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SUMMARY
 

Farming systemns research and derelopmlent is a new approach ainted at 
meeting the nceds o/juriners witih lInited resources in the h'ss det eloped
countries. The cost-(,./Acticeness of the approach rests with icl'ntil'ing
enough.farmters operating under similar conditions who will adopt the 
proposed technological improrIennt.l.An important way o/doing so is 
through stratification o 'nironmntal an( .1(irinrit' conlditiolls to 
det'elop what is cal/d a recomMCI ation domtain. This paper riports on 
current stratification c/forts, involving (/) descriptire schens (classif,
cation o/ariningsystenis, agricultural growth sages, and an ecologicc.l 
SYSc'ms approach), (2)strat/ication hy components (agroclinutitic zones,
soil and land classifications, cropping aind biological enrironnicnts, 
farmers' cultural practices, and econoinic andsocio-cutltural conditions),
and (3) stratification strateies used h"/our maior research centers. 'T/he 
paper closes by asserting the need /orJUrtheir mnt'tihodologicalwork and 
oJfe.-.s somne suggestions. 

INTRODUCTION 

Within the past ten years an approach to agricultural 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 research 
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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research on the farmers' fields in collaboration with farmers. While many 
of these characteristics are present in other approaches to agricultural 
research in 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 household and (2) 
how these components interact with the physical, biological, and 
socioeconomic factors not under the household's control'. The approach 
,can be summarized as being f'armer-based, problem solving, compre
hensive, interdisciplinary, complementary, iterative, dynamic, and 
responsive to society. The approach is: 

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

-problem solving in that FSR&D teams seek rcsearchale problems 
and opportunilies to guide research and to identify ways for making 
local services and national policies more attuned to the farmers 
needs; 

-conprehensive in that FSR&D teams consider tile whole farming 
activity (consumption as well as production) to learn ho\ to improve 
the farmers' output and welfare, to identify the Ilexibilities for change 
in the 'vironment, and to evaluate the results in terms of both 
farmers' and society's interests: 

-interdisciplinary in that researchers and extension staff witi different 
disciplinary backgrounds work with farmers in identifying problems 
and opportunities, searching for solutions, and implementing the 
results; 

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

-iterative in that FSR&D teanis use the ,'esuIs froml research to 
improve their understanding of the system and to design subsequent 
research and implemlentation approaches; 

-dynamic in that oftentines FISR&D teams introduce relatively 
modest changes in the farmers' conditions first and the favorable 
results encourage more significant changes later; 

-responsible to society in that iSR&D teams keep the long-run 
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that conforms to their research objectives and the relative importance of 
each sub-area. Interdisciplinary teams then study secondary information 
and conduct field studies to identify problems justifying thcir attention. In 
the process, the FSR&D teams 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 research programs. Research 
activ'ies are planned during the third phase. During the fourth phase, 
research is carried out and the results analyzed. Finally, successful results 
are turned over to the implementing agencies for broad-scale dissemi
nation of improved technologies. 

Completing the activities shown in Fig. I are the collaboration vith 
extension and tile experiment stations, and the feedback of results. Such 
collabora'ion demonstrates FSR&D's complementarity with other 
res,-arch and development activities in the region: and tile feedback 
demonstrates the iterative process of progressively improving tile 
research approach by using the results previously attained (Shaner et al., 
1982). 

Because of the geiieral difliculty of' monitoring n;d evaluiting 
agricultural research in tile LI)Cs and the newness of FSR&I) programs, 
some still debate FSR&D's cost-effectiveness. A common criticism runs 
as follows: (1) FSP.&) devotes too mil),y scarce resources to helping too 
few farmers, aid (2) by following aln FSR&) approach, other research 
ac :vities are cut back thereby limiting tie country's total research 
program. This has been termed FSR&D's site speciicity problem. 

In defense of the FSR&D approach, l-larriHigton ( 1980), among others, 
argued that FSR&D can h( cost-effective. His reasokiing contains the 
following points. First, the rather obvious costs of transportation and per 
dwm associated with FSR&D may not be greater than tile less obvious 
costs of experiment station research. whcn consideration is gikeii to tile 
costs of facilities and the more highly skilled specialists. Secondly, rates of 
acceptance of improved technologies must also be taken into account. BV 
idcntifying problems of concern to farmers, the FSR&I) approach is 
expected to yield a high rate of acceptance. Thirdly. FSR&D stall have 
developed survey and research procedures for reaching targeted farmers 
and producing improvements quickly. For example, interdisciplinary 
teams conduct rapid rcconniissance surveys (Hildebrand, 1979) and 
attempt to implement on-farm trials during the first availlable season 
(Zandstra et al., 1981). Finally, FSR&D researchers are urged to identify 
improvements to farmer's conditions that are heiter than their current 
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practices, not necessarily the lest that canl be offered. Thus, some degree
of improvement is oftcn possible without long delay. Such improvements 
are contras.ed with cases in which station researchers spend years
perfecting a technology that farmers ultiriately 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 f'arners 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 strat/i cction. 

The follow~ing sections 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 closes some ideas about researchpaper with further 

opportunities.
 

STRATI FICATI O,.4 

Stratification can take on t,,o connotatiots: that relating (I) to the
 
characteristics of the area (and those within it) and (2) to the likelihood
 
that farmers will react similarly to proposed changes in technology,
othenvisc known as recommencndation domains. I hese two concepts are 
discussed below. 

Area characteristics 

Stratification of the target area is part of' the first FSR&D activity (see
Fig. I), whereby the area is partitioned according to its commonalities. 
This commonality refers not only to the range of physical, biological,
economic, and socio-cultural factors that f'armers face but also to tile 
FSR&D team's evatluation of the opportunities for identifying techno
logies and policies beneficial to the farmers. 

Because of the heterogeneity so common within agricultural areas, 
these sub-areas refer to the general conditions prevailing there. Actually,
conditions within a sub-area can be quite diverse because of'differences in 

http:contras.ed


106 Ii. If. Shaner 

terrain, soil fertility, farm size, farmers' resources, cropping patterns, and
other factors. As a result, to be fully useful, farmers in the sub-areas need 
to be further screened according to their commona lities. This further
division of the sub-areas yields what CI M MYT (International Mvhize and
Wheat Iroprovement Center) calls rccomnincndation donmains. 

Recommendation domains 

According to Byerleecta!. (1980u), a recommendation domain is a 'group
of roughly homogeneous farmers with sililar circumstances f'or whom we
call make more or less the same recommendation. Recommendation 
domains may be defined in terms of both natural factors (e.g. rainfall) and
economic factors (e.g. farm size)'. While the concept of recommendation 
domains is appealing, some have found difficulty with it beca use of the 
heterogeneity of farmers and farmers' conditions and because of hatving
to define the domains before the recolnmecndations ire M:de. For 
example, Zandst ra asserts that a domain's characteristics lcpe nd Oin the 
nature of some future recomnmendation al-d thl these charactelristics 
cannot be fully known until the research has been carried out (persona l 
communication). Nevertheless, researchers hIlvc applicd the csscn til
features of recommendation domains il a valicty of forms, as \%ill be 
shown in subscqLcnt sections. A tcchnique followel hy Cl N IMYT ( 1981)
is to identify the domain first on a preliminary asis ;ind then to modify
the domain ats furt her investiga tion proves necessary.

On an abstract lc\,, a recommendat ion domain :arl be considered as
that group of' farmers to the left of the intersect i n of the curves 
representing the 'piofitability' to individual 'farmers nd the minimum
'profitability level' (see 1:ig. 2). The shaded arca (recolmliendhitni
domain) in Fig. 2 represents the condiiions wherehy the Int henclits of'aln 
improved technology exceeds the farmcrs' demn;sl. of IICw tcchno logy.
The heterogeneity among the f'a rmers i.ndfIarmers' conditions cxplains
the divergency in net benefits. Notwit hsta nd ing this diversity of results,
researchers will have succeeded in identifying the reco Imnendation 
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 IByci lee c' al. ( 1980a) is that these ariers can be scattered 
throughout the target area. 

Returning to Zandstra's argurnI t. one could Ce\pecr a dilltrent set
of curves (Fig. 2). and thus different domain parameters, for each 
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technology. This reasoning leads to the conclusion that recommendatioildomains tal-e on tw.) chilaacteristics: first, they Call be used to sct broadcondition.- for research, sutch as fitndamcnltally different soil types: andsecondly, the more spccific the dOmlainls become, the more frequenLtly theyneed to be redefined as the tcclhologics change or :Is more is learnedabout the domains. Some examples of recolmendation domains lliow.Norma and(Gilbert ( 1982) suggest 1hat resea rch strategies need to beappropriate for each recommicndat iol doma in. Thus. 'families In aparticular subgrou) will tend to have similar farming activities andinclude sinilar social cuIstons, similar access to support Systems,comparable marketing opportunities and similar present technology andresource endowment'. After considering such ;arange of activities, tileKansas State University (KSU) team decided that the critical factors onwhich to base its initial research elt'ort could be reduced to three majordomains: (1) relatively wealthy farms with a distinct emphasis oti 
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livestock, (2) marginal mixed crop 111d livestock farms, and (3)
submarginal mixed farms with a crop emphasis (Bussing et al., 1931). The 
distinguishing factors in identifying these domains were the power source 
(i.e. size of' the livestock herd) and the size J!"the families' holdings.

In a study of a maize-producing valley in one of the South American 
highlands, CI MMYT (1981) identified four recommendation domains 
according to altitude, irrigated or rainfced agriculture, main planting
dates, vegetative cycle, incidence of' disease, and disposaI of the maize 
crop. In another example, this same report identified two basic 
recommendation donmins: one on flat lands and another on steep lands. 
Using these two divi.,ions, major diflerences were found in the way
farmers pr':'pared the land, in their choice of plant varieties, and in their 
weeding practices. More recenly. Byerlee vi al. (1980h) hypothesized that 
tractor ownership i.e. those who owned tractors and those who rcnted 
them -- was tile dist inguishi,.g factor on which to Stratify farmer types
within a highland valley of Mexico. Their reasoning was that those who 
owned tractors could prepl.tre the land and plant their crops at more 
appropriate tines those had waitthan who to ntiii tract rs w cre 
available. This hypothesis was lK.ritcsted for stutistical siqnificance
according to cropping patterns, farmers re:ources, and land prepa rat ion 
practices. While tile results showed a nuiocr of factors as being
significant, such as dates of land prepa rat ion and the rin inher of ti ies a 
field was harrowed, t'.e authors concluded that these diflerlenccs were not 
significa. t erio ugh to warraiii separate recom menda: ion domains when
 
planning experiments. Clearly, this was a matter 
 of jud,,_.eiit that
 
needed testing as that research program progressed.
 

APPROACHES TO STRATIFICATION 

The foregoing suggests that a variety of approaches can be taken in 
stratifying fariners and farmers' conditions. Moreover, while dilffercnces 
in conditions can be identified, tlie researchers ultiminately must decide on 
the degree of hiomogencity to capture xwithin their stratifications. Their 
choices depend on their ability to identily key factors influerIcing farmers" 
decisions and oil their anticipation of the types of inprovenic ts that can 
be developed. Approaches to stratification, divided into descriptive
schemes, stratilicaiion by components, and strategies for stritification. 
are described betow. 
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Descriptive schemes 

Several authors ha'. .studied frmers' systems with the intent ofgaining abetter understanding of a family's activities and its means of prod uction.Below are brief accounts of three descriptive approaches. 
Class!icatioll(?//uiig I.wtcnts 
Writing on tropical agriculturc, Ruthenl erg (1971) comen ts that someform of classification of farming systems is necessary for devisingmeaningful agricultural policies even thoUgh no two farms areorganized exactly alike. By focusing on farm management characteristics,he divides farming accoding to whet her its functions are primarilycollecting, ciltiva ting, or using grasslands. Within cultivation systC:s,which have been FSR&D's pri unMary focus, Ruthen berg distinguishes

among activities according to type of ror tion (e.g. bcy systems, ieldsystems with one croj , ollowirig another. and perennial crops). intensiv of, rotation (e.g. number of crops per year). water supply (e.g.irrigated or rainfcd) ' cropring pattern and animal activity, implementsused for cultivation, and degree of" comnmercialization.' 
For a particular faring system, insight into farIrning activities call begained by studying the system's natural environment and the criticalaspects of tle socio-institutional setting. MacArthrur in Ruthenberg

(1971) looks at climatic rnfluernces, soils, and biological conditions \withinthe natural environment. Ile mentions that criti,',I protilems may relateto soil fertility, cropping with risk and urncertainty, low laborproductivity, anrd seasenalitv of watler sI lvl. In closing his description,MacArthur reminds us of Ilie dInarIIic nautre of tropical farmiing. Ev'enthough farms can he classilied and described. fai;rners continuallv makeminor adjustments '.o their produCti,,m processes bec;Lse of Chalrgi ng
conditions. The need for such adjustments provides res.archers with the
opporturity 
to introduce inprovenents to the farmers' systems. 
rigric'ttlural ,grou't, .xlur~,. 

l-!arwood (1979) expands on Ruthen herg's classificatio, by noting thatagriculture progresses Through a series of stages: namely, hurnting andgathering, crop and animal IILusbandry subsistence. coInsumer orientation, early commercial orientation, mecianical power for tillage. andfinally mechanical power for additional farming activities. Whileresearchers often use he last stage as their ideal on the assumption thatincreases in labor productivity through mechanization are the objective, 
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Harwood suggests that such an ideal is imappropriate for Subsistence 
farmers. Rather, Harwood suggests that FSR&D teams should spend 
part oftheir iitial eflort s in identifying the firmers' stage o'growt h. Such 
an understanding helps set the direction of research, since labor 
productivity, nu mber of' farmi ng enterprises, and cash and skill 
requirements depend on the development stage. 

Harwood (1979) uses the following factors to idCnitifi' a fiarmer's stage 
of development: degree of commercialization, predominance of labor 
activities, cropping systems, use of draft animals. untended pigs a ad 
chickens, compleien ta rity of interactions betweenl crops and bct\\Ccn 
animals, and lhe contribution o[ fainily production to its o\n1 nutrition. 
For example, permanent agriculture with low commrcial activity 
typically supplies imost of its o\n food antid relics hcavilv on the 
complemcn tarily between crops and ani mals. Farmig becomes conllex 
owing to 'intensive intcrcroppinig, nutrient cycling. diversilied and highly 
developed mixcd-planting of' homCstead areas, and a delicate 
crop-animal balance [that maximi/es] productivity in an cnvirolnmcnt 
where external resource use is being iniilmizcd ... ' (I larwood, 1982). 

An ecological s.] -swims a1 )Vpoc/h 
Hart applies ain ecological systems approach to understand better the 
interactic is wit hiil the farm household a ld bt\\ Cei the household and its 
environment. Using this construct, lie farning system is both pat of . 
larger system and in turn marie Up of cropping, livestock, or mixed 
subsystems. These subsystems are broken down into individual crops and 
types of animals. 

With this s) stems approach Hart studied individual coiponrlnts of" the 
farming system. IFor insta nce. f'or a cropping system he sttdied the
'arra ngemeni t oel' populatio)ns that process energy (solar radiation) 
and material inputs (soil nutrients and Wiater) to produce Outputs (crop 
yield). The crop population can be arri:ged both spatially (planting 
distances) and chlonologiCtally (date or plantingY (IIart, I982a ). 

Iart's use of an ecological approaich provides insight into a farmer's 
activities and the decgree to which the farm is in phisical. biological and 
economic balance. In anot hCr of' Hart's studies (1982h), lie began by 
identifying a representative farin wit ia region. The principal farining 
activities and interactions were next shown graphically. Then, data on 
inputs and outputs were gathered weekly for an entire year to quantify the 
graph. 
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This year-long study provided Flart a mcansw.ith for (I) adapting
Odum's ecology principles (1971) to FSR&D, (2) analyzing the
interactions of complex farming systems, and (3) training StludCents in
FSR&D methodology (Hart, 1979). His approach is 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 environmcnts, farmers'
cultural practices, and economic and socio-cultural conditions. 

Agrocli ati( zon('s
Agroclirmatic zones are dislinguished according to their suitability for
generally broad categories of' agricu ltutire. Rainfall and temperatLur'e
(especially in mountainous areas) are widely used in evIluating an area'sagricultural potential. Also, measures of' potential evapot ranspi rat ion
have been used to classif' arid 11-d semi-arid areas according to'homoclimates' (Chang. 1980). Ilowever, Chang suggests that such broad

classifications are usually inadeq uate 
for research purposes because (I)
the annual data so of'tell used arc too gross for croppinrig pitlrposes, (2) the
climatic boundaries are seldom appropriate for specific crops, and (3)

mean values of" te iperature, precipitation, and potential evapo
transpiration are seldom suI flicient by themselves. Instead, Chang calls l'or
greater attention to the plienological requirements of'specific crops, solar 
radiation, photoperiod, tempera tutre extremes, and winrd. 

At a more applied level, Hargreaves (1977) derived a moisture
availability index for identifvi iig water deficiencies aid e.xcesses. This
index is conlll ted by dividing tlie dependa'le (75",, probability)
precipitation by the potential evalpotranspiration. According to
Hargreaves. 'month!v indices are f'airly adequate for most pIanning and
development needs. However, wlhenever serious doubt exists relative
the validity of the use of monthly vales, daily data 

to 
can lbe used to

estimate daily. 5-day, 10-day, or 15-day aIlies and indices. Use of'comparisons between monthlily1Va limes and those fOr shorter time periods
has added confidence in the use of montii ly indices. 

Where research extends across areas with different climn.ties, Lawson, 
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of the International Institute of Tropical Agricu!lture (IITA) in Nigeria, 
would have researcliers plan their ex periments by taking the region's 
climatic variability into accounlt. By selectively placing experiments and 
recording clinmatic data, experimental re':ults can be more adequately 
interpreted in the light of actual conlitions and yield resnonses under 
different climatic conditions can be better understood (Lawson, personal 
communication: see also I ITA, 1977, for an annual account of its farming 
systems program). 

Soil and lind Clsshfcatiiiis 
Considerable work has gone into classifying soils and land types foragricultural purposes. Examples include The Food and Agriculture 

Organization's (FAO's) framework, The International Rice Research 
Institute's (IRRI's) land types, the soil temperaturc and moisture regirmes 
of Van Wambekc, and Cochrane's work at The International Center for 
TropicA AgricultLure (CIAT). 
FAO (1976) proposes six princiroles for classifying land for agricultural 

lise. These are: (I) lands should be classilied f'or specific kinds of use: (2)
different types of land require comparisons baSeCd on the potential benefits 
and cost of their usc (3) the eva luation process requires an 
interdisciplinary approach: (4) eva luations should take account of" the 
areas's physical, economic, and social conditions: (5) an area's suitability 
should be based on its long-term use: and (6) alt,1'rnaLtivC uses for all area 
require investigation. In going through this classilication process, 
researchers will be able to coMinpare actual with potentLial 1an1d uIse. 

Zandstra ct al. (1981) provide recoininenda t ions more specifically to 
the physical characteristics of an arca. They explain that land t\ pes "must 
be sufliciently difrcren t to merit the development ola different technology 
for each ... *.Their classilication of hind types considers terrain (e.g. ph1in 
and bottomiland), major soil type (e.g. halo loai and loba clay), water 
table depth during the rainy season, lvdyrology (e.g. pltivic and fluxic , 
flooding hazard (e.g. absent and I in 10), major present use (e.g. 
rice fallow and tree crops). and poteltial use (C.L.rice ice aLd "s is ). 

More narrowly related to soils, but For broader application, is the work 
of Van Wa ibneke (e.g. 1982) on soil moisture regimes of Africa. This 
approach combines soil tein perature amid moisture regimes to classil'y 
soils. Van Wamnbeke states that the 'reason for using soil climates is that 
they are tile causes of many ot her properties, . . .some soil charactrislics 
are only mzeaningf'ul when they are considered in a limited area restricted 



113 
Srraticaio,. an C/ppr0()C'kI t Cst-C.fectieness./or JSR&D 

to a defined soil cli mate.., [aid] major soil limi'ations for plant growthare implied' by the classification. Such broad-scale classifications as VanWarnbeke', are primarily tiseflli in (I) grasping an area's general soil andclimatic cliaracteristics, and (2)compayr;.- the area's agricultural researchand production resuIts x'With lie results from other areas.While working with CIAT in Colombia, Cochrane ct ll.(1979)extracted (hit;! from reports, transferred these data to computer storage,and then produced coniputei-aidedL maps of soil characteristics. Data onclimate, soils, and landscapes were then cerrelatcd with crop prodtuctionand the results used to locate areas of' ma)or importan:ce for CIAT'scropping and livestock research programs.As another application of soil ;nd climate classification, Palmer vt til.1978) miapped the six cC0zoes in Kenya in studying the potential of' theso-called marginal lands in the Machakos-Kitui area. These six zoneswere divided acccording to the ratio of rainifall to potential evapotranspiration. Overlays were placed on these six zones to account for soilcharacteristics and for slope. The resulting classlications were then usedto search for improvements in agricultural technologis suitable for semi
arid conditions. 

Croppifng und tire hiologica!vI'nr'irolmnt'l.Is 
Crops, cropping patterns, and pests are commonly used as a basis forcharactcrizing farmers in ii area. Severa l of tile InternationalAgricultural Research Centers have a commodity fbcus. Also, nationalagricultural research programns ol'ten build on experimentactivities centered stationonl specilic crops. Another reason f'or focusing onspecific crops is that I'armers with limited resources of'ten do not changefrom their basic suhsistcncc crop. For instanice, most highlanId farmers of'
Guatema la develop 
 their cropping patteri a ro;ll nilaize anrid tlielowland fa rmers of tihe Phi lippi ties typically develop their croppingpatterns aron1rid rice. Consequlently. instrai f''liig agricltural alreas,attention needs to he given to the stability of existing cropping patterns.Problems with insects, diseases, weeds,

attention. Resca rch 
and other pests also deserve areas were zoned inl Sumalttra on the basis of' tlieparticIlarly troublesome grass lInllperua crlinh''i(. Winkelmain indMoscardi (1982) report that the insect pattern (which was closely relatedto altitude) was of theone factors in establishing recommendation 

domains in Ecuador. 
While working with CIAT in Colombia, Jones (1979) conducted an 

http:vI'nr'irolmnt'l.Is
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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 regioI's rmajor
bean producing area:;. Disease and pest problems, yields, and other
relevant characteristics of bean production could then be correlated with 
climati, characteristics.
 

In contrast with Jones 
 approach, which notes the initeraction between 
crop and agroclima tic data, the FAO study of Africa (1978) identifies
 
locations in which environments are suitable for troducing particular
 
crops 
whether they are grown there or not. Knowledge of potential

production areas 1ecLOrlitng to crop requirements can be used as a starting

point in searching for new crops or cropping patterns.
 

Farmt'rs"cultur1alpractic's 
Farmers' culturad pratices 11"cr a variety of opportunities for
 
classification, as 
 illustra ted earlier when discussing the work of
 
Ruthenberg and -larwood. Characteristics to consider include ownership

and use of animial and mnechanical power, communal and individual
 
activities, use of purchased iipultt,, a rid kpowledge and 
 use of available
 
technoloLgies Farmers (lier in
sonet imies their choices of land ard 
seedbed preparation., planting dates, la nt pulations, spacings, row 
geometry, variety selection, mainitenance of soil fertility, pest manage
ment, a nd harvesting and crop storage.

The extent to whiclh the foregoing are rn portalnt in dividing Iafrmers 
into separate groups depends largely ,'n lie strength of their customs. 
Hildebrand wa rned agailist experimets tIt eopardized the maie crop
of the highlanid Indians in GU(Itema 1.Some of"these firrmers' planting
practices are tied inclosely with their beliefs and customs, such ats their 
resistance to thin maize plants. In cont rast. Zandstra has said that many
of the smal-sca e rice firmers in Southeaist Asila are anxious to 
experiment. This readiness pelaps helps explaiin the rapid acceptance of 
improved rice varieties in that region. 

Economic comlil/ons 
Economnic factors may be divided inito ,Ii se that are v'lch.ouu.%(.under
the f'armers' control) and those that are .\ogenous (not under the farniers' 
control) Gilbert ct al., 1980). 

Exogenous factors likely to influence f'armers' actions include aind 
availability and rental rates, share cropping arrangenrits when
established by custom, land pressures, size of' holdings arid 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. Differences in these exogeneous
factors can be a basis for stratification when they persistently influence 
farmers' decisions. 

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

Farmer decisions over these endogenous factors may in large pirt be setby the family's income, assets, and general standard of living. The closerthe family is to bare subsistence, the less flexible it is in allocating its resources. Th,-KSU team used this distinction as one of' the bases forstratifying farmers in Botswana (Bussing c/ a/., 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 otherwords, the greater the fairmers' resources, the less need for stratifying on 
economic grounds. 

Socio-cu/tural conditions 
Some of the economic factors shade into the socio-cultural setting, so thatthe division between these two categories may seem arbitrary-- e.g. landrental and share cropping arrangements might be classified as either
economic or socio-cultural. Regardless of the classification, knowingwhether to stratify fairmers 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), knowledgc (e.g. information about
alternative management practices), beliefs (e.g. emotions and sentiments), behavior (e.g. marketing practices), and goals (e.g. family 
desires).

Knowing farmers' attitudes and behavior when confronted with risk oropportunities for leisure influencecan 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 
areas 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 he rccoinmLendcd. 
Family preference for red or black beans could be important enough in 
varietal selection during research design that stratification on these 
grounds is necessary. 

Institutional factors also help shape farn lers' acceptance ofcMnge and, 
hence, deserve consideration. Land tenure and share cropping arrange
ments, cooperation during times of social or economic stress, 
organizations for regulating irrigation water, and religious laws aild 
customs are some of the social factors that may distinguish farmer 
groups. Li .:-ck herders compared witI sedentary crop fIarmcrs is a 
rather obvrotrs basis for stratification. )ilferences in religion, on the other 
hand, may not be important. lenderson (1980) points o ut the flexibility 
that religion often provides its followers. 

Concluding remarks 
Systematically coisidcring all possible combinations of the foregoing 
bases for stratification would be both dilficult a.Lnd time consuming. In 
practice, researchers have been able to ideni ti fy certain key factors that 
separate farmers anrid farmers' conid itioiis according to possibilities for 
technological change. Moreo\er, iot all possible combinatiois need to be 
considered. Logically. some factors are subsumed by others, such as bean 
diseases and frost damage according to elevation. A pproachies to 
stratification practiced by four organizations are described next. 

Strategies for stratification 

A strategy for stratification is si mply an educated, possibly intuitive. 
approach for identifying those factors i iportanit in grou ping farmers 
who will benefit Crom specific improvements ilr technology. Strategies 
followed by the Agricultural Science and Techiology Institute (ICTA), 
CI M MYT, The International Crops Research I irstitute for t lie Senii-Arid 
Tropics (ICRISAT), and IRRI cover a variety of approaches. 

The ICTA strategy 
ICTA's approach to stratification makes use of reconnaissa rice tea is 
criss-crossing an area in search of commonality among farmers 
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(Hildebrand, 1978). This cO1fhiommoality centers on
maize intercropped cropping pattcrns (e.g.
with beans), production methods (e.g. varietyselection and time of planting), and farmers' resources (e.g. access toincome from off-farm employment). The approach is relatively simple toimplement, since distinguishing characteristics are generally observableand of the type f'armers readily recall and are willing to reveal. Researchon farmers' fields, with farmer participation, coupledrecords and with productionfarmers' reactions serves to confirm the stratification orprovides the basis fr modification.
An advantage of this approach rests vith the assertion that the outputofa fatrmiing system integrates a complexity of environmnental and farmerrelated factors. For example, the variety, time of planting, croppingpattern and rotations, and yields reflect soil and climatic conditions,farmers' pref'erences, market conditions, and so on. By 'focusing on whatthe system produces, researchers arc relieved of expensive and sometimescomplex data collection and analysis.
Major drawxacks 
 to the approach center on two limitations. First,without having detailed data on the environment- (e.g. soils and climaticcharacteristics), f'armers' reasons for accepting or rejecting changes maybe inadequately understood. Secondly, commonalities in irm outlt tmay hide basic differences in firmers' conditions and manapement. Forinstance, differing soils or microclimltes coUld be offset by differinginputs of labor and materials to yield essentially the same results. Some of'these differences will become apparent f'romrecords, the Onl-farm trials andbut more thorouth knowledge of the physical, biological, andsOcio-eco(nolic environments would help in designing experiments andunderstanding the results. 

The CIAMM}T stratcgyi 

Miuch of'l NMYT's FSR&D efforts center on farming systems in whichmaize is the fi rmers' dominant crop. Partly as a resumlt ol'its mandate, thefocus on maize (and sometimes wheat) is both a restriction and a part ofits strategy f"or selecting recomme1(lidation domains. Once maize fIarmersare identified, CIMMYT researchers 
factors. As in 

search for major distinguishingthe earlier examples, stratification
elevation, with 

can be according tothe accompanying influence on diseasL and frostconditions. In other cases, the practice of intercroppling maize and beansand the availability of seasonal labor may serve as thestratification. basis forFor example, '0dffernilt disease incidences for beans... 
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cause Iarners in one part of the agro-climatic environment to plant 
beans early, therel'ore delaying maize plantings [so that in] this case 
recommendation domains may result from natural circumstances (i.e. 
diseases) :flecting bean production and an economic circumstance (i.e. 
labor scarcity) translating this effort onto maize practices' (Byerlee ci a!., 
1980a). Other f'actors 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. 

Th, ICRISAT straUt'g*I 
ICRISAT is 'concerned with the development of farming systems which 
would help to increase and stabilize agricultural production through the 
better use of the natural and human resources in the seasonally dry, semi
arid tropics. (Krantz, 1982). Fundamental to its farming systems 
research has been the identification ol two distinctive soil orders: Alfisols 
and Vertisols. Because of diflerences in clay content, these two soils 
impose substantially different cropping, Inanagcmcn t, 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 surface cracks allow] higher in it Ial in take rates and less ru nofllin 
the early rainy season than do Allisols' (K rantz, 1982). The resuIlt of' this 
difference in moisture availability is a growing season of 17 weeks for 
Alfisols and 26 weeks 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 strat'gy 
Funda mental to IRRI's approach is its effort,; to intensify rice-based 
farming. Because of this focus, areas conducive to rice production are 
sought out. Accordingly, physical conditions related to soil texture, 
dependability of rainf'all, terrain, anld 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 200mm and less than 100m1m: terrain is distinguished according to 
land types such as terrace, bottomland. plateau. and sideslopes: and 
water supply is divided according to irrigated and ra infed systems and to 
the likelihood of flooding (Zandstra vt al., 1981). Ref'erring 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 one understands IRRI's strategy of intensifying rice-based 
farming. In contrast, temperatures are not a major factor because of the 
generaiiy uniform climate throughout the region. Also, less attention is 
directed to socio-economic factors because, in IRRI's experience, rice 
farmers are generally willing to experiment ---more so than many of the 
tradition-bound f'armers in parts of Central and South America. 

By focusing on the physical environment, IRRI researchers have 
developed considerable inlormation on the region's rainfall, land types, 
and related characteristics. Such information forms a base for identifying 
areas with common physical characteristics \\,here 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 ,vith FSR&I.) 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. 
Opportunities exist across a broad front, related to agroclinmatic zones, 
soil classifications, fiarm households, 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 diseases, and wind stress. Lawson of IITA 
expressed interest in more carc 'ully dcining relevant 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 identif'y agroclimatic zones in the drier areas 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 ol crop phenology, soil moisture 
supply, soil intritional status and agronomic management, (ICARI)A, 
1981). Hargreaves' moisture availability index (1977) is being applied by 
IITA and CIAT to help identify irrigation and dirainage needs and to help 
select crops according to moisture regines. Virmani et al. (1978) of 
ICRISAT have gathered data and developed procedures lor the semi-arid 
tropics that use conditional probabilities to aid in reaching decisions on 
crop selection, planting times. xater St oiagCe. and similar matters. 

The Soils Benchmark P'roject of the Universities ofllawaii and Puerto 
Rico is 'designed to test the hypotiCsis that agro-prodLlction technology 
can be transferred to othei areas with similar agro-ec( logical conditions. 
To test this hypothesis. a network ofexperinmental sites was established in 
the Phi lippi ries. Indonesia. Cameroon. BrailIF Puerto Rico and 
Hawaii . . .'(Brady, I982). Bur os and Meneses (1979) of the Tropical 
Agricultural Research and Training Center (CATI) are studving how 
soil characteristics, such as ,oil texture, rPII and fertility change with 
terrain. Such charactcri/ation fits in withIPlucknett's suggestion of uingrg 
transects to infer changing soil conditions From tle diflerences ill 
vegetation encountered across agroclimatic zones" (National Research 
Council, 1977). 

Stutdy of tile household olfters considerable opporltinity for improve
ments to tile stratilication )rcCss. ('o 1unuunalI vers us iindividual effort, 
livestock ownershipPas a ieans of traction, Store of wealth, and family 
nutrition), and women as heads of houaseholds appear to b fruitIaf areas 
of study. Hart's (19821) experimerts inapplyirg ecological systems 
analysis to household activities (elergy,. nutrient, and cash flows) offel 
another avenue for study. 

Eventually. mathematical inodeling could add sophistication to the 
study of the comiplexities of farnming systems (\y'viiiorn, 1976: \'aldes and 
Franklin. 1979). Simulation ofahernalive farming systcms could build oi 
approaches such as that of Hart, thereby providing knowledge of how 
farmibig systems ngliht change under alternative conditions. Such 
mathematical modeling provides the opportunitytIr testing the ellects of 
changes to the farming system through sensitivity aialvsis. Suci anal sis 
would point to the iore relevant factors affcting the system, which 
thereby bcconrm appropriate topics for research. 

In time, these and other approaches to stratilication can be cxpected to 
add precision to the dchinition of recommendation domains and in doing 
so add to FSR&D's cost-cll'cctiveness. 
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