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Concept and Practice of Farming Systems
Research

J.L. Dillon and J.R. Anderson*

One could easily gain the impression, given the
spate of recent literature, that the farming sys-
tems approach to research was only discovered
in the past decade or so. Until the 1970s, little
was heard of it. Since then it has had no shortage
of zither powerful Proponents or opponents in
those various national and international forums
where the organization, programming, and bud-
geting of agricultural research are decided~——3g
sign, no doubt, that farming systems research
(hereafter FSR) is significant and revolutionary,
Yet, farming systems have necessarily existed
since farming began. Likewise, it is inconceiv-
able that agricultural research can ever have
bee. conducted without some appreciation of
the farming system context to which it related.
indeed, with hindsight, one may argue that much
successful agricultura! recearch historically has
been that which was conducted with an implicit
farming systems orientation. Nonetheless, it is
also a fact that instituiional rasearch specifically
organized in terms of farming systems is rela-
tively new, dating perhaps from no earlier than
the 1950s. Only in the past decade has FSR
gained formal recognition via the sanctioning of
budget appropriations and designated program
activities within a variety of rescarch agencies
and in terms of the research literature. For
instance, the journal Agricultural Systems only
began in 1976.

As a formal framework for the conduct of
agricultural research, the farming syctems ap-
proach is still, for many people, ill-defined and
unproven. Certainly, being so new in its modern
formal incarnation, it is trye that the concepts,
terms, and methods of FSR are youvng and
evolving. Thus some have found it:

1. To suffer from problems of definition.

Professor and Head, Department of Agricultural
Economics and Business Management, University
of New England, Armidale, N.S.W., Australiz; Asso-
ciate Professor, same Department, respectively,

2. To involve activities tha! seem to lack

specificity of purpose.

3. Notto have a cadified set of methods for

its implementation.

4. To involve a bewildering array of activi-

ties.

5. To be difficult to evaluate in benefit-cost

terms.

Perhaps heroically, against such a back-
ground, in this paper we attemnt to outline the
farming systems approach, appraise its rele-
vance and consider its implications for research
organizatinn and management in the context of
agricultural development.

The Farming Systems Approach

What is the farming systems approach to re-
search? Certainly it does not imply the use of
Some new independent science. Rather, it in-
volves the application of knowledge available
from the physical, biological, and social sciences
(i.e. from the standard poot of knowledge used in
traditional agricultural research) but with the
difference that it uses a systems approach
{Couger and Knapp 1974)ini:s inquiry. Thus FSR
is holistic in outlook and is both multi and
interdisciplinary. Reflecting its systems orienta-
tion and consequent need for realism and practi-
cality (expressed in part by an understanding of
farmers’ existing systems), the activities of FSR
include both wurking at the farm level and at the
research station level, often with less control
than is usual in traditional research with its focus
on a particular discipline or commodity,

Basic to FSRis an appreciation of the farm as a
system whose modus operandi is specified by
some particular farming system of which the
farmer is an integral part. Defining what is meant
by the term farming system’ is not easy, as is
indicated bv the foliowing statement {Dillon et al.
1978, p.8.):

‘A farming system is not simply a
collection of crops and animals to
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Figure 1. Schematic representation of some determinants of a farming system

{After Norman 1980).

From a FSR view, this is not a complicated
matter——though the breeding research may be
quite complicated (as may also be the research
needs opened up when Cerrado farmers, through
the income generated from the new wheat
germplasm, have the notential for further elabo-
ration of their farming systems),

2. System Revision in
the Philippines

IRRI's Cropping Systems Program has focused
on rice-based systems of small farmers in rainfed
areas. One avenue of assistan e to these farmers
was seen to be increased ctopping intensity
(Zandstra et al. 1981). For areas with a growing
season of intermediate iength, appraisal indi-
cated that the effective growing season might be
lengthened. The following methods, either alone
orin cambination, were proposed: (a) the use of
shorter duration varieties, (b) tcchniques allow-
ing earlier planting at the start of the rainy
season, (c) overlapping of growing periods by
relay cropping and intercropping, (d) use of
drought-tolerent crops, (e) improved soil mois-

ture usage, and (f) use of supplementary irriga-
tion.

Thus, for example, research into rainfed rice
systems in the lloilo region of tie Philippines
showed that new short-duration rice varieties in
combination with direct seeding techniques
would enable other upland crops to be planted
before or after rice and, in lower-lying areas, the
production of two rice crops in a single season,
When IRRI began this work in 1975, 82% of the
rainfed land in the lloilo region was planted to a
single-crop rice fallow pattern, Today, in con-
trast, some 75% of the region produces two or
more crops per season. With this revision to the
farming system, a significant increase in the
region’s cropping intensity was achieved in two
years.

3.

Perhaps the most significant application of FSR
to date has been ICRISAT's development of
virtually a new farming system for the Vertisol
sub-region of India having a soil depth of at |east
one metre and a mean annual rainfall above 750

System Replacement in India
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Table 1. Synergistic effect of variety, soil management, and fertilizer application lﬁ
maize-pigeonpea intercropping system on a deep Vertisol at ICRISAT Center,

Patancheru, A.P., India, 1976-77.

Treatment Yield (kg/ha)
Maize Pigeonpeas

Maize variety: Local
Traditional inputs and management 4580 320
With improved soil- and crop-management

alone 600 610
With fertilizer application alone 1900 450
With improved soil-crop management

and fertilizer 2610 840
Maize variety: Improved/hybrid
Traditional inputs and management 630 500
With improved soil- and crop-management

alone 960 640
With fertilizer application alone 2220 540
With improved soil-crop management

and fertilizer 3470 600
LS.D. (5%) 470 220

a. Pigeonpea variety was the same in all cases.

system in 1981-82),

As typical of on-farm FSR, particularly when
dramatic changes are made to the existing
farming system, this farmer-managed trial threw
up avariety uf problems for further consideration,
These included difficulties with Strige weed in
sorghum, pod borer in pigecnpea, threshing and
storage, bullock power availablility, markets for
new crops, credit requirements and mechanisms,
fertilizer sales distribution, implement availa-
bility, and skill deveiopment in farmers and
extension personnel.

Some of these problems imply further re-
Search station triale, others imply policy and
institutional considerations. Also, with the ex-

. tengion of on-farm tria's to a further eight repre-
Sentative sites involving 2 total of 57 farmers on
120 ha across the deep Vertisol region in 1982-
83 and the implementation of the technology by
official agencies in four States in 1983-84 with
the development of some 4 000 ha involving
1700 farmers, there is no doubt that further
Problems will be discovered.

The Need for a Farming
Systems Approach

If agricultural reseach aimed at the: improvement
of technology is to be fruitful, it must generate
knowledge that is actually used by agricultural
producers. Otherwise, if the research has no
impact, it implies wasted effort and loss of other
opportunities (including those foregone because
research has earnt itself a bad name).

The need for FSR and its usefulness lie in the
degree to which traditional research approaches
of a disciplinary or commodity nature fail to
produce results that are actually used by farmers,
Such failure of traditional research can be use-
fully related to the FSR concepts of system
adjustment, revision, and replacement. Tradi-
tional research whose impact, from the farmer's
view, is merely system adjustment has cereris
paribus, the greatest chance of adoption. Thus
we have the success of well adapted new,
especially Green Revolution, varieties since they

ws (o
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Figure 2.  Schematic view of FSR method (After
Collinson 1 982).

N

nnce an ongoing FSR program is established, all
the activities will likely be going on simulta-
neously with forward and backward interactions
across them all. Relative to each activity, the
following points may be made:

Choice of Target Area or Group

Selection of the target area or group (sometimes
referred to as the recommendation domainj
should: (a) attempt to be compatible with social
Needs and priorities, (b) be such as to give a fair
chance of obtaining tangible results in reason-
able time, and (c) be broad enough to spread
costs (Perrin et al. 1976). The most satisfactory
delineation is likely to be based on the relative
homogeneity of the farming system currently
Used or, in terms of potential, on the basis of
agroclimatic zoning. The aim should alwaysbeto
strike a satisfactory balance in terms of the

economic trade-off between decreased intra-
group variability (or increased inter-group varia-
bility) and the problem of location specificity,
which reduces the domain of impact (Menz and
Knipscneer 1981).

Both in the delineatinn of the target arez and
inits further specification once chosen, there will
be a need for base line data analysis. Time and
cost considerations may often imply the use of
secondary data. The relevance of data should be
judged in terms of their contribution to the
delineation and understanding of existing farm-
ing systems, their constraints, and opportunities
for modification. Base line data will involve both
physical factors such as land, soil and climate,
and socio-economic factors such as population,
culture, and infrastructure. Generally, base line
data analysis will be carried out as adesk study. It
will, of course, also make use of any micro
information that is already available from prior
surveys or research into existing farming systems.

Diagnostic Survey

Having delineated a target area or group, it is
necessary to gain an understanding of the exist-
ing farming systems and farmers’ motivations in
using them. The main aim of this activity is to
provide an assessment of farmers' priorities,
decision criteria, resource availabilities, con-
straints, and possible development opportuni-
ties. The survey will also, if need be, provide a
basis for delineating separate recommendation
domains of farmers within the overall target area
group. These domains may be based on natural
factors such as soil or topography; cultural
factors such as food preferences; or institutional
factors such as tenure and market access.
Two broad types of surveys have been used
for diagnostic purposes, i.e. reconnaissance or
exploratory surveys, and formal surveys (Byerlee
and Collinson 1980; Byerlee et ai. 1980; Gilbert
et al. 1980). The former are relatively informal
and of low cost. They typically involve a week or
so of field travel through the target area by a
small multidisciplinary FSR team (e.g. an agrono-
mist and an economist) who talk with represen-
tatives of policy-making and farmer-contact
agencies, community leaders, and a small sample
of farmers and their families. Formal surveys, in
contrast, typically involve sorne considered form
of sampling and prespecified sample sizes,
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its compatibility with other parts of the farmer's
system, and should be replicated over time with
any modifications deemed necessary from the
ongoing appraisal.

Choic> of farms for farm-leve! testing is impor-
tant as it bears on the question of farmer-
research team interaction and technology trans-
ferability. To foster transferability, sites should, if
possihle, be representative of large areas, par-
ticularly with regard to landscape position. To
foster farmer-researcher interaction, the more
cooperative better farmers will tend to be pre-
ferred as collaborators. However, these are not
representative farmers. Use of ‘average’ farmers,
while decreasing interaction, may give a more
satifactory appraisal of the proposed system
changes.

Associated with and growing out of the on-
farm testing activity are extension, monitoring,
and evaluation activites. Extension workers
should be involved directly in the on-farm testing
activities so as to be fully informed. They, along
with other member of the FSR team, should
monitor the spread and evaluate the perform-
ance of the newly introduced technology so as to
provide feedback to policy makers and sponsors,
if there are any, on any relevant issues. In this
sense, monitoring and evaluation should be
made from the various perspectives of farmers,
researchers, and society as a whole.

ldentification of Technical Problems

Arising out of the diagnostic survey and identifi-
cation of possible system changes, a variety of
technical problems (e.g. diseases, market diffi-
culties, etc.) can be identified. The feasibility,
potential benefits and priority of attacking these
problems need to be established as a prior step
to undertaking research aimed at their solution.

Component Research

Having decided on the portfolio of technical
problems to be researched at greater depth,
commodity or disciplinary research on the rele-
vant system components can be conducted on
the research station. This research may be
oriented to single or multiple components and
may involve quite basic research, although to
ease subsequent transfer, conduct on farms will

be preferred where possible.

Single compone:it research, which aims at
improving individual components, will generaliy
help elucidate ‘principles’ and ‘processes’. it
includes such topics as, e.g. identifying suitable
genotypes for a particular cropping system,
examining factors effecting runoff, etc,

Multi-component research constitutes the
initial integration of modified or new compo-
nents developed from disciplinary research into
the system. It includes aspects such as the
integration of cropping systems with labour
availability, soil fertility management, and water-
shed management.

Use of Existing Scientific Knowledgs

Particularly in the experiment station sequence
from component research to operational research,
use will be made of the existing body of scientific
knowledge of both a general nature and specific
to the target area or group and its farming
systems.

Organization of FSR

The broad organizational lines of FSR spanning
on-farm adaptive {‘downstream’) research and
station-based technical {'upstream’) research are
depicted in Figure 2. Much debate has occurred
over the separation and overlap of \hese activi-
tiess——see, e.g. Dillon et al. (1978), Norman
(1980), and Gilbert et al. {1980). Such debate,
however, has been rather fruitless. A complete
FSR approach will involve ful| integration of on-
farm and station-based resvarch with the same
researchers working, as appropriate, in both
activities. Thus ICRISAT, for example, has em-
phasized the complete integration of on-farm
and station-based research via its designated
Farming Systems Research Program which, as
shown in Figure 3, exists alongside and interacts
with the ICRISAT commodity (germplasm) and
economics pragrams (ICRISAT 1983). A similar
approach has been taken at ICARDA.

Compared with a traditional organization of
research on the basis of disciplines and/or
commodities, FSR has strong implications for
research organization and management.

By virtue of its holistic approach to the
problems of agricultural production, FSR is mul-






scientists, particularly agricultural aconomists.
in its activities. So important and so often
misunderstood is this role that we take it up
separately.

FSR and the Social Scientist

In the post-euphoric phase of the Industrial and
Green Revolutions, the importance of human,
social, and economic factors in farming systems
is so widely recognized that it does not need
further elaboration here. Research administrators,
whether they be in regional, national, or inter-
national organizations have generally responded
by ensuring that social scientists are represented
in research structures.

The form of their representation varies widely,
reflecting such things as the prejudices of the
administrators and their influential sci2ntific
advisers {especially from other than the socia!
sciences) and the availability of social scientists
with backgrounds and interests in agriculture.
The range extends from a token and peripheral
appointment or two, through specialized service
divisions of social sciences, to complete integra-
tion of social scientists in multidisciplinary
research and problem-solving teams, In spite of
the diversity, we might chance the generaliza-
tion that the institutional incorporation of social
scientists becomes more haphazard, the more
local is the level of organization. Thus, for
example, social scientists are pervasively involved
in the International Agricultural Research Centres
but, at the other extreme, can be almost non-
existent ai the regional agricultural research
stations of the Third World where priorities have
usually been given to activation of biological
research. Perhaps it is the political sensitivity of
socio-economic research findings {e.g. on income
distritution issues) that have slowed the ad-
vancement of social sciences in Third World
agricultural research’. Fortunately, however, the
situation is img wing rapidly in mos: such
countries.

What is it that social scientists have to offerin
farming systems research? Surely, itis not simply

2. Areferee has suggested another possibility, nainely,
that biological science administrators see a contri-
bution from social scientists as being less useful
than that from biological scientists|

informing somaone that beans have a higher
market price than barley, or working out costs of
production! It can be many things, and wil;
doubtless vary from scientist to scientist, accord-
ingly to.disciplinary training and experience.
Among the most important matters that will be
addressed are: (a) the social milieu in which farm
decisions are made, including customs of sharing
and bequest, (b) the institutional setting and
policy environment in which farming is conducted,
including land reform, credit, and taxation, (c) the
economic environment of farms, including long-
term market prospects for inputs and outputs
and, most importantly, an understanding of the
opportunity costs and transactions costs faced
by farmers, and (d) the attitudes and personal
constraints of farmers, including their d-sire or
otherwise for change, for leisure, for education,
for different foods, and so on, and their human
and other capital.

Data on such.matters are not assembled for
their own sake nor for the professional gratifica-
tion of the social scientists concerned. Rather,
the purpose mustbe to assistin the identification
of effective changes to and designs of practices,
techniques, enterprises, activities and policies
that are acceptable to and appreciated by the
target groups in FSR. The days of the ‘quick’
technological ‘fix' have probably gone and pro-
gress now must be won in the context of the full
reality.

Understanding the wider reality of farming
systems does not come oasily. Ideally, sacial
scientists glean theirknowledge of such systems
through long and close contact with the people
of the systems. Horton (1983} documents such a
recent successful endeavour in Peru. Tha ideal,
however, rarely obtains and more formal methods
of description and understanding must be sought.
The most widely used approach is a survey tnat
garners detailed information on what happens in
the village and on farms, to whom and when.
Profiles of labour availability, cash flow, work
demands, prices received, etc, can be built up in
this way and, if the collections run for a suffi-
ciently long period, the variability over time,
especially in reponse to natural hazards like
flood, drought and fire, can also be quantified.

Many elements sought in survey activities are
subtle and/or sensitive. Particular skills are re-
quired to ensure faithful description of reality. For
instance, some transactions costs such as bak-
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ventional evaluation and reward sys.zms that do
not adequately recognize the scientific ability of
ar inaividual in terms of his or her contribution to
the achievement of group, rather than individual
research, are not conducive to integrated research
of the type required in FSR.

Fourth, there may be problems of definition
and focus. In its efforts 'to do good’, FSR may run
the risk of becoming tco loosely focused and
degcnerate into overly site-specific research
characteristic of ‘rates and dates’ agronomy. At
the other extreme, as exemplified by Nielsen and
Preston {1981), FSR may be excessively syste-
matic and attempt to design ideal farming sys-
tems that have little probability of adoption. A
practical farm-oriented perspective has to be
maintained throughout the conduct of FSR. As
already noted, the aifficulty of implementation
increases significantly as the research orjenta-
tion moves from system adjustment, to revision,
and to replacement. Concomitantly, the deve-
lopment ol completely new systems will be much
more demanding of research resources and a far
more difficult research task than the develop-
ment of systern adjustments or revisions.

Fifth, there is the question of who sets
research priorities and for whom. The establish-
ment of formal forums for the interchange of
ideas for setting up research priorities and dis-
cussion of multidisciplinary tasks is essential.
Determination of priorities is not an easy matter
and the scientific staff must be well informed if
they are to participate effectively in the decision-
making process. There may be political obsta-
cles to overcome in some instances, since some
governments maintain a deliberate bias against
some groups, e.g. against small farmers outside
cooperative groupings. If resource reallocation
should become necessary, extensive background
briefings will be needed. As noted above, it may
be necessary for an institution to establish a
coordinating unit for its FSR. The functional
nature and composition of such a coordinating
unitneed to be clearly defined. Steps should also
be taken to ensure effective liaison and equilib-
rium between any such FSR coordinating unit
and the subject matter areas of research. The unit
shouid continuously evaluate the present status
of the FSR multidisciplinary effort and formulate
goals and priorities for the immediate future.
Additional means to assist this unit may be
required.

Sixth, established reward systems based on
equating only reductionist activity with good
science may cause difficulty. In the context of
FSR, such difficulties are aggravated by prob-
lems associated with multidisciplinary targeted
research. Reporting and presentation of FSR
data tend to follow a step-by-step and seemingly
fragmented structure that often times provides
little stimulation for evaluating the integrated
results of the program as a whole. No doubt due
to the relative newness of FSR, there are as yetan
insufficient range of forums for presentation,
discussion, and evaluation of FSR research. It
also seems that insufficient importance is at-
tached by FSR workers to such activities. All
members of multidisciplinary research teams
must be especially cognisant of the need to
accord recognition to those who contribute to
the scientific success of such teams. Clear
guidance for administrators that effective parti-
cipation in multidisciplinary projects is recog-
nized would seem to be very important.

Seventh, in terms of implementation prob-
lems, there is the question of whether FSR can
be superimposed on an existing conventional
program. The answer is definitely yes. FSR and
conventional research are not mutually exclu-
sive. They are complementary, as implied in
Figure 2. To be successful, any FSR program
requires both basic and applied research. Con-
ventional research programs are often ‘project-
oriented’ or ‘departmental-oriented’ witk indi-
vidual scientists attached to each department
carrying out a spacific piece of disciplinary
research relevant ta the project under considera-
tion. In this approach, which is akin to compo-
nent research in FSR, individual components are
not, however, defined relative to some holistic
view. FSR would enable such precise definition
and provide for time-bound achievable goals.
However, the following organizational needs
related to the structure and conceptual frame-
work of FSR should be clearly understood:

1. There should be a satisfactory mecha-
nism for establishing the goals, priorities
and allocation of resources within the
FRS program.

2. The definition and coordination of research
activities, particularly those of an inte-
grated nature, designed to meet FSR
goals should be as complete as possible.

3. Sufficient flexibility to respond to chang-
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Summary

The FSR approach can be summarized (Shaner et
al. 1982, p.4) as farmer based, problem solving,
comprehensive, interdisciplinary,’ complemen-
tary, iterative and dynamic, and socially respon-
sible. It is:

1. Farmer based because FSR teams seek
an understanding of farmers’ conditions
and integrate farmers into the research
and evaluation process.

2. Problem solving in that FSR teams seek
researchable problems and opportunities
for improving existing farming systems.

3. Comprehensive in that FSR teams con-
sider the whole farming system in the
context of all its environmental influences
50 as to learn how to improve the farmer's
welfare while evaluating results in tarms
of both farmer and societal interests.

4. Interdisciplinary in its team approach
involving scientists and extensionists
with different disciplinary backgrounds
who work together to identify problems
and opportunities, to search forsolutions,
and to implement and monitor the resuits.

5. Complementary because it draws on and
feeds back to disciplinary and commodity-
based research.

6. lterative and dynamic in that FSR follows
a cyclical pattern of research and testing
that leads on to further research and
testing.

7. Socially responsible in that €3R teams
aim to keep public interests, both present
and future, in mind, as well as those of the
farmer whose farming system is being
studied.

Many of these features are, of course, com-
mon to the more traditional approaches of disci-
plinary and commodity research. The combina-
tion of them all, however, distinguishes the FSR
approach.
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