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SUMMARY

Farming systems rescarch and development is a new approach aimed at
meeting the needs of farmers with Limited resources in the less developed
countrics. The cost-cffectiveness of the approach rests with identifying
enough farmers operating under similar conditions who will adopt the
proposed technological improvements, An important way of doing so is
through strattfication of environmental and Jarmers' conditions to
develop what is called a recommendation domain. Thi paper reports on
current stratification cfforts, involving (1) descriptive schemes (classifi-
cation of farming systems, agricultural growth stages, and an ccologice!
systems approach), (2) stratification hy components (agroclimatic zones,
soil and land classifications, cropping and biological environments,
Jarmers' cultural practices, and economic and socio-cultural conditions),
and (3) stratification strate-ies used by four major research centers. The
paper closes by asserting the need for further methodological work and
offess some suggestions.

INTRODUCTION

Within the past ten years an approach to agriculturel research and
development of technology aimed at helping farmers with limited
resources in the less developed countries (LDCs) has gained considerable
attention and support. This approach, called farming systems rescarch
and development {FSR&D), brings various disciplines to bear on farmers'
problems in a systematic way by identifying problems and conducting
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rescarch on the farmers’ fields in collaboration with farmers. While many
of these characteristics are present in other approaches to agricultural
researchin the LDCs, the combination and systematization of procedures
sets FSR&D apart from the others.

More specifically, FSR&D is an approach that ‘views the whole farm as
a system [and] focuses on (1) the interdependencies between the
components under the control of members of the farm houschold and (2)
how thesc components interact with the physical, biological, and
socioeconomic factors not under the houschold's control’. The approach
‘can be summarized as being farmer-based, problem solving, compre-
hensive, interdisciplinary, complementary, iterative, dynamic, and
responsive to society. The approach is:

—f{armer-based because FSR&D teams pay attention to farmers'
conditions and integrate farmers into the rescarch and development
process;

—problem solving in that FSR&D teams seek researchabie problems
and opportunities to guide research and to identify ways for making
local services and national policics more attuned to the farmers’
needs:

—comprehensive in that FSR&D teams consider the whole farming
activity (consumption as well as production) to learn how to improve
the farmers’ output and weltare, to identify the flexibilities for change
in the 2nvironment, and to evaluate the results in terms of both
farmers’ and society’s interests:

—interdisciplinary in that researchers and extension statt with different
disciblinary backgrounds work with farmers in identifying problems
and opportunities, searching for solutions, and implementing the
results:

—complementary because 1t offers a means for using the outputs of
other research and development organizations and for giving
direction to others' work:

—iterative in that FSR&D teams use the vesults from research to
improve their understanding of the system and to design subsequent
rescarch and impleiaentation approaches:

—dynamic in that oftentimes FSR&D tcams introduce relatively
modest changes in the farmers’ conditions first and the favorable
results encourage more significant changes later;

—responsible to society in that FSR&D teams keep the long-run
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Fig. 1. The five basic activities of FSR&D (Shaner ¢r al., 1982).

interests of the general public —both present and future——-in mind, as
well as those of the farming groups immediately aflected’ (Shaner et
al., 1982).

While the foregoing may te implemented in various ways, FGR&D
prograrms gencrally embody the five activities shown in Fig. 1. These
activities are (1) target and research arca selection, (2) problem
identification and development of a rescarch base, (3) planning on-farm
research, (4) on-farm research and analysis, and (5) extension of results.

The basts for selecting the target area is generally o combination of
policy objectives and the area’s potential. Once selected. the arca is
stratified according to sub-arcas of commonality. FSR&D teams next
select areas of research to include at least one of these sub-areas in a way
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that conforms to their research objectives and the relative importance of
each sut-area. Interdisciplinary teams then study secondary information
and conduct field studies to identify problems justifying their attention. In
the process, the FSR&D tcams organize the information collected and
begin to gain an understanding of the area's characteristics. That is, the
teams develop a base for implementing their rescarch programs. Rescarch
activ'des are planned during the third phase. During the fourth phase,
research is carried out and the results analyzed. Finally, successful results
are turned over o the implementing agencies for broad-scale dissemi-
nation of improved technologices.

Completing the activities showi in Fig. | arc the collaboration with
cxtenston and the experiment stations, and the feedback of results. Such
collaboration demonstrates FSR&D's complementarity with other
reszarch and development activities in the region: and the feedback
demonstrates the iterative process of progressively improving the
resedrch approach by using the results previously attained (Shaner er al.,
1982).

Because of the general difliculty of monitoring and evaluating
agricultural research in the LDCs and the newness of FSR&D programs,
some sti'l debate FSR&D's cost-cflectiveness. A common criticism runs
as foltows: (1) FSR&D devotes too many scarce resources to helping too
few farmers, and (2) by following an FSR&D approach, other research
ac ivities are cut back thereby limiting the country’s total rescarch
program. This has been termed FSR&D's site specificity problem.

In defense of the IFSR&D approach, Harrington (1980), umong others,
argued that FSR&D can be cost-effective. His reasoning contains the
following points. First, the rather obvious costs of transportation and per
dienm associated with FSR&D may not be greater than the less obvious
costs of experiment station research, when consideration is given (o the
costs of factlities and the more highly skilled specialists. Secondly, rates of
acceptance of improved technologies must also be taken mto account. By
identifying problems of concern to farmers. the FSR&D approach is
expected to yield a high rate of acceptance. Thirdly, FSR&D stafl hiave
developed survey and rescarch procedures for reaching targeted farmers
and producing improvements quickly. IFor example, interdisciplinary
teams conduct rapid reconnaissance surveys (Hildebrand, 1979) and
attempt to implement on-farm trials during the first available season
(Zandstra er al., 1981). Finally, FSR&D researchers are urged to identify
improvements to farmer’s conditions that are herrer than their current
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practices, not necessarily the hest that can be offered. Thus, some degree
of improvement is often possible without long delay. Such improvenients
are contrasied with cases in which station researchers spend  ycars
perfecting a technology that farmers ultiraately reject.

While admitting that FSR&D costs may not be greater than alternative
forms of research and that high rates of technology acceptance may be
accomplished because only marginally better improvements are sought,
still FSR&D may remain too expensive if the numbers of farmers affected
are small. Thus, a key factor in the FSR&D approach is the team’s ability
to identify enough farmers operating under essentially similar conditions
so that the benefits from research on new technologies justify the costs.
Here this process of identifying such farmers and their conditions will be
called stratification.

The following scctions contain a review of current literature and
practices. They begin by first dealing with the way stratification fits into
FSR&D methodology. Then, three approaches to stratification are
described. The paper closes with some ideas about further research
opportunities.

STRATIFICATIOWN

Stratification can take on two connotations: that relating (1) to the
characteristics of the area (and those within it) and (2} to the likehihood
that farmers will react similarly 1o proposed changes in technology,
otherwisz known as recommendation domains. ‘1 hese two concepls are
discussed below.

Area characteristics

Stratification of the target area is part of the first FSR&D activity (sce
Fig. 1), whereby the area is partitioned according to its commonalities.
This commonality refers not only to the range of physical, biological,
cconomic. and socio-cultural factors that farmers face but also to the
FSR&D team’s evaluation of the opportunities for identifying techno-
logies and policies beneficial to the farmers.

Because of the heterogeneity so common within agricultural arcas,
these sub-arcas refer to the general conditions prevailing there. Actually,
condrtions within a sub-area can be quite diverse because of differences in
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terrain, soil fertility, farm size, farmers’ resources, cropping patterns, and
other factors. As a result, to be fully useful, farmers in the sub-arcas need
to be further screened according to their commonalitics. This further
division of the sub-areas yiclds what CIMMYT (International Maize and
Wheat Improvement Center) calls recommendation demains.

Recommendation domains

According to Byerlee er al. (1980a), a recommendation domainisa group
of roughly homogencous farmers with similar circumstances for whomwe
can make more or less the same recommendation, Recommendation
domains may be defined n terms of both natural factors (e.g. rainfall) and
economic factors (e.g. farm size)'. While the coneept of recommendation
domains is appealing, some have found difficulty with it becsuse of the
heterogeneity of farmers and farmers’ conditions and because of having
to define the domains before the recommendations are msde. For
exaniple, Zandstra asserts that a domain's characteristics depend on the
nature of some future recommendation apd that these characteristics
cannot be fully known until the research has been carried out (personal
communication). Nevertheless, researchers have applied the essential
features of recommendation domains in a variety of forms, as will be
shown in subscquent sections. A technique followed by CIMMY T (1981)
is to identify the domain first on 2 preliminary basis and then to modify
the domain as further investigation proves necessary.,

On an abstract level, a recommendation domain can be considered as
that group of farmers to the left of the intersection of the curves
representing the “profitability” to individual farmers and the minimum
‘profitability level (see Fig. 2). The shaded area (recommendiition
domain) in Fig. 2 represents the condiiions whereby the net benefits of an
improved technology exceeds the farmers demands of 1 new technology:,
The heterogeneity among the farmers and farmers' conditions explaing
the divergency in net benefits. Notwithstanding this diversity of results,
rescarchers will have succeeded in identifying the recommendation
domain if most of the farmers who find the new technology acceptable
were previously identified as those being within the domain. A point
brought out by Byeilee eral. (1980a) is that these farmers can be scattered
throughout the target arca.

Returning to Zandstra's argument. one could expect a diflerent set
of curves (Fig. 2). and thus different domain parameters, for cach
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Fig. . Recommendation domain defined as the set of farmers who would find a new
technology acceptable.

technology. This reasoning leads to the conclusion that recommendation
domains take on two characteristics: first. they can be used 10 set broad
conditions for rescarch. such as fundamentally different soil types; and
secondly, the more specific the domains become, the more frequently they
need to be redefined as the technologies change or as more is learned
about the domains. Some examples of recommendation domains foliow,

Norman and Gilbert (1982) suggest that research strategies need (o be
appropriate for cach recommendation domain. Thus. *families in a
particular subgroup will tend to have similar farming activities and
include similar social customs, similar access 1o support systems,
comparable marketing opportunities and similar present technology and
resource endowment'. After considering such a range of activities, the
Kansas State University (KSU) team decided that the critical factors on
which to base its initial research effort could be reduced 1o three major
domains: (1) relatively wealthy farms with a distinet emphasis on
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livestock, (2) marginal mixed crop and livestock farms. and (3)
submarginal mixed farms with a crop emphasis (Bussing eral., 1981). The
distinguishing factors in identifying these domains were the power source
(i.e. size of the livestock herd) and the size of the families’ holdings.

In a study of a maize-producing valley in one of the South American
highlands, CIMMYT (1981) identitied four reccommendation domains
according to altitude, irrigated or rainfed agriculture, main planting
dates, vegetative cycle, incidence of discase, and disposal of the maize
crop. In another example, this same report identified two basic
recommendation domairs: one on flat lands and another on steep lands.
Using these two divisions, major diflerences were found in the way
farmers prepared the land, in their choice of plant varietics, and in their
weeding practices. More recently, Byerlee er al. (19805) hypothesized that
tractor ownership - i.e. those who owned tractors and those who rented
them-—was the distinguishing factor on which to stratify farmer types
within a highland valley of Mexico. Their reasoning was that those who
owned tractors could prepare the land and plant their ¢rops at more
appropriate times than those who had 0 wait untii tractors were
available. This hypothesis was then wsted for ‘statistical significance
according to cropping patterns, farmers’ retources, and land prepariation
practices. While the results showed & number of factors as being
significant, such as dates of land preparation and the number of times a
field was harrowed, (e authors concluded that these differences were not
significa. t enough to warrant separate recommendation domains when
planning experiments. Clearly, this was a matter of Judgement that
needed testing as that rescarch program progressed.

APPROACHES TO STRATIFICATION

The foregoing suggests that a variety of approaches can be taken in
stratilying farmers and farmers’ conditions. Morcover, while differences
in conditions can be identified, the researchers ultimately must decide on
the degree of homogencity to capture within their stratifications. Their
choices depend on their ability to identify key factors influencing farmers’
decisions and on their anticipation of the types of improvements that can
be developed. Approaches to stratification. divided into descriptive
schemes, stratification by components. and strategies for stradfication,
are described beiow.
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Descriptive schemes

Several authors hav : studied farmers’ systems with the intent of gaining a
better understanding of a family's activitics and its means of production.
Below arce brief accounts of three descriptive approaches.

Classification of furming SVStens

Writing on tropical agriculture, Ruthenberg (1971) comments that seme
form of classification of farming systems i necessary for devising
meaningful agricultural policies - even thovgh no two furms are
organized exactly alike, By focusing on farm management characteristics,
he civides farming according to whether its functions are primarily
collecting, cultiviting, or using grasslands. Within cultivation systems,
which have been FSR&D's primary focus, Ruthenberg distinguishes
among activities according 1o type of roration (c.g. ley systems, field
systems with one crops following wnother. and perenmial crops). inten-
sity of rotation (c.g. number of crops per vear). water supply (e.g.
irrigated or 1ainfed). cropping pattern and animal activity, iinplements
used for cultivation, and degree of commercialization.”

For a particular farming system. insight into farming activities can be
gained by studying the systenv's natural environment and the critical
aspects of the socio-institutional setting. MacArthar in Ruthenberg
(1971) looks at climatic influences. soils, and biological conditions within
the natural environment. e mentions that eritical problems may relate
to soil fertility, cropping with risk  and uncertamty, low  labor
productivity, and scasenality of water supply. In closing his deseription,
MacArthur reminds us of the dynamic nature of tropical farming. Even
though farms can be classificd and described. farmers continually make
minor adjustments o their production processes because of changing
conditions. The need for such adjustments provides rescarchers with the
opportunity to introduce improvements (o the tarmers™ systems.

Agriculiral growth stages

Harwood (1979) expands on Ruthen berg’s classification by noting that
agriculture progresses through a series of stages: namely, hunting and
gathering, crop and animal husbandry subsistence. consumer orien-
tation, carly commercial orientation, mechanical power for tillage, and
finally  mechanical power for additional farming activities. While
researchers often use the last stage as their ideal on the assumption that
increases in lubor productivity through mechanization are the objective,
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Harwood suggests that such an ideal is inappropriate for subsistence
farmers. Rather, Harwood suggests that FSR&D teams should spend
partof their initial eflorts in identifying the farmers’ stage of growth. Such
an understanding helps set the direction of research, since labor
productivity, number of farming enterprises. and cash and skill
requirements depend on the development stage.

Harwood (1979) uses the following factors to identify a farmer’s stage
of development: degree of commercialization, predominance of labor
activities, cropping systems, use ol draft animals. untended pigs and
chickens. complementarity of interactions between crops and between
animals, and the contribution of tamily production to its own nutrition.
For example, permanent agriculture with low commercial activity
typically supplics most of its own food and relies heavily on the
complementarity between crops and animals. Farming becomes complex
owing to ‘intensive intercropping. nutrient cycling. diversified and highly
developed  muxed-planting  of  homestead arcas, and  a  delicate
crop-animal balance [that maximizes) productivity in an environment
where external resource usc is being minimized . . S (Harwood, 1982).

An ecological systems approuch

Hart applies an ccological systems approach to understand better the
interactic s within the farm houschold and between the houschold and its
environment. Using this construct., the farmting system is both part of a
larger system and in turn made up of cropping, livestock. or mixed
subsystems. These subsystems are broken down into individual crops and
types of animals.

With this systems approach Hart studied individual components of the
farming system. For instance, for a cropping svstem he studied the
‘urrangement ol cren populations that process energy (solar radiation)
and material inputs (soil nutrients and water) to produce outputs (crop
yield). The crop population can be arranged both spatially (planting
distances) and chronologically (date of planting)’ (Hart, 19824).

Hart's use of an ccological approach provides insight into a farmer’s
activities and the degree to which the farm is in physical. biological and
economic balance. In another of Hart's studies (1982h), he began by
identifying a representative farm within a region. The principal farming
activities and interactions were next shown graphically. Then. data on
inputs and outputs were gathered weekly for an entire year to quantity the
graph.
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This year-long study provided Hart with a means for (1) adapting
Odum’s ccology principles (1971) (o [FSR&D, (2) analyzing the
interactions of complex farming systems. and (3) training students in
FSR&D methodology (Hart, 1979). His approach s therefore in-
vestigative and pedagogical, rather than applied. More direct approaches
to FSR&D arc described below.

Stratification by components

Some of the approaches to stratification by components are described
below under the headings of agrociimatic zones, soil and land
classifications, cropping and the biological environments, farmers'
cultural practices, and economic and socio-cultural conditions.

Agroclimatic zones

Agroclimatic zones are distinguished according to their suitability for
generally broad categories of agriculture. Rainfall and temperature
(especially in mountainous areas) are widely used in evaluating an area’s
agricultural potential. Also. measures of potential evapotranspiration
have been used to classify arid and semi-arid arcas according to
‘homoclimates’ (Chang 1980). However, Chang suggests that such broad
classifications are usually inadequate for rescarch purposes because (1
the annual data so often used are too gross for cropping purposes. (2) the
climatic boundarics are seldom appropriate for specitic crops. and (3)
mean values of temperature, precipitation, and potential eviapo-
transpiration are seldom suflicient by themselves. Instead, Changcalls for
greater attention to the phenological requirements of specific crops. solar
radiation, photoperiod, temperature extremes. and wind.

Al a more applied level, Hargreaves (1977) derived a moisture
availability index for identifying water deficiencies and excesses. This
index is computed by dividing the dependa’le (75", probability)
precipitation by the potential cvapotranspiration.  According (o
Hargreaves. ‘monthly indices are fairly adequate for most planning and
development needs. However, whenever serious doubt exists relative to
the validity of the use of monthly values, daily data can be used to
estimate daily, 3-day. 10-day, or [5-day values and indices. Use of
comparisons between monthly values and those for shorter time periods
has added confidence in the use of monthly indices.

Where research extends across arcas with different climates, Lawson,
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of the International Institute of Tropical Agriculture (11TA) in Nigeria,
would have researchers plan their experiments by taking the region's
climatic variability into account. By selectively placing experiments and
recording climatic data, experimental results can be more adequately
interpreted in the light of actual conditions: and yield responses under
different climatic conditions can be better understood (Lawson, personal
communication: see also IITA, 1977, for an annual account of its farming
systems program).

Soil and land classifications

Constderable work has gone into classifying soils and land types for
agricultural purposes. Examples include The FFood and Agriculture
Organization’s (FAO's) framework, The International Rice Research
Institute’s (IRR1's) land types, the soil temperature and moisture regimes
of Van Wambeke, and Cochrane's work at The International Center for
Tropical Agriculture (CIAT).

FAO (1976) proposes six princivles for classilying land for agricultural
nse. These are: (1) lands should be classified for specific kinds of use: (2)
different types of land require comparisons based on the potential benetits
and cost ol their use: (3) the evaluation  process requires  an
interdisciplinary approach: (4) evaluations should take account of the
arcas’s physical. cconomic, and social conditions: (5) an area’s suitability
should be based on its long-term use: and (6) altarnative uses for an area
require investigation. In going through this classification process,
researchers will be able to compare actual with potential land use.

Zandstra et al. (1981) provide recommendations more specifically to
the physical characteristics of an arca. They explain that land types ‘must
be sufliciently different to merit the development of a different technology
forcach...”. Their classification of land types considers terrain (e.g. plain
and bottomland). major soil type (c.g. halo loam and loba clav), water
table depth during the rainy season, hydrology (e.g. pluvic and fuxic),
flooding hazard (c.g. absent and 1 in 10), major present use (e.g.
rice Tallow and tree crops). and potential use (e.g. rice rice and “as is’).

More narrowly related to soils, but for broader application, is the work
of Van Wambceke (e.g. 1982) on soil moisture regimes of Africa. This
approach combines soil temperature and moisture regimes to classify
soils. Van Wambcke states that the ‘reason for using soil climates is that
they are the causes of many other propertices, . .. some soil characteristics
arc only meaningful when they are considered in a limited area restricted
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to a defined soil climate . . | [and] major soil limitations for plant growth
are implied” by the classification. Such broad-scale clussifications as Van
Wambceke', are primarily useful in (1) grasping an area’s general soil and
climatic characteristics, and (2)compari= ythe area’s agricultural rescarch
and production results with the results from other areas.

While working with CIAT in Colombia, Cochrane o1 af, (1979)
extracted data from reports, transferred these data to computer storage,
and then produced computer-aided maps of soil characteristics. Data on
climate, soils, and landscapes were then cerrelated with crop production
and the results used 1o locate areas of major importarce (or CIAT's
cropping and livestock rezearch programs.

As another application of soi] and climate classitication. Palmer of al.
(1978) mapped the six ecozones in Kenya in studying the potential of the
so-called marginal lands in the Machakos-Kitui arca. These SIX zones
were divided according to the rato of rainfall 1o potential evapo-
transpiration. Overlays were placed on these six zones to account for soil
characteristics and for slope. The resulting classifications were then used
to scarch for improvements in agricultural technologiés suitable for semi-
arid conditions.

Cropping and the hiologica! environments
Crops, cropping patterns, and pests are cormmonly used as a basis for
characterizing farmers in an area. Several of the International
Agricultural Research Centers have a commodity focus. Also, national
agricultural rescarch programs often build on experiment  station
activities centered on specific crops. Another reason for focusing on
specific crops is that farmers with limited resources often do not change
from their basic subsistence crop. Forinstance, most highland farmers of
Guatemala develop their cropping patterns around maize and the
lowland farmers of the Philippines typically develop their cropping
patterns around rice, Consequently, in stratifying agricultural areas,
Allention needs to be given to the stability of existing cropping patterns,

Problems with mscelts, discases, weeds, and other pests also deserve
atlention. Rescarch areas were zoned in Sumatra on the basis of the
particularly troublesome grass Imperata cylindrica. Winkelmann and
Moscardi (1982) report that the insect pattern (which was closely related
o altitude) was one of the factors in establishing recommendation
domains in Ecuador.

While working with CIAT in Colombia, Jones (1979) conducted an
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agroclimatic survey of bean production in South America. The objective
of the survey was to identify the climatic conditions of the regon’s major
bean producing arcas. Discase and pest problems, yields, and other
relevant characteristics of bean production could then be correlated with
chmatic characteristics.

Incontrast with Jones™ approach, which notes the interaction between
crop and agroclimatic data, the FAO study of Africa (1978) identifies
locations in which environments are suitable for producing particular
crops whether they are grown there or not. Knowledge of potential
production areus according to crop requirements can be used as a starting
point in searching for new crops or cropping patterns.

Farmers™ cultural practices

Farmers' cultural practices olfer a variety of  opportunities  for
classification, as illustrated carlier when discussing the work of
Ruthenberg and Harwood. Characteristics to consider include ownership
and use of animal and mechanical power, communal and individual
activitics, use of purchased inputs, and knowledge and use of available
technolegies  Farmers sometimes differ in their choices of land and
seedbed preparation, planting dates, plant populations, spacings, row
geometry, variety selection, maintenance of soil fertility, pest manage-
ment, and karvesting and crop storage.

The extent to which the foregoing are important in dividing farmers
into separate groups depends largely en the strength of their customs.
Hildebrand warned against experiments that Jjeopardized the maize crop
of the highland Indians in Guatemala. Some of these farmers planting
practices are tied in closely with their beliefs and customs. such as their
resistance to thin maize plants. In contrast, Zandstra has said that many
of the small-scaie rice farmers in Southcast Asia are anxious (o
experiment. This readiness perhaps helps explain the rapid acceptance of
improved rice varieties in that region.

Economic conditions
Economic factors may be divided into those that are endogenous (under
the farmers’ control) and those that are exogenous (not under the farmers
control) Gilbert et al., 1980).

Exogenous factors likely to influence farmers’ actions include land
avatlability and rental rates, share cropping arrangements when
established by custom, land pressures. size of holdings and fields. input
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supplies and markets for farmers’ output, price stability, availability of
services such as credit and transportation, seasonal labor for hire,
supplies of consumer goods, and so on. Diflerences in these exogencous
factors can be a basis for stratification when they persistently influence
farmers’ decisions.

Endogenous factors to consider include family customs and pre-
ferences and how these relate to decisions concerning cropping and
livestock patterns., timing of farming activities, allocation of family
resources among its farming enterprises and between on-farm and off-
farm activities, acceptance or rejection of available credit, consumption
or sale of its output, and so on. Customs and preferences that are
relatively fixed serve as a basis for stratification, whereas those that are
relatively flexible do not.

Farmer decisions over these endogenous factors may in large part be set
by the family’s income, assets, and general standard of living. The closer
the family is to bare subsistence, the less flexible it is in allocating its
resources. The KSU team used this distinction as one of the bases for
stratifying farmers in Botswana (Bussing er al., 1981). Hildebrand (1978)
says that in ‘commercial agriculture, the tractor and a strong capital base
are effective homogenizers of what is otherwise a complex milieu’. In other
words, the greater the farmers’ resources, the less need for stratifying on
economic grounds.

Socio-cultural conditions

Some of the economic factors shade into the socio-cultural setting, so that
the division between these two categorics may seem arbitrary--- e.g. land
rental and share cropping arrangements might be classified as either
cconomic or socio-cultural, Regardless of the classification, knowing
whether to stratify farmers depends on a reasonably accurate appraisal of
farmers’ practices. For this, an understanding is needed of the farm family
and its socio-cultural environment.

Concerning the farmer, Beal and Sibley (1967) studied Guatemalan
farmers’ potential for change based on statistical analyses of farmers’
characteristics (e.g. age and sex), knowledge (c.g. information about
alternative management practices), beliefs (c.g. emotions and senti-
ments), behavior (c.g. marketing practices), and goals (c.g. family
desires).

Knowing farmers' attitudes and behavior when confronted with risk or
opportunities for leisure can influence both the timing of introduced
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change and the nature of that change. According to this Beal and Sibley
study, farmers” education, age, and frequency of visits to metropolitan
arcas are some of the variables that correlate with the adoption of new
technologies. Where the distinction among groups of farmers is strong
enough, stratification into separate groups could be recommended.
Family preference for red or black beans could be important enough in
varictal selection during research design that stratification on these
grounds is neeessary.

Institutional factors also help shape farmers’ aceeptance of change and,
hence, deserve consideration. Land tenure and share cropping arrange-
ments, cooperation during times of social or cconomic  stress,
organizations for regulating irrigation water, and religious laws and
customs are some of the social factors that may distinguish farmer
groups. Liv.stock herders compared with sedentary crop farmers is a
rather obvious basis for stratification. Diflerences in religion, on the other
hand, may not be important. Henderson (1980) points out the flexibility
that religion often provides its followers.

Concluding remarks

Systematically considering all possible combinations of the foregoing
bases for stratification would be both diflicult and time consuming. In
practice, rescarchers have been able to identify certain key factors that
separate farmers and farmers” conditions according to possibilitics for
technological change. Morcover, not all possible combinations need to be
considered. Logically. some factors are subsumed by others, such as bean
discases and frost damage according o clevation. Approaches to
stratification practiced by four organizations arce described next.

Strategies for strarification

A strategy for stratitication is simply an educated, possibly intuitive.
approach for identifying those factors important in grouping farmers
who will benefit from specific improvements in technology. Strategies
followed by the Agricultural Science and Technology Institute (1ICTA),
CIMMYT, The International Crops Rescarch Institute for the Semi-Arid
Tropics (ICRISAT), and IRRY cover a variety of approaches.

The ICTA strategy
ICTA’s approach to stratification makes use of reconnaissance teams
criss-crossing an arca in scarch of commonality among farmers
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(Hildebrand, 1978). This commonality centers on cropping patterns (c.g.
maize intercropped  with beans), production methods (e.g. variety
selection uand time of planting), and farmers’ resources (c.g. access (o
income from ofl-farm employment). The approach is relatively simple to
implement, since distinguishing characteristics are generally observable
and of the type farmers readily recall and are willing to reveal. Research
on farmers’ ficlds, with farmer participation, coupled with production
records and farmers’ reactions Scrves o confirm the stratification or
provides the basis for modification,

An advantage of this approach rests with the assertion that the output
of'a farming system integrates a complexity of environmental and farmer-
related factors. For example, the variety, time of planting, cropping
pattern and rotations, and yields reflect soil and climatic conditions,
farmers’ preferences, market conditions, and so on. By focusing on what
the system produces, researchers are relieved of expensive and sometimes
complex data collection and analysis.

Major drawhacks to the approach center on two limitations, First,
without having detailed data on the environment (e.g. soils and climatic
characteristics), farmers' reasons for accepting or rejecting changes may
be inadequately understood. Secondly, commonalities in arm output
may hide basic differences in farmers’ conditions and management. For
instance, differing soils or microclimates could be offset by diflering
inputs of labor and materials to yield essentially the same results. Some of
these differences will become apparent from (he on-farm trials and
records; but more thorough knowledge of the physical. biological, and
SOCI0-cconomic environments would help in designing experiments and
understanding the results.

The CIMAMYT strategy

Much of CIMMYT's FSR&D clforts center on farming systems in which
maize is the farmers’ dominant crop. Partly as a result of irs mandate, the
focus on maize (and sometimes wheat) is both g restriction and a part of
its strategy for selecting recommendation domains. Once maize farmers
are identified, CIMMYT rescarchers search for major distinguishing
factors. As in the carlier cxamples, stratification can be according to
elevation, with (he accompanying influence on  disease and  frost
conditions. In other cases, (he practice of intercropping maize and beans
and the availability of seasonal labor may serve as the basis for
stratification. For example, *different discase incidences for beans .
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cause farmers in one part of the agro-climatic environment to plant
beans carly, therefore delaying maize plantings [so that in] this case
recommendation domains may result from natural circumstances (i.c.
discases) affecting bean production and an economic circumstance (i.c.
labor scarcity) translating this effort onto maize practices' (Byerlee et «!.,
1980a). Other factors noted in this same reference include distinctions
according to water source (irrigated or rainfed), main planting dates,
vegetative cycle, and the nature and extent of maize sales.

The ICRISAT strategy

ICRISAT is ‘concerned with the development of farming systems which
would help to increase and stabilize agricultural production through the
better use of the naturaland human resources in the scasonally dry., semi-
arid tropics...” (Krantz, 1982). Fundamental to its farming systems
research has been the identification of two distinctive soil orders: Alfisols
and Verusols. Because of differences in clay content, these two soils
impose substantially different cropping, management, and risk factors on
the region’s farmers. Moisture retention is considerably higher in the
Vertisols in spite “of their lower saturated hydraulic conductivity,
[because surfuce cracks allow] higher initial intake rates and less runofl'in
the early rainy scason than do Alfisols’ (Krantz, 1982). The result of this
difference in moisture availability is a growing season of 17 weceks for
Alfisols and 26 weceks for Vertisols. These differences show up in the
choices of crops, planting times, decisions on water storage, risk of loss,
and related factors.

The IRRI strategy

Fundamental to IRRT's approach is its efforts to intensify rice-based
farming. Because of this focus, arcas conducive to rice production are
sought out. Accordingly, physical conditions related to soil texture,
dependability of rainfall, terrain, and type of water system are evaluated
for their suitability for alternative types of farming. As examples, soils are
categorized according to their water retention capacity: rainfall in excess
of 200 mm and less than 100 mm: terrain is distinguished according to
land types such as terrace, bottomland. platcau, and sideslopes: and
water supply is divided according to irrigated and rainfed systems and to
the likelihood of flooding (Zandstra ¢r al., 1981). Referring to these
factors, Zandstra (1982) says that ‘double cropping rainfed lowland rice
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in regions with more than 200 mm rain for six months may be possible in
heavy textured soils but not in light textured soils'.

The logic of concentrating on these particular factors becomes
apparent when onc understands IRRI's strategy of intensifying rice-based
farming. In contrast, temperatures are not a major factor because of the
gencraiiy uniform climate throughout the region. Also, less attention is
directed to socio-ecconomic factors because, in IRRI's experience, rice
farmers are generally willing to experiment —more so than many of the
tradition-bound farmers in parts of Central and South America.,

By focusing on the physical environment, IRRI researchers have
developed considerable information on the region’s rainfall, land types,
and related characteristics. Such information forms a base for identitying
arcas with common physical characteristics where new rice varieties and
other technological improvements can be introduced. Such information
also aids in explaining experimental successes and failures.

CONCLUSIONS

As the foregoing sections indicate, those concerned with FSR&DD have
developed a number of approaches and procedures in stratifying farmers
and farmers’ conditions to produce recommendation domains. But given
the importance of stratification and the limited experience with the
FSR&D approach, considerably more remains to be accomplished.
Opportunitics exist across a broad front, related to agroclimatic zones,
soil classifications, tarm houscholds, societal conditions, and modeling.
Following are some examples of ongoing work and some thoughts about
ways to improve the state-of-the-art.

Some time ago Chang (1968) brought attention to the need for relating
the fundamentals of climatology to the specific requirements of individual
crops. He stressed then, and more recently (Chang, 1980). the critical
influence on plant performance of photoperiod, night-time temperatures.
moisture’s effects on plant discases, and wind stress. Lawson of 1ITA
expressed interest in more carelully defining relevent climatic characteris-
tics for individual crops and in planning experiments to test crop
responses across gradients in West Africa. The International Center for
Agricultural Research in The Dry Areas (ICARDA) plans to collect data
that will allow it to identify agroclimatic zones in the drier arcas of
Western Asia and Northern Africa. This ‘characterization requires the
assessment and recording of critical agrometeorological parameters in
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conjunction with other relevant details of crop phenology. soil moisture
supply, soil nutritional status and agronomic management’ (ICARDA,
1981). Hargreaves” moisture availability index (1977) is being applied by
HTA and CIAT to help identify irrigation and drainage needs and to help
select crops according to moisture regimes. Virmani of al. (1978) of
ICRISAT have gathered data and developed procedures tor the semi-arid
tropics that use conditional probabilitics to aid in reaching decisions on
crop selection, planting times. water storage. and similar matters,

The Soils Benchmark Project of the Universities of Hawaii and Puerto
Rico is ‘designed to test the hypothesis that agro-production technology
can be transterred to other areas with similar agro-ccological conditions.
To test this hypethesis. a network of experimental sites was established in
the Philippines.  Indonesia. Cameroon, Brazil, Pucrto Rico and
Hawaii..." (Brady, 1982). Burgos and Meneses (1979) of the Tropical
Agricultural Research and Training Center (CATIE) are studying how
soil characteristics, such as soil texture, pH and fertility change with
terrain. Such characterization fits in with Plucknett's suggestion of using
transects to nfer changing soil conditions from the differences in
vegetation encountered across agroclimatic zones (National Rescarch
Council, 1977).

Study of the houschold offers considerable opportunity for improve-
ments to the stratification process. Communal versus individual effort,
livestock ownership (as a means of traction. store of wealth, and family
nutrition), and women as heads of houscholds appear to be fruitful arcas
of study. Harts (1982h) experiments in applving ecological systems
analysis to houschold activitics (energy, nutrient, and cash flows) ofler
another avenue for study.

Eventually, mathematical modeling could add sophistication to the
study of the complexities of farming svstems (Wymore, 1976: Valdes and
Iranklin, 1979). Simulation of alternative farming systems could build on
approaches such as that of Hart, thereby providing knowledge of how
farming systems might change under alternative conditions. Such
mathematical modeling provides the opportunity for testing the effects of
changes to the farming system through sensitivity analysis. Such analysis
would point to the more relevant factors aflecting the svstem. which
thereby becorie appropriate topics for research.

In time, these and other approaches to stradification can be expected to
add precision to the definition of recommendation domains and in doing
so add to FSR&D’s cost-cflectiveness.
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