro-ecological conditions and face
similar price structures and resource scarcities "resource-poor farmers may
gain considerably more benefit from the political ability of the large owners
to lobby for agricultural interests than they lose in the bias of system against
their particular needs" (Sims and Leonard, 1989).
Privatesector. Private companies influence public sector performance
both directly and indirectly. Examples of direct influence are representa
tion on public advisory boards, funding of public research projects, direct
contact with researchers and technology transfer workers, and private (or
public) delivery of publicly (or privately) developed technologies. An
example of indirect influence is the implicit competition which takes place
when private and public sector agencies are simultaneously involved in
similar activities (Israel, 1987). The degree of private sector involvement
and of its influence on research-technology transfer links depends upon the
level of a country's development and on government regulations and
incentives.
Although the involvement of private companies may strengthen some
links between research and technology transfer, it may also bias public
research and technology transfer towards producingcapital-intensive tech
nologies which have little relevance to the needs of resource-poor farmers.
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However, as in the case of the pressures exerted by more affluent farmers,
the spin-offs for the poorer farmers may outweigh this disadvantage,
at
least in the short term; in the longer term, because of the profit motive,
private company involvement may mean that little attention is paid to the
effect of new technologies on the physical environment.
An important aspect of private sector pressures on IATS is the influence
exerted by large plantations and processors, particularly those witl monop
oly power. These concerns are usually in a position to finance technological
activities and to make full use of new technologies; sometimes they develop
and deliver technologies themselves, sometimes they contract out these
activities to the public sector or a private company. This will have a positive
effect in terms of all the evaluation criteria except responsiveness to re
source-poor farmers, few of whom grow crops for processing.
Limitations of external pressures. In many cases, external pressures are
heavily resisted by the institutions within the IATS. This is partly because
of people's natural tendency to resist any incursion on their autonomy, but
there are a number of other more valid reasons for such resistance.
Firstly, those exerting pressure often do not adequately understand the
problems they wish tosee solved. Thus they may demanc results which are
not feasible or cost-effective, may ovirkook potential dangers or secondary
effects, and may place undue emphasis on short-term problems and on the
symptoms of problems rather than the underlying causes.
Secondly, the technology development process isoften longterm, whereas
external pressures often emanate from transitory and unstable sources. For
example, frequent changes in government result in changes in national
priorities and policies; within the international donor community, topics
and approaches go in and out of fashion. If institutions always respond
to
these fluctuatingexternal pressures by changing their structures and activi
ties, the chances of building up the effective relationships needed to create
sound research-technology transfer links are severely reduced.
Thirdly, competing external demands may have a very damaging effect
on institutions. The emphasis placed on one aspect of an institution's
activities by a foreign donor might conflict with the demands made
by
government ministries, and this conflict will be echoed in the institution's
performance. In some countries, competition between donors has brought
national institutions to a state of complete paralysis.
Fourthly, as already noted, external pressures often reduce rather than
increase the responsiveness of researchers and technology transferworkers
to the needs of resource-poor farmers.
Lastly, external pressures may force leaders of institutions to indulge in
"window-dressing" in order tocreate the impression that they
are respond
ing to external demands. For example, if improvement in the links between
research and technology transfer is a precondition for external financing,
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committees may be constituted and documents published to create the
illusion this improvement is under way; but such manoe-ivres may bear
little relation to the real situation (Rbling, 1989). Although window-dress
ing may have some positive results, it does add to the workload of institu
tions and it makes critical assessment of linkage mechanisms difficult.
The Ability of IATS to Command Resources
The quantity and quality of resources available for technology develop
ment and delivery varies according to region, country, client group and
commodity. In general, high levels of appropriate resources are associated
with:
• agricultural products which are strategically important because they
generate foreign exchange or are staples in the diet of the urban
population
" clientgroups who have the ability and incentives toexert pressureson
technological institutions
" favorable agro-ecological and socio-economic environments in which
there is substantial use of purchased agricultural capital goods

A more tentative relationship exists between those IATS with high
resource availability and the "size" of the commodity, client group or area
they serve. Size is difficult to define; possible factors on which a definition
could be based are value of ou tputof the IATS' clients, the numberof people
served and the availability of resources which can be tapped to support
technological activities.
Greater access to resources implies the ability to sustain larger, more
sophisticated institutions. This assumption underlies the following hy
pothesis:
IATS which have high resourceavailabilityaremore differentiated than those
with low resourceavailability,leadingto morecomplex, well-endowed andsophis
ticatedlinkagemechanisms.
IATS with high resource availability are generally characterized by a
greater division of labor than that found in IATS with low levels of
resources, and by a greater ability to make use of slack resources, to allocate
more funds to linkage-related activities and to create more structured and
formal linkage mechanisms (Stoop, 1988). Researchers and technology
transfer workers in well-endowed IATS tend to be from similar back
groundsand to share similar values, which promotes bettercommunication
and empathy between them; however, it should be noted that this commu
nication is likely to suffer if these personnel become too specialized.
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High-resource IATS are generally those in areas which offer
e relatively
wide range of amenities (schools, hospitals, cultural opportunities,
etc) for
researchers and technology transfer workers. Hence, these
IATS are able to
recruit and retain more educated, specialized, higher caliber
personnel,
which in turn promotes more effective communication.
As technology
transfer workers become better educated, they are more
able to assume
responsibility for acaptive research and specialist tasks formerly
handled
by researchers.
Farmers served by high-resource IATS are often better
educated and
organized and thus more able to exert pressure on institutions
and tounder
stand the information provided by them. There tends to
be more direct
contact between farmers and researchers in these circumstances
and a
larger variety ofchannels through which farmers receive and
provide infor
mation (Stoop, 1988).
In the light of the points outlined above, it might well be asked
what can
be done for those regions, countries, client groups and commodities
where
the quantity and quality of resources commanded by IATS
are low. There
are three possible courses of action.
Firstly, an attempt could be made to improve the resource
base through
the use of people who have an ideological commitment
to working in
situations where others, motivated solely by material considerations,
would
not be willing to work. Such people can be found within NGOs
which have
a humanitarian or religious base; other possible candidates
are
professionals and, in developing countries ruled by highly politicized
ideological
regimes, young adults.
Secondly, the tasks carried ou t by IATS can be simplified to
allow them
to be performed with the resources, particularly human resources,
that are
available. It may be feasible, for example, to carry out farmer-to-farmer
interchanges, simple trials and practical experiments with
new plant spe
cies using relatively limited local resources. More use can
be made of
paraprofessionals and farmers. Although the results of such
efforts will
probably be more limited than those when specialists are
involved, some
results are better than no results.
Thirdly, efforts can be made to provide disadvantaged groups
with skills
and levels of organization that will enable them to interact
effectively with
the institutions in the IATS and to demand resources from
policy makers
and external agencies. In some cases it may be more effective
to devote any
available resources to creating this organizational capacity
than to -pend
them on the IATS.
In discussing the ability of IATS to command resources it is
necessary to
distinguish between resources which are externally generated
and those
which are generated from within the group or area the IATS
serve. As noted
pre-viously, resources which are externally generated may
be unstable.
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Internally generated resources might be more stable in those situations
where the relevant group's own resources and its concern with technologi
cal issues are relatively stable; broups which provide IATS with resources
during a crisis, or are vulnerable to fluctuations in the prices of their
products, are unlikely to be able to sustain their efforts in the long term.

Technical Factors
What type of research-technology transfer links are most appropriate de
pends a great deal on the nature of the activities the IATS isassigned to carry
out. This section discusses the technical factors relevant for linkage design.
It looks first at the problem of how to involve the farmer in technology
development and delivery and then examines how the activities associated
with these tasks vary according to the types of environments and technolo
gies involved.
Farmer Input and Targeting

Linkage mechanisms that give farmersand technology transfer workers oppor
tunities for input and feedback early on in technology development and the
accurate identification of target groups are both required for the production of
relevant new technologies.
Links may be direct, consisting of participation by farmers in setting the
research agenda or of diagnostic research in the farming community to
assess user preferences and needs (Roling, 1989). Alternatively, inputs and
fi.edback may be channeled through technology transfer workers, who then
serve as an indirect link.
For these links to be effective, producers, researchers and technology
transfer workers will often have to be taught participation skills to allow
them to interact effectively with each otner. These skills may include
learning local languages, using instruments to obtain technical measure
ments, articulating needs and taking part in experiments.
The early targeting of user groups is a prerequisite for the successful
development of new technology. Within the broad category ofagricultural
producers are many subgroups, each with its own technological require
ments. These subgroups and their needs mustbe identified, and technology
development and delivery must take their existence into account. This
targeting process is closely related to what the farming systems literature
calls "identifying recommendation dcrnains" and commercial marketing
research refers to as "market segmentation" (R61ing, 1989).
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Environmental Diversity
The level of integrationand the complexity and/ordifferentiation of the tasks
performed by IATS must increaseas the environment becomes more diverse or
unknown.

Complex tasks are those involving many variables, high levels of abstrac
tion and sophisticated analysis. To carry out such tasks, institutions must
have highly trained staff from a w'ide variety of backgrounds. Often,
complexity is also associated with the dispersion ofwork locations (Snyder,
1988). To be handled effectively, complex tasks require a more open
communication system than that found in hierarchical decisioa-making
structures, and flexibility at lower levels in determining appropriate tech
nological responses (Lane etal., 1981). Decentralization ofauthorit 3 , whether
formal or informal, is also essential (Martinez, 1989).
Hierarchical systems are those with heavy constraints on communica
tions outside the vertical authority channels, more authoritative decision
making and greater status differentials (Lane et al., 1981). Examples are the
T and V system of extension, agricultural technology promotion cam
paigns, and commodity systems such as the Kenya Tea Development
Authority (Chambers, 1988). Such systems are normally successful only
where few commodities are grown in relatively uniform, controllable and
predictable conditions.
Thus, task complexity is closely related to environmental diversity. This
is especially rmarked outside the fairly uniform green revolution areas.
Physical and biological diversity is found in arid areas but is most pro
nounced in semi-arid, subhumid and humid zones. Physical variations
within the same field can require different crop varieties or combinations.
Soil, slope and vegetation differences compound the problem, while mul
tiple canopies of plants, multiple tree-crop-livestock interactions and the
sheer numberof different species used can be bewildering. Moreover, social
diversity is interwoven with environmental diversity, such that each place
and social group can be seen as unique, requiring its own path for develop
ment (Chambers, 1988).
Diverse environments require more location-specific diagnosis of con
straints and the adaptation of technologies. As a result, research efforts
must be more widely dispersed. This dispersion, although it separates re
searchers from one another, often brings them into closer contact with
technology transfer workers, offering opportunities for increased commu
nication.
The most marginal farming systems tend to be the most complex and
diverse and to face the greatest risks. Rainfed cropping systems in upland
areas are generally both less productive and more diverse than irrigated
systems. These environments pose more complex technical problems not

Kaimowitz, Snyder and Engel

247

only becauseof the multiple activities associated with them but also because
less is known about them and the constraints are greater.
If IATS are to perform as well in these environments as they do in more
homogenous ones that are better endowed, they must accomplish more
complex tasks. This, in turn, requires features typically found only in well
endowed IATS. The more difficult environments are usually served by
IATS with very limited resources. "There are far fewer scientists per
farming system, both because of the scarcity of scientists and becauseof the
many farming systems" (Chambers, 1988).
The adaptive, problem-solving approaches demanded by these diverse
environments require levels of experience, education and professionalism
that cannot usually be found among those working there at present. Most
people with alternative employment opportunities prefer not to work in
these environments, and leave after short periods of time. This imposes
strong limitations on the levels of performance achievable. Thus, producers
with the greatest need for a sophisticated IATS are least likely to have one.
Other Environmental Factors
Other important environmental factors which affect IATS' tasks include:
* the availability of communications channels and infrastructure
* the development of the necessary infrastructure and traditions for
farmers to make useof inputs and information produced outside their
communities
* the level of pre-existing knowledge about the environment
• the dispersion and accessibility of the farming population
The choice of communications channels that could be used as links will
depend on producers' access to and ability to use them. Thus the level of
literacy among producers, the availability of television, radio, telephones
and reading materials, and the way producers normally use these channels,
have an importantbearing. Where input distribution channels, particularly
those in the private sector, are weak, extension services often concentrate on
input delivery. Dissemination of technical information becomes a less
important part of their work, reducing the links with research.
Researchers face limitationsin the types of technologies they can produc
tively work on, since for many inputs the necessary infrastructure is simply
not available to produce and distribute them. Furthermore, as we have
already seen, producers who make little use of research-generated tech
nologies, particularly purchased inputs, are less likely to exert pressure on
their IATS for results.

248

Kaimowitz, Snyderand Engel

Knowledge of the environmental conditions, farming systems
and tech
nologies that producers work with also has strong linkage
implications. As
recent literature has shown, producers have a considerable
amount of
practical knowledge to contribute regarding the regions,
technological
regimes and systems for organizing production with which
they are famil
iar (Tripp, 1988). The same may also apply to technology
transfer workers.
However, this advantage disappears when thesegroups
are faced with new
situations, as is the case when farmers are resettled, radically
change their
farming system, or move from individual to collective production.
unfamiliar circumstances, the input from producers and technologyIn these
trans
fer workers may still be important, but it will reflect preliminary
impres
sions rather than detailed knowledge.
Research, when faced with new environmental conditions,
often has to
concentrate on basic exploratory work, and in the short
term has little of
practical value to offer. When young institutions are pressured
to produce
quick results at the stage when they are still putting together
the knowledge
base to respond to their task, the results are often disastrous.
prematurely to technology consolidation in these conditions Progressing
may be espe
cially dangerous. In these situations researchers and technology
transfer
workers have the greatest need for information from producers.
When services are provided to dispersed and inaccessible
farm popula
tions, researchers and technology transfer workers have
fewer opportuni
ties for direct interaction. To be effective, technology transfer
workers must
be close to the population they serve. Research, however,
must for reasons
of cost be concentrated in relatively few locations. The
resulting lack of
contact between the two groups is not necessarily bad; in
many cases direct
contact is not the most effective or efficient means of linking
research and
technology transfer.
The relative dispersion and inaccessibility of researchers and
transfer workers increases the need to decentralize decision technology
making on
minor administrative matters. If such decentralization does
not take piace,
communications problems between the central offices and
the field loca
tions can paralyze operations and/or make those activities
which do occur
,ess relevant to local conditions.
Activities Associated with Different Types of Technology
Different types of technology require different linkage mechanisms;
one set of
mechanisms will not be adequate for IATS which deal with
a wide variety of
technology types.
Discussions on how linkage mechanisms work tend tobe based
unsubstantiated generalizations. Most existing literature implicitlypartlyon
takes as
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a model the links required to develop new plant varieties. There is little
reason to believe that this pattern can be applied to other technologies.
Technologies should be classified into different types only if they require
distinct links for their development and delivery. The broad types we have
so far identified include:
*
*
•
*
*
*

existing and new technologies
physical inputs and information
private and public goods
complicated and simple technologies
centrally and locally generated technologies
producer-, research- and policy-driven technologies

Existing and new technologies. Specific linkage mechanisms arc required to
effectively develop and delivernew technologiesin additionto themechanisms used
for deliveringalreadyexisting technologies.
Most of this paper discusses the development and delivery of new
technologies. Much of the work within IATS, however, involves technolo
gies which are already well established, at least nationally or internation
ally, for which the IATS does no original research or adaptation.
Most links between research and technology transfer concern such
already established technologies. For example, researchers often give ex
tension workers lectures on the production of a specific crop based on the
general state of the art rather than on new trial results or a new technology.
Nor is any new technology involved when a technology transfer worker
comes to a researcher with a sample from a diseased crop and asks for
assistance in identifying the pest which caused the damage. Similar com
ments could be made regarding a wide variety of support activities which
researchers typically provide to technology transfer workers, such as draft
ing manuals or recommendations, providing laboratory and library facili
ties, and backstopping extension activities.
In high-performance IATS, most researchers will play some, even if only
a small, role in technology transfer, and most technology transfer workers
will play some part in research. In addition, those who work on the
exploratorydevelopment ofa new technology should alsobeinvolved in its
consolidation and production.
Product champions are essential for the development and delivery of
new technologies. These are people who have both sufficient interest and
authority to push the new technology through the development and deliv
ery process and help to overcome obstacles (Peters and Waterman, 1982).
Work with already established technologies does not necessarily require
either product champions or the direct involvement of researchers. In fact,
most high-performing IATS shield researchers from having to devote a
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large proportion of their time to .his type of work
in order to ensure they
have sufficient time for their primary responsibilities.
To produce and deliver newv technologies requires
substantial modifica
tions in the technology transfer infrastructure (in
the case of physical
inputs). This slows down the rate at which they become
available. More
contact between research and technology transfer when
and/or before the
technology is being consolidated reduces this time
lag (Snyder, 1987).
Crops and other technologies with which producers
and technology
transfer workers are completely unfamiliar have
similar implications to
those described for new environments. In other words,
researchers, tech
nology transfer workers and producers must work
closely together to
ensure that they gain maximum advantage from each
other's insights.
Physical inputs and information. Some technologies
take the form of
physical goods. Others involve only information or
cultural and manage
ment practices. The units which must be linked, the
predominant commu
nications channels, and the output control mechanisms
required are differ
ent in the two cases.
The delivery of physical inputs requires a set of actors
and roles which
does not exist in the case of pure information technologies.
These actors
include input producers and distributors and, where
high levels of invest
ments are involved, credit agencies. The presence
of these adlitional
actors/rolesgreatly alters the linkage dynamic. Whereas
educational mate
rials, both scientific and popular, lie at the heart
of links in the case of
information technologies, product distribution and
market promotion are
more important when physical inputs are involved.
The relation between research and input suppliers provides
a potentially
important additional channel for user feedback and
market information.
Indeed, the importance of the links between research
and the supply of
inputs can eclipse extension's role in disseminating
technical info'mation.
Thus, breeders' relations with seed multipliers can
prove more important
for transferring new varieties than their relations
with extension.
A more formal process for approving recommendations
is generally
advisable for physical inputs, because it is more costly
to produce or import
a new item than to recommend a new cultural practice.
New products may
also pose higher health, safety or environmental risks.
In the case of new
plant material, seed committees meet to decide
whether a new variety
should be released. Formal requirements are usually
established for deter
mining a pesticide's effectiveness and toxicity before
it can be sold. These
processes provide a forum for interaction between researchers
and technol.
ogy transfer workers. In contrast, a new recommendation
for planting
dates, pruning methods or similar practices need not
be subject to a formal
review process.
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Private and public goods. High performance according to all our criteria,
except responsiveness to the needs of resource-poor farmers, is more likely
if the technologies are private goods. Most physical inputs are private
goods, the main exceptions being goods which can be produced easily by
farmers, such as self-pollinating plant varieties and natural fertilizers. As
these inputs are less profitable to produceand farmers may have no interest
in purchasing them, it is often as difficult to achieve high performance with
them as it is with pure information technologies.
Complicated and simple technologies. Technologies which are more
complicated to use or produce require greater and more sophisticated
educational efforts. Manuals and/or intensive training efforts may be
required. Researchers will probably need tobe in regular direct contact with
manufacturers.
Skills training for producers and even for technology transfer workers is
often required for using complicated technologies. This, in turn, requires
changes in the roles of researchers, technology transfer workers and pro
ducers. If use becomes very complicated, specialists (veterinarians, profes
sional fumigators, tractor mechanics, etc) may replace farmers as the main
users. The use of these complicated technologies in concentrated areas (such
as large irrigation projects, capital-intensive horticultural concerns or fully
mechanized farms) lends itself particularly well to the development of these
specialized groups.
The livelihood of these groups depends on detailed knowledge of the
research-generated technologies with which they work. This makes their
interaction with researchers and technology transfer workers quite differ
ent from that of most producers in developing countries at present. They
have more direct contact and make greater use of specialized communica
tions channels. In time, farmers too may become mere sophisticated in their
approach to research-generated technologies, as their enterprises become
more specialized.
Centrally and locally generated technologies. Certain technologies lend
themselves to being generated in one or a few central locations. Others do
not.
Technologies applicable over widerareas orin many situations can more
easily be generated from central locations. For example, a new pesticide
may be developed at the international headquarters of a multinatior.Il
corporation for use around the world. Other technologies have only very
local applicability and require multilocational field trials or other adaptive
research activities.
Research on topics such as livestock and perennial crops tends to be
concentrated in a few places because it is both costly and complicated.
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While the need for adaptive research maybegreat, such trials are expensive.
Thus only a small number of trials can be done and the potential losses
caused by doing them badly are very high. This research is also longer term
and more difficult to do on farm (data requirements are heavy and farmers
are less willing to risk their animals or tree crops).
Economies of scale in the production of inputs favor the concentration of
research. Even if it is preferable to have a wide variety of pesticides,
inorganic fertilizer formulae or tractor models to meet local conditions,
producing them is usually prohibitively expensive. (Economiesofscalealso
affect the organization of input delivery, and thus have other linkage
implications).
When research is not concentrated, the physical dispersion of research
ers makes them more directly accessible to technology transfer workers,
whose knowledge of local conditions is likely to be relevant for the genera
tion of location-specific technologies. Technology transfer workers also
have more opportunities tobecome involved in research when this consists
of a considerable number of decentralized, low-cost field trials with rela
tively unsophisticated data requirements.
Producer-, research- and policy-driven technologies. Technology transfer
workers and producers concentrate their demands for research on the
problems which they perceive as urgent. Frequently these concern pests or
diseases. These groups also pay more attention to technologies that offer a
clear short-term advantage than they do to those that appear only margin
ally superior to current practices or that require effective management to
bring substantial benefits.
When clearly advantageous technologies become available, a consider
able amount of pressure may be exerted on research for additional informa
tion and adaptation. Most research, however, te'ids to concentrate on the
less spectacular technologies or on providing maintenance to sustain tech
nologies which have been developed previously. The incremental improve
ments thus provided are harder to perceive, and hence they elicit less
interest and participation.
Producers and technology transfer workers rarely emphasize long-term
or less obvious problems such as preventative (as opposed to curative)
health issues or resource conservation. Rbling refers to technologies re
sponding to these latter problems as "policy-driven", because g-tting pro
ducers to adopt them usually requires incentives provided by policy
makers (R6ling, 1989). These incentives can be positive (bonuses, subsi
dized credits and inputs) or negative (regulations, sanctions) and must be
incorporated into the overall activities of the IATS.
As a result of the bias in the type of technologies demanded by produc
ers and technology transfer workers, some researchers will be under
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constant pressure, while others will be practically ignored. Since perform
ance improves when external pressure is high and there is producer input,
performance for producer-driven technologies will tend to be better than
for those technologies which are policy- and researcher-driven.

Organizational Factors
Institutional Structure
The range of tasks which are performed by IATS can be divided among
institutions, units and individuals in a variety of ways.
Formal boundaries between different entities simultaneously increase
the interaction of those within the boundary and limit access to those
outside. They permit each entity to specialize in terms of the tasks it under
takes, the inputs it uses, the outputs it produces and the groups with which
it interacts. While conflicts and diverging interests or strategies do not dis
appear, within the boundaries it becomes easier to accommodate them.
The evolution of institutional structures is a complex process. IATS
change slowly through the interplay between competing interests. Person
alities and informal links play an important role. Key decisions are made at
many different locations within the government hierarchy. In addition,
privatecompanies, NGOs, producers' associations and other external agen
cies over whom the government has only a limited amount of control are
now beginning to play a more important role in IATS. Differences in current
structural arrangements can often be traced back to models copied from or
promoted by different external groups.
While managers have some opportunities to manipulate structure, they
frequently find themselves constrained by inertia, political opposition and
existing legislation and regulations. This may be just as well, oince major
structural reorganizations are costly, create uncertainty and, if carried out
too frequently, lead to attempts by lower level staff to preserve the status
quo. The historical record is full of reorganizations which failed because
they focused only on structure and did not address the other issues
discussed in this paper.
For these reasons, structural reorganization should usually be a last
resort option. Thisdoes not mean that institutional structuresare irrelevant.
Structural differences have strong implications for linkage mechanisms and
for the performance of IATS. We will now discuss these implications.
Interdependence. This can take the form of task interdependence (joint
activities and interchanges necessary to perform a specific task) and/or
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resource interdependence (where one IATS component
depend3 on an
other for the resources needed to perform its activities
and meet its goals).
The literature has identified various types of
task interdependence
(Thompson, 1967; van den Val and Delbeck, 1976).
The four broad catego
ries are:
" pooled, in which each part uses a common resource
base and makes
a contribution to a common overall goal but there
is minimal interac
tion between them
" sequential, where resources flow from one part
to another asymmet
rically
" reciprocal, when each part produces a product
which is an input for
the other
" team, when resources and products flow freely
between all members
of a communications network which combines
two or more parts
Perceptions about the interdependencies between
research and technol
ogv transfer activities have changed. "Initially, both
activities were consid
ered tobe independentof each other but contributing
toa common purpose
(as in pooled interdependence). Later, extension
was considered to be se
quentially linked to research, receiving its inputs
from
porating these into a p 'kage of services for the farmer. rescarch and incor
Sul'sequently, their
reciprocal interdeper.dence was recognized, with
extension identifying
problems and supplying information which enabled
researchers to define
priorities" (Martinez, 1989). Finally, as in team
interdependence, there is
now less distinction between the two groups, with
extension agents partici
pating in experimentation and researchers coming
closer to producers.
This change of concept in the literature has not,
however, been fully
accepted by the relevant institutions themselves.
A major current linkage
problem is that while research institutions tend
to recognize their depend
ence on extension for promoting the application
of research results, exten
sion institutions frequently feel less dependent
on research. In a recent
survey of extension directors from 59 low-income
countries, technology
and linkage problems consistently received low
rankings on the directors'
lists of major concerns (Sigman and Swanson,
1985). Either extension
directors believe sufficient technology alreadyexists
for their institutions to
extend, or they give lower priority to promoting
new technologies than to
input distribution, credit supervision or other non-technological
activities.
Given the tendency for formal boundaries to obstruct
the
free
flow of
information and other resources, in theory it might
be desirable to try to
organize structures so that all the people dependent
on each other are
grouped together in a single institution. In practice,
however, this is rarely
possible. Firstly, there are too -nany different interdependencies
(Mintzberg,
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1979). Secondly, factors other than interdependence must be taken into
consideration when designing the structure of an IATS.
A classic example of the problems of trying to accommodate too many
interdependencies through structural means can be seen where input
distribution, credit supervision and the dissemination of technical informa
tion have been combined in a single agency. This improves coordination
between the three activities, but dilutes the technical information compo
nent of the resulting organization to such an extent that interaction with
research is sharply reduced.
The opposite can also occur. Strong research-extension links may be
achieved by removing activities other than the dissemination of technical
information from extension's mandate, but this will probably hinder the
integration of input distribution and credit supervision. Thishas frequently
occurred in the case of the T and V system.
Other important determinants of structural design. Besides interdepend
ence, there are five other factors of importance in designing organizational
structures. These are:
" the compatibility of the management styles required by different
tasks/activities
* whether the tasks/activities involved have the same sources oflegiti
macy
" size considerations
" the proven capacity of different units
" differences in staff orientation
If two activities require different management styles and practices, they
are generally better placed in separate units. The same holds true if they
receive their political support from widely divergent groups. Administra
tive and supervisory economies or diseconomies of scale for different
activities imply that institutions and units have a certain optimal size. There
are sound arguments or assigning essential activities to a unit with a
proven capacity to get the job done, even if it is not the one whose overall
mandate would normally cover it. Differences in orientation among staff
are another potential reason for division.
The institutional merger of research and technology transfer. Merging
research and technology transfer institutions is frequently recommended in
the literature as a way of increasing integration (Samy, 1986). However,
bringing the two activities together in one institution is usually problematic.
In practice, research and technology transfer often exhibit surprisingly
few interdependencies. Their management requirements and political
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constituencies are frequently divergent and somewhat
incompatible. The
combined institution's resulting size may be unmanageably
large. The
potential benefit of increased interaction may be limited
by putting the two
in separate units within the same institution, and the
loss of autonomy
caused by being in the same institution can lead to conflicts
and growing
resistance among personnel who see their independence
increasingly threat
ened (Kiauss, 1979).
The only situation in which bringing research and technology
transfer
activities together within a single institution is successful
is where a system
is organized around a specific region, commodity or
problem. The inter
dependencies between research and technology transfer
in these situations
are much greater because both activities focus exclusively
on the same crop
or on the same client group. In addition, the combined
size of the research
and technology transfer institution is generally more
manageable than it
would be if broader mandates were involved.
Even ifresearch and technology transfer are combined in
the same formal
organization, this will not, in itself, guarantee adequate
functional links
between the two activities.
Functional and market-based organizations. Another
common structural
issue is whether to organize the IATS on a functional
basis (for example,
research, extension, input distribution) or a market
basis (for example,
client, output, place). The evidence suggests that market-based
grouping is
generally more successful according to all our evaluation
criteria, at least
when task complexity is not very great.
Structural divisions based on function lack a built-in
mechanism for
coordinating the work flow. In contrast, "market-based
grouping is used to
set up relatively self-contained units to deal with particular
work flows.
Ideally, these units contain all the important sequential
and reciprocal
interdependencies....

And because each unit performs all the functions for
a given set ofproducts, services, clients or places, it tends to identify
directly
with them, and its performance can easily be measured in
these
terms.
So
markets, not processes, get theemployees' undivided attention"
(Mintzberg,
1979).
The empirical evidence provides qualified supportfor these
conclusions.
One study concluded that "commodity-specific extension agencies
exhib
ited greater coordination and less conflict than did general
extension
agencies" (Kang, 1984). Another study found a commodity
extension
program performed better than general extension according
to seven out of
eight criteria, including the "organization of joint programs
with staff of
other agencies" (Ekpere, 1973).
Commodity-specific agencies may be more integrated but
their integra
tion is still far from ideal (Kang, 1984). Moreo',er, performance
diff-!rences
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are sometimes more related to commodity-specific agencies' greater access
to resources than to their organizational characteristics (Ekpere, 1973).
When geared towards cash crops, such agencies are relatively easy to set
up and operate. It is more difficult to create them for subsistence crops and
in low-resource areas, where they have problems dealing with the interac
tions between their crops and other elements of the farming system.
Missing tasks. Often, no unit is assigned to, or effectively carries out, one
or more of the tasks necessary for the development and delivery of new
technologies. Who should take on missing tasks is a difficult problem for
IATS leaders.
Such tasks can be assigned either to units which already exist or to new
ones. 11he existing units have established work patterns which would have
to be altered to accommodate a new task. Hence, this task may not receive
sufficient attention; or, if it does, the personnel assigned to traditional unit
tasks may become resentful. On the other hand, assigning the task to a new
unit inevitably creates an additional set of barriers which have to be
overcome before the task can be effectively integrated with others with
which it is interdependent.
To achievehighperformance,theremust be at leastone unit responsiblefor,and
with the capacity to carry out, the following tasks: exploratory development,
technologyconsolidation,technologyproductionandtechnologydelivery-aswell
as to provide the links between them.
Often, it is not clear whether these tasks should be carried out by
researchers or technology transfer workers, or both. Unless each group's
responsibilities are clearly defined, researchers will generally prefer the
task of exploratory development, while technology transfer workers will
prefer the task of technology delivery. This leaves no-one to assume
responsibility for technology consolidation or (to a lesserextent) technology
production. McDermott calls this the "fatal gap" and argues that, unless it
is filled, the division between research and technology transfer will be too
wide to bridge by establishing linkage mechanisms (McDermott, 1987).
Where high performance does take place it is generally in technology
consolidation and technology production that the greatest degree of inte
gration occurs. Some linkage-related activities within these tasks are often
weakly performed. These are:
"
"
"
"
"
*

publishing and synthesizing research results
assessing the economic and social viability of new technologies
transforming experimental results into specific recommendations
producing information materials for technology transfer workers
organizing information to make past research results more accessible
producing and distributing physical inputs
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Duplication of efforts. While there are
some tasks oractivities for which no
one takes responsibility, there may
be others in which more than one unit
is involved. These are either joint activities
or represent a duplication of
efforts. Here, only the latter situation
is
discussed.
Redundancy results eitherfrom attempts
to seek greater autonomy or from
competitionfor resources.It leads to conflict
between the redundant units, but is
often associatedwith higherperformance.
One reason for duplicating efforts
is to increase a unit's autonomy.
Rather than relying on someone else
to provide information or get some
thing done, a unit decides that it will
carry
likely to seek autonomy ifrelations betweenout this task itself. A unit is more
it and the other unit are already
strained, if it perceives the costs of the
necessary coordination to be high, or
if it has doubts about the capacity- or
motivation of the other unit to fulfil
its
responsibilities.
The second major reason for the duplication
of efforts is competition for
resources. Units take on new activities
which
they perceive as being of
interest to donors or policy makers
if this will bring them additional
funding, power or prestige. In so doing
they may weaken their mandate
focus. The pursuit of the same activities
by several units brings them into
competition and often precipitates
The existing literature is divided conflicts.
about
cation of efforts is positive or negative whether the net result of dupli
(Landau, 1969; Leonard, 1982b).
Although the waste of resources created
quently deplored, the worst consequence by duplication of efforts is fre
of such duplication is probably
the deterioration of relations between
institutions, a deterioration which
results in an unwillingness to share
information, learn from each other's
experience and coordinate activities.
On the other hand, redundancy does
increase the chances ofgetting thejob
done. It permits multiple approaches
to a problem, and can promote healthy
competition.
The Differences between Researchers
and
Technology Transfer Workers
For high performance,specific linkage
mechanisms are required to manage the
conflicts and communicationproblems
caused by differences between researchers
and technology workers in background,
training, experience, responsibilities,
status and physical location.
Informal groupb. Informal groups,
which may or may not reflect formal
divisions, have shared languages,
values and attitudes, making internal
communication and collaboration easier.
However, as in the case offormal
boundaries, such groups also lead to
intergroup differences, resulting in
a
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"them-and-us" attitude that makes intergroup communication difficult.
Among the most important determinants ofinformal groups are differences
in staff background, training, experience, responsibilities, statusand physi
cal location. Important staff background attributes include age, gender,
rural or urban origin, ethnicity, nationality and educational level.
These differences have major implications for communication between
researchers and technology transfer workers. One of communication
research's most consistent findings is that people communicate most fre
quently and effectively with those who are most similar to themselves
(R61ing, 1989). Thus, sharp differences between research and technology
transfer staff with respect to their backgrounds and other characteristics
may make it very difficult for the two groups to communicate with each
other.
Two particularly important differences between the two groups are their
distinct work environments and responsibilities. These differences lead to
different orientations with respect to goals, use of time, interpersonal
relations and formality (Lawrence and Lorsch, 1967). Researchers' goals are
said to be broader, less precise, but more measurable. Researchers look
mostly to the broad research community for approval, whereas technology
transfer workers tend to seek approval within their specific institutions.
Researchers: time perspectives are supposedly longer. They are also more
used to working in informal and collegial environments (Bennell, 1989).
Occupational groups. Occupational groups, such as researchers or exten
sion agents, have many of the same characteristics as informal groups, as
well as some important additional ones. They compete with each other for
status and rewards. The main form this competition takes is the attempt to
exclude rival groups. "Barriers to entry" are erected mainly on the basis of
academic qualifications (Bennell, 1989). Thus, to justify theirown statusand
rewards, researchers may perceive a need to distance themselves from
lower status occupations such as extension.
In most low-income countries, at least outside Latin America, extension
is not regarded as a professional occupation. It has also had a low status
because of its association with farmersand rural life, which themselves have
very low status.Generally speaking, the status distinctions between profes
sional and subprofessional occupations are greater in developing than in
developed countries, and researchers often adopt patronizing attitudes
towards extension agents (Bennell, 1989). Low pay means extension serv
ices are unable to attract quality recruits, and this has only worsened the
status problem.
Strong status differences between occupational groups are difficult to
bridge through linkage mechanisms. These will be more difficult to design
in such a way as to allow the flow ofinformation from lower to higher status
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members. Where low status members have significant information about
environments and technologies not well understood by researchers, poor
performance will result.
In recent years extension agents have tried tosolve the status problem by
making their occupation more professional. This has involved taking over
someactivities previously performed by research, such as carryingout field
trials or deciding whether to recommend a new technology, a move which
has elicited mixed responses from researchers. In some cases they have
resisted what they perceive asan incursion into theirdomain. In others, they
have willingly relinquished activities to extension, but only after down
grading them and reserving the higher status activities for themselves. On
rare occasions, researchers have chosen to accept an equal role with exten
sion, and to collaborate fully.
Although differences between the two groups is a problem, so also
would be too great a similarity between them. Similarity between groups
erodes the unique contribution each group can make and the advantages of
specialization. This implies that there is an optimum level of dissimilarity.
Personnel and Financial Management
Personnel and financial management policies and practiceswhich encourage
integrationandprovideflexibility in IATS result in higher levels ofperformance.
Differences in policies and practices between research and technology
transfer institutions can greatly hinder the integration of the two activities.
Policies and practices are among the contextual factors most subject to
control by managers.
Recruitment, job responsibilities and training. To achieve high perform
ance, staff should be recruited who are capable both of fulfilling their
specialized tasks and of interacting effectively with other specialists. Job
descriptions (as well as informal expectations) should specify the linkage
related activities required. Managers of each unit should ensure all parties
involved are clear about these responsibilities.
Status, as well as links, can be enhanced by building an emphasis on
collaboration into the work programs of both researchers and technology
transfer staff. When a researcher is assigned to an adaptive trial run by an
extension worker, this gives status and incentives to the latter. An extension
worker who provides diagnostic information fordeveloping research projects
and thereby improves thedesign and relevance ofthe projectimprovesboth
his/her status and that of the researcher.
In practice, these goals are rarely met in full. The pool of candidates for
research and technology transfer jobs is limited and may notinclude people
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with the right qualifications and characteristics. It is hard to attract staff to
some geographical areas. Communication problems may prove unsur
mountable. Job descriptions are often vague, non-existent or soon forgot
ten. Normally, little emphasis isgiven to collaborative activities. High levels
of graduate unemployment create pressures to hire large numbers of staff
who cannot be effectively used. All this hampers an institution's ability to
develop effective relations with other groups.
Limitations on the staff recruitment side can be overcome to some extent
by subsequent training or work experience. To promote effective links it
may be necessary to teach people additional technical or communications
skills. Staff exchanges and rotations can improve knowledge c f counter
parts' activities and build empathy. A common orientation program or joint
participation in training activities can also help to create mutual under
standing. Although specialization is not abandoned, professionals in inte
grated IATS which regularly make relevant new technologies available
usually participate in or have enough experience of the work of their
technology transfer counterparts to understand and wish to enhance what
the other group does.
Again, in practice, IATS often fall short of these ideals. Many training
programs fail to encourage researcher-technology transfer worker interac
tion, provide few tools for effective interaction, and reinforce status distinc
tions.
Compensation. The earlier discussion of political factors pointed to the
fundamental importance ofincentives, at both the institutional and individ
ual level, in promoting performance.
The most direct and effective incentives are those accruing to staff as
compensation. Compensation includes salaries, honorariums, promotion
opportunities, working conditions, prestige and positive feedback, fringe
benefits, the attractiveness of the work involved, and opportunities for
earning supplementary incomes. These benefits can be distributed on a
number of different bases, one of which is the performance appraisal/
evaluation of staff members. The criteria used for performance appraisal
communicate the values ofan organization. The emphasis given tocollabo
ration and the types of behavior evaluated will determine the value given
to linkage behavior.
Compensation affects performance in various ways. Workers perceive
the rewards or iunishments resulting from their performance (including
their interactions with others). The levels of conflict, competition and
coordination vary as a result. Compensation packages can be perceived as
fair or unfair and can diminish or increase the distinctions and divisions
between groups. Compensation levels and criteria which result in high
levels of staff attrition and transfer can hinder effective institutional links
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because the parties involved have less time
to develop stable expectations
and communications channels.
Service orientation. No matter how enlightened
the management, re
searchers and technology transfer workers almost
always experience some
tension between their duty to respond to the
concerns ofmanagement and
their obligation to respond to the needs of
the population served. IATS in
which field staff respond exclusively to management
desires are rarely very
successful. They also tend to have poor
flows of information up the
organizational chain. However, if staff respond
only to demands from
below, this is likely to hinder the institutions'
capacity to serve as instru
ments of policy. The IATS with the highest
performance are those in which
management promotes a service orientation
and allows staff sufficient
flexibility to provide it, yet maintains firm
control over general policy.
Financial management. The principal aspects
of financial management
which affect integration and performanceare
the sufficiency, flexibilityand
reliability of funding, and the existence of
slack resources. Here we are
referring to funding both for the IATS in
general and for the financing of
linkage mechanisms in particular. With respect
to the latter, many IATS
have practically no funding available for such
key linkage-related activities
as the publication of research results, visits
by researchers to extension field
offices, and in-house training events.
The aim of providing slack resources iF to
assign more resources to an
activity than are strictly expected to be necessary,
soas to increase the proba
bility that the job will be completed. In ourcontext
this could mean financing
redundant linkage mechanisms so as to ensure
greater integration.

Integration
The role of higher authority. Often, collaboration
between separate units
of the IATS is ordered by a higher authority,
such as a common director, an
official mandate, a government regulation
or plan, or a donor agency.
Instructions to collaborate usually work
only when the higher body
simultaneously intervenes to convince the
staff concerned of the need for
integration. Otherwise, the higher body must
have both adequate power
and sufficient information to impose its will.
This is rarely the case.
The development and delivery of new agricultural
technologies is a
complex process and difficult to monitor closely.
Instructions from above
are usually vague and it is implicitly understood
that not all of them can be
carried out. Again, a great deal of information
is lost or deliberately
withheld or distorted as it moves up the hierarchy.
Senior managers are
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beset by a wide variety of problems besides their concern for integration. In
practice, research and technology transfer managers and staff have effective
veto power over external efforts to achieve integration, and thus must be
persuaded or motivated, as well as directed.
Failure to persuade frequently results in the creation of formal (relatively
ineffective) linkage mechanisms whose principal purpose is to please
superiors. In these cases open conflicts may be eliminated, but only to be
replaced by more subtle forms of mutual avoidance and hostility.
Policy makers and managers canfacilitateintegration through the creationof
superordinategoals and/orthe promotionof a sharedinstitutionalculture.
Superordinate goals are those that have "a compelling appeal for mem
bers of each group, but one that neither group can achieve without the
participation of the other" (Bennell, 1989). Bennell adds that such superor
dinate goals are only likely to be accepted when:
" the status and/or reward grievances of disadvantaged and dissatis
fied groups within the IATS are adequately resolved
" individual goals are sufficiently compatible with superordinate goals
" sufficient weight is given to staff interactions in performance ap
praisal and rewards systems
Organizational cultures conducive to integration are easier to promote
under conditions of staff homogeneity and organizational stability, and
when staff have had long and intense shared experiences.
Preconditions for voluntary linkage. Significantintegration will occuronly
if the parties involved perceive all of the following to exist:(1)interdependence,
(2) domain consensus, (3) ideologicalconsensus, (4) domain correspondence,(5)
competence and (6) the capacityto deliver on agreements.
Since cooperation implies a certain loss of autonomy, groups will nor
mally want to cooperate only if they perceive the potential gains to out
weigh this loss. One factor in the decision whether or not to cooperate will
be external pressures for improved performance, but there are also a
number of strictly internal organizational factors which are important.
The first of these is whether interdependence is perceived. Both parties
must feel the other has something they need. The second and third factors
are domain consensus and ideological consensus. Domain consensus means
that the units agree about each other's appropriate role and scope. Ideologi
cal consensus means agreement regarding the nature of the tasks confront
ing the units and the appropriate approaches to use of resources (Benson,
1975). For domain and ideological consensus to occur, neither unit must
perceive the other's role, scope and approach as potentially threatening to
its own resource base.
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A fourth important factor is domain correspondence.
Correspondence
exists when two units share a common set of clients
and topics of concern.
The lack of domain correspondence between
research and technology
transfer institutions is a common problem. Typical
examples are:
" research is organized on a national basis, while
technology transfer is
provincial
" research units follow agro-ecological distinctions,
while technology
transfer follows administrative ones
" research is divided on a disciplinary basis, while
technology transfer
is divided by commodity or geographical area
" research focuses on a single commodity, while
technology transfer has
a more general focus
" research services are targeted to one client group,
technology transfer
services to another
Often there is a fine line between domains being
closely reiated and
therefore complementary, and their being overlapping
or even identical.
Yet the likely outcomes in each case are markedly
different. In the first case,
task interdependencies and common orientations
will be greater, facilitat
ing interaction. In the second case, competition
may arise for funds.
Competence and capacity to deliver on agreements
are other necessary
preconditions for voluntary linkage. If one group
depends on another for
resources or activities the latter is unable to provide
or carry out, the first
group will eventually seek alternatives which
eliminate that dependence
(or else use the second group's incapacity as an
excuse for poor perform
ance).
Perceptions about the other group's importance,
relevance, effective
ness, efficiency and reliability are as important
as whether or not these
attributes really exist. Beliefs about other groups
are based at least in part
on stereotypes and limited information, but are
heavily influenced by past
experiences.
Other factors, such as a group's absolute and relative
age, size, powerand
access to resources, have also been mentioned
as affecting its inclination
towards voluntary linkage. Immaturity and
insecurity in organizations
weaken their willingness to integrate with others.
Organizations are imma
ture if they have notyet clearly defined theirdomain.
Insecurity implies that
an organization perceives its resource base to be
vulnerable.
The use of liaison positions. Liaison positions
or units are sometimes used
as buffers to inediate between groups which must
communicate with each
other. They may be within one or both of the
groups, or they may form a
separate entity. In the lattercase the idea is thatif
two groups differ so much
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that it is very difficult for them to communicate, a third group which
combines features of each of the others can act as an intermediary.
The use of such positions is often suggested as a solution to the commu
nication problems associated with people who specialize in the different
stages of technology development and delivery. Since there is typically a
larger gap between researchers, technology transfer workers and farmers in
low-income than in high-income countries, more liaison roles are probably
needed in the former. Taken to its logical extreme, however, the communi
cations chain could become very long. The problem with having many steps
in the commun-,ation process is that the clarity and content of the informa
tion communic .,d diminishes with each additional link in the chain.
There is also a danger that liaison positions will accentuate rather than
attenuate the integration problem. If liaison staff begin to take on the
attributes of a separate group- with their own interests, beliefs, attitudes,
orientations and work styles - they can become an obstacle to communi
cation rather than a facilitator. Two mechanisms which can prevent this
from happening are the incorporation of liaison positions into one of the
units being integrated, and the rotation ofstaff assigned to liaison positions.
The use of liaison positions as intermediaries may prove more problem
atic altimately than the difficulties such positions were designed to over
come. Even when liaison positions exist, they do not obviate the need for
direct communication between the parties being linked.

Decentralization. Formaland informallinkagemechanisms at severaladminis
trative levels (forexample, national,regional,operational)are essentialfor high
performance. The leve of integrationbetween researchersand technology transfer
workers is higherwhen adaptiveresearchis decentralizedand dispersed. This higher
integrationleads tomore relevantnew technologies becomingavailable.Moreover,
decentralization and the delegationof responsibility within an IATS requirewell
developed linkage mechanisms at the operationallevel.
If, for example, an exchange of technical information is required, it will
not be sufficient tobring together managerial staff who lack familiarity with
the topic concerned. Links must also be organized between the technical
staff. Conversely, regional coordination committees in highly centralized
IATS frequently fail because participants cannot speak authoritatively for
their institutions.

Summary
The most important environmental factors affecting IATS performance
and links are: external pressure, the resources provided to the LATS for
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servicing its clients, and the diversity of its environments.
More integrated
systems, which are more successful at making available
relevant new
technologies, generally face strong external pressures,
have access to sub
stantial resources, and focus on simple and homogenous
environments.
High-resource IATS are more differentiated than low-resource
ones,
with more sophisticated links to which more resources
are devoted. Di
verse environments are associated with the need to perform
complex tasks
to achieve IATS objectives. These tasks require greater
professionalism,
decentralization and less hierarchical management.
Less important, but still significant, environmental factors
include the
availability of different communications channels, the
development of the
necessary infrastructure and traditions for farmers to
make use of inputs
and information produced outside their communities,
the level of pre
existing knowledge about theenvironmentand its production
systems, and
the dispersion and accessibility of the farming population
served. Because
these factors are outside the IATS, managers have relatively
little control
over them, They must, however, take them into account
in
making
deci
sions regarding the scope of their institution's activities,
its organizational
structure, its working methods, and the management
of its links.
High performance requires that IATS have the responsibility
and capac
ity to undertake the activities associated with each task
in the technology
development and delivery process (with the possible exception
of discov
ery), and that identifiable functional links exist between
them. In practice,
the most important iiissing tasks tend to be technology
consolidation and
production. Hence these must be given special attention
by managers, who
are often in a good position to deal with these problems.
Different links will be required for different types
of technology. In
particular, activities related to already established technologies
require
different links to activities concerned with developing
and delivering new
technologies. Managers can exercise considerable control
over these links.
Organizational structure, personnel management and financial
manage
ment strongly affect both IATS performance and links.
While the managers
of technology institutions have only moderate control
over orp'viizational
structure and should be cautious about exercising it, they
can
influence over personnel policies and should take maximum have greater
advantage of
that influence. Their control over financial policies is limited.
Difficult personnel problems arise from the differences
between re
searchers and technology transfer staff in backgrond, training,
responsibilities, status and physical location. These problems experience,
can greatly
affect performance and need to be addressed as part of
efforts to increase
system integration.
Successful IATS address task and resource interdependencies
through a
combination of organizational grouping and linkage
mechanisms. Their
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structural arrangements take into consideration the compatibility of the
management styles required by various tasks/activities, divergences in the
sources of political support for different tasks/activities, size considera
tions, different units' proven capacity to perform, and differences in task
orienitation.
A market-based grouping is generally more successful at achieving
integration and relevance. However, this type of arrangement is not often
feasible in diverse environments served by poorly endowed IATS.
Redundancy can have negative and positive consequences. It arises
when there are strong incentives for increasing unitautonomy and compet
ing forresources. Although it wastes requires more resourccs, it may ensure
that objectives are met.
High levels of integration are facilitated by interdependence, domain
consensus, domain correspondence, ideological consensus, competence
and the capacity to deliver on agreements. The creation of superordinate
goals and the promotion of an institutional culture conducive tointegration
are also important.
Increasing system integration is not an end in itself, but it is important
because IATS that perform well according to cther criteria are characterized
by high levels of integration. These systems have many formal and informal
linkage mechanisms, at multiple administrative levels. Many have liaison
positions and departnents, but these complement, rather than substitute
for, more direct links.
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