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FARMING SY3STEMS RESEARCH AND EXTENSION IN HARSH ENVIRONMENTS:
DEVELOPMENT OF A FARMER rOOPERATOR APPROACH IN BOTSWANA .
oz 48120

By
D.C. Baker ind D.W. Norman

INTRODUCTION

On-farm research programs following a farming eystems (FS) approach have
proliferated rapidly during the past five to ten vears. Most ministries of
agriculture of low income countries have one «r more FS projecte and many have
begun to institutionalize national FS programs. This is true- for example, in
southern Africa, largely as a result of an active CIMMYT training program
under the leadership of Michael Collinson. Ag in eouthern Africa:
international centerse such as CIMHYT: ICRISAT and IRRI have played leading
roles in developing and teaching9 FS work methods.

The rapid 9rowth of the FS approach can be traced to many causes:
including:

(a) Digsatisfaction with returns to investments in traditional agricultural
regearch programe:

(b) Increasing concern with fooed production shortfalls and national food
gecurity:

(c) Inflated expectations concerning 9greecn revolution changes through modest
inveastments of research and extension resources in farm syaten diagnogis
and on-farm trials: and

(d) Substantial subsidies of FS proarams through bilateral aid and from
internationa’ donor agencies.

Not eurprisinglys more has oftean been asked asked of FSR&E in national
programs than had been the caze at the international centers (Norman and
Bakoers 1984). On-farm research in national programe often is expected to
contribute to national planning and to achievement of food security and equity
objectives, as well as to the standard FS objective of increasing farm
regource productiviiy through technological changes.

Over the last twsc vyears: we have noted a 9rowing gkepticism anong
development apecialints and donor agencies about the potential of the FS
approach. UsSAID, for example, is p'anring to revamp their African progranm by

concentrating asgricultural research resources on a few major food commodities
emphasizing countries already having substantial investments in agricultural

research. One of the main rationales presented in the USAID plan is the need
tor strong commodity based research (Agency for International Development,
198%5). it iy inevitable therefore that USAID support for FS projects in
Africa will deccrease.

We are concerned that the FS approach may be abandoned prematurely after
having, initially perhapa:, been too enthugiastically embraced by donor
agencies. It wmay be that FSR3E wil) ev-ntually be shown to be too expensive)
both financially and in terms of human resources; for louw incomeé countries.
But it iv too early to tell. At present, there is a need to make lcng term
commitments to see how and if the FS upproach can help minictries of

535



agriculture deal with the problems they are facing.

One of the most encouraging signs that the FS approach could eventually
have a significent impact on national research programs is the attention being
given to developing country and institution specific methodologies for FSRAE.
Relatively few national programs have accepted FS methodologirs developed at
the international centers as a package. Rather,» these methodulogies have
gerved ag an outline for initiating FSRRE.

In light of innovations in FS$S methodology which are undoubtedly taking

place elgewhere: while concurrently subsidies for FS programs are likely to
start declining, an important task before us is to identify commonalities in
our experiences in order to wake cure resources used for F$ zctivities are
used effectively and efficiently. The halcyon days for FSRZE are over.

In this paper» w2 discuss FS methodology for harsh environments. We begin

by characterizing common fedatures of farming systems in harsh environments and
identifying implications for FS program goals: and for FS technology degign
and evaluation procedures. We believe that FSR8E in harsh environments
requires wmore understanding of gystem dynamics than in more equable areas
where self-sustaining recommendations can be more quickly identified.

We then shift our discussion to a brief overview of the approach to FS

work being used by the Agricultural Technology Improvement Project (ATIP) in
Botswina. ATIP has a dua)l mandate:

(a) Te develops test, and disseminate relevant improved technologies for

limited resource farmers: and
(b) To improve the capacity of the government of Botswana to develop and

disseminate technologie¢s,

A major objective of ATIP has been to identify appropriate procedures for
FSRRE in countries such as Botawana, where the environment and & lack of
technology already on the shelf prevent substantial improvements in farming
sysiem productivity, at least in a short or medium term framework.

CHARACTERISTICS OF FS WORK IN HARSH ENVIRONMENTS

Several features might be taken into account in determining whether a
production environment is "haruh". In the Philippines, for example, the
Farming Systems Developaent Project-Eastern Visayas is mandated to develop
impreved technologies for wupland areas where soile are poor and unstable.
Farmers can only cultivate lands for a few seasons before returning it to
f2allos for several vyeers. In the arid and semi-arid zones of Weat Africa,
uncertain rainfall poses a major problem: as the well-known “Sahalian drought"
demonstrated.

To generalize: we define "harsh environment® farming systems as ones where
farm production and resource productivity are Jlow and unstable and the
technical environment prevents substantial and/or reliable improvements in
productivity.

In Botswana:; we face a combination of low and erratic rainfall coupled
with ponr soils. In eastern Botswana, where most agricultural production
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takes place, the long term rainfall average is betueen 450 and 500 mm per
yéar, with large inter- and  intra-annua) variations, ang no month when
rainfall exceeds potential evapotraneplration. In yearg of average or better
rainfall, yields for sorghum, the staple food grain, are around 200 kgs per
ha. During drought yearg the situation i8 much worge, Many farmerg do not
even plant and those that do get little op nothi<g for their effortg.
Meanwhile, cattle, which fermn the backbone of the rural €Conomy, die faster
than they can be sold¢ or are gold at prices much below their levels jn normal
seagons,

for arable agriculture, Thus, ATIP has bsen faced with a Particularly harsh
environment ag far ag technology design and tealing work ig Concerned. The
three @cagons have brought home ¢to ATIpP Péruonnel sgeveral observationg
regarding the nature of farming systemg jn har sh énvironmentg. Thege
observationg perhapg pertain to farming systema in legg harsh énvironments but
are, we beljeve, particularly important jpn harsh environmentg,

In ihis section we identify implications of hargh eénvironmentg for: (a) Fs
program goals ang management: and (p) Fs technology design and evaluation
procedureg, based on cur observationg in Botswana. Obviouelyn our
observationsg only represent hypothegesg which need to be examined d9ainst the
éxperiences of other Fs programsg operating jn harsh énvironmentsg,

FS PROGRAM GoALS AND HANAGEMENT

Our general observation and hypothesig is that Fg Programs in hargh
environments are, and have to be, broadly focusged, éncompassing much more than
the Primary concern of FS§ work with inCcrearing farm productivity through
technological change. The notion of a broader focus can be broken into four
Componentsg,

1. In many Countries where there are harsh environmentg, there are also areasg
that are more equable, Coneequently- hargh environment systems often are not
targeted in order to make substantja) Contributiong to national income or
production (Norman, Baker and Siebert, 1988), Rather, employment, equity, and
food seécurity goalg often are dominant . For example, in Botswana reducing
reliance on food grain importe from South Africa and creating employment
opportunitijeg through increases jp arable €rop production are jimportant
national 9oale even thougt, Botgwana'g Comparative advantage jg in livestock
and minera] production. Thus, Fs aclivitieg are not nécessarily focyged only
on interventiong which wil} have the dreateat impact on farm productivity,

2. Fsp usually needs to receive greater emphagig jn harsh énvironments sgince
there generally are support systemg problems which limit the possibilities for
increasing farm productivity ag much  or more than an absence of relevant
improved technologiee. For example, fewer extengion workers per household are
generally located jp harsh énvironments ang their morale is often low.
However, development of support systemg jg difficult since it jg unlikely that
support system investmentg will generate sufficient income ¢to pay for
themgelves. Research jg therefore needed on support systems related problems
and on  the €Conomicg of investing jp improvementg in support systems versug
investmentg in improving ag9ricultural productjon technologjeg.
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3. The problems of harsh environment zones or countries often g0 beyond low
farm productivity: the focal point of most FS activities. Health and
educat:un services: human water supplys transport networks, etc. usually are
equally important problemss and are usually exacerbated in such environments.
Therefores it may not be tenable to approach FS work "with a predetermined
focus' (Norman and Collinsons, 1985), ig9noring the larger context of farmer
wel fare, Further, in terms of FS management, it can be difficult to draw a
dividing line between FS activities of interest to a ministry of agriculture
and use of the FS approach as a general method for setting and achieving
development priorities.

4. There are generalily not many technolosies already on the shelf to select
for oilgviating the identified constraints of farmers. Consequently, rather
than a concern with quick results, the orientation of FS work in harsh
environments will usually need to be modified to one of building toward
signi1ficant reasvlts follcwing a 10 to 15 year investwment in FS work. It is
generally necessary te accept incrementals evolutionary changes.

When +there are not technologies on the shelf, complementary relationships
with experiment sgtation based research are critically important to FS work,
adding another dimension to FS management. Not only does FSRE&E need to

influence the research programs of experiment etatizn Lased scientists, it may
be necessary for them to do 3ome iechnological de. elopmental work on farmers’

fields. Thus:, FS management will have to be capable of coordinating
cellaboration between FS teams and experiment station researchers for the
purpose of generating technologies: not just verifying or adapting
technoloygies.

FS TECHMOLOGY DESIGN AND EVALUATION PROCEDURES

Az a rule, FS work is feocused on a few leverage pointe where the potential
for gains in productivity are the greatest. The entire focus and nature of
design worx is likely to be different for harsh environment systems, entailing
greatly increased attention to the nature of system dynamics. In essence,
aspects of activitietx normally associated with diagnosis and testing become
part of an ongoing, iterative technolcgy design process. 3Several specific
observations regarding technology design and evaluation follow.

1. Farmers operating in harsh environments buffer themselves as much as
possible against disaster. Three buffering strategies hold important
implications for FS technology design and evaluation.

(a) Whenever possible, farmers pursue other activities which have higher or at
least more certain returns to resources. For example, in Botswana,
because of the risky nature of crop agriculture, farmers keep livestock
and brew traditional beer, as well as 9row crops. As a result the
opportunity costs of intensification of crop production can be high
relative to the expected returns. In such situations, technology design
and evaluation must involve an assessment of likely returns to investments
in risky arable agriculture relative to alternative enterprises.
Moreover, in harsh environments where farmers are likely to have
relatively low 1levels of income: non~income sources of utility associated
with farmins may be important and should be taken into account when
designing and evaluating new technologies.
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(b) The stratesies farmerg Pursye vary according to how the year develops.
Sequential decision*makines in which dctiong are Contingent °n subjectjve
eéxpected values o¢ alternative actiong, are very important, Thus, t, be
seen gag relevant, technology desjgn must focyg on developins a4 serjeg of

In  order to develop Contingent recommendations. there is g need to
undergtangd when and jp what form eéxisting and Proposged technolosies
SucCceed, Thia hNécessitateg detajlegq monitoring and dnalygig of the
technical determinants of Cropping and livestock outcomeg over g
multi-year horizon, Secondly; researchep Managed ang implemented (RM-R1)
trialg, usually Consideread 2 desjgn activity, will often need to recejve
relatively greater émphagijg in  hargh environments. RM-RI trialg can
increage the probability of Producing tangible resultg, particularly
during drought yearg, Thirdly. attention of the 80oCial 8Cientigtg needs
to be Jiven to résearch op farmerg? subjectjve probabilities.

(c) Farmerg in  hargh environments often mMinimijze inputs j, the face of
Productjon and/or Price rigsk, Horeoveri few farmers percejve arable Crop
Production a8 a uay of Producing 4 surplyg, Rather, they attempt to meet
some of their subsistence Féquirementg from jt. Consequently. 4 mandate
to increage arable Productjon and productivity hay net pe Consistent with
overaly rigk MmManagement stratesies of farmers. It g important to
understand risgk management in g multi-yeap horizon in ordepr to desigp
appropriate interventions. In additijon, it likely will pe Nécessary ¢,
demonstrate benefjtg Since farmerg tend ¢, be skeptical after yearg of
failed extension recommendations and accumula‘ed éxperienceg with failed
attemptg at increasins Productjon,

hargh environments. Thusg, interventions have to AJdregg the issue of breakins
bottlenecks rather than exploitins flexibility in the system. Fop éxample,

Constraijny, Becayge of limited flexibilitya it may pe heécessary ¢, introdyce
row Planterg 80 weeding €an be done using mechanijca) cultivation. Breaking
bottlenecks often calls for much Jreater syctem changeg, in termg not only of
managemen but also jp terms of rFésourceg,

When the firgt step up the technolosy ladder involyveg a lumpy expensgjye
inpyt, such ag Purchage 4¢ a row planter or draft power jp Botsuana. rather
than 4 divisible input such ag improved seed, the abiljty to ddopt thoge
improved technolosies which are available often ;g dependent on resourceg
available to the household . Unfortunatelyn in  many hargh énvironmentg
includins Botsuanan there are large variationg in farmep Fésourceg, Thug,
FSR&E activitijeg tend 1, reinforce income and wealth disparities- making
income and wealth distribution dssessment particularly important for
technolosy design and evaluatjon, Furthermore» 8ince ability to ddopt
improved Practijceg is dependent to a 9reat extent op résourceg dvailable to
the household: eéndogenoyg stratification Criterija are important for defining
research domaing (RDg ), The discipline of tarseting regearch taking into
dCcount household dssetg g4 heeded Since i is often difficult to develop


http:technol.ge

3. It may be necessary to change several aspects of a system in order to have
any effects rather than one or a few leverage points. This is because it may
be necessary to exploit interactions among interventions before the expected
value and distribution of outcomes is reasonably large. This poses a problem
gince it is difficult to continue testing multiple technologies in factorial
trials until sufficient confidence is placed on entire system changes.
Therefores it may be necessary to test entire systems, modifying of the IRRI
cropping systems approach (Zandstra et al., 1981), with many superimposed
trials: rather than use the CIMMYT yes~no and levels trial approach (Byerlee
and Collinson, 1980; Perrin et al., 1980). This in itself is a problem since
adoption of entire packages is inconsistent with most farm management
practices.

4. While the 8o called 1leverage rule emphasizes the size of gain from an
intervention, returns to research resources depend on the size of gain per
adopter times the number of adopters. In harsh environments: where all gains
are gmall in absolute terms, non-leverage interventions may need to receive
additional attention, at Tleast at the design stage. Gains in non-leverage
areas can lead to additional income and attitudinal changes which make changes
in leverage areas more possible.

5. Not surprisingly in harsh environments, there often are strong
inter-household linkages serving as informal social support systems.
Interventions which increase the returns to particular households may have
major negative effects on other households in the community. UWhile this can
occur in any eavironment, the degree is 9generally more severe in harsh
environments. There is a need to pay particular attention to ex ante
assessment of technologies impacts throughout communities.

6. In harsh environments there generally will be a low return to investments,
s8o no general rules of 50 or 75% returns can be used.

7. In harsh environments fewer clear trial results are obtained since
environmental variation often can dominate treatment effects. If a FS team
chooses to manage a trial in order to better control environmental and
managerial sources of wvariation,» farmers likely will have tos 1little
experience with the technologies to provide evaluation. Therefore, the
contributions farmers make to technology evaluation often is less: at least
during the early stages of designing and screening technologies. This can be
a major problem since, as was pointed out above; non-income sources of utility
and farmers’ subjective probabilities can exert a large influence on farmers’
responses.

8. Most analyses used in FSRRE rely on significant differences in means.
There 18, particularly in harsh environmentsy a much 9reater need to
understand distributions. For example, when variation is great,» misallocation
of resources will not be be captured in production function efficiency
analysis and sibstantial mean differences might be missed in ANOVA of trials.

9. Finally, one might hypothesize that the FS approach: itselfs may not
provide a sufficiently comprehensive framework for designing dand evaluating
technologies for harsh environments. Harsh environments often are fragile
environments. Interventions which are judged beneficial even from a whole
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farm perspectijve may destabljze the environment when adopted by a large
proportion of farmersg. It may pe necessgary to adopt more of an ecosygtem
perspective,

DEVELOPMENT oF A FARMER €0 PERATOQI APPROACH

In presenting oyr observaticng on farming systemg in harsgh énvironments we
hopefully have clarified why we believe Fg work must focus on 9dining 3
detailed understandins of sygtem dynamics. In brief, one Ccould say there are
no  quick fixea and attempts to promote qQuick fjixeg have more potential for
harm than they do for benefit.

In thisg section we turn to a summary overview of the approach we have been
using jnp Botswana to design angd evaluate improvementg In farm productivity. A
key feature of the approach to FSR&E developed by ATIP ;g farmer Cooperator
studies. In *his dpproach, research g focuged on a limited number of
repreéentative househol ds in a fey villageg, Overtime, these househo) dg
participate jn d number of research activitijeg, including resource monitoring,

field monitoring, triale, informal visitg to discuss an dssegs Innovations,
and a serieg of single~vigijt surveys directed at particular topics.

We believe the farmer Cooperator approach has several advantages for FSRRE
in hargh énvironmentsg. For éxample, one jg better able to address issueg
relating i, intra-household decision-makins and inter*household linkageg,
Truat g built yp leading to improved feedback from farmerg, Systems dynamicg
over time can be observed as  they jimpact on  particular individualg and
houaeholdépv Moreover, g farmer Cooperator approach represents g Compromige
reflecting the interests ang methodological procedureg of dSronom:gtg, animal
8Cientistg, €cConomisgtsg, soCioloSists ang anthropolosists. As such a farmer
Cooperator approach may bpe appropriate for lnterdisciplinary FSRRE in less
hargh env:ronmenta\as well.

In characternzing our approach, we begin with 4 summary of the procedureg
used to initiate Fg work. Since the initiation of FS activitieg jn the
Mahalapye area in September 1982, more than 20 Surveys have been designed and
ddminigtered, including tuo multiple-visit Burveys. Detajled plot monitoring
has been carried out on 200 to 300 plots per s€dson and more than 20 trialg
have been implemented, Host of thege activitiesg have been carried out jn
Cooperatijon with subgetg of a group of 52 farming househol ds. We cannot
possibly discusg the objectjvesg and Justificationg for each of thege
activitieg. Soy in the second part of the section we merely list the
diasnostijc and trijal activitieg which have been carried out and discussg
Characieristics of the farmer Cooperator approach.

INITIATION oF ON-FARM RESEARCH

Initiation of on-farm research €nCompasgged several activitieg spread
through the 1982-83 season. Before on-farm résearch coyld begin, villageg
were gelected and approved, an exploratory survey conducted, a village sample
frame Created, and farmer Cooperatorg selected. Later in the seéason, after
n-farm research activitjeg were underway, tuwo surveyg were administered which
in part served to verify that our villages and farmers were répresentative of
‘armer Circumstanceg and practices in the Central Agricultura) Region (CAR).
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Village Selection

The Project Paper proposed that ATIP research coverage would be limited in

terms of extension areas and participating farmers. This research approach is
based on the view that differences among farmers within a village, in terms of

resource endowments and production practices, can often be more important for
adoption of technologies than are differences across villages. This was

thought to hold in the CAR where there is a similar agro-climatic environment.

In consultation with representatives from the GOB and USAID: it was
decided that research activities would be concentrated in two villages: one
each in Mahalapye UWest and Mahalapye East Districts. In September 1982, three

trips were made out f Mahalapye to consider extension areas. Three criteria
dominated village sclection: a village had to have at least 100 households:

sandveld and hardveld soil types would be present, and it should be possible
to reach the village within one to one and a half hours.

The two selected villages were Shoshong, in Mahalapye West District, and
Makwate, in Mahalapye East District. Both villages are large enough for
sampling adequate numbers of farmers to participate in regearch activities and
were felt to be representative of farming systems in the CAR. The soils in
both extension areas are hardveld types. A sandveld extersion area was not
included because of extreme logistical problems and because hardveld dominates
the arable sgsections of the CAR. Since Shoshong 1is a Jlarge wvillage,
encompassing two extension areas: it was decided to woirk just in Shoshong
East, one of the two extension areas.

Following initial village selections approval for village research was

sought through wvillage meetings scheduled by village headmen in each area.
Approvals for working in Shoshong East and Makwate were received at village

meetings held in early October 1982.

Exploratory Surveys

A basic tenet of the FS approach is that research priorities should be
established in conjunction with farmers. To g9ain a preliminary understanding
of farming practices and the problems and opportunities faced by farmers,
fieldwork began with exploratory surveys in Shoshong East and Makwate during
October, 1982.

Exploratory surveys in each village were carried out by two
interdisciplinary teams. Each team consisted of at least one agronomist and
one agricultural economist. Eight to nine person-days were epent in each
village. The interviews were informal and unstructured. However, a checklist
of information on practices and problems was compiled during the interviews.
Debriefing meetings were held each evening to review findings and identify key
issues to pursue in subsequent interviews.

The exploratory gurveys provided information for deciding on priority
research topics and egstablishing RDs. Six RDs were identifieds 9roups of
farmers with similar problems and for whom the same solutions might be
relevart. The RDs were based on whether owned, managed or borrowed versus
hired or shared draft power (tractor:, oxen or donkey) was used by farmers.
The draft arrangement used by a household was hypothesized to be a critical
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factor affecting its ability to implement timely planting operations. Timely
planting was hypothesized to be a key determinant of plant population which is
in turn a key determinant of yields,

Sample Frame Census

Once having tentatively set RDs, it was important to verify that the RDs
could serve as a viabje approach for stratifying farmers in Shoshong East and
Makwate. In addition, it was nécessary to have a sample frame for future
sample selection. Therefore, to provide an empirical idea of the
characteristics of farming families in the two extension areas, a 16 question
cénsus was administered to “he households in Shoshong East and Makwate during
the last week of October and early November, 1964. The census included key
variables required for stratifying households into RDs. Follouving a brief
training session, nine énumerators seconded from the Central Statistics Office
Covered both areas in two work-days. Eight additional person-days were spent
résurveying households which had been incompletely eénumerated the first time
through.

Data from the Sample Frame Census (SFC) were initially hand tabulated and
findings were used to select ATIP farmer Cooperators. Later, after the data
were put on the microcomputer, data listings were used in selecting samples
for two diagnostic surveys.

Some of the results of the SFC are summarized in Table 1. 1In Shoshong
East: there were 321 households. Makwate is a smaller village with just 161
households. A substantial proportion of the households in both villages were
headed by females. The vast majority of households in both areas were
involved in c¢crop production. Almost all households €n3a9ing 1n cropping
activities managed lands but several households shared land allocation with
relatives.

The primary forms of traction in Shoskong East were cattle traction and
tractors. While cattle traction was the dominant form of traction at the
beginning of the 1982 season, nearly a third of Shoshong East households
primarily used a tractor traction. (There has been a shift toward tractors
since the 1982-83 geason due to drought.) Makwate was and is a donkey
village, Until the beginning of the 1985 seéasons very little tractor traction
was used. Taking both villages together, about half the households primarily
used cattle and the others were approximately evenly divided between donkeys
and tracror.

Many recommended practices taking hold in other areas of Botswana have not
made much progress in the Mahalapye area. This was reflected in the almost
exclusive use of broadcast planting in both areas. The traditional nature of
Ccrop production in Shoshong East was reflected in the smal) proportion of
households that had fenced their lands. 1In Makwate, a majority of households
had wire fencing,

While most households in both areas engaged in crop production, arable
agriculture was but one activity for essentially all the households and a
minor one in many respects for most households. Livestock were more important
than crop production for most of the households, particularly in Shoshong
East. Hore households owned cattle in Shoshong East than in Makwate and the
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size of cattle herds was larger. 1In addition to livestock activities, half
the households said they derived income from wvillage activities such as
selling beer or had income from outside the village, primarily remittances
from relatives working outside the village. Most of the other households said
they they had income from both inside and outside the village. Only a smalil
proportion of households said they had no other source of income than crop
production. (The Makwate figure in Table 1 probably is accurate for both
villages since the Shoshong East estimate did not hold up under subsequent
surveys and rechecking.)

Farmer Selection

The selection of farmer cooperators is perhaps the most crucial step in a
farmer cooperator approach. When selecting a relatively sgmall number of
farmers to serve as cooperators,y they should be representative of the
population with respect to the primary research agenda. In order to make sure
households representing each RD were included, we stratified our population
before selecting cooperators within in strata. The relative number of
hougseholds selected in each strata was determined by the relative number of
households in each strata in the population as a whole so results would not
have to be weighted when presenting findings for each or both villages. It
was decided to select independent samples for the on-farm trials and the
resource monitoring survey, 8o that results of the resource survey would not
be affected by adjustments in resource wuse patterns stemming from
participation in RM trials.

To begin the =selection process, results from the SFC were tabulated and
the proportions of the population falling in each research domain calculated
for each village. It was decided that ATIP would be able to work with
approximately 25 households in the on-farm trials program and 25 to 30 in the
Multiple-Visit Resource Use (MURU) Survey. The size of the HURU sample was
based on an assessment that each of three enumerators could interview five

households a day: twice a week, with one day for re-contacts.

To select farmers, the following steps were taken. First, the total
number of farmers to be included for each sample was multiplied by the
proportional representation of that domain in the population. For example, if
10X were to be donkey hirerss then we were to select 3 donkey hiring
households (0.1 x 30). Second, the listings of households from the SFC were
divided 1into the RDs. Third: households in each RD were randomly gselected
from the stratified listings. Fourth, each household was interviewed from one
to three times to confirm that information from the SFC was correct, farmers
understood the nature of the program: and farmers were willing to participate
on a long te-m basis. If farmers were not interested in participating, that
household was rejected and the next household or the list contacted.
Sometimes several visits were made in order to reduce the chance of rejection
because farmers were merely intimidated.

Some adiustments were made in the course of selecting earh sample. For
the trial cooperators:s ceil proportions were adjusted slightly to make sure
there was minimal representation of al)l domsins (except tractor owners): to
have replications. Second:s the +trials program required that farmers had
fenced fields, and this may have led to a slight upward bias in the relative
wealth of farmers in the "trials" sample.
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For tha MVRU sample, i was decided to subdivide RDs jnte Poor vs. rijch
(based on cattle ownersghijp) and ma)e v8. female headed househoids. Again,
populatijon Proportiong were wused i, determine how many male g, female
househo) dg and rjch V8. poor were to bpe included jp each cel), Second,
househo] dg with only one or two members were not included, since we wanted a3
Peérspective o¢ resource a]location in househo]dsi not jyst for individuals.
Third, 4 retrosnective Survey wag administered at the time householda were
intervieweq. A couple of farmerg Were rejecteqd becayge they dijg4 not think it
important to recal) Fésource yge intormation. Fourth, it wag nécessary o
cluster the sample o Shoshong East since énumeratorg were to bicycle to the
fields for interviewg imore than g kms, from the village), Thereforev
householdg having extremely distant fields (more than 25 kms. ) were nat
Considered, Once most farmerg had been selected, Clusterg wéere filled out
Clusterg by making Contacts jj the langg arega themselvea. We drove through
the targeted areas, intervieued farmerg at randomly éncountered Compoundsg, and
included the househo]d if it fi¢ our quotag based on traction, draft access,
seéx of household head, and cattla ownershjp, It was not nNécessary t, Cluster
1n Makwate, Since most fieidg are quite near the village,

Nearly two monthg were gpent on farmer selection (and the retrospective
survey), By the middle of December 1982, s> farmerg Cooperatorg had been
selected, and both trial and Survey activitijeg iniiiated. The representation
in terpg of sex of household head, type of traction and draft access yag quite
close. Cattle ownership répresentation appeared to be off Somewhat by, in
the Courge 4¢ our  farper selection intervieue. weé  found this wag due to
unreliable results o¢ the sFc with reéespect of cattle ownership rather than 3
featyre of oyr Cooperatorg sample. Specifically: many farmerg with fay Cattle

UeriFication Survezg
—————=dllon Surve

Since résearch yagq Centered op a4 smal) number ¢ Cooperatorg in two
villageg, it was important to make sure thoge Cooperatorg and villageg were
typica) of the wider Ponulatijoen, Therefore, two Surveys whijch had ag one
primary objective verifying that our Primary research villageg and farmer
Cooperatorg were representative were designegd and administered during the
firgt year, The tuwo verificatjon Surveys were the Crop Hanagement Survey and
the Asricu]tural Demonatrator Survey,

The Primary objective of the Crop Hxnasement Survey, administered in May
and  Jyne 1983, was to provide anp overview of farming practijces and farmerg’
problemg and preferenceg in Shoshons Eagt and Makuwate, Sample verification
was g sécCondary ob;ective. For thig reéason, the topicg Covered jp the survey
eéxtended beyond thoge necessary o S8ample vVerification. The Survey
Instrumen! was a ainsle—visit questionnaire with sevuen sectiong: (a)
househo]d profile, (b) plowins situatijon, (c) Crop enterprises- (d) crop
husbandry. (e) resource Constraijntg, (f) farming hazards. and (g) food
Supplies angd preferenceg.

The questionnaire was administered to MURU and Trig) farmerg in both
extension dreag, In addition, b6 randomly selected farming households were
interviewed? 38 in Shoshons East and 28 ;. Makwate, The sample frape for
aelectins farmerg Was the SFcC, The randomly selecte( households made |t



possible to derive descriptive statistics for each extension area and to test
the hypothesis that structural characteristics of the MURU and Trial
hougeholds were not gsignificantly different from other households in Shoshon9g

East and Makwate.

Summary results comparing characteristics of ATIP cooperators with

randomly selected households in Shoshong East and Makwate are presented in
Table 2. As can be seen, there were very few characteristics which differed

between ATIP cooperators and the random sample. Although not significantly
differents, tractor use and the number of cattle ouned were greater among ATIP
cooperators. This largely reflects the fact that the proportion of farmers

coming from Shoshong Easts a livestock oriented village, was larger in the
ATIP sample. Whi1le differences 1in cattle ownership were not statistically

significants one could reasonably infer from the combination of differences in
cattle owned and equipment owned that ATIP farmers probably had glightly
oreater assets than did the random sample farmers. Any differences were not
reflected in traction uses; household demographics, land resources; or
consumplion.

The primary purpose of the Agricultural Demonstrator (AD) Survey uwas to
assess the extent to which problems identified in Shoshong East and Makwate
were typical of problems throughout the CAR. A survey of ADs was thought to
be a more cost and time effective means of gaining a preliminary farming
systems profile than would have been a survey of a randomly selected sample of
farmers from throughout the CAR. The survey had tuwo additional objectives:
(a) to gather information on activities of ADs and constraints on their
effectiveness: and (b) to provide an opportunity for interaction between ATIP
researchers and ADs of the CAR.

In March 1983, a questionnaire was distributed to ADs 1n the CAR at their
monthly management meetings. There were five sections to the questionnaire:

(a) AD situation and activities, (b)Y farming systems profile, (c)
institutional issuess (d!} AD perceptions and attitudes: and (e) rankings of
problems and objectives. ADs were requested to mail-in the <completed
questionnaire. Eventually, questionnaires were received from 52 of 54 ADs in

the CAR. After his or her questionnaire was returned, each AD was interviewed
in order to eliminate as many mistakes as was possible.

The main results of the AD survey with reference to the verification
objective were: (a) there were relatively few differences between extension
areas in terms of crops grown and crop management practices: and (b)
variability among enumeration areas within districts was much greater than the
di fferences among districts. The survey results supported the view that it
ahould be possible to carry out farm management research and on-field testing
of improved technologies: at least in the RM-RI and RM-FI stages: in just one
or two districts. The survey also showed that villages clearly differ 1n key
aspects, such as dominant type of traction used. I1f FS work was to be
concentrated 1n only a few villages, it would be necessary that those villages
capture the configuration of key village characteristics. Fortunately, the
survey showed that Shoshong East &nd Makuate together well represented the
most common types viliages in the Central Region.

SUBSEQUENT DIAGNOSTIC AND TECHNOLOGY GENERATION ACTIVITIES
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By the beginning of 1983, the structure of our farmer Cooperator approach
was established. The wverification surveéys were administered and at least
partially analyzed by the mijddle of 1983. At that points after our first
seasons we decided that the harsh environment in Botswana required a F¢
approach that included ongoing system diagnosis, involving monitoring of
income and resource flows and technical plot monitoring, and a broadly focused

trials program.

Once having accepted the need for information on income flows, resource use
patternss and the technical determinants of Cropping outcomes, the question
became one of developing a methodology which is consistent with the pragmatic
aims and budgets of FS work. In developing an appropriate FS approach, we
first had to decide on principals 9overning sample size and composition.
Specifically, we had to decide: (a) whether to shift from a small sample
approach to a larger sample of farmers: and (b) whether to continue with the
sameé cooperators from year one or to select a new gset of Cooperators,

The decision on sample size was relatively easy. UWe decided that a small
sample, once we knew jt was representative; was preferable to a large sample
for several reasons:

(a) Measurement errors can be reduced and unique features of households
affecting observed patterns of resource flouws can be easily jdentijfied.

(b) Diagnostic surveys could serve as a means of verifying and further
analyzing observations based on personal contact, rather than serving as a
substitute for personal contact.

(c) Enumerators and farmers would soon became familiar with the questions,
reducing researcher time necessary for checking data.

(d) If properly selected, small samples can répresent the range of farmer
Circumstances.

{e) Responses of new farmers to technologies can always be agsessed in
verification trials after initial testing activities have taken place.

Several features of farming systems in Botswana also mitigated against
shifting to a new 9roup of farmers in year two. Sceme of these heve been
discussed in generdal terms above as observations about harsh environment
farming systems. Four congiderations were particularly important:

1. Agricultural production is just one source of household income. Wage
employment, remittances and even traditiona) beer brewing can be as important
sources of income. Information on some of thesc income sources 1s sensitive

and requireg repeated visits by individuals who know and are known to each
household. The quality of information is improved as trust is established.

2. Households are managed by multiple, interacting individuals. Even when
there is a male head of household: women and children have their own
activities and make their own decisions. An  understanding is needed of
Inira-household dynamics over time in order to appropriately design and
evaluate technologijes.

3, Most househce! 4g have members spread over several locations. 1In addition
to field and village compounds, one must take into account household members
living at the cattle post or working at jobs outside the village area.

Because of the complex and dynamic structure of households: we felt it was
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necessary to identify and assess household composition and circumstances on a
case by case basis.

4. Rainfall in the 1982-83 season made it impossible for all but a few
farmers to produce crops or to maintain their animals in reasonable condition.
Still, certain farmers were notably more successful than others. It emerged
as a top priority to be able to identify the relative productivity of farmers
with different household circumstances in different vears and the adiustments
different farmers make to changes in environmental circumstances.

Consequently we decided to continue with the same farmers in the second
vear of +the program» and again during the third vear. A list of the FS
activities of the Mahalapye team through the 1984-85 ceason is presented in
Table 3. As can be seen, farmer cooperators were the focal point of nearly
all activities.

Between 1983 and 1985, several feztures of our farmer cooperator approach
became more clearly defined. In terms of initiating FS activities, the key
features of the approach, discussed above, are the village focuss reliance on
a small sample of farmers for repeated activities, and the procedures used to
select farmers and verify the representativeness of our samples. As our
program evolveds seven additional characteristics of & farmer cooperator
approach emerged with respect to diagnostic and technoloay generation
activities:

1. We increasingly relied on purposive.y selected subsets of our cooperators
and particular individuals within househoids for technology design and testing
activities. For examples 1f an intervention required a decision about what
seed to use, we approached the women in households who were known to be
responsible for that decision. Similarly, trials requiring multiple tillage
operations were impiemented by individuals known to be active farmers and
interested in intensifying their arable crop production enterprise.

2. The independent samples of cooperators were integrated baginning the
second vear, to the extent that all farmers were given the opportunity to
participate 1n trials. Cooperators appreciate seeing trial plots in their
fields, even though they are only “tests, not demonstrations." B8y integrating
the samples, we had more representatives for different gets of farmer
circumstances.

3, We phased down our contacts: particularly with the MURU sample, in order
to reduce demands on the cooperators. For example, in year two the riumber of
questions asked was 9greatly reduced. In year three:, a purposive subset of
only 13 household participated in the MURL survey, and the survey was cut back
to concentrate only on household income activities. Also, after the second
season; several Trials cooperators with a marginal interest i1n arable
production were no longer active in the trials program but continued to be
interviewed in various subject surveys.

4, One of the key features of the approach was the periodic collection of
some key data. In each season we collected data on plowing situations:
including types of traction, draft access: and timing and amount of plowing.

For gsome farmers we have multiple year profiles of household demcaraphics.
farm fixed capitel and livestock inventories. Synthesiz1ng :nformation about

548



changes jnp profiles over time for different Categorijeg of farmersa Provided ap
important Peérspective on farming systems |p the Hahalaove area.

5. Reliance on Cooperaterg allowed yg to mMinimjze the yge of énumeratorg, At
the besinnins: two village staff were résponsible for the MURU Survey and tuwe
othersg were reéspongible for trialg and plot monitoring, By the third vear,
only {uweo énumeratorg were requireqd for both the plot monitoring and the MURY
Survey gjince the sample sjzeg for both activitijeg were Sreatly reduced, All
other survey activitjegy and the initiatjon and management of trialg were
Carried oyt by a smal) Sroup of résearchers, 4 mMaximum of five, based at
Mahalapye.

6. An important factor relating to the credibility of the approach was the
InCreasing use of NoncCooperatorg under particular Conditiong, Far example,
dur .ng the recently Completed seéason ye Conducted 4 study on |ntra—household
decxsxon—making and farmerg' berceptiong of practiceg ATIP g éngaged jn
testing, We fely our Cooperatorg might have become pe atypical with regpect
to viewg on arable Production technologies. S0 we reljag instead on the get of
randomly selected farmers which Participated in  the 1983 Crop Hanagement
Survey, Thisg 9ave ug 4 nice Compromjsge, We were Adle to evaluate changes jn
Circumstanceg and attitudeg overtime byt did not have to worry abouyt sample
bias. Another Circumstance where e turned to Noncooperatorg waAs for
imp]ementation of FM-~] trialg, Some trialg require relatively Tittle
résearchep involvement and gome involve assessmentg of farmersg? abilitieg to
implement a technology. In either Situation, we  found jt useful] to use
Noncooperatorg to InCrease the likelihood that oyr Mmanageria] assessmentg were
not distorted by any behaviora] modifications of oupr Cooperatorsg,

7. A minor but important aspect of the abproach uag Provision of some
Sérvices o the Cooperatorg., This wag limited to Provisiong of seed for most
trialg, ©CCasiona] loans of €quipment when jt ;g needed, inexoensive watcheg
to help farmerg réoort on abor use, inFormation On agricultyrga) brograms, ang
particxpation In  field daysg. Farmer Cooperators should pe able to realijze
Some benefitg Tor all the help they gjve Fs Programsg.

In thig Paper e tried to identfy unique featureg of farming systems jp
harsgh énvironmentg and imp)ications for Fg Program goalg and approprijate Fs
technolosy desjgp and €valuatijon procedureg, based on  ouyr éxperiences in
Botswanga, We believe many  of oyr observations are relevant for FS§ Programg
operating elsewhere in  harsh €nvironments and perhapg even for Progsramg jp
more equable €nvironmentg, We then turned to a description of the deve]opment
of g3 farmer Cooperator abproach by the Haha]apye team of the ATIP project, ag
an  example of an approach ye think jg particu]arly suitable for Fs prodramsg
opeérating jp hargh énvironmentg,

A few pointg shou’d pe kept mind when evaluating the valye and
relevance of our approach for other Fs Programs, First, the approach
described is baged on  experiences of the Mahalapye field team, There are
unique circumstancen in the CAR which are Conducive to a firmer Cooperator
approach: (a8) the Combinatjon of vagt distances: (b) a relatively homogeneous
institutional and technical énvironment: and (¢) large variation jnp farm
productivity d88ociated with aggetg and draft accesg,
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Second, ATIP is located in the Department of Agricultural Research and the
Mahalapye team hae a mandate to develop improved arable production
technolosies. Thus, activities retated to livestock, social institutions and
extension uere included on our agenda because of our observations, presented
above, that FS technology design and evaluation activities must be broadly
focused. Even more time migsht have been spent on these activities if they had
been a part of the mandate.

Third, we do recognize that diagnostic and desiyn research activities have
opportunity coets with respect to testing and dissemination. To the extent
promising interventions can be identified, a farming system is less harsh:; by
our definition, and FS work as conventionally practiced becomes an effective
alternative.

Fourth, team members were forced early on to take a long run pe-sperative,

rather than focus on short run changes in farming systems. Shifting away from
8 preoccupation with the short run had perhaps the most profound effect on the

approach Je have wused for FS work but this may not be an option for other FS
programs.
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Table 1: HOUSEROLD CHARACTERISTICB IN

OCTOBER 1982

SHOSHONG EAST

AND MAKRATE,

VARIABLR SHOSHONG RasT HAKNATE ALL
Households 321 161 482
Average Householg Sizs 6. 4 6.7
Parcant: Female Beadegd 36 41 38

Engaged in Crop Productjop 80 77 79
Hnnngin; Lands 71 72 71
Primary Traction { Percant Using):
Cattle o4 17 48
Donkays 3 81 29
Tractors 33 2 23
Fencing { Percent Rith):
fire Pencing 16 62 n
Bush or No Fenaing 8y 38 69
Percent Broadcaat Plunting 97 97 97
Percent Owning Cattly 60 87 56
Average Cattle Herd Size:
Cattlg Orners 36 19 30
Al1 Houaeholds 25 12 21
Acceas to Income (Percent of
Households Rith Income From)
Inside Village Aotivities 25 41 30
Outside the Vlllago 20 21 20
Inside ang Outsidy Village 39 37 38
Neither 16 1 12

Source: 1982 Sasple Frame Census
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TABLE 2: ATIP COOPERATORS COMPARED TO

RANDOM SAMPLE

VARIABLE ATIP
DEMOGRAPHIC:
Percent Male Headed 61
Year Head Born 1930
Members > 16 Years 4.7
Members < 15 Years 4.7
Active in Cropping 2.8
Have Wage Employment 1.2
NUMBER OF INCOME SOURCES 2.9
CATTLE OUWNED 41
NUMBER OF IMPLEMENTS 1.4
LAND:
Yeares Field Cultivated 22
Seasons in 10 Use All Land 4.5
PRIMARY TRACTION:
Donkeys 34/b
Cattle 36
Tractors 30
PRIMARY ACCESS TO DRAFT:
Own 56/b
Borrow:; Manage, Mafisa 6
Hire 29
Cooperative Arrangement 8
AMOUNTS OF PLOWING:
Days Plowed '82-83 5.7
Days Plowed Good Season 11.3
Acres Plowed '82-83 9.1
Acres Plowed Good Season 16.0
CONSUMPTION:
Bags Grain Per Month 1.3
Days Drink Milk Per Month/c 14
Days Eat Gathered Food/c 19
Convume Goat Meat Per Month 3.0
Consume Beef Per Month 5.1

-.—RANDOM

Source: 1983 Crop Management Survey
.95 confidence level.

a. Significant difference at

b. Percent of households.

¢. Frequency refers only to the cropping period

for thegse are seasonally congumed.
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Table 3~ Follow-On Diagnostic and Trials Activities, 1982-1985.

T T T e e e e e e = e o . o T T e e o e e o o et

_..-..___—_——--——n-——--_—..——_-_—_...._--..__--_—___-...-_-._-_-._—---—-—__.._—-_.._---—-_

1982-83 SEASON
WHOLE FARM STUDIES:
(a) Multiple-Visit
Resource Use
Survey (MVRU)
(b) Technical Plot
Plot Monitoring

ON-FARM TRIALS:

(a) Evaluation of
Planting Methods

(b) Tillage System
Investigation

(c) Sorghum
Intercropping

SUBJECT SURVEYS:
(a) Draft
Arrangements
(b) Agricultural
Demonstrator
(c) Crop Management

(d) Within Field
Variability
(e) Weed Survey

27 Households*

192 Plots on
23 Fields*

15 Sites*

Multiple Strips
in Two Fields*
RM-RI Trial

on one Field

About 70
Households*
54 ADs

116 Households
200 Field

Sites*
50 Farmers*

Cash Flows, Labor Use, Income &
Household Maintenance Activities,
Market & Non-Market Exchanges
Farmer Inputs. Soil & Climatic
Conditions, & Crop Response by
Plot

Sebele Plow-Planter & Row Planter;
Third, Furrow Hand, Harrow
Double Plowing, Early & at Planting

Establishing of Late Season
Undersowings

Plowing Situation; Interhousehold
Arrangements

Activities of ADs; Regional Profile
of Farming Systems

Crop Enterprises; Crop Husbandry;
Resource Constraints; Hazards;

Food Preferences

Soil and Topographical Character-
istics & Associated Crop Growth
Weeding Practices and Problems

1983-84 Season

WHOLE FARM STUDIES:

(a) MVRU

(b) Household
Inventory

(c) Plot Monitoring

ON-FARM TRIALS:

(a) Effects of Early
Tillage

(b) Effectiveness of
Sole Plowing

(c) Draft Team
Management

(d) Evaluation of
Benefits

26 Households*
26 Housei.olds*

47 Farms*

2 Reps on Each
of Two Farms*
9 Reps*

3 Donkey Teams

2 Oxen Teams*

2 Reps Plowed

on 13 Plots

5 Plots Harvest*
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(See Above)

Househcld Census; Livestock
Inventories; Farm Fixed Capital
(See Above)

10 & 20 cm Early Plow, Early Harrow
& No Early Tillage

Modified Early Plowing & Planting
Method Comparison

Energy Supplements on Plowing

Days

Relationship Between Early

Plowing & Crops; Response to
Fertilizer



Table 3 continued.

(e) Cowpea and Mixed
Cropping Compar-
ison

(f) Bird Scaring

(g) Seed Treatment

(h) Sebele Plow-
Planter

SUB-STATION TRIALS:

(a) Local Sorghum
Germplasm
Evaluation

(b) Dual Purpose
Cowpeas

SUBJECT SURVEYS:
(a) Cropping Plans

(b) Post-Tillage
Weeds

(c) Soil/Root Profiles

(d) Institutions,
Services &
Infrastructure

(e) Cowpea Baseline

1984-85 SEASON
WHOLE FARM STUDIES:
(a) MVRU

Households
(b) Activity Survey
(=) Inventory Survey
(d) Plot Monitoring

ON-FARM TRIALS:

(a) Commercial Steps
in Technology

) Ridge Plowing
(c) Draft Management
) Intensive

Production Plots
(e) Undersowing

(f) Tillage Planting

16 Farmers*

4 Sites*

12 Farmers*

3 Farmers in an
FM-FI Approach*
69 Seed Lots

32 Lines

45 Households*
59 Plot
Situations*

15 Fields*

Shoshong and
Makwate Viliages

51 Households*

13 Households*
50 Households*

50 Households*
13 Farms*

5 Sites*

1 Site*
1 Village*
12 Farms*

13 Farms*

8 Farms*
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Blackeye, ER-7, Tswana; Sorghum
Mixed wtih Populations of Tswana

Installation of Polyethylene Hum
Line

Captan and Malathion Treatment of
Local Seed Lots

Animal Drawn 2 Furrow Unit;
Tractor Drawn Unit

Locally Selected Sorghum Popuia-
tions

Variations in Lines of Tswana
Cowpeas

Planned Enterprises & Husbandry
Practices; Seed Availability
Weed Development on Different
Fields

Root Penetration by Soil Strata;
Soil Composition Analysis
Village Markets & Prices;
Government Services; Local
Institutional Structure

Cowpea Husbandry; Product
Utilisation; Consumption Patterns

Successful and Commercial Beer
Brewing

Qualitative Profile of Labor Use
(See Above)

(See Above)

Assessment of Technical Package

for Farme:rs Willing to Substantially

Increase Arable Production Inputs
Technical Evaluation of the Ridge
Plow

Farmer Assessment of Improved
Draft Management Scheme
Intensified Inputs Sometimes with
Waste Water

To Incorporate Different Planting
Dates of Compatible Crop Components
on a Single Plot

Test 2 Tillage/Planting Schemes



7able 3 continued.

(g) Alternative
Planting

(h) Crop Seeding
Comparisons

(i) Cowpea

SPECIAL STUDIES:
(a) Trader Baseline
Survey

(b) Farmer Decision
Studies

_----_-—------—---_—--—

* Included cooperator f

4 Farms*

17 Farms*

8 Farms

163 Traders

55 Households*

armers.
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Technically Evaluate Sebele Plow
Planter & Hand Planting

Compare Cropping Options to Seeding
Under Traditional System

Look at Cowpea Variety/Ti]]age
Interactions

Understand Market Structure §&
Assess Marketing Structure in
Central Ag. Region

Understand Inter- & Intra-
Household Patterns of Decision
Making -- 5 Surveys

--—---—--._-._-.--———-_-..__..-—-..—_..—---



