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ABSTRACT
PLANNING AN ADAPTIVE PRODUCTION RESEARCH PROGRAM

FOR SMALL FARMERS: A CASE STUDY OF FARMING SYSTEMS
RESEARCH IMN KIRINYAGA DISTRICT, KENYA

By

Steven Charles Franzel

This thesis uses the farming systems research (FSR) methods of the
International Maize and Wheat and Improvement Center (CIiTAYT) to plan an
experimental program for farmers in [liddle Kirinyaga, Kenya, and to
address several methodological issues concerning FSR. The approach
includes three stages: (1) interviews with extension agents to identify
recommendation domains (RD's), i.e., fairly homogenous groups of
farmers; (2) an informal survey in which researchers interview farmers;
and (3) a formal sample survey. An agronomist collaborated with the
author in mounting the research.

The two RD's identified in Middle Kirinyaga were high income
farmers and low income farmers. Farmers' circumstances are described
and "leverage points" are identified, which represent opportunities for
increasing productivity in ways acceptable to and feasible for farmers.
An experimental program is presented; the two most important research
priorities are:

1. Improving soil fertility and structure through on-farm
experiments to test the effectiveness of readily available
coffee husks as manure.

2. Reducing the draught power bottleneck by selecting bean
cultivars with superior ability to withstand dry planting,
treating seeds against ant damage, and deeper planting.

Two methodological issues are addressed. The first is how to

obtain normative and prescriptive information, i.e., information on
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Steven Charles Franzel

farmers' values and decisions. Two techniques, repertory grid (RG) and
hierarchical decision tree models (HDM), are incorporated into the
informal and formal surveys and are evaluated. The techniques were
found useful for assembling data concerning preferences and decisions
in a systematic fashion and for assisting the researcher to develop an
understanding of farmer decision-making.

The second methodological issue concerns the quality of data at
different stages of the investigation. First, data from the RD-
identification exercise are evaluated in comparison to those of the
formal survey. The exercise is found to be reasonably effective for
tentatively classifying farmers into RD's.

Next, the utility of the formal survey is evaluated by comparing
its results with those of the informal survey. The formal survey con-
tributed relatively little to the understanding of farmers' practices
and constraints or to the experimental program developed in the infor-
mal survey. . These findings support the hypothesis that the informal
survey can be an effective and sufficient method for planning experi-

mental programs for farmers.
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CHAPTER 1

BACKGROUND AND OBJECTIVES

This study has two types of objectives: methodological and problem-
solving. The methodological objectives concern the use of three tech-
niques, the CIMMYT diagnostic survey, repertory grid, and hierarchial
decision-tree modeling, for analyzing a farm system. The problem-
solving objective involves using farming systems research (FSR) methods
to plan an adaptive production research program for small farmers. In
the first section of this chapter, we present the background to the
methodological objectives, highlighting the emergence of FSR as a tech-
nique for planning farmer technologies. A statement of the methodolo-
gical objective follows. Next, background to the problem-solving
objective, planning an adaptive production research program in Middle
Kirinyaga, Kenya, is presented. Finally, the specific problem-solving

objectives are stated.

1.1. Background to the Methodological Objectives

Rural development planners in the Third World are becoming increas-
ingly aware that information about small farmers is crucial for planning
rural development programs. The widespread failure of large scale,
capital intensive agricultural projects and the increasing concern for
a more egalitarian distribution of benefits have led to increasing

emphasis on small farmer oriented programs (Lele, 1975). The development
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and extension of new technologies for small farmers is often seen as an
important and effective measure for enhancing rural welfare.
Nonetheless, there is a growing perception among policymakers and
research administrators that national agricultural research institutions
are not contributing as well as they could be to the development and
diffusion of new technologies for small farmers. Often there is a wide
gap between what researchers recommend and what farmers practice. When
planners seek to impose on the farmer new production systems and pack-
ages which have proven to be effective on research stations, the result
is failure. The usual scapegoats for these failures are: the farmers
themselves, who are alleged to be lazy or irrational; the extension ser-
vice, which is blamed for not transmitting the research station's message
to the farmers; the delivery system, which fails to deliver inputs to
farmers when required; or policy distortions, which make unprofitable
the use of purchased inputs and the cultivation of crops for the market.
However, many studies point to another cause of low adoption rates--
station reéommendations which are irrelevant to the farm family's pri-
orities, resource constraints, and physical, cultural, and economic
environment (Winkelmann, 1977). In many countries, extension recommen-
dations are developed by researchers on experiment stations whose work
is aimed at maximizing yields per unit of land area. This yield-
oriented approach often brings forth recommendations which are irrele-
vant to farmer circumstances, for two main reasons. First, the
recommendations are developed under physical conditions different than
those of the farmers, since they are generally formulated based on the
results of experiments mounted on research station plots. These plots

are usually plowed by tractors, kept weed-free, sprayed, and fertilized
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so as to ensure a significant response from the experimental variable.
Hence, (1) responses to experimental variables are generally much higher
than could be expected on farmers' fields and (2) it is unlikely that
the actual response functions would have the same shape as the experi-
mental ones.

Second, researchers' criteria for evaluating new technologies are
much different than those of farmers (Collinson, 1980). As long as
inputs have costs, it is never in the best interests of farmers to adopt
those levels of inputs which maximize yields. Many researchers recog-
nize this fact and use the point of maximum profit for making their
recommendations. Unfortunately, the problem of what is best for farmers
to adopt is much more complicated than this; farmers seek to maximize
utility as well as profit. Thus, economic optimality for a given farm-
ing situation depends on the objectives, resources, and priorities of
the farmers concerned. Farm management studies in Africa have shown
that small farmers operate their farms so as to (1) provide a reliable
supply of food for their families, and (2) provide cash for what they
regard as essential purchases (Eicher and Baker, 1982). They take into
accoﬁnt both natural (temperature, rainfall, soils, etc.) and socioecon-
omic circumstances (prices, riskiness, sociol acceptability, etc.) in
deciding what enterprises and management practices to adopt. Farmers
operate a system made up of many enterprises, and are often forced to

diverge from the ideal management of one enterprise in order to devote
resources to another enterprise, in the interests of overall system

performance.
Farming systems research offers an alternative approach in adaptive

research to the conventional yield-oriented perspective, common among
physical and biological scientists. FSR begins with the farmer's own
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situation, rather than a pre-defined package of high yielding
technologies. FSR researchers purport to be holistic, that is, they
view the whole farm as a system of interdependent components and focus
on how these components interact in their physical, biological and
socio-economic setting (Shaner, Philipp and Schmehl, 1982). The
approach is most effective if it is multi-disciplinary; hence, FSR is
generally mounted by teams of scientists from both the agricultural
and social sciences.]

In FSR, insights into how current practices fit into the farm
system are used as a basis for proposing improvements. Researchers
focus on identifying and overcoming critical constraints which the farm
family faces so that they can better meet their priorities (Norman,
1976). The immediate goal is to offer a few technological improvements
which are compatible with the farm household's activities and circum-
stances, not to replace the current farm system with a radically differ-
ent one. Emphasis is given to identifying and developing new techno-
logies which (1) have potential for increasing productivity and, hence,
enhancing the farm family's ability to meet its own objectives, (2) will
be acceptable to farmers and feasible for them to adopt, and (3) will
promote developments which are consistent with national policy objectives.

Generally, FSR also includes the mounting of experiments on farmers'

]It is incorrect to consider FSR as a completely new approch with
no antecedents. Johnson (1981) and Ramaratnam (1981) discuss the fore-
runners of FSR in farm management and farm home development programs in
the United States in post-World War II years. In fact, some of these
programs were considerably more holistic than is FSR, as currently prac-
ticed. For example, the Kentucky Farm and Home Development Program gave
considerable attention to institutional and human change, the production
of household goods and services, and firm/household interrelationships.
These topics are frequently neglected in most current FSR. A review of
previous holistic approaches to farm research and extension would there-
fore be valuable for current FSR practitioners.
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fields, in conjunction with on-station research. In on-farm experiments,
the farmer and extension staff join the researcher in managing the exper-
iments and evaluating the results.

In summary, FSR is an important tool for agricultural research
institutions to use for increasing the effectiveness of their programs.]
FSR is important both for identifying the broad, long-term researéh
priorities of disciplinary and commodity programs as well as for plan-
ning and executing adaptive research to formulate recommendations for
farmers.

Farming systems research programs are being undertaken by a variety
of institutions throughout the world. Guatemala (Gostyla and Whyte,
1980), Honduras (Whyte, 1981) and Zambia (Collinson, 1982) are among
several national programs utilizing the FSR approach. Moreover, many
international agricultural research centers and bilateral donors are
mounting FSR programs and promoting the use of FSR by national agricul-
tural research institutions.

The International Maize and Wheat Improvement Centre (CIMMYT) has
been active in developing FSR concepts and procedures for planning tech-

nologies for farmers.2

CIMMYT promotes "on-farm research" with a
farming systems perspective (OFR-FSP) which aims to generate higher-
productivity technology for specific groups of farmers, especially in

the short term. The program uses on-farm research methods, such as

1Researchers inmarketing management would view FSRas an example of
the application of "the marketing concept" to a non-profit organization.
The marketing concept states that the function of an organization is to
match the production and services it offers to the needs and wants of
the target consumers it serves (Kotler, 1980).

2CIMMYT's procedures receive special emphasis in this thesis since
CIMMYT procedures were used in carrying out the research.
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farm surveys and on-farm experiments, and is conceptually based on a
farming systems perspective (Byerlee, Harrington, and Winkelmann,
]982).] Figure 1.1 presents CIMMYT's view of an integrated research pro-
gram and the role of on-farm research in the program. The on-farm
research team plans new technologies, mounts experiments on farmers'
fields, formulates recommendations, assesses farmers' experiences with
the recommendations and promotes improved technologies through demon-
strations. Moreover, the on-farm research team identifies problems for
station researchers and policy-making bodies to address.

The planning stage, in which researchers obtain information for
planning experiments to test new technologies, is the stage addressed by
the research reported in this thesis. FSR practitioners tend to agree
that the overall objective of FSR is to develop an understanding of the
farm system in order to plan improvements in the system. However, there
is much disagreement concerning methods of data collection and analysis,
and the use of the results for planning experiments. CIMMYT economists
have developed FSR methods and procedures which differ considerably from
those used in farm management research carried out in most Third World
countries (Byerlee, Collinson, et al., 1980). The approach,called the
CIMMYT Diagnostic Survey in this thesis,includes the following steps:

1. Identification of recommendation domains (RD's) or farmer

target groups. An RD is a group of farmers with a similar

]The authors claim that a new acronym is required because of the
increasing amount of confusion over the use of the term FSR. FSR is a
very general term, they argue, and FSR programs have objectives, ranging
from solving a specific problem to increasing the body of knowledge.
They define OFR/FSP as a subset of FSR which emphasizes on-farm research
methods to generate technology to increase productivity for a specified
farmer group. In this study FSR and OFR/FSP will be used interchange-
ably to refer to the subset of FSR described above.
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Figure 1.1 Overview of an Integrated Research Program
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far@ing system; that is, fa}mers in the group operate their
farms in a similar manner under fairly homogenous eco-
climatic and socioeconomic conditions. Thus, they have
similar problems and similar development opportunities and
it is likely that a given recommendation will be more or
less applicable to all farmers in the RD. An exercise to
identify RD's in a given area is useful for establishing
the numbers and main characteristics of the different farmer
groups. Policy makers can then decide which groups merit
the attention of the research services.

Informal Survey. In an informal survey, a multi-disciplinary
team of researchers using detailed but essentially un-
structured guidelines holds informal interviews with
farmers. The objectives are to develop an understanding

of the farming systems, identify priority research topics,
pre-screen possible new technologies for their introduc-
tion into the system, and plan the formal survey which
follows.

Formal Survey. In a formal survey, a questionnaire is ad-
ministered by enumerators to a random sample of farmers to
verify the findings obtained in the informal survey and to‘
measure important parameters in the system. Generally,

the information is collected in a single visit to each
sample farm.

Planning on-farm exdyerinents. The purpose of the survey

work is to plan on-farm experiments for farmers in the RD.
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Experiments are mounted under farmers' conditions and farmers
participate in the planning, monitoring and evaluation of
the results.

The CIMMYT Diagnostic Survey differs from most other FSR procedures]
in five principal ways. First, objectives are focused on field experi-
mentation. The purpose is to provide production researchers with infor-
mation to help them plan technologies which will be acceptable to
farmers and feasible for them to adopt in their existing environment.
Thus, many institutional and policy variables are treated as fixed in
the short run.

Second, the primary data collection instrument in the CIMMYT
approach is the informal survey whereas the formal survey is the prin-
cipal instrument in most other approaches.

Third, the CIMMYT approach gives more weight than many other FSR

2 such

approaches to the collection of normative and prescriptive data,
as data on farmers' attitudes, opinions, and reasons for employing par-
ticular practices. Less emphasis, relative to other FSR approaches,
is placed on collecting quantitative, non-normative data such as levels
of inputs and outputs.

Fourth, the CIMMYT approach does not use quantitative methods to

model the farm system. Rather, an informal technique based on

) ! Other FSR approaches include those of American universities
administering FSR projects in Africa, e.g., IMichigan State University
in Senegal, Purdue in Upper Volta; Winrock Foundation in Kenya; West
African Rice Development Association; and the International Center for
Research in the Semi-Arid Tropics.

2Normative information is information about the goodness or badness
of a condition, situation or thing. Prescriptive information concerns
the rightness or wrongness of goals or acts and are always based on both
normative and non-normative (or positive) information (Johnson and
Zerby, 1973).
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developing an understanding of the farmer's perspectivé through intensive

interviewing and observations provides the "model" which is used to
analyze the farm system and test the impact of proposed changes.

The fifth distinguishing feature of the CIMMYT procedures is that
turnaround time is more rapid than in most other FSR approaches. A
"complete" inventory of resources and input and output flows, based on
data collection of one year or more, is not regarded as essential for
planning experimentation for farmers. Rather, the CIMMYT procedures are
sequential--at each stage the understanding attained is used to guide
and focus data collection during the subsequent stage. Turnaround time
ranges from three to six months, measured from the time researchers
enter an area to the time detailed experimental plans are formulated
and a survey report is issued.

CIMMYT's approach to FSR is considerably less holistic than certain
other FSR and farm management approaches, because of several practical
considerations. First, CIIMYT's mandate is limited to maize and wheat;
thus, proposed improvements in CIMMYT surveys are generally limited to
these two crops and related operations. Second, CIMMYT seeks to work
through national agricultural research organizations; therefore, they
require an approach which is flexible enough to accommodate the manpower
and financial constraints which these organizations face. Unfortunately,
these constraints often 1imit the holistic nature of the diagnostic
survey, as when multi-disciplinary teams are reduced to only two or
three members. Third, the approach generally avoids proposing changes

in government policy, e.g., credit, land tenure, prices. There are two

1Of course, several members of the household may be involved in
making decisions on the farm. Thus, it is often incorrect to refer to
the farmer in the singular, or as "he". '
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reasons for this: (1) agricultural researchers generally have little
influence over such policies and (2) most governments are more inter-
ested in obtaining assistance to promote the development of agricultural
technologies than assistance to promote changes in their agricultural
policies.

The procedures developed by the CIMMYT Economics Program are by no
means a rigid recipe for mounting FSR. For example, the preface to the
CIMMYT manual, "Planning Technologies Appropriate to Farmers: Method-
ologies and Procedures", states that CIMMYT's approach "has evolved from
our experiences with farmers and researchers in many countries. We
fully expect that these guidelines will be improved through the experi-

ences of other researchers" (Byerlee, Collinson, et al., 1980).

1.2. Statement of the Methodological Objectives

The primary methodological objective of this study is to use and
evaluate two methods, repertory grids and hierarchical decision-tree
models, as supplements to the CIMMYT diagnostic survey for collecting
and analyzing normative and prescriptive information about farmer deci-
sions. The field of agricultural economics in general, and farm manage-
ment in particular, has relatively little experience in collecing
non-monetary normative and prescriptive data, compared to other disci-
plines in the social sciences. Collinson (1931a) argues that the CIMMYT
informal survey is "almost an anthropological approach to understanding
the farming system", referring to the need for examining farmers' values
and for probing into the complex reasons underlying farmer practices.
One possible area of improvement in the CIMMYT approach is the incor-

poration of tools from other disciplines for more systematic collection



and ara
firgt
from r
£.0., i
ticns
decisiy
decisi,
the twi

and re

infor



12

and analysis of normative and prescriptive information. Repertory grid,
first used by clinical psychologists, is a method for (1) eliciting

from respondents the criteria they use in differentiating among items,
e.g., alternative technologies, and (2) recording respondents' evalua-
tions of how each item performs on each criterion. Hierarchical
decision-tree models, used primarily by anthropologists, depict the
decision process people use when considering alternative actions. Thus
the two approaches assist the researcher in understanding the preferences
and reasoning underlying the decisions farmers make.

Two secondary methodological objectives concern the quality of
information gathered at different stages of the diagnostic survey
sequence.] First, we test the effectiveness of the exercise for iden-
tifying recomendation domains. This exercise has two purposes:

(1) to delimit RD's and (2) to provide some preliminary data on RD's

in the study area. The method, a single-page questionnaire administered
to local leaders, is admittedly open to a broad range of error.

Collinson (1982) states that "it is important to emphasize that these
[the RD's specified by the exercise] are preliminary groupings. As the
diagnostic sequence is implemented within these identified target groups,
the characteristics of each domain will be more fully understood." If
the errors are significant, the exercise can be wasteful and misleading.
This thesis will evaluate the quality of the information obtained in

the exercise by comparing the information with that of the formal survey.

1This is an important issue because national research institutions
seek to lower the cost of diagnostic studies in terms of cash, time, and
use of scarce skilled manpower. Evaluating the quality of data at dif-
ferent stages of the investigation and the impact of the differences on
an experimental program can guide us in assessing the importance of each
stage.
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Possible biases leading to incorrect information at the preliminary
stage will therefore be identified and ex-ante corrective measures will
be proposed.

Second, we evaluate the utility of the formal survey, by comparing
its results with the informal survey results. As stated above, the pri-
mary purpose of the formal survey is to verify the findings of the
informal survey. However, the formal survey is too expensive and time-
consuming an exercise if it serves only to confirm informal survey
findings. This thesis will examine the changes in the understanding of
the farm systems and in experimental content which occur as a result of
mounting the formal survey. We will then conclude whether a formal
survey was indeed necessary and identify characteristics of a farm
system which make the formal survey more or less necessary under dif-

fering circumstances.

1.3. Background to the Problem-Solving Objectives

Kenya's agricultural research system is relatively strong, compared
to most African countries. In 1978, there were 255 Kenyan staff above
the B.S. level and 96 expatriates on research stations throughout the
country (Jamieson, 1979).

Since independence, there has been a shift of resources from cash
crops to food crops, and from high potential areas to marginal areas,
reflecting the government's efforts to change certain policies inherited
from the colonial era. The research system has made some significant
achievements in developing technologies for small farmers, most notably

concerning pyrethrum and maize development (Heyer and Waweru, 1976).
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However, non-adoption and partial adoption of recommended
technologies in Kenya is widespread and has been well-documented
(Kariungi, 1977; Gerhart, 1975). The 1979-83 five-year development
plan notes the lack of new technologies available for immediate adop-
tion and the irrelevance of many research packages. The plan calls for
reorienting research and extension towards alleviating production con-
straints in smallholder farming systems (Government of Kenya, 1979a).

With these policy objectives in mind, the Committee oﬁ Maize and
Pasture Research of the Hinistry of Agriculture recognized the potential
usefulness of the farming systems approach and recommended that:

KARI/SRD [Kenya Agricultural Research Institute/

Scientific Research Division] should lay more emphasis on

problem identification of the zonal and farm level through

diagnostic studies which take account of the physical

environment and social and cultural attributes of the
target population (Government of Kenya, 1980).

1.4. Statement of the Problem-Solving Objectives

This thesis holds that FSR is a more effective and efficient
approach for developing small-farmer technologies than is the conven-
tional yield-oriented approach. The general problem-solving objective
of this thesis is to plan an adaptive production research program for
farmers in Middle Kirinyaga. More specifically, the problem-solving
objectives are to:

1. Describe farming systems in the study area.

2. Identify priority research areas for planning technolo-

gies appropriate for farmers. These are points of the
system where changes can increase productivity and
where such changes can be readily acceptable and feasible

for farmers.
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3. Examine selected farmer decisions related to the priority
research topics. These decisions are selected because an
understanding of the issues involved will assist research-
ers in proposing new technologies and formulating recom-
mendations for farmers.

4. Plan an adaptive production research program to develop
technologies for farmers in the study area. Recommenda-
tions will also be made for planning technical research
on research stations and for mounting extension programs
in the area.

As stated above, this thesis addresses only one stage in the tech-
nology development process, the planning stage. Therefore, the thesis
does not purport to solve any farmer problems, per se. Rather, our
problem-solving objective is to help researchers solve their problem of
planning biological and physical research to aid Middle Kirinyaga
farmers. The researchers' problem is seen as one of making experimen-

tation more effective in developing technologies for small farmers.

1.5. Overview of the Thesis

Chapter 1 presents the objectives of the thesis--both methodologi-
cal and problem-solving--and the background to these objectives. Chapter
2 discusses the research design of this thesis. The chapter begins
with a discussion of the objectives and attributes of the planning stage
of FSR, highlighting the importance of understanding farmer decisions
for planning new technologies. Theoretical contributions from manager-

jal decision theory are presented which provide a framework for
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exploring farmer decisions. Some practical considerations in selecting
an approach and methods are also examined. Next, approaches to under-
standing farmer decision-making are reviewed and their relevance to
meeting the objectives of the planning stage of FSR are assessed.
Finally the approach and specific methods used in this thesis are pre-
sented and discussed.

Chapter 3 presents the procedures for collecting data in this
thesis. First the selection of Middle Kirinyaga as the study area and
the delineation of recommendation domains in and around the study area
are discussed. Next sampling methods, fieldwork procedures, and speci-
fic problems in mounting the informal survey and the formal survey are
presented.

The survey results, a description of farming systems in Middle
Kirinyaga, are presented in Chapters 4 and 5. In Chapter 4, natural
and socio-economic features are described and farmer objectives and
sources of income are examined. This is followed by discussion of the
management of the farm system, resource use, and system constraints.

In Chapter 5, we analyze selected farmer practices, focusing on the
area's two principal crops, maize and beans. The chapter highlights
strategies farmers use for meeting their objectives in the circumstances
they face.

Chapter 6, which addresses the problem-solving objective of this
thesis, presents an adaptive production research program appropriate
for Middle Kirinyaga farmers. Criteria for selecting research priori-
ties are discussed in the light of farmer practices, the context in
which experiments will be mounted. Detailed discussions of two priority

research areas and three areas of lesser priority are discussed for
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maize and beans. Comments are also offered on other crops. This
section also presents some problem areas for the extension service to
address in Middle Kirinyaga.

Chapter 7 addresses the methodological objectives of this thesis.
Two methods from outside the field of Agricultural Economics--hier-
archical decision modeling and repertory grid from Psychology--are
evaluated as supplements to the CIMMYT diagnostic survey approach. This
chapter also examines how the quality of data changes as one proceeds
through the stages of the diagnostic survey sequence. The chapter
includes proposals on the use of hierarchial decision-making and
repertory grid in the CIMMYT approach, survey methods for identifying
recommendation domains,and the use of the formal survey for verifying
the results of tne informal survey.

Chapter 8 summarizes the principal findings of the thesis. Sug-

gestions for further research are also presented.






CHAPTER 2

RESEARCH DESIGN

This chapter presents the approach taken and the methods used in
this thesis for planning an adaptive production research program for
small farmers. First, the objectives and main attributes of the plan-
ning stage of FSR are presented. Néxt, we discuss the analytical
approach used to diagnose farmer problems, highlighting the importance
of understanding farmer management strategies and decisions. The theo-
retical contributions of managerial decision theory for understanding
farmer decision-making are examined; these serve as a conceptual frame-
work for empirical studies examining farmer decisions. Also, some
practical considerations in selecting an approach and methods are out-
lined, based on principles of the economics of information.

The methods selected for planning an adaptive agricultural research
program are presented in the last section of this chapter. Three
aoproaches to understanding farmer decision-making are reviewed. The
cognitive, anthropological approach is identified as best suited to the
objectives of this study. Specific methods include the CIMHYT diagnos-
tic survey for obtaining an overall understanding of the farming system
and repertory grid and hierarchial decision-tree modeling for examining
selected farmer decisions in greater depth. In this last section, we
also highlight the principal methodological issues to be addressed in

this thesis.

18 S
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2.1. The Planning Stage of FSR

As stated in the previous chapter, the objectives of the planning
stage of an integrated on-farm research program with a farming systems
perspective are to develop an understanding of the farming system and to
use that understanding to plan improvements appropriate for farmers.
Understanding how the farming system functions--what farmers do and why--
serves as a basis for identifying problems of farmers and evaluating the
potential success of possible solutions.

There is a broéd consensus among FSR practitioners on the attri-
butes of FSR and in particular, thé characteristics of the planning
stage. While many of these attributes may also be found in other
research programs, their combination distinguishes FSR from other
approaches. These attributes, summarized below, are discussed in the
principal works on FSR: Technical Advisory Committee, 1978; Norman,
1980; Gilbert, Norman and Winch, 1981; and Shaner, Philipp and Schmehl,
1982.

1. Farmer-Based. One of the principal functions of FSR is to

strengthen the links between farmers and researchers. A presumption of
the FSR approach is that it is difficult to introduce improvements to a
system which is not well understood. Therefore, as a basis for develop-
ing new technologies, it is necessary to develop an understanding of the
farmer's aspirations, environment, resources, constraints, and practices.
2. Holistic. Farming systems researchers begin by considering the
farm family's activities--including crop, livestock, household, and off-
farm processes--as a whole and analyzing the varfous elements which
influence the farming system. Figure 2.1 presents a schematic represen-

tation of some possible determinants of a farming system. The figure
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highlights the importance of the human element, including both exogenous
factors such as community structures, and endogenous factors such as the
farming household's decisions. Moreover, the figure depicts the house-
hold as both a production and a consumption unit with interactions
between the two.

Researchers use a holistic approach to focus on system interactions--
the impact that particular elements of a system have on each other. For
example, maize stover may be an important input into livestock produc-
tion, and farmer practices concerning maize production may be influenced
by the objective to produce stover as well as grain for human consump-
tion. Another important type of system interaction is the production
compromise; farmers are often prevented from managing a particular enter-
prise in what would be an ideal manner for it alone because they wish to
allocate scarce resources over a wide range of enterprises or activities.

In actual practice, many FSR programs are not very holistic due to
practical considerations. For example, in countries where skilled
researchers are scarce, FSR teams may include only two persons. The
team is likely to neglect many factors outside of its expertise which
influence the farming system.

In using a holistic approach, FSR practitioners consider a fairly
substantial array of possible improvements for any given group of
farmers. This does not imply that all parameters are variables, or that
all variables require the same degree of attention. Rather, it is likely
that FSR researchers will quickly focus on particular commodities or
operations because making improvements in that area will benefit the
farmer. However, they must consider explicitly how the facet under

study relates to other system components.
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Many FSR programs fail to consider a broad range of improvements
for the same reasons they lack holism. For example, a shortage of
skilled manpower and the compartmentalization of research departments
often 1imit the scope of improvements considered in FSR programs. HMore-
over, some claim that it is more efficient to 1imit FSR's focus in the
short run to production improvements; policy, institutional and off-farm
improvements may be incorporated into the approach at a later date when
FSR has gained more experience and credibility.

3. Multi-disciplinary and Inter-disciplinary. Because of its

holistic approach, FSR is multi-disciplinary. Specialists provide exper-
tise from their respective disciplines on: (1) how the farm system
functions, (2) what its key problems are, and (3) how to solve them.
Most FSR researchers highlight the interaction between technical scien-
tists and social scientists as critical to success. The technical
scientist examines the biological and physical environment and evaluates
farmer management of an enterprise in light of what ideal management
should be. The social scientist examines the socio-economic environment,
endogenous factors, and system interactions to explain why the farmer
makes the decisions he does. Working together on a commonly defined
research agenda, they prescreen possible solutions to farmer problems
which will raise productivity and be both feasible and acceptable to

the farmer. Thus, FSR requires "a multi-disciplinary team working in

an inter-disciplinary manner", that is, specialists from several dif-
ferent disciplines working together using mutually understandable
language to solve a particular problem (Gilbert, Norman and Winch,

1980).
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4. Farmer-qroup Specific. Because of prohibitive costs, it is

impossible to plan research for individual farmers in developing
countries. Planning research for large regions, or even nationwide,

is also impractical since such research glosses over important vari-
ations between and within areas. Farmers with similar farming systems
have similar problems and opportunities; thus they require a common
experimental program and set of recommendations. Therefore, a prelim-
inary step in an FSR program should be to identify fairly homogenous
farmer groups, or recommendation domains (RD's). The criterion for
including farmers in a single group is whether a single set of recom-
mendations would be generally appropriate for all members of the group.
Farmer-group specificity should not be confused with area-specificity;
it is farmers and not fields which make decisions on technologies. Thus,
farmers of different RD's may be interspersed in a given area.

5. Flexible in Accommodating Technical and Non-Technical

Improvements. FSR has been applied almost exclusively for identifying

improved techniques in crop production. However, the approach can and
is being used to identify other kinds of improvements--in infrastructure,
policy, land tenure, etc.--needed for rural development.

6. Consistent with Societal Objectives. FSR is used to enhance

the welfare of farmers within the guidelines of national policies and
the long-term interests of society. On occasion, short-run measures to
enhance farmer welfare may conflict with these policies and interests.

For example, hillside farmers may be guided by profit considera-
tions to plant annual cash crops, causing severe soil erosion, at a time
when national policy is seeking to minimize soil erosion. Because

farming system researchers draw upon the objectives and considerations
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of both farmers and policy makers, they are able to identify solutions
which will serve the interests of both groups. For example, in the
above case, FSR researchers may seek to introduce relay and mixed crop-
ping patterns which are profitable to farmers and conserve the nation's

soil resources as well.

2.2. Analytical Approach

In the planning stage of FSR, researchers examine how the farmer
allocates his scarce resources of land, labor and capital among compet-
ing enterprises to best meet his objectives. Key farmer problems are
identified and technological alternatives are proposed. The following
analytical approach was used in this thesis to develop an understanding
of the farming sysgem and to identify system improvements. The steps
overlap significantly and are not necessarily undertaken in sequence.

1. Describe the Farmer's Environment and Environmental Constraints.

An understanding of the environment and how it shapes the farmer's
activities is essential for understanding the system and evaluating the
appropriateness of proposed improvements. The aspects of the farmer's
environment are: natural (e.g., rainfall, soils, topography), insti-
tutional (e.g., transportation, government programs), and social (e.g.,
ethnic group, societal values, family structure). In most cases, FSR
does not seek changes in the environment but rather changes which the
farmer can make given his environment.

2. Examine Farmer Objectives and Priorities. Collinson (1981)

Tists the objectives of small farmers as:
(a) meeting the social and cultural obligations of the community;

(b) providing a stable, reliable supply of food for the family;
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(c) providing cash for basic needs;

(d) providing extra cash.

An understanding of the farmer's objectives and the relative weighting
of each objective is required so that researchers can propose improve-
ments which help him meet his objectives or, at least, are not incon-

sistent with them.

Specifically, researchers must assess farmer preferences concerning
aspects of production and consumption alternatives (e.g., risk-yield
tradeoffs, differing maturity  length of varieties, storage decisions,
and tradeoffs between farm investment and consumption). .Researchers
obtain information about farmers' preferences through interviews and
inferences concerning enterprises farmers pursue, the choice of period
to perform operations in enterprises, and when and how products from
the enterprise are used.

3. Evaluate Resource Use and Constraints. The farmer has 1limited

amounts of land, 1abor and capital resources at his disposal; how he allo-
cates and uses them are key elements to understanding how the system
functions. Comparing resource use to resource availability helps the
researcher identify farmers' resource constraints and priorities. The
researchers understand how a single enterprise should ideally be managed
in order to maximize returns to that enterprise. They then examine how
enterprises and consumption opportunities compete for resources in order
to explain the compromises made by farmers combining enterprises.

4, Examine Farmer Management Strategies. The analysis of farmer

management strategies pulls together the information thus far collected--

how farmers seek to allocate their resources to best achieve their
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objectives given the environmental constraints they face. Collinson
(1981b) states that farmer management strategies are

. . devices for reconciling the satisfaction of a variety
of priorities with resource limitations and uncertain
production circumstances. Identifying farmers' manage-
ment strategies, understanding how they satisfy farmers'
priorities and how they compromise.production methods is
a prerequisite for evaluating new techniques proposed for
the system.

5. Identify lLeverage Points and Propose System Improvements

When proposing improvements, the researcher must adopt the farmer's
perspective on the problem and help the farmer improve on the strategy
he is already following. Leverage points are points in the system where
there is scope for increasing productivity in ways that are likely to
be acceptable and feasible for the farmer. Possible leverage points in
the crop sub-system include the method and timing of a cultivation
operation and the type of inputs, varieties and enterprises. At
leverage points, a problem exists and there are potential solutions to
the problem, e.g., by using a new input, changing the timing or method
of an operation, or introducing a new enterprise.

This analytical approach is used to examine farming systems in
Middle Kirinyaga in this study. The results are presented in Chapters

4 and 5. Proposals for system improvements are discussed in Chapter 6.

2.3. Theoretical Contributions from Managerial Decision Theory

FSR and the analytical approach used in this thesis both highlight
an understanding of farmers' decisions. Several sets of concepts from
managerial decision theory (Johnson, 1961) provide a useful perspective

for examining farmer decision-making processes. These sets of concepts
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are (1) information classifications for decision-making, (2) steps in
the decision process, and (3) knowledge situations.

The first set of concepts presented here is useful for classifying
information people use in making decisions. Three information areas may
each be broken down into two information types: (1) normative
information--information on values, i.e., goodness or badness and (2)
positive information--non-normative information, i.e., information on
what is or whaf will be. Further, each information type may be broken
down by tense--information on the past, present or future. Thus,
information used in making decisions can be categorized ina 3 x 2 x 3
matrix.

The decision maker draws upon information from tnis matrix to make
prescriptions on the rightness or wrongness of an action or goal. A
right action or goal is the "best" action or goal, best meaning "that
indicated by the value beliefs involved in view of what the factual
beliefs involved indicate is possible" (Johnson, 1961). Prescriptions
are always a function of both normative and positive information.

The set of concepts on how decision makers perceive reality implies
a rational model of decision-making but does not rule out irrational or
inconsistent concepts, goals and actions. Moreover, no restrictions are
placed on how beliefs about normative and positive information are
formed. The model is useful because it instructs us that we must col-
lect both normative and positive information if we are to develop an
understanding of farmer decisions. It also shows us that information
on farmer prescriptions is useful for understanding how the farmer uses
normative and positive information to formulate opinions on the right-

ness or wrongness of an action. Of course, whether or not the farmer
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takes the action that he prescribes is a function of his intentions and
many other factors in the farmer's environment--constraints he faces,
his own personal initiative, and chance circumstances.

The breakdown of the decision process into steps is a second
development in managerial decision theory for examining farmer decisions.
The steps include problem definition, observation, analysis, decision,
action, and acceptance of responsibility. Indeed, the very process of
generating recommendations for farmers is an attempt to reduce the cost
to the farmer of several of these steps, especially problem identifica-
tion, observation and analysis (Harrington, 1980).

A third useful concept in managerial decision theory is that of
knowledge situations. Managers acquire information to arrive at deci-
sions, as stated previously. Increments of information have increasing
marginal cost and decreasing marginal value; thus some point exists at
which marginal costs and returns are equal. The following five states
of knowledge explain alternative situations managers face in making
decisions:

1. Certainty: The manager considers his preseﬁt knowledge adequate
for making a decision. He has no interest in acquiring further informa-
tion.

2. Risk: The manager regards present knowledge as adequate for
making a decision and the cost of additional knowledge is equal to its
value.

3. Learning: The manager feels that he does not yet have enough
information to make a decision. The value of learning additional infor-

mation exceeds the cost of obtaining that information.
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4. Inaction: The manager feels that he does not have enough
information to make a decision and that the cost of additional informa-
tion exceeds the value of that information. Therefore, no action is
taken.

5. Forced Action: The manager would be in some other knowledge

situation if it were not for some outside force which made it necessary
for him to reach a decision.

The recognition of knowledge states requires us to include the
acquisition of information in our model of decision-making. For example,
in a case where farmers know about a maize variety and 20 percent of the
farmers are using the variety, we might conclude that 20 percent of the
farmers have decided to use the variety and 80 percent have rejected it.
This analysis may be correct, but some users may be in the certainty
state, others may be in the risk state, and still others in the forced
action state. Those not using the variety could be in any of the five
states. Which states farmers are in will have important bearing on our
technology planning. For example, if most non-users are in the cer-
tainty or risk states, the variety is not appropriate for these farmers.
However, if most non-users are in the learning or inaction stage, the
problem may be an extension problem. Thus, the concept of knowledge
states enriches our understanding of the reasons behind farmer decisions

and strategies.

2.4. Some Practical Considerations in Selecting Methods
for Data Collection

Research institutions generally face a number of constraints in

planning experimentation--most notably, lack of trained manpower, budget
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limitations, and the time period available to report survey results.
Therefore, it is necessary to design a program of data collection to
accommodate these constraints. Clearly, the planning team must seek to
collect the minimum amount of data needed to plan experimentation which
will likely provide benefits to the client population. Further, the
data must be collected and analyzed in the most efficient manner pos-
sible, minimizing the use of trained manpower, budget costs, and time.
Ideally, researchers continue collecting data until the marginal returns
of collecting additional data are equal to the marginal cost.

A holistic, multidisciplinary FSR approach appears to be incon-
sistent with efforts to minimize costs and accommodate manpower and
financial constraints. However, empirical findings on how farmers adopt
changes limits the scope of the objectives of an FSR program, and thus
its costs (Byerlee, Harrington and Winkelmann, 1982). Small farmers,
characterized by capital scarcity, risk aversion and possessing a healthy
degree of skepticism, generally change in relatively small steps, adopt-
ing one or a few relatively minor changes at a time, rather than seeking
to transform their system of farming all in one step (Mann, 1977; C.
Gladwin, 1979; Gerhart, 1975).] Therefore, the objective of the FSR
approach in the short run should be to develop a few system improvements
which require relatively small degrees of change on the part of the
farmer. To accomplish this, researchers should use data collection pro-
cedures which help them to efficiently identify a few worthwhile changes

and develop a sufficient understanding about the farming system and

]This is not to denigrate the "package" concept in technology dif-
fusion. Indeed, the issue of package recommendations versus the single
recommendation approach is a red herring; the issue is the degree of
change implied by a single recommendation or set of recommendations, not
the number of changes (Collinson, Personal Communication).
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farmer attitudes concerning the changes to plan appropriate
experimentation.

A sequential approach to collecting data, in which data collection
at each stage is increasingly focused on priority problems, is more
efficient than setting out from the start to collect a complete data
set on stocks and flows of inputs and outputs. Researchers using a
sequential procedure begin by developing a broad overview of the farm-
ing system and then focus on a few variables at leverage points. At
each stage, an iterative procedure is followed: researchers collect
and evaluate data to decide what additional data are required. Thus,
at each stage, data are used to refine one's understanding and estab-
lish hypotheses which in turn are used to further focus data collection
and eliminate issues and topics which are not relevant. Throughout the
exercise, researchers are weighing the value of additional information
against the costs of obtaining that information (Byerlee, Harrington
and Winkelmann, 1982).

Two other practical considerations are also important in selecting
FSR planning methods. First, the methods should be conducive to multi-
disciplinary team work, that is, they should be readily comprehensible
to all team members so that each can play a role in contributing to the
objectives of the FSR exercise. Second, the methods should be readily
comprehensible to policy makers; if they can understand the process by
which results were obtained they will have greater confidence in those

results.
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2.5. A Review of Approaches to Modeling Farmer Decision-Making

Thus far, we have described the principal aspects of FSR, presented
an analytical approach for identifying system improvements, and discussed
some theoretical and practical considerations for developing an under-
standing of farmer decisions and the farming system. In this section,
we review broad approaches to modeling farmer decisions and select an
approach suitable to meet our objectives. In the following sections, we
present specific issues we will address in using this approach for
developing our qnderstanding of the farming systems and identifying
system improvements.

Broadly, there are three different approaches to understanding
farmer decisions which are found in farm management literature on devel-
oping countries. The three approaches and examples from each are pre-
sented below.

1. Multivariate analysis approach. Adoption and diffusion studies

commonly use multivariate analysis to examine farmers' decisions. In
these studies researchers correlate the outcome of a decision to char-
acteristics of individual or groups of adopters (e.g., age, zone, access
to extension, characteristics of village leaders), usually using multiple
regression. Exploring the association between specific characteristics
and adoption is useful for identifying the factors which promote and
inhibit adoption. Examples of multivariate analysis studies include
Gerhart's study of hybrid maize adoption in Western Kenya (Gerhart,
1975) and comparative diffusion research by Rogers, et al. (1970).
Scientists from a variety of disciplines--geography, economics, commu-

nications--use multivariate analysis for explaining farmer decisions.
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2. Behavioral Approach. Researchers using this approach establish

a choice criterion, such as maximization of profit subject to a number
of constraints, and test the hypothesis that farmers make decisions

which are consistent with the outcomes of these models. Further, beha-
vioral models are also used to identify constraints, evaluate the impact
of new technologies and policy changes on the farming system, and identi-
fy and evaluate farmer management strategies (Eicher and Baker, 1982).
Behavioral models are used most often by economists and particular
‘methods include response functions (Wolgin, 1975), utility function
analysis (Walker, 1980), linear programming (Heyer, 1972) and systems
simulation (Crawford, 1982).

3. Cognitive Anthropological Approach. Advocates of this method

assume that the farmer's own perspective of the world around him is the
best starting point for model building (H. Gladwin, 1979). Intensive,
informal interviews are used to develop an understanding of the criteria
farmers use in making decisions and the management strategies they
pursue. Greater emphasis is given to collecting normative and prescrip-
tive information than in the other two approaches. Examples of the
cognitive anthropological approach include participant observation (Hill,
1972), hierarchial decision modeling (C. Gladwin, 1976) and repertory
grid (Baldwin, 1977). The CIMMYT diagnostic survey procedures also rely
heavily on this approach.

For the purpose of developing an understanding of farmer decisions
and management strategies and using this information for planning pro-
duction research, the third approach, the cognitive anthropological

approach, is the most useful.
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Multivariate analysis studies are important for gaining a broad
overall view of adoption patterns. Furthermore, they often are able to
pinpoint strong associations which may be used to understand why adoption
does or does not take place. For example, Gerhart found a strong cor-
relation between climatic zone and adoption of hybrid maize in Western
Kenya. Using supplementary rainfall and experimental data he showed
that available hybrids were simply not suitable for certain areas. But
regression studies investigate association of farm and farmer character-
istics with adoption, not causation of adoption. Therefore, they
cannot generally be used to explain the reasons why farmers take parti-
cular decisions, reasons which may be fairly complex. For example,
education is a common variable in regression equations to "explain"
adoption. But lack of education is rarely ever a reason for non-
adoption; rather it is a proxy for other possible causes of non-adoption:
inability to read instructions, less willingness to experiment, less
exposure to media, etc. In fact, there is usually a very weak link
between independent variables and dependent variables in regression
equations which "explain" adoption. Certainly, we are in the dark about
which policy measures would be most effective if we do not know the
actual causes of non-adoption.

Regression equations are especially poor in explaining adoption
when independent variables are used as proxies for farmer attitudes,
such as risk. For example, Gerhart sought to associate the area planted
to some well known insurance crops (cassava, groundnuts, sorghum and
millet) with the decision to adopt hybrid maize, in order to test the
importance of risk in inhibiting adoption. The proxy is questionable,

as Gerhart acknowledges, since the insurance crops may be grown for a
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variety of other reasons, many yield differently in different areas,
etc. Furthermore, Gerhart points out that even if the proxy is accept-
able, the association tells us nothing about the nature of the risk
farmers perceive--losing their seed investment in a drought year, expos-
ing themselves to more variable returns, etc. Thus, information from
multivariate studies is not sufficient for developing an understanding
of farmer decisions and management strategies necessary for identifying
potential system improvements.

Behavioral models, seeking to confirm whether farmer behavior is
consistent with certain choice criteria, also oversimplify the actual
decision criteria farmers consider when making a decision. Expected
utility modelers, for example, derive utility functions for farmers
which establish the farmers' preferences of tradeoffs between risky
high-paying options and more stable, low-paying ones (0'Mara, 1971;
Walker, 1980). Disregarding the host of measurement problems encoun-
tered (Petit and Dijon, 1980; Young, et al., 1979), the model tells us
little about sources of risk and other factors besides risk which affect
decisions.

Other behavioral model approaches have similar pitfalls. Some
researchers use production functions to compare existing resource allo-
cation with optimal allocation, and infer that the difference is due to
risk aversion (de Janvry, 1972). The problem in this case is that a
multitude of other factors may be involved (Young, et al., 1979).
Linear programming and systems simulation may be useful, if costly,
methods for modeling the system and testing the effects of including
new technologies or enterprises in existing farm systems. However,

these models are based on, and are not substitutes for, an understanding
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of the farming system. How this understanding is obtained is not often
made clear; "understanding" generally appears to come through ex-post
analysis based on farm modeling (Byerlee, Harrington and Winkelmann,
1982). In any case, behavioral models tend to sidestep examining the
actual reasons which farmers have for making decisions and instead, test
whether the outcome of the decision is consistent with certain general
behavioral choice criteria.

Researchers using behavioral models are generally guided in their
data collection efforts by the input-output framework. As comprehensive
as this approach may appear it is often found lacking. Informal methods
of intensive interviewing and observation are needed to penetrate the
relationships and patterns of activities which 1ie beneath the surface
of input-output data (Haugurud, 1979). Researchers using the cognitive
anthropological approach emphasize understanding the logic behind pro-
duction decisions rather than gathering facts about production. "Know-
ledge of farmers' reasoning is as necessary an input to a successful
rural development project as is agronomists' or economists' reasoning
from a distance" (C. Gladwin, 1979).

An understanding of "farmers' reasoning", the key element in the
analytical approach adopted for this study, can best be developed using
the cognitive anthropological approach.] For example, farmers in Middle
Kirinyaga are divided over the issue whether the best time to plant
maize and beans is before or after the rains begin. The agrondmist may

have his own opinion, but he needs to understand the farmer's perspective

1However, we do not contend that the cognitive anthropological
approach is always useful for explaining farmers' reasoning. Indeed
many actions and decisions may not be subject to analysis using any
approach. For example, farmers may not be able to explain why they
plant in a particular manner or why they use a particular variety.
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and the flexibility farmers have in order to decide whether time of
planting is a leverage point and what research opportunities are asso-
ciated with it. Farmers in Middle Kirinyaga point to many advantages
and disadvantages to planting at each of the two times--before or after
the rains begin. .Some of the disadvantages can be characterized as
risks, whereas others are fairly certain results of planting at a par-
ticular time. When the farmer actually does plant is a function of
when he intends to plant and any external forces which interfere with
his intentions. Sifting through the various criteria he regards as
important and understanding the reasoning he uses, cannot be accomplished
using a multivariate or behavioral model. These models can indirectly
provide important clues of association or possible outcomes of alterna-
tive decision paths, but they are not substitutes for the informal,
analytical approach for developing an understanding of the farmer's
perspective and using this understanding to identify research opportuni-

ties.

2.6. Issues Concerning the CIMMYT Diagnostic Survey

The principal method selected for this study is the CIMMYT diagnos-
tic survey, outlined in Chapter 1. The diagnostic survey has several
practical advantages:

1. It is relatively inexpensive to implement in terms of time,
finances, and manpower. A team of researchers, two at a minimum, can
identify recommendation domains and complete an informal survey in one
to two months. A formal survey can be completed and data analyzed in

an additional two to four months.
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2. The method uses a sequential data collection procedure to focus
on important issues as described in Section 2.4. During the informal
survey, researchers evaluate the data collected and reformulate data
needs on a daily basis. By the end of the informal survey, leverage
points are identified and system improvements are proposed.

3. Interview procedures are informal and data collection and
analysis techniques are easy to learn. Thus, the method is conducive
to multi-disciplinary teamwork and can be easily understood by policy
makers. |

Examples of diagnostic surveys being used for planning experimen-
tation include: International Maize and Wheat Improvement Centre
(1979), and Shumba (1981). Successful results, measured in terms of
farmer adoption of technologies proposed in diagnostic surveys, are
reported in Moscardi (1982).

Three important issues concerning the CIMMYT diagqostic survey are
presented below. The first two issues concern the methodological objec-
tives of this thesis: (1) the collection and analysis of normative and
prescriptive information in the CIMMYT diagnostic survey and (2) the
advantages and disadvantages of including an RD-identification exercise
and a formal survey in the CIMMYT approach. The third issue, that the
CIMMYT approach is relatively less holistic than many other FSR
approaches, is presented in order to qualify the problem-solving results
of this thesis, that is, the adaptive research program developed for

Middle Kirinyaga.
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2.6.1. Collecting Information on Farmers' Values and Decisions

A key issue in mounting a CIMMYT-style diagnostic survey is how to
collect the relatively large amount of normative and descriptive infor-
mation--information on farmers' values and decisions--which is required.
The call for more emphasis on these kinds of information for understand-
ing decision processes in farm management is by no means a new one.]
However, farm management and farming systems research in LDC's still
emphasize collecting positive data on inputs and outputs, from which
normative and prescriptive information are extrapolated. The reasons
behind this tendency are not difficult to ascertain. First, farm man-
agement work in the U.S. and Europe tends to be positivistic and this
approach has been transferred to LDC's. Second, rewards in terms of
salaries and prestige among peers are earned on the basis of using the
most sophisticated quantitative methods, often with 1ittle consideration
as to their role in solving problems. Third, communication is diffi-
cult between researchers (whether expatriate or local) and farmers,
and it is easier to "measure" than to communicate. Fourth, conceptual
and semantics problems, which seriously affect the collection of posi-
tive data, are even more troublesome in the collection of normative
and prescriptive data. Fifth, many agricultural economists seek to
mimic the positivistic approach to research which they observe among
- other agricultural scientists. Thus, they shy away from the study of
values, objectives, decision processes, and prescriptions, labeling

such studies as "unscientific".

]See, for example, Johnson, 1961.
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The CIMMYT approach and other similar approaches, e.g., Hildebrand
(1981) and Bartlett and Umearokwu (undated), use informal, direct
interview methods for developing an understanding of farmer values,
prescription and the reasons behind farmer decisions. Farmer responses
are corroborated by direct observation, and intensive reasoning is used
to piece together why farmers do what they do. Unfortunately, the
approaches provide little systematic direction on how to identify and
evaluate the criteria which farmers use in making decisions. At pre-
liminary stages of the assessment of the farming system, supplementary
tools for investigating farmer decisions are probably not necessary.
But once leverage points are proposed, researchers need a fairly detailed
understanding of farmers' reasoning behind the decisions they make
concerning the leverage point. For example, maize variety is a pro-
posed leverage point in this study, as discussed above. Using the
CIMMYT approach, researchers would ask the farmer why he plants the
varieties he plants as opposed to other alternative varieties. They
may also ask about the farmer's past experiences, and test hypotheses
on relationships between varieties planted and other variables of the
system, e.g., farm size, income level, etc. However, a host of problems
may confront the researcher at this point. A farmer may give more than
one reason for why he plants or does not plant a particular variety and
if a 1ist of possible reasons is presented to him to consider, the num-
ber of reasons would certainly increase. Second, two farmers may give
the same reasons for planting different varieties; that is, they dis-
agree about some positive characteristic of the varieties. Moreover,

constraints and chance occurrences may prevent farmers from planting

the variety they want to plant. Unless a fairly uniform set of
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responses is obtained, the situation can become quite confusing. It is
in these cases that it would be useful to have easy-to-understand,
systematic tools for rapidly assembling the information on values and
prescriptions and for modeling the decision so as to better understand
the farmer's reasoning.

This thesis will use and evaluate two methods, Repertory Grid and
Hierarchical Decision Models, as supplements to the CIMMYT Diagnostic
Survey, for eliciting and evaluating normative and prescriptive informa-
tion on farmer decisions. These methods come from the disciplines of
psychology and anthropology, respectively, which have relatively more
experience in collecting and evaluating such information than does
agricultural economics. The theoretical underpinnings and proposed

contributions of the two methods are discussed below, in Section 2.7.

2.6.2. The Utility of an RD-Identification
Exercise and a Formal Survey

Utility of the RD-Identification Exercise

During the initial stages of an investigation, researchers are
interested in gathering preliminary information about farmers in order
to demarcate RD's, to develop a preliminary understanding of farmer
circumstances in each RD, and to identify appropriate data collection
methods to use in ensuing stages. Few farming systems studies use
primary data collection methods to meet these objectives. Rather, most
researchers rely on secondary information and "reconnaisance surveys",
i.e., informal discussions with farmers and persons knowledgeable about
the area. Formal data collection exercises at this stage are shunned

because they are expensive and time consuming, and because in initial
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stages of an inquiry the researcher does not know enough about the area
he is interested in to develop a suitable questionnaire.

However, Collinson used a single-page questionnaire survey of
extension agents to identify RD's in Central Province, Zambia (Inter-
national Maize and Wheat Improvement Centre, 1979). He concluded that
the method is a low-cost and effective, albeit preliminary, means of
identifying RD's and providing information about them. However, no
formal technique was used to arrive at this conclusion. In this thesis,
we compare the information obtained in the exercise identifying RD's
with the information obtained in the formal survey which foilowed. We
assume that if the information and RD's based on the formal survey are
similar to those developed in the RD-identification exercise, then the
exercise is an effective means of gathering preliminary information

about RD's.

Utility of the Formal Survey

The role of the informal survey in farm management investigations
in developing countries has increased in importance in recent years,
relative to the formal survey. Shaner, Philipp and Schmehl (1982),
comment at length on the advantages and disadvantages of informal
methods. The principal advantages are that it promotes free and in-
depth discussion of problems and issues and that it helps the researcher
to get acquainted with local words, concepts and ideas. On the other
hand, its principal disadvantages are that it is non-random, and that
because questions are not standardized, quantification is difficult and
results are less reliable. The authors conclude that researchers must

be "cautious in generalizing from informally collected data." Thus,
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they seem negative about using informal surveys as a basis for planning
experimentation, except in special cases when problems and opportunities
are so apparent that formal methods of data collection are unnecessary.

Other farming systems researchers view the informal survey as being
a generally effective and sufficient measure for gathering information
about farmers to plan agricultural experiments. They argue that, whereas
a formal survey may increase the accuracy and precision of information,
the increased costs, measured in terms of time as well as resources,
outweigh the value of the increased benefits. Hildebrand's Sondeo
(Hildebrand, 1981) and Gathee (1979) provide examples of using an infor-
mal survey to plan experimentation.

Collinson occupies a middle ground between those arguing that only
the informal approach is required and proponents of the formal survey.
On the one hand, the informal survey is the "pivotal"” step in the diag-
nostic approach, but on the other hand, he generally advocates mounting a
single-visit formal survey to verify the information gathered in the
informal surQey (Collinson, 1982).

Little work has been done to formally compare the information and
implications for qesearch from informal surveys with those of the ensu-
ing formal survey for the same group of farmers. Indeed, if the formal
survey exercise does not lead to significant improvements in the accuracy
of information and the design of experiments appropriate for farmers,
one can argue that it is superfluous. In this thesis we compare the
data and the proposed experimental program developed in the informal
survey with those developed from the formal survey in order to examine

the utility of mounting a formal survey.
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2.6.3. Holism

A principal weakness of the CIMMYT approach, as practiced in
Eastern Africa, is that it tends to be less holistic than certain other
FSR and farm management approaches. Typically, multi-disciplinary teams
mounting CIMMYT diagnostic surveys include only agricultural scientists
and economists, excluding sociologists, rural non-farm enterprise
specia]ists’ﬂqd others who have expertise on rural development. Thus,
it is not suf%?ising that leverage points in these surveys almost exclu-
sively involve agricultural production inputs or operations. [oreover,
relatively little attention is given to such topics as household-firm
interactions, marketing and credit networks, and other factors influenc-
ing the farming system.

The approach used in this thesis is subject to the above weaknesses.
The team was composed of an economist and an agronomist, with only
limited input from other agricultural scientists. Leverage points were
heavily weighted towards experimentation on maize and beans, the area's
two principal crops. The researchers sought to analyze how household
processes influenced production processes but certainly lacked the
expertise of rural sociologists or human ecologists in addressing such
questions.

In our case, a more holistic approach was an ideal towards which
we strove but which we were prevented from fully attaining by three
principal considerations. First, skilled researchers are in scarce
supply in Kenya, making it difficult to recruit researchers to partici-
pate in survey exercises. Second, logistics and financial constraints
limited the size of the team. Third, we had no formal access to policy

makers outside of production research so we chose to 1imit our proposals
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to those concerning production research. However, we believe that there
were sufficient incremental benefits to mounting an FSR exercise with
only two team members and focusing only on agricultural production
research to warrant the costs of the exercise. Ideally, we recognize
that the make-up and focus of the team should be much broader than it

was in our case.

2.7. The Repertory Grid (RG) Technique and Hierarchical
Decision-Tree Models (HDM)

In this thesis, we evaluate the incorporation of two techniques,
RG and HDM, into the CIMMYT diagnostic survey for assembling and analyz-
ing data about farmer values and decisions. These techniques are

described in detail below.

2.7.1. The Repertory Grid Technique

Repertory grid is a method from cognitive psychology which seeks
to elicit and measure people's perceptions of their environment. The
method was developed by clinical psychologist G. A. Kelly in the 1950's
as a therapeutic procedure, based on his human "personal constructs"

1 This theory holds that individuals build conceptual models,

theory.
based on their own experiences, which are used to guide their future
actions. In these models, an individual arranges features of his per-
ceived environment, called "elements", by discriminating on the basis
of attributes into bi-polar scales which express meaningful contrasts.

These scales are called "personal constructs".

]A detailed presentation of Personal Construct Theory is beyond the
scope of this paper. A brief sketch is given here only to acquaint the
reader with its basic precepts. A summary of the theory is found in
Bannister and Mair (1968).
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For examp]e{ an individual may percéive a set of elements called
"bean cultivars" because they have a set of similar attributes which
separate bean cultivars from other sets of phenomena. He evaluates
them through his own personal constructs, with bi-polar scales for each
attribute, e.g., high yielding-low yielding, good tasting-bad tasting,
etc. How these constructs are built into mental models is the subject
of further work (Bannister and Mair, 1968).

Repertory grids are matrices of scores for a set of elements across
a set of constructs. Elements and constructs are generally elicited
from individuals themselves to minimize interviewer bias. Elements are
rated on each construct using a consistent procedure. The resulting
matrix describes an individual's repertory of feelings about a set of
elements. An example of a repertory grid for evaluating farmer opinions

of alternative bean cultivars is shown in Table 2.1.

Table 2.1

Sample Repertory Grid of Important
Attributes of Bean Cultivars?

Cultivar 1. Cultivar 2. Cultivar 3.

Yield in Season of
Sufficient Rainfall 4 4 3

Yield in Season of
Low Rainfall 1 1 2

Storing (Without
Insecticide)

Taste
Price
Disease Susceptibility

— N O W
w N W w
— B O P

aRatings: 5 = excellent, i.e., variety performs very well.
1 = poor, i.e., variety performs poorly.

Source: Data are hypothetical.
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Repertory grids have been used by researchers in a number of fields
other than clinical psychology, e.g., market research (Hudson, 1974) and
urban geography (Harrison and Sarre, 1975). This author knows of two
applications of this technique to agricultural development in less
developed countries. Townsend (1975) examined how farmers in a Colom-
bian settlement project perceived of their own farms in contrast to
other farms, such as the "best" farm they knew, a particular neighbor's
farm, etc. Floyd (1977) used a similar approach in Trinidad. Both
researchers reported that the method is useful for developing an under-
standing of how farmers view the circumstances they find themselves in
and the priorities they have for improving their situations. Further,
Baldwin (1977) examined the perceptions of English tomato growers towards
past technological improvements in tomato production. Solving farmers'
problems was not the objective of any of these three applications of
repertory grid to agriculture. Rather, the researchers were concerned
with using the technique to understand how farmers perceive their world
around them.

In this thesis, repertory grids will be constructed to identify the
criteria farmers use in deciding among selected technological alterna-
tives concerning leverage points. In the early stage of the field work,
four potential leverage points were selected where it appeared that
repertory grids could be useful in obtaining farmers' appraisals of
available technological alternatives at these leverage points. Reper-
tory grids were constructed using samples of 5 to 15 farmers and the
important aspects concerning the set of alternatives were elicited from

the farmers themselves. During the formal survey the grids were
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constructed for randomly selected farmers, using the aspects identified

in the formal survey.

2.7.2. Hierarchical Decision-Tree Models

The hierarchical decision-tree model (HDM) is the second method to
be tested in this study as a supplement to the CIMMYT diagnostic survey.
HDM's present the decision process in a tree form, with decision criteria
at the nodes, or branching points, of the tree. HDM's are used by
researchers in a number of disciplines, including anthropology, psy-
chology, and economics, to model decisions made by individuals.

The underlying theory behind HDM is that "people in choosing alter-
natives, do not make complex calculations of the overall utility of each
alternative. Rather, people tend to use procedures which simplify their
decision-making calculations," due to their inability and/or unwilling-
ness to process all information available to them (C. Gladwin, 1979).
Indeed, social scientists are becoming increasingly concerned with the
simplifying procedures which individuals use in making decisions. For
example, in a review of behavioral decision research across a number of
disciplines, Slovic, Fischoff and Lichtenstein (1977) claim that

. whereas past descriptive studies consisted mainly of

rather superficial comparisons between actual behavior and

normative models, research now focuses on the psychological

underpinnings of observed behavior.
Researchers examining simplifying procedures in decision-making include
Tversky (1972), Simon (1969), and Abelson (1976).

HDM is an important approach to modeling the simplified decision

Process which individuals use. The model is built in the following man-

ner, First, intensive interviewing is used to elicit decision criteria
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from respondents. Farmers who have not yet made a decision, i.e., are
in the "learning" or "inaction" knowledge state, are excluded from the
analysis. The criteria are then grouped into three categories:

1. Orderings of alternatives on some attribute (e.g., "in a
season of sufficient rainfall, is the yield of variety 'a' greater than
that of variety 'b'?");

2. Explicit choices that performance on one attribute is more
important than performance on another attribute (e.g., "you say that
variety 'a' yields better than 'b' when rainfall is sufficient but that
'b' yields better when rainfall is low. So is it better to plant a
variety expecting low rainfall or one expecting sufficient rainfall?");

3. Constraints which must be passed or satisfied (e.g., "did you
have cash available for buying variety 'a' seed?").

Once a set of criteria are identified, they are arranged in a flow
chart in a logical manner. For example, the hypothetical tree, shown
in Figure 2.2, summarizes the decision criteria which an assumed group
of 32 farmers consider in deciding whether or not to plant variety "a".
Yield is the first criterion because it is the most important criterion
to farmers in the group interviewed. Since yield in sufficient rainfall
was d more important criterion than yield in low rainfall, the former
precedes the latter. The criterion involving the trade off between the
two yield criteria follows directly after the two yield criteria. The
storage issue follows the yield criteria beéause farmers who test a
variety for the first time and find that it has very low yields will not
know, or care, much about storage characteristics anyway. "Not having
cash for seed" is a constraint and is therefore listed in the tree after

the intention to plant variety "a" has already been established.
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Figure 2.2

Hierarchical Decision Tree Model: Decision to Grow
Variety "a" (Model is Hypothetical)

Variety "a" Gives Highest Yield 0
All Var1i:;:;,yhen Rainfall is Suff1c1ent

Variety "a" Gives Highest . Do Not
Yield of All Var1et1es [ Plant
When Rainfall is Low 3 Cases

///////// Better To Plant a
Plant Variety Expecting Sufficient
5T Rainfall or One Expecting
ases Low Rainfall
Suff1c1ent
Ra1nfa] Both Low Rainfall
Stores Well Do Not
Enough Plant
\\\\k\\\\\‘ 2 Cases

Do Not Plant
18 Cases

Had Cash "\
Available For
Purchasing Seed

Yes No

Plant Do Not Plant
5 Cases 2 Cases
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In any case, the ordering of the criteria on the tree does not
affect a farmer's outcome, as long as the researcher has obtained the
principal reason why the farmer does not plant the variety. ‘For
example, if a farmer answers no to the first question, "does variety
'a' give the highest yield of all known varieties when the rainfall is
sufficient?" but later says that his reason for not using "a" is
because it doesn't store well, it would be incorrect for the researcher
to let the farmer "get off" the tree at the top box, "do not plant",
because variety "a" does not give highest yield when rainfall is suf-
ficient. Rather, one of two problems has occurred. Either the infor-
mation obtained from the farmer does not represent the farmer's opinions
on the issue or, more likely, the tree needs further development to
accommodate a person who (1) feels that variety "a" does not yield higher
than other varieties when rainfall is sufficient and (2) claims that
poor storage is the reason he does not use the variety.

The tree shows the relative importance of criteria in a particular
farmer decision. For example, in the hypothetical example of Figure
2.2, 60 percent of the farmers do not plant Variety "a" because it
stores poorly. Thus, it is implicit that storage is the most important
criterion and that yield and cash availability are less important con-
Siderations. Furthermore, the tree can be used to show how farmers
explicitly weigh the relative importance of any two particular criteria.
For example, Figure 2.2 shows that farmers feel that it is more import-
ant that a variety performs well when rainfall is sufficient than that
it performs well when rainfall is low.

The use of decision tree models to explain farmer decisions is

relatively new. Roumasset (1974) used decision trees to estimate the
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risk of alternative fertilization techniques on rice in the Philippines.
C. Gladwin (1977, 1980) has used HDM in Mexico, Guatemala, and Alabama
to model farmer decisions on the adoption of new methods and inputs and
for decisions on which crops to plant. Her earlier work involved using
HDM for ex-post evaluation of recommendations to provide feedback to
project planning. HMore recently, she has used HDM for ex-ante research
planning. For example, her work on cropping choices in the Altiplano
of Guatemala indicated that the least cost method of promoting cash crop
production was to improve yields of the subsistence crop, corn
(C. Gladwin, 1980). Further, she has reported using HDM's in two
"sondeos", multi-disciplinary survey exercises similar to CIMMYT infor-
mal surveys, for helping to plan experimentation. However, the models
used were not developed during the sondeos; they were refinements of a
previously developed model on cropping decisions in a neighboring area.
This thesis builds on Gladwin's use of HDM in FSR for guiding
technology planning. However, one departure from her use of the method
was made. Gladwin develops an HDM from interviews with 20 to 30
farmers and then tests the model for its ability to explain the deci-
sion among another 20 to 30 farmers. Further, she attaches considerable
importance to the ability of the model to "predict the decisions of a
new, different (if possible, random) sample of decision makers." Thus,
a high "success rate" (rate of prediction) is an important objective of
this exercise. In this thesis, HDM's are developed by researchers inter-
viewing a small number of farmers, 10 to 15, during an informal survey.
The questions underlying the model are then included in a formal survey
to a random sample of farmers. The objective is not to test, per se,

the model developed in the informal survey by examining the prediction
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rate. Rather, the objective is to use the model to develop appropriate
questions for the formal survey so that decision trees can be recon-
structed, based on formal survey responses, which represent the deci-
sions of randomly selected farmers. Thus, we do not presume that the
model developed in the informal survey is accurate enough to predict
decision outcomes; nor do we have any qualms about adding to or chang-
ing the model developed in the informal survey, in order to incorporate

individuals from the formal survey who do not "fit" into the original

tree.

2.8. Summary of Methods

The cognitive anthropological approach involves intensive inter-
viewing to develop an understanding of the logic behind farmer manage-
ment strategies and practices in order to develop an understanding of
the farming system. Thus, the approach requires normative, positive,
and prescriptive information about farmer decisions. Three particular
methods will be used to develop this understanding: (1) the CIMMYT
diagnostic survey, which is the overall approach for developing the
understanding of the system and (2) and (3) the repertory grid tech-
nique and hierarchical decision-tree model, which are used for examin-
ing particular farmer decisions.

The first step was to select a study area and identify recommenda-
Ttion domains. Next, an informal survey was undertaken together with an
Qgronomist. During the informal survey, we identified system leverage
Points and used RG and HDM to obtain more information about farmer

decisions concerning the leverage points.
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A formal survey was then mounted to verify the information from the
informal survey and quantify selected parameters useful for planning
experimentation. The questions used for developing RG's and HDM's in
the informal survey were incorporated into the formal survey. Thus, the
RG's and HDM's constructed from formal survey data may be compared with
those developed during the informal survey.

RG and HDi will be evaluated on the contributions they make as
supplements to the CIMMYT diagnostic survey for developing an understand-
ing of particular farmer decisions. Unfortunately the exercises could
not be carried out completely independently of each other. However, in
general, the results from a particular exercise can be compared with
results from another exercise.

Two secondary methodological objectives are to compare the quality
of information gathered at different stages of the survey sequence. The
effectiveness of the exercise to identify recommendation domains is
evaluated by comparing the data obtained with data obtained in the for-
mal survey. The utility of carrving out a formal survey, in addition to
an informal survey, is evaluated by (1) comparing the data obtained with
those obtained in the informal survey and (2) assessing the implications
which the formal survey results have on changing or refining the pro-

posed research and extension program planned following the informal

Survey.
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CHAPTER 3

DATA COLLECTION PROCEDURES

This chapter examines the survey procedures--sampling methods,
interviewing techniques and fieldwork procedures--employed for develop-
ing an understanding of the farming systems in the study area. First,
the reasons for selecting Middle Kirinyaga as the study area are pre-
sented. Next, the exercise for identifying recommendation domains is
examined. Finally, methods and procedures for the informal survey and

formal survey are discussed.

3.1. Selection of Middle Kirinyaga as Study Area

Middle Kirinyaga was selected for this project because it was felt
that an adaptive production research program could offer substantial
benefits to local farmers, as well as contribute to several of the Kenya
government's policy objectives. The specific reasons for selecting

Middle Kirinyaga are discussed below.

First, Middle Kirinyaga is made up of mostly low-income, small
scale farmers, and does not have any important cash crops, such as
coffee, tea, or cotton. As stated in Chapter 1, the Kenya government
P laces a high priority on increasing incomes in low-income, small

Farmer areas (Government of Kenya, 1979a).

Second, supplies of maize and beans, the area's two most important

foods, are frequently exhausted. There is potential for stabilizing

55
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farmers' food supplies and turning Middle Kirinyaga into a surplus food
area, since the physical and climatic conditions of Middle Kirinyaga are
suitable for producing both maize and beans. In the aftermath of food
shortages of 1980-831, Kenya has placed high priority on achieving self-
sufficiency in maize and bean production (Government of Kenya, 1982).

Third, maize and bean production levels are very low and adoption
rates for recommended inputs and practices are also low. The reasons
for non-adoption are not clearly understood. A diagnostic survey could
help researchers understand the reasons behind non-adoption and make
appropriate policy recommendations. Revised research recommendations
based on on-farm experiments could contribute significantly to increas-
ing production.

Fourth, the institutional environment appears to be favorable,
relative to other areas in Kenya. For example, transportation and access
to input and output markets are adequate and research and extension ser-

vices in the area are fairly well developed.

3.2. Identifying Recommendation Domains

The next task was to identify recommendation domains (RD's) in the
s tudy area and to delineate the farmer groups to be studied. Two sepa-
rate tasks were required. One was to identify geographical, or across-
area, differences among farming systems. Across-area differences are
generally caused by physical factors--e.g., climate and altitude--but
may also be a result of historical or socio-economic differences--e.g.,
e thnic group or government settlement schemes.

The second task was to examine within-area differences in farming

Systems, that is, to check whether two or more farming systems may be
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interspersed in a particular ecological zone. The principal causes of
within-area differences in farming systems are often socioeconomic and
historical factors such as ethnic group, income, or participation in a
government credit program.

A critical issue in identifying RD's concerns whether a particular
difference between two groups of farmers is an important enough differ-
ence to justify separating the groups into different RD's. If the
differences among two groups of farmers are significant enough that we
will likely require different sets of experiments to meet their needs
and circumstances, then the two groups of farmers belong in separate
RD's. Thus the objectives of the survey become the benchmark for evalu-
ating the importance of differences among farmers.

The exercise to identify RD's in Middle Kirinyaga took approximately
two weeks and involved three methods. First, secondary data on the area
were assembled. Unfortunately, these proved to be of limited use
because they were averaged across several dissimilar areas within
Kirinyaga. Second, researchers, government officials, and local leaders
familiar with the area were informally interviewed about across-area and
within-area differences. Next, a short, two-page questionnaire was
administered to extension workers and local officials in each subloca-
tion, the smallest administrative unit in liddle Kirinyaga.] The
Questionnaire covered principal characteristics of the farming systems

which were likely to vary between farms and across areas. Individual

]The questionnaire is presented in Appendix A. Sublocations in
F1liddle Kirinyaga range from 50 to 150 square kilometers and have 500 to

4,000 inhabitants.
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questions concerned such aspects as physical environment, cropping
pattern and practices, livestock, and sources of income.

The interviews were conducted by the researcher; each interview
lasted about 40 minutes. Twelve questionnaires covering 15 sublocations
in Middle Kirinyaga and adjoining areas were completed in one week.

Data tabulation and analysis took another three days. The results of

the exercise are reported in Franzel (1981). The methods delivered a

rapid, low-cost, preliminary identification and description of RD's in
the area.

Map 1 presents the boundaries of Middle Kirinyaga, based on the

1 The boundaries represent fairly distinct

exercise identifying RD's.
changes in the eco-climatic and socio-economic environment. For
example, as one moves north, out of !Middle Kirinyaga, altitudes and
rainfall increase and temperature and solar radiation decrease. Coffee
and dairy are important enterprises and there are higher cash incomes
and higher population densities.2 Maize takes much longer to mature
and only one crop is grown per year whereas in Middle Kirinyaga, two
crops are grown.

The southern boundary of Middle Kirinyaga is marked by a change in
soils, from light, red loam to heavy, black clay. The black soils area

is characterized by somewhat different crops, significant differences in

the cropping calendar, larger farms, and greater numbers of cattle. To

]The boundaries were revised slightly following the informal survey
exercise. Boundaries shown are those from the final assessment of RD's
in Middle Kirinyaga.

2In fact the northern boundary of Middle Kirinyaga is the 4,300
meter countour, the line below which farmers are forbidden from growing
coffee. However, this edict has not been enforced since the coffee boom
of 1978.
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the east and west of Middle Kirinyaga are dry, hilly areas with
relatively poor road access. These areas have less fertile soils,
lower population density and much uncultivated land.

The task of assessing within-area differences among farmers in
Middle Kirinyaga was more difficult than identifying across-area dif-
ferences. Two factors were considered in the investigation:

1. Characteristics of the Farming System: We sought to identify

whether there were important differences in the way farmers operated
their farms--their priorities, the resources they used, their con-
straints, and the strategies and practices they employed to use avail-
able resources to best meet their priorities.

2. Potential for Change: Second, we were concerned with the

relative potential for change among farmers in the area. Two farmers
may be operating their farms in the same manner, but have different
potential for change because of different resource availabilities.
Researchers may divide a homogenous, dryland cropping system, adjacent
to an unused flooded swamp area, into two RD's: one with the potential
for growing irrigated rice and the other without this potential.

In Middle Kirinyaga, it appeared that access to cash income was an
important determinant of the farming system. For example, access to
cash influenced whether the farmer undertook certain enterprises, such
as owning exotic-breed cattle. Managing these cattle requires substan-
tial cash and other resources for purchasing feed, transporting water to
the home, and protecting the animals against disease. Further, it
apoeared that low income farmers made much less use of purchased inputs
such as hybrid maize seed and maize insecticide than higher income

farmers. Also, high income farmers tended to own oxen or were able to
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hire oxen as soon as the rain started, thus taking full advantage of
the brief rainy periods for growing their crops. On the other hand,
fewer low-income farmers own oxen and those without oxen tended to
plant late, relying on social contacts rather than cash payments to
secure an ox-plow team.

We also hypothesized that income level was associated with many
other aspects of the farming system aside from enterprise choice and
crop husbandry. For example, food security appeared to be an entirely
different problem for each of the two groups. Nearly all high income
farmers appeared to obtain a regular flow of cash from a non-farm enter-
prise or a farm enterprise such as dairy; therefore cash was always
available for purchasing food when required. However, low income
farmers were forced to hire out their labor when their food supplies
ran short.

These differences in the way farmers operate affect the type of
experiments to be planned for the two groups. For example, maize experi-
ments should incorporate differences in non-experimental variables,
e.g., time of planting, variety, and plant population, for the two
groups. Further, the number of and range in experimental variables
can generally be greater for high income farmers, since low income
farmers lack cash for purchasing improved inputs.

Two further issues concerned the number of income groups to estab-
Tish and how to draw lines between them. We decided to classify
farmers into two groups--those who could afford modest investment in
their farms and those who could not, because it was thought that this

division would cover most of the variation among farmers in the
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area.] A set of proxies for income were drawn up to differentiate high
income farmers from low income farmers for the informal survey. The
proxies for high income farmers included grade cattle ownership, house
type, past land purchases, and type of off-farm income. A subjective
weighting of these variables was used to allocate farmers between the
two groups. In only a few cases, was there any uncertainty as to which

group a farmer belonged.

3.3. The Informal Survey

The informal survey lasted about five weeks and was carfied out by
the author and an agronomist who spent two weeks in the study area.2
The procedures followed correspond closely to those outlined in
Byerlee, Collinson, et al., 1980. Two to three farmers were interviewed
each day at their farms and about 60 farmers were interviewed, overall.
Researchers spent about the same amount of time evaluating the informa-

tion as in visiting the farms.

]wealth is often used as a means of stratifying farmers in farm
management studies. However, this approach is not appropriate for our
purposes for two reasons. First, high income and low income farmers
did not appear to have appreciable differences in the more common
measures of physical wealth, such as land or number of cattle. Second,
one of the most important questions concerning the planning of experi-
mentation is who has money for purchasing inputs and who does not.
Certainly, cash income is more closely associated with this distinction
than is the fairly lumpy resource base.

2The agronomist needed substantially less familizarization time
than the economist since he was of the same ethnic group as study area
farmers, and he had lived and worked in an area just outside the study
area. A sunflower agronomist, maize breeder and bean agronomist each
spent 1 to 2 days in the field and were consulted on a number of issues
during the course of the survey.
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3.3.1. Who to Interview

Before proceeding too far with the informal survey, it was
necessary to define "farmer" and "farm" in the context of local circum-
stances. Middle Kirinyaga was settled by families who were given title
deeds for pieces of land in the late 1950's. Since that time, many
farmers have subdivided their farms among their wives, children, or
other relatives. In this study, a farmer is defined as a person or
group of persons who manages a farm, that is, makes the decisions con-
cerning the allocation of resources on the farm and controls the output
from the farm. In the typical case of a husband, wife, and children,
the husband and wife share the decision-making function, with the hus-
band making the more general cash-related decisions, e.g., when to plow,
which seed to use, when to sell, and the wife making the more detailed
day-to-day decisions, e.g., how to thresh, how to space the crops, and
when to harvest. Many other systems of management and family organiza-
tion were found in Middle Kirinyaga and it was not always clear whether
one was dealing with an individual farm operation. For example, it was
common for a man to divide his land among one or more children, parti-
cularly his sons. In general, if the son was not married, the division
was in name only and decisions were made in common. However, if the
son was married, it was 1ikely that he was operating separately from
his father. Polygamous. marriages also presented complex situations. If
the husband was living on the farm, it was likely, but not always true,
that the farm was managed as a single unit. However, if the husband
was working away from home, it was likely that there was little if any

coordination between the wives; they represented different farms though
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each may have been receiving assistance from the same spouse. Another
common arrangement was for a farmer to give an acre of land to his
mother to manage for herself.

We decided that any person(s) managinga unit of land and its out-
put independently from others was suitable to be interviewed, with one
exception. We did not interview elders who were living with their
children and had been allocated a small piece (usually one acre) to farm
because (1) they represent a very small fraction of total production and
(2) they are not a target group for change agents or research services
proposing system improvements. We also made an effort to interview the
husband and wife together when it was apparent that management was

shared between them.

3.3.2. Interview Guidelines

We began farmer intgrviews by asking a short set of screening
questions as shown in Appendix B, Part 1. These questions were used to
(1) identify a particular household and the farm area associated with
it, and (2) determine which RD this household belonged to.

Two types of interview guidelines were used in the informal survey.
The first set, a general overview of important subject areas for develop-
ing an understanding of the farming system, is outlined in Appendix B,
Part 2. The guidelines are adopted from Collinson, 1980 and 1982, and
are divided into seven broad topics. Generally, each topic was covered
in a1 to 1-1/2 hour visit with a farmer. Researchers interviewed one
to four farmers in each RD on each topic. The more complex a subject
area and the greater the variation in responses, the more farm interviews

were required to cover that area.
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The second set of guidelines, developed after the informal survey
had begun, is presented in Appendix B, Part 3. As researchers develop
an understanding of the farming system, they identify leverage points
and draw up guidelines for gathering more information about them. These
guidelines help the researcher to assess farmer preferences using
repertory grids, to model selected decisions using hierarchical decision-
tree models, or to simply gather more information about a particular
topic. RG's received first priority because a detailed understanding of
farmer preferences among a]ternatives'is useful for identifying parti-
cular farmer decisions to model and for constructing the HDM models
themselves. Repertory grids were constructed to evaluate farmer pre-
ferences among:

1. Alternative maize varieties

2.. Alternative bean varieties

3. Alternative times for planting maize
4. Alternative times for planting beans

Hierarchical decision models were constructed to explain the following

farmer decisions, based on an evaluation of farmer preferences from RG's:

Decision to plant Katumani variety for early maize
Decision to plant Katumani variety for main stock of maize
Decision to plant hybrid 511/512 for main stock of maize
4. Decision on the time of planting for maize and beans.

w N =

Each RG and HDM was constructed from a sample of seven to twelve farmers.

3.3.3. Sampling Methods and Reporting of Results

Sampling in the informal survey was purposive and efforts were made
to interview farmers at different income levels, farmers at different

locations within the survey area, and farmers living along roads as well
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as those living at a distance from roads. Simple methods to reduce
sampling bias, such as to interview the "nth" farmer on the left along
a particular path, were also used.

While the survey was still continuing, results were written up
corresponding to the topics listed in each of the guidelines. Repertory
grids and hierarchical decision tree models were also developed. The
survey results and proposed areas for experimentation weré summarized
in Franzel and Njeru (1981), issued about two weeks after the survey was

completed.

3.4. The Formal Survey

3.4.1. Stratification and Sample Size

The farmer sample was stratified on the basis of income level, the
variable which differentiated the two recommendation domains. Determin-
ing the sample size was a difficult problem, since no data were available
for the target groups on the standard deviations of critical variables,
e.g., farm size, enterprise choice, income, farmer practices, etc.
However, there appears to be a consensus among many farm management
practitioners that 20 to 30 farms in an independent stratus are adequate
for producing reliable estimates for each stratum and for making compari-
sons between strata (Upton, 1972; Lynch, 1976; Bernsten, 1979). Since
there was no basis for claiming that the standard deviation for critical
variables was greater for one target group than for the other, it was
proposed that the sample size be the same number for each strata.
Forty-five farmers were selected from each stratum, to allow for the

possibility of having to exclude the questionnaires of non-cooperating
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farmers and farmers who did not fall in either RD. The target sample
size was thus 90 farmers.

Fortunately, a relatively accurate sample frame exists for Middle
Kirinyaga. In the mid-1950's, all land in the area was demarcated by
the colonial government and accurate records are kept on all title deed
holders. Further, the government stipulates that all land transactions

purchases be officially approved and this law is strictly adhered to.

3.4.2. Selection of Sample Farmers and Organization of Fieldwork

Several problems remained in selecting a random sample: logistical
constraints, the fact that the stratum of individual farmers was not
known, and irregularities in the sample frame. The following three
sections describe each of these problems and outline the manner in which

they were resolved.

Accommodating Logistical Constraints

Logistical problems had to be taken into account, since our
resources for mounting the survey were limited. Our workforce was com-

1 two supervisors and one vehicle. Further,

posed of four enumerators,
locating sample farmers would require a local contact. Therefore,
clustering seemed to be the most appropriate method.

Determining the size and number of clusters for each group was the
next step. The questionnaire was to be administered in two visits, and

it was decided that visits were best scheduled on consecutive days at

the same time each day. This way, the likelihood of the farmer forgetting

1we selected two female interviewers, since women play such an
important role in farming in Middle Kirinyaga.
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the second appointment was minimized and enumerators were able to
remember details from the first interview for use in checking the con-
sistency of responses in the second interview. Four enumerators,
interviewing two farmers per day, could complete eight farms per two
days. We decided to add a full extra day to each cluster to allow for
missed interviews, questionnaire checking, and reinterviewing.

We selected a multi-stage sampling method as the most efficient way
to meet the requirements of randomness given the logistical constraints.
Sampling was carried out in three stages:

1. Selection of sublocations to study. Map 1 shows that parts

of sixteen sublocations are included in the study area. Sublo-

cations were randomly selected giving greater weight to those
sample units with higher population.

2. Selection of areas within each sublocation. Each subloca-

tion consists of five to fifteen portions, each of which is

contained on a separate cadastral map. Sublocation-portions,
consisting of 25 to 150 farms, were selected to further cluster
the sample.

3. Selection of sample farmers. Finally, twenty farms were

selected from each map using a random number table. Twenty

was believed to be the minimum number of farmers required to

give at least five high income farms and five low income farms.

Classifying Farmers into Income Strata

Because there were many more low income farmers than high income
farmers in Middle Kirinyaga, a simple random sample would have given us

more low income farmers and fewer high income farms than we required.
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Thus, we needed a method for stratifying farmers into income groups
before selecting our farmer sample. We decided to use the assistant
chiefs, who each preside over a sublocation, to obtain this information.
The assistant chiefs were asked to obtain information on the income
proxies listed in Section 3.2 for each farmer: house type and number
of zinc roofs, number of grade cows, number of oxen, off-farm jobs, and
whether the farmer had ever purchased land. No single proxy was suffi-
cient to establish the income group of a farmer. However, when informa-
tion on each proxy was assembled and evaluated it was usually clear
which income group fhe farmer belonged to. In many cases, the researcher
or a supervisor was able to discuss the grouping procedure with the
assistant chief and verify the classification of each farmer.

This procedure also had secondary benefits. First, it permitted
us to estimate the ratio of high income farmers to low income farmers
in the study area. Second, our sample size, and thus level of precision,
was increased. Fortunately, it was relatively easy to test the quality
of information provided by the assistant chief by comparing his data
with data obtained from the survey. Where important differences existed,
we consulted the chief and/or the farmer to resolve which was correct.
Thus the method was also useful for checking the validity of the data.

Table 3.1 compares the classification of farmers into income groups
based on information obtained from assistant chiefs with classifications
established after examining the completed questionnaires. Seventy-
seven percent of the initial classifications were correct, assuming of
course, that the final assessment based on survey data, was correct.
Errors were not biased in any particular direction. Moreover, many of

the errors were not errors in classification but errors in the sample
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Table 3.1

Comparison of Two Methods for Classifying Farmers into
Income Groups: Classifications Based on Information
Supplied by Assistant Chief and Classifications Based

on Evaluation of Survey Questionnaires,
Middle Kirinyaga, 1981

Number of Farmers?d

Data from Assistant Chiefs agrees with
data from survey 64 (77%)

Farms classified as high income, based on
information from chiefs, which were
found to be low income in survey 11 (13%)

Farms classified as low income, based on

information from chiefs, which were
found to be high income in survey 8 (10%)

Total 33 (100%)

8Four additional farmers interviewed were not classified by
assistant chiefs.

Source: Survey data.

frame. For example, in several cases, a high income title holder was
selected but a low income relative farming on the title-holder's farm
was interviewed.

Once the groupings were completed, the first five high income
farmers and the first five low income farmers were selected for inter-
viewing. If a farmer was unavailable for interviewing, the next farmer
on the list from his income group was selected. Of the 90 interviews
conducted, 3 were discarded because of suspicion that false information
was given. Of the 87 remaining questionnaires, 49 were for low income

farmers and 38 were for high income farmers. Low income farmers were
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greater in number primarily because the quota of five high income
farmers could not be obtained from sample lists in two of the subloca-
tions and because the three rejected farmers were all high income
farmers.

Table 3.2 shows that 72% of the high income farmers and 84% of the
low income farmers interviewed were sample farmers, that is, farmers
selected from the sample list. Most of the remaining farmers inter-
viewed were also listed farmers, who replaced sample farmers not avail-

able to be interviewed.

Table 3.2

Sample Status of Farmers Interviewed in Formal Survey,
Middle Kirinyaga, 1981

High Income Farmers Low Income Farmers
Number Percent Number Percent
Sample Farmers 29 72 37 84
Replacement farmers
from sample list 11 27 5 11
Other farmers 0 - 2 4
Total 40 100 44 100

Source: Survey data.

Irregularities in the Sample Frame

There were two additional problems with the sample frame. First,
some high income farmers have more than one title deed; they appear in
the sample frame more than once and thus have a greater chance of being

selected. However, since only six high income farmers and no low income
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farmers in our sample were in this category, no adjustments were made in
sample selection. However, adjustments were made in calculating the
ratio of high income farmers to low income farmers, since the number of
high income farmers on the 1list was biased upwards.

The second problem with the sample frame, referred to above, was
that some farmers had given a piece of their land to a relative, usually
a son, who operated independently from the title deed holder. These
relatives did not appear on the sample frame list, therefore some names
on the list actually represented two or more farmers. We decided not to
devise a system for randomly choosing a farmer under these circum-
stances; the choice would have had to be made by the enunerator himself
after arriving at the farm and could have created il11 feelings between
him and the farmer. Therefore, the enumerator interviewed whoever was
willing to be interviewed on arrival at the farm. This system appeared
to work well; in some cases title deed holders were interviewed and in

other cases, relatives farming independently were interviewed.

3.4.3. Execution and Analysis

The formal survey was carried out during a five-week period coin-
ciding with the long rains maize harvest, August through September, 1981.
The survey was preceded by a three-week period of enumerator training
and questionnaire pretesting. The questionnaire was translated into
Kikuyu, the native language of the area. Data tabluation began immedi-
ately after the survey was completed and most farmers were revisited to
check or clarify some of their initial responses. The preliminary
survey results and proposals for experimentation were summarized in

Franzel and Njeru (1982).
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CHAPTER 4

DESCRIPTION OF FARMING SYSTEMS IN THE STUDY AREA

The objective of the following two chapters is to describe the farming
systems of Middle Kirinyaga and to examine farmers' management strate-
gies, as a basis for proposing experiments for developing system improve-
ments. In this chapter, natural and socio-economic features of Middle
Kirinyaga are presented. Next, overall system management is described
in a series of sections on farmer objectives and sources of income,
management of the farming system, and resource use and system con-
straints. Finally we outline the system leverage points, those areas
of the system where opportunities for improvement appear brightest. In
Chapter 5, we focus on farmers' practices concerning the leverage
points as a prelude to presenting proposals for a production research

program in Chapter 6.

4.1. Physical and Socio-Economics Features

4.1.1. Physical Features

Kirinyaga District extends from the summit of Mt. Kenya in the:
north to low-rainfall lowlands in the south. The area selected for this
study, Middle Kirinyaga, is an area of flat to mildly sloping terrain at
an altitude of 1,200 to 1,350 meters (see Map 1). Soils are red, friable
clays of volcanic origin, high in humic content (3.7 percent carbon in

the A-horizon) and well-drained [Government of Kenya, 1970].
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Rain falls in two seasons: the "long rains", March through May,
and the "short rains", October through December, as shown in Figure
4.1. Average rainfall in the long rains is 590 mm whereas the short
rains average 341 mm. The figure also shows the brevity of each season.
In the long rains, rainfall is over 20 mm per ten-day interval for a
period of 80 days; in the short rains the rain lasts only about 50 days.

Figure 4.2 presents average monthly rainfall and the probabilities
of receiving lower amounts in some years. The data highlights the
unreliability of rainfall in Middle Kirinyaga. For example, in four
years out of ten, rainfall is below two-thirds of the average in four
of the six highest-rainfall months, March, May, October and December.

. In two years out of ten, rainfall is below one-third of the average in
three of these months. The figure also shows that the starting point
of each rainy season is more variable than is the ending point. For
example, although the long rains season never extends into June, it is
not certain whether the rains will begin in March or April.

Approximately 14 percent of the long rainsseasons over the past
28 years had less than 400 mm and may be characterized as poor seasons.
The corresponding number for the short rains is 56 percent. In the
last six years, two long rains seasons and three short rains seasons have
been poor, according to this definition.]

Table 4.1 shows the monthly moisture requirements of maize, Middle

Kirinyaga's principal crop, relative to the moisture available in

]In fact, the quantity of rainfall is a necessary but not suffici-
ent condition for high crop yields since it ignores the distribution of
the rainfall. Therefore, the measure used here probably underestimates
the number of seasons when rainfall is "poor".
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Figure 4.2 Average llontly Rainfall and Probabilities of Receiving
Lower Amounts of Rainfall, Middle Kirinyaga, 1953-81
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Cotton Research Station.
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Kirinyaga. The perils involved in the high unreliability of the rainfall
now become apparent. In the long rains, rainfall is quite sufficient in
late March, April and May, but falls below requirements from June to
August, even in normal years. However, the generally deep soils allow
the maize to take advantage of residual moisture during this period.
The situation is much more precarious during the short rains. October
and November rainfall are sufficient in normal years, but October rain-
fall falls far below requirements in four years out of ten. Rainfall
in December, January, and February is normally far below requirements.
Table 4.1 also shows rainfall in Middle Kirinyaga during the 1980-
81 year preceding the survey. Rainfall was considerably below normal;
thus data on production and income may be somewhat unrepresentative.
Nevertheless, the high degree of unreliability in rainfall--when the
rains will start, when they will finish, and how much rain will fall--
coupled with the general insufficiency of rainfall in all but the first
two months of each season cause grave problems to the farmers. Crop
failures occur and late planters, of course, are the most susceptible.
Hence, farmers seek to plant their crops as close as possible to the

start of the rains.

4.1.2. Population and Settlement

Middle Kirinyaga, as defined in this study, covers an area of approx-
imately 170 square kilometers and has a population of about 35,000,
giving a population per square kilometer of about 200. Before the mid-
1950's Middle Kirinyaga was practically uninhabited and was used by
Kikuyu farmers living on the slopes of Mt. Kenya for cattle grazing.

In the late 1950's the area was demarcated by the colonial government
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and plots ranging from 2-6 ha. were given to farmers, most]y‘Kikuyus
from the crowded upper areas of Kirinyaga. These farmers migrated down
to Middle Kirinyaga to settle.

A single family was sometimes able to secure several plots, one for
each son in the family. Since demarcation, many of the farmers have
sub-divided their land among children and other relatives, who manage
their farms separately from that of the original title deed holder.

A continuous flow of farmers from upper Kirinyaga and other dis-
tricts have come to settle in Middle Kirinyaga, purchasing land from
those who obtained land during demarcation. Survey data show that approx-
imately 15 percent of the farmers have lived in the area for less than
ten years.

Household size is approximately 5.5 persons and most households
consist of a man, his wife(s) and children. However, about one-third of
the households are headed by women, because the husband is deceased or
is working away from home.

1 and

Farm size is approximately two to four hectares per household
most farmers have only one piece of land, at their homestead. About 30
percent have another piece of land away from the homestead which they
are renting, borrowing or owning. This piece may be in the farmer's own

home area or even outside the area--in lower or upper Kirinyaga.

]A household is defined as a group of people who join together to
make decisions about the management of the farm and the disposal of
the produce. Throughout this paper, decisions are attributed to "the
farmer" or "he". In fact, these decisions are more 1ikely to be col-
lective decisions of the household or of the females alone, since they
are more active in farming than their husbands.
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4.1.3. Transportation and Marketing

Transportation is excellent throughout the area. A tarmac road
passes east-west linking the zone with Nairobi, 100 km. to the south,
and Embu, 30 km. to the north. Feeder roads are also numerous and well-
kept but some are closed during periods of heavy rainfall.

Market centers for purchasing inputs and selling produce are numer-
ous and nearly all farms are located less than 10 km. from a market
center. At these centers, a wide range of inputs are available, such
as fertilizer, improved maize seed, chemicals, and tools.

Overall, Middle Kirinyaga is a grain exporting area, but grain
imports are necessary in times of drought. Crops are bought and sold in
local markets and in addition, most grains and legumes may be bought
from or sold to National Produce Board Agents. Board agents are found
in all major market centers and Board prices are officially fixed by the
government. However, the orices at which the agents buy and sell pro-
ducts often fluctuates in accordance with trends in the open market.
Food grains are not permitted to enter or leave a district, except
through official Board channels, at official prices.

Figure 4.3 shows market prices and official buying prices for maize
and beans over 1979-81, and highlights the market price fluctuations
which occurred over the period. Produce price increases range from 50
to 350 percent as measured from harvest time up to the "hungry" season
which precedes the next harvest. In fact, such wide fluctuations are
not atypical. For example, the 1979 long rains crop harvested from July
through October was quite satisfactory and prices of maize and beans

were relatively low. However, the following three seasons were very poor
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for both Middle Kirinyaga and Kenya as a whole and prices fluctuated
severely. Moreover, policy factors exacerbated the national maize sup-

1 - The result was a

ply situation during this period‘of poor harvests.
severe shortage of maize in Kenya throughout 1980; maize was not avail-
able in many cities and towns through many months of the year, and
prices increased accordingly. The price vagaries and supply uncertain-
ties demonstrate the importance of providing food from one's own home
stock.

4.1.4. Cooperatives, Credit, and Government
Agricultural Institutions

Cooperative activity is very low in the area, with only a few
farmers betonging to cotton or dairy cooperatives. In fact, few farmers
pursue either of these enterprises on a cqmmercia] basis.

Credit is available from commercial banks, the Agricultural Finance
Corporation, and from the Ministry of Agriculture's Seasonal Credit
Scheme. However, very few farmers have access to credit. For example,
a farmer is required to have two hectares under pure stand maize in
order to qualify for the Seasonal Credit Scheme. Moreover, the only
collateral most farmers have.is their land and they are understandably
not willing to risk losing their land should they default on their loans.
Thus, the only farmers taking advantage of loan facilities are a very

small number of high income farmers who have extensive holdings to

1A permanent secretary of the Office of the President blamed the
food shortages on "poor planning" [Daily Nation, March 13, 1982]. For
example, the government continued to export maize, even after it was
clear that a supply shortage was imminent, until strategic reserves
were depleted. Further, credit supplied to farmers for maize produc-
tion was severely curtailed, due to institutional bottlenecks in the
newly formed Seasonal Credit Scheme.
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cushion them from the effects of loan default [District Agricultural
Officer, Kirinyaga, District, 1981, Personal Communication].
The agricultural extension service is active in Kirinyaga District
with one to two extension workers per sub-location (about 400 to 600
farmers). Survey data show that about one-half of the farmers in Middle
Kirinyaga have been visited by the extension staff, and that about one-
third had received visits during the 18 months preceding the survey.
Several agricultural research stations or sub-stations are found
in or near Middle Kirinyaga: a cotton research station at Mwea Tebere,
a sunflower station at Wanguru, and a sub-station of the Embu géhera]-

purpose station at Murinduko.

4.2. Farmer Objectives and Sources of Income

High income farmers and low income farmers, the two proposed recom-
mendation domains in Middle Kirinyaga, make up approximately 40 percent
and 60 percent of the population, respectively. The levels of cash
income earned by farmers are shown in Table 4.2, broken down by income
group. Median cash income for high income farming is in the 10,000 to
20,000 Shillings (Shs.) range, whereas median income for low income
farmers is in the range of 1,000 to 3,000 Shs.

A principal distinguishing factor between high income and low income
households is access to regular income from an off-farm business, sala-
ried position, or a dairy enterprise. Eighty-seven percent of the high

income households had such income whereas the corresponding number of

low income households was only 20 percent.

]At the time of the survey, September 1981, $1.00 U.S. = 10 Kenya
Shillings.
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Table 4.2

Cash Income Levels of Households in Middle Kirinyaga,
July, 1980 to June, 1981

High Income Low Income
Households Households
Shillings Number Percent Number Percent
0-1,000 0 0 9 19%
1,000-3,000 0 0 17 37%
3,000-5,000 0 0 15 33%
5,000-7,000 6 18% 3 %
7,000-10,000 6 18% 1 %
10,000-20,000 11 32% 1 2%
20,000-30,000 3 % 0 0
30,000 + 8 23% 0 0
Not Available 5 - 2 -
Total gg 100% Zg 100%

aPercentages shown are percentages of households for which
Data on income were collected in a
single visit survey and are thus subject to a wide margin of error.
It is 1ikely that underestimation of income due to omission of some

income could be calculated.

sources is a greater problem than overestimation.

Source: Survey data.
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Two other characteristics also set low income farmers off from
high income farmers. First, the median age of low income farmers is
about ten years higher than for high income farmers. Whereas one-
quarter of the low income farmers were over 65 years of age, only one
sampled high income farmer was over 65. Second, low income farmers have
considerably less education than high income farmers; over two-thirds of
the high income farmers, but only one-quarter of the low income farmers,
had three or more years of formal education.

The principal objective of farmers in Middle Kirinyaga is to provide
food for the family; to a great extent this.is true for both low and
high income households. Low income farmers depend on their farms for
their food needs and sell surplus food to acquire cash for purchases.
Table 4.3 shows that their total incomes, cash plus subsistence, are
about 5,000 Shs. Most of the low income farmers' cash income comes from
their farms with crop and livestock sources providing about equal propor-
tions.

In fact, rainfall and thus crop sales were very low in 1980-81, the
year in which the survey was conducted. It is likely that in normal
years income from the farm and in particular from crops is a much higher
percentage of the Tow income farmers' income than during the survey year.
This is so because in years of normal rainfall, crop earnings are
greater. Moreover, livestock and off-farm income are also lower since
there is less of a tendency to sell livestock or sell family labor to

meet urgent cash needs.

Casual labor is the most important source of off-farm income for
low income farmers; about one-half of the farmers hired out labor during

the previous year. Cash from relatives, businesses (mostly illicit
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Table 4.3

Sources of Income for Farmers in Middle Kirinyaga,
July, 1980 to June, 19812

High Income Group Low Income Group
% Farmers Shillings Percent % Farmers Shillings Percent
Cash Farm Income
Crops 90 2423 (37%) 95 825 (50%)*
Livestock 72 4158 (63%) 67 823 (50%)*
Total 97 6581 (100%) 37% 96 1648 (100%) 55%
Cash Non-Farm Income
Salaries 38 7027 (64%) 12 372 (28%)*
Business 56 3166 (29%) 23 239 (18%)*
Casual Labor 10 25 (0%) 44 270 (20%)*
Plowing 23 184  (2%) 10 82 (6%)
Cash From Relatives 5 174 (2%) 21 144 (11%)
Other - 394  (3%) - 238 (18%)
Total ' 77 10970 (100%) 63% 90 1345 (100%)* 45%
Total Cash Income 17551 (86%) 100% 2993 (60%) 100%
Subsistence Farm Incomeb 100 2753 (12%) 100 1953 (40%)
Total Income 20304 (100%) 4946 (100%)

( aAs?erisks (*) note significant difference between income groups using t-test
a= ,05).

bSubsistence farm income includes only maize and beans, the area's two main staple
foods plus 10 percent of this value to account for other foods consumed from home
production. The crops are valued at their average market prices for the months up te
the following harvest.

Source: Survey data.
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sale of traditional beer), and plowiné are each cash sources for 15-20
percent of the farmers. Only 6 percent are working away from their home
area and about 20 percent have access to a regular flow of income
throughout the year from a business, salary or farm enterprise such as
dairy.

High income households have an average income of 20,000 Shs. About
two-thirds have salaried jobs or businesses and off-farm income accounts
for almost two-thirds of total cash income. For most households with
salaried or business income, the farm is important as a source of food
for the family rather than for cash generation. Supplying food is
especially important, since about 40 percent of high income farmers are
working in towns and cities where food shortages may be frequent.1
About one-third of the farmers have made important investments in their
farms in cash-earning enterprises such as dairy or tobacco. One-
quarter of the high income farmers have no off-farm income sources;
their earnings come primarily from these and other farm cash-earning
enterprises. Income from livestock is significantly higher than income
from crops for the high income fgrmers because of the importance of
dairy for about one-fifth of the farmers.

Maize and beans are the most important food crops for both income
groups; they are boiled and mixed together to form githeri, the area's
most popular dish. The importance of maintaining a stable supply of

maize and beans is reflected by the area allocated to the two crops,

]The importance of providing home-produced food was clearly demon-
strated in 1980 when maize, the area's staple food, was unavailable in
Nairobi and many other towns during most of the year. Figure 4.3 shows
that the maize price in 1980 rose to Shs. 3 per kg., over three times
the official price.
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which are most often intercropped. Low income farmers allocate 91
percent of their cultivated area in the long rains to maize and 78 per-
cent to beans. The figures for high income groups are almost as high,
80 percent and 71 percent, respectively.

In conclusion, both income groups depend on their farms for a
steady and reliable supply of food throughout the year. Low income farms
also obtain most of their cash income from their farms. Most high income
farmers, on the other hand, obtain most of their cash income from off-
farm enterprises. For most of these households, the farm is viewed pri-

marily as a source of food for the household and not for generating cash.

4.3. Management of the Farming System

4.3.1. Enterprise Pattern and Land Use

Long Rains Crops

Farm size and land use in Middle Kirinyaga are shown in Table 4.4.
Low income farms average 2.4 ha., with 1.4 cultivated, whereas high
income farms average 3.8 ha., with 1.8 cultivated. Low income farmers
cultivate nearly all of their arable land, whereas high income farmers
leave a significant portion under grass and a few leave large areas under
bush.

Table 4.5 shows that 63 percent of the cultivated area of high
income farmers and 77 percent of that of low income farmers is under
intercropped maize and beans. Most of the maize and beans not grown
together are planted inside tree crops. Further, some low income

farmers grow maize in pure stands because they had run out of bean seed.
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Table 4.4

Land Use and Average Farm Size in Middle Kirinyaga, 19812

Average Farm Size

High Income Low Income
Households Households
ha. ha.
Cultivated Land
Own cultivated land 1.8 1.3*
Cultivated land rented 0.4 0.1*
or borrowed
Total cultivated land 2.2 1.4*
Farm Size
Own cultivated land 1.8 1.3*
Swamp area 0.2 0.3
Homestead 0.2 0.2
Grass 1.2 0.2*
Rented out 0.0 0.2
Other 0.4 0.2
Total farm size 3.8 2.4*
Median Farm Size 2.9 1.9*
Size of Titled Farm (includes 4.1 3.2*
subdivisions)

Apsterisks (*) denote significant differences between income
groups using t-test (a = .05).

Source: Survey data.
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Table 4.5

Principal Crop Combinations in the Short Rains and Long
Rains Seasons, Middle Kirinyaga, 19813

Long Rains

Short Rains

High Income Low Income
Farmers@d Farmers
ha. Percent ha. Percent

High Income Low Income
Farmers Farmers

ha. Percent ha. Percent

Crop Combinations

Maize and Bgans
Other Maize
Other Beans
Coffee

Banana

Bullrush Millet
Other Cropa
Total Area

60 ( 68%) 55 ( 77%)
11 (12%) 10 ( 14%)
3( 3%) 1 ( 1%)
5 ( 6%) 2 ( 3%)*
4 ( 4%) 5( 7%)
0 0

10 ( 11%) 3 ( 4%)

88 (100%) 71 (100%)

54 2 63%) 44 ( 69%g
11 ( 12%) 7 ( 10%
7( 8%) 10 g ]3%;
5( 6%) 2 3%)*
4 g 4%; 5 é 7%;
4 4% 13 ( 19%)*
9 ( 10%) 1 § 2%)
87 (100%) 69 (100%)

Ansterisks (*) denote significant differences between income

groups using t-test {a =

combination.
b

.05),

tc compare area per farmer under cash

Fields where maize and beans are intercropped. There may be

another intercrop on the field but this occurs in less than 10 per-
cent of the maize and bean fields.

Cuother" means maize (beans) alone or intercropped with a
crop(s) other than beans (maize).

d

Percentages sum to more than 100 because coffee and banana

are sometimes intercropped with maize or beans; thus, these fields

are recorded twice.

Source:

Survey data.
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Bananas and coffee are the only other crops of any general
importance. Bananas are grown mostly for food and are very low yield-
ing, relative to other areas. They account for 4 to 7 percent of total
cultivated area for both income groups. Middle Kirinyaga is outside of
the officially designated coffee zone, yet farmers have begun planting
coffee since the coffee boom of 1978. Ministry of Agriculture officials
predict poor results due to the high temperatures and low rainfall in
the region. Although production will no doubt be low compared to coffee
zone areas, farmers hope that returns will be higher than for their only
present alternative--maize and beans. One-half of the high income
farmers are growing coffee, on plots average 0.2 ha., whereas one-
quarter of the low income farmers grow coffee, on plots averaging 0.1 ha.
Differences between income groups are significant (o = .05) for both
numbers of farmers and areas allocated to coffee.

Several other cash crops exist in Middle Kirinyaga but are grown
by less than 5 percent of the farmers. Tobacco is grown by farmers near
Sagana in a closely supervised British-American Tobacco Co. scheme.

The area cultivated has not increased in several years, due to a short-
age of firewood for curing. Some farmers with swampy areas grow vege-
tables, such as tomatoes, kale, carrots and onions. A few farmers grow
cotton, a crop which was very popular in Middle Kirinyaga in the 1960's.
Cotton production decreased because of low profitability and poor
marketing and grading arrangements.

Farmers in Middle Kirinyaga grow a wide range of minor crops, planted
on tiny plots of less than one-eighth of an acre or, more often, scat-
tered among the maize and beans. Ninety percent of all farmers grow

bananas and cowpeas. Over one-half grow cassava, pigeon peas, pumpkins,
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tomatoes, sorghum, onions, sweet and English potatoes and mangos.

Other minor crops grown by over one-quarter of the farmers include
arrow-root, sugar cane, kale, and napier grass. There does not appear
to be any significant differences in the percentage of each income group
growing each crop, with the exception of napier grass which is grown

more frequently by high income farmers.

Short Rains Crops

The short rains cropping pattern is very similar to that of the
1ong rains. Total cultivated area, 2.2 ha. for high income farmers and
1.4 ha. for low income farmers, is identical to the area cultivated by
each group in the long rains. The total area under maize is slightly
lower in the short rains for both income groups, as some farmers, par-
ticularly low income farmers, substitute bullrush millet for some of
their maize. Almost half of the low income farmers and 13 percent of
the high income farmers planted bullrush millet, a crop not found in the
long rains. Bullrush millet is drought resistant, early maturing, and
is used primarily as a porridge drink in the morning hours. Minor crops
cultivated in the short rains are similar to those of the long rains

season.

4.3.2. Livestock

Livestock serve numerous functions for farmers in Middle Kirinyaga.
Table 4.6 shows the breakdown of livestock ownership by high income and
low income farmers. About 70 percent of the farmers in each group own
sheep and goats, 3-5 per family. They are raised primarily for security

and are sold when cash is needed. Two-thirds of all low income farmers
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Table 4.6

Livestock Ownership and Uses, Middle Kirinyaga, 1981

High Income Farmers Low Income Farmers
Average a b Average a

Livestock % Having~ No. Owned”™ % Having~ No. Owned
Sheep/Goats 74 4.3 64 3.0
Cattle 92 6.9 62+ 3.0%
Grade Cattle 56 1.8 2" 0.0*
% Selling Milk 36 - 4+ -
% with Oxen 43 - 27 -
% Using Manure on Fields 84 - 49+ -

qnsterisks (*) denote significant differences between income
groups using t-test (a = .05).

bCrosses (+) denote significant differences, using Chi-square
test (a = .05), between income groups concerning whether or not
farmers have a particular livestock type/operation. Thus each row
represents a different Chi-square test.

Source: Survey data.

own cattle, averaging about three animals per family. Cattle are kept
for plowing, for milk for home consumption, for security and for manure,
which is applied to fields. Only one low income farmer possessed an
exotic-breed] cow, although some had bought them in past years and then
sold them. Major reasons for not owning exotic breeds include lack of
water supply or means of carrying water, fear of disease problems and

lack of feed.

]The most common_exotic-breed cattle in Middle Kirinyaga are
Guernseys, Ayrshires, Friesian, and Jerseys.
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Over 90 percent of the high income farmers own cattle and over
one-half own exotic-breed cattle. The average family owns five local
cattle and two grade cattle. Local animals are kept primarily for plow-
ing, whereas grade cattle are kept to provide milk for home consumption
or for sale. Over one-third of the high income farmers sold milk in
1980-81 and for many, milk is a major cash earning enterprise.

Keeping cattle, whether exotic-breed or local, is a labor-intensive
enterprise. Local animals are grazed outside of the homestead, at road-
side and swamp areas, by men or children for most of the daylight hours.
Grade animals are kept at the homestead, so as to control diseases, and

therefore must have food and water carried to them.

4.3.3. Crop Calendar and Management of Food Supplies

Table 4.7 presents the cropping calendar for farmers in Middle
Kirinyaga. Farmers plant their maize and beans in late March-early
April, just as the long rains season begins. Beans are harvested in
July and maize in August and each crop is harvested "green" from the
field during the month before the final harvest. Harvest periods are
rather extended because both early-maturing and late-maturing varieties
are planted. The pattern of the short rains season extending from
October to February is similar to that of the long rains season. Crops
mature more quickly during the short rains because there is greater
solar radiation.

The availability of food staples and substitutes from farms through-
out the year is shown in Table 4.8. Running out of home produced food
is a common occurrence for both groups of farmers. About 40 to 50 per-

cent of the high income farmers and 80 percent of low income farmers run
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Table 4.8

Food Availability Calendar for Middle
Kirinyaga Farms, 1981

Months

Main Staple | Maize

Substitutes | Green Maize

Bananas

Sweet Potatoes

Main Relish | Beans

Substitutes | Green Beans
e

{ Cowpea Leaves

Pigeon Peas

Cowpeas

3Food availability:

[ - never available.

Source: Informal survey.

out of maize and beans in "most years" or "some years". The situation
is even more precarious with respect to beans.

Long rains maize is harvested in August and September and in most
years, the quantity harvested is sufficient to last until the short rains
harvest in February. However, short rains maize production is meager and
supplies are often exhausted well before long rains green maize is ready
for harvest in late June or July. For example, in 1931, about one-half

of the farmers in both income groups ran out of maize before green maize
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was ready; April and May were the most frequently mentioned months for
running out. The principal maize substitutes, bananas and sweet potatoes,
are not in reliable enough supply to ensure an adequate diet for the
family. Besides, they are considered to be far less acceptable as food
than is maize.

The supply of beans more or less parallels that of maize. Few
farmers run out after the ample long rains harvest, but over one-half of
the farmers in both income groups exhausted their supplies after the
short rains harvest in 1981, before green beans were ready in June. How-
ever, the availability of substitutes for beans is somewhat better than
for maize. Cowpea leaves are always available soon after planting in
late March-early April, and reliable supplies last up to three months.
Pigeon peas and cowpeas may also be available.

In addition to being the area's most important food crops; maize
and beans are also important sources of cash for many farmers. About 60
percent of the farmers in both groups sold maize and beans following the
long rains, 1981 harvest and 40 percent sold following the previous
short rains harvest. The survey data also show that approximately one-
third of the low income farmers and one-fifth of the high income farmers
had sold produce from their home stock before running out. Thus,
exhausting home-produced food supplies is not simply a problem related
to low levels of production; rather, it is exacerbated by competing
demands from the household for cash.

How do farmers manage to secure food when home supplies of maize
and beans are exhausted? Over 90 percent in both groups stated that
they purchased maize and beans; obtaining food from relatives or eating

food substitutes were mentioned by less than one-third of the farmers.
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Table 4.9

Sources of Cash for Purchasing Maize when Supplies of Home
Stocks Were Last Exhausted, Middle Kirinyaga, 19812

High Income Households Low Income Households

Sources
Number Percent Number Percent
Casual labor 3 (9%) 24 (56%)
Livestock sales 1 (32%) 16 (37%)
Off-farm salaries
and businesses 21 (62%) 6 (14%)
Sell cowpea leaves 7 (20%) ) (2%)
Other 5 (15%) 8 (19%)

aMany farmers named more than one source. Therefore, percentages
do not sum to 100.

Source: Survey data.

Table 4.9 shows that high income farmers relied primarily on cash from
off-farm jobs and businesses for purchasing maize and beans, whereas low
income farmers obtain cash from casual labor, primarily weeding. Both
groups also sell livestock in order to purchase food.

The most difficult time for food supplies then is the three to four
months before the long rains harvest. Both income groups are hurt when
they run out of food; high income farmers are affected because they
often live outside the area, where maize and beans are expensive or not
even available. Low income farmers suffer even more--they are forced to
search for casual labor which may not be available, and to disinvest

from a tiny stock of cattle, sheep, goats and poultry. Stabilizing food
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supplies is a crucial priority to all farmers in Middle Kirinyaga, hence

our emphasis on the two major food staples in this study.

4.4, Resource Use and System Constraints

4.4.1. Land

Land Tenure, the Land Market and Land Constraints

As a result of land adjudication in the late 1950's and early
1960's, land tenure in Middle Kirinyaga is quite secure and land dis-
putes are few. Land titles are available for a small fee from the
District Land Office, but most farmers do not bother to obtain them.
When a farmer subdivides his land among children or other relatives, he
rarely legitimizes the subdivision with the government. However, the
government stipulates that all land sales and purchases be officially
approved and this law is strictly adhered to.

An active rental market exists for land in Middle Kirinyaga; fees
range from 250 to 400 Shs. per ha. per season. During the long rains
season, 1981, 31 percent of the high income farmers rented land whereas
only 6 percent of the low income farmers did so. The principal reason
for not renting land, among low income farmers, was lack of cash, which
is needed to pay for rent, plowing and seeds. High income farmers not
renting land cited lack of labor or lack of desire to increase their
cultivated area. Fourteen percent of the low income farmers and 11 per-
cent of the high income farmers rented land out to other farmers. Most
farmers felt it was easy to both rent in land and rent out land in their

area.
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Although farm size is small, the land constraint does not appear
to be particularly severe for most of the farmers in either income group.
The rental market appears to be competitive and finding land to rent is
fairly easy. Moreover, 90 percent of the farmers in both groups
expressed a preference for using scarce cash to invest in their exist-
ing farms rather then renting out land.

However, there appear to be two important trends in the system
which point towards a serious land constraint in the near future for low
income households. First, they have a greater tendency to subdivide
their farms among relatives; 69 percent of the sample low income farmers
were living on a farm which had been subdivided whereas the correspond-
ing number for high income farmers was only 51 percent. Low income
farmers are less able to send their children to secondary school or
secure jobs for them; hence, the children remain on the land and are
given pieces to manage themselves.

Second, and perhaps even more ominous, is the sale of land from low
income farmers to high income farmers as shown in Table 4.10. Thirty
percent of the high income farmers have bought land whereas only one
low income farmer had done so. The sales trend is reversed, with 13
percent of the low income farmers having sold land and only 5 percent
of the high income farmers having done so. These latter figures are
probably biased downwards since farmers who have sold all of their land
are obviously not included. Moreover, the sale of land is an extremely
sensitive issue and it is likely that some of the sample farmers had

sold land but declined to give this information.
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Table 4.10

Farmers Who Have Bought and Sold Land,
Middle Kirinyaga, 1981

High Income Farmers Low Income Farmers

Bought land 9 (23%) 1 (1%)
Sold land 2 ( 5%) 6 (13%)
Neither bought nor sold land 28 (72%) 4 (85%)
Total 39 (100%) 48  (100%)

Source: Survey data.

Land prices range from 25,000 to 40,000 Shs. per hectare and are

1 or landless

increasing rapidly. The buyers are generally speculators
urbanites who desire land for their families. The actual value of the
land has little relationship with its productive value. For example,
the present value of an annual rental fee of 400 Shillings per hectare
paid annually, assuming a 20 percent interest rate, is only 2,000
Shillings or one-twentieth of the actual price of a hectare of land.
The difference represents the non-pecuniary importance associated with
land ownership, per se, as opposed to temporary control over the pro-
duction of the land.

Poor rural families with small farms are obviously hesitant to sell

their land. However, the temptation for selling is high given that the

price per hectare is over ten times the government's minimum annual wage

]The government has forbidden companies whose purposes are specula-
tive from purchasing land in the area.
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in the area. Recently, the Lands Department began to review land
transactions to prevent land sales from poor household heads who cannot

show how they will support their families.

Soil Fertility and Structure

Although Tand area, per se, is not an important constraint, soil
fertility and structure are extremely limiting constraints on nearly all
farms in Middle Kirinyaga. Until the late 1950's, the area was used
almost exclusively for cattle grazing. When farmers began cultivating
in the early 1960's, they found the deep, loam soils to be highly pro-
ductive. But most farmers have now cultivated the same land for 10 to
20 years continuously, growing intercropped maize and beans twice per
year without fallow, rotation or fertilizer. Thus, the fertility of the
soil has become increasingly exhausted. Continous cultivation has also
had a severe impact on soil structure. A well-structured soil retains
moisture well and this is particularly important in Middle Kirinyaga
given the brevity of the rainy season. Thus, following an early end to
the rains, crops on well-structured soils may have adequate yields while
crops fail on poorly-structured soils.

Poor soil fertility and inadequate moisture retaining capacity are
perceived problems; many farmers claim that they are the main causes of
Tow yields on their farms. Many farmers apply cattle manure to their

soils but the quantities used are generally insignificant.
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4.4.2. Labor

Labor Use, Peak Season Labor and the Labor Market

High income families have about seven persons per household,
whereas low income farmers have 5.5, as shown in Table 4.11.1 The
composition of families is similar for the two groups; families con-
sist of 1 adult male, 1.5 adult females and 3 to 4 children.

High income families have 3.6 full-time adult equivalents avail-
able for working on their farms, whereas low income families have only
2.5, as shown in Table 4.11. However, low income families have smaller
farms, so adult-equivalents per ha. cultivated are roughly equal for
the two groups: 1.6 and 1.8. Females provide most of the available
workforce in both groups; twice as many full-time farm workers are
female as male.

Division of labor along sexual lines is pronounced though there
is some degree of flexibility for each task. Men have primary respon-
sibility for plowing, planting tree crops and looking after the live-
stock. Women plant annual crops, weed, harvest, conduct post-harvest
operations, and milk the cows. [lost of the marketing is done by women,
though men are also involved in making marketing decisions. Both sexes
sell out farm labor for hire.

Table 4.12 shows that there is almost unanimous agreement among
farmers of both groups that April and May, the period of weeding maize
and beans, is the busiest period of the year. About 15 percent of the

farms in each group cited planting in March and April as their busiest

]According to the 1979 census, average family size in Middle
Kirinyaga is 5.5 [Government of Kenya, 1981].
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Table 4.1

Household Composition and Workers Available for Farm Work per
Housenold, itiddle Kirinyaga, 1981

High Income Group Low Income Group
Persons Persons Full-time Persons Persons Full-time
Living in Available Adult a Living in Available Adult a
Household for Work Equivalents Household for Work Equivalents
Full-time
Men 1.1 0.6 0.6 1.1 0.6 0.6
Women 1.5 1.3 1.3 1.4 1.2 1.2
Children 10-15 21 0.0 0.0 1.3 0.0 0.0
years
Children under 2.3 0.0 0.0 1.7 0.0 0.0
10 years
Part-time
Men - 1.0 0.5 0.3 0.15
Women - 0.9 0.4 0.4 0.2
Children under - 2.7 0.7 1.8 0.45
15 years
Total - 3.6 - 2.5
Full-time adult 1.63 - 1.78
equivalent/ha.
cult.

21t is assumed that a part-time worker provides one-nalf as much ]abor as a fg]l-pime worker and
that a child under 15 provides one-half as much labor as an adult. Primary education is compulsory
in the area; thus, no children are available for full-i1ime work.

Source: Survey data.
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Table 4.12

Farmers' Opinions on Their Busiest Months and Activities
During Their Busiest Months, Middle Kirinyaga, 1981

High Income Low Income
Group Group

Farmers Percent Farmers Percent

Busiest Month and Activity

April-May, weeding maize and beans 31 (82%) 37 (79%)
March-April, planting maize and

beans 6 (17%) 7 (15%)
Other 1 (3%) 3 (6%)

Second Busiest Months

Oct.-Nov., weeding maize and beans 15 (45%) 22 (50%)
Aug.-Sept., harvesting maize and

beans 9 (27%) 10 (23%)
Oct.-Nov., planting maize and

beans 0 9 (20%)
March-April, planting maize and

beans 2 (6%) 3 (7%)
Other 7 (21%) 0

Source: Survey data.

activity; these were farmers who planted by hand as opposed to planting
with oxen. The second busiest time for most farmers was short rains
weeding; other farmers cited long rains harvesting or short rains
planting.

An active labor market exists in Middle Kirinyaga and high income

farmers hire labor much more frequently than do low income farmers.
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Table 4.13

Use and Cost of Hired Labor Among Farmers
in Niddle Kirinyaga, 19812

High Income Group Low Income Group
Average Average
% Using Shillings Paid % Using Shillings Paid
Per Household Per Household
None 26 - 83t -
Casual labor 74 393 17+ 37*
Permanent labor 24 545 (03 o*
Total 938 37*

4The data do not include the hiring of ox-plow teams to plow
land. Asterisks (*) denote significant differences between income
groups using t-test (a = .05). Crosses (¥) denote significant dif-
ferences between income groups using Chi-square test (a = .05).

Source: Survey data.

Table 4.13 shows that 74 percent of high income farmers hire labor while
only 17 percent of the low income farmers do. Long rains hirings were
almost twice as high in value as were short rains hirings and over 70
percent of the hirings in both season were for weeding maize and beans.
Most hired workers are paid for on piece-rate basis. Daily wages range
from 10 to 15 Shillings per day but many workers are able to earn even
more than this on piece-rate wages.

The supply of labor appears to be more than adequate to meet the
demand fof hired labor as three-quarters of the farmers hiring labor

said that it was easy to find workers when they needed them. About
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one-half of the farmers sé]]ing labor say they sometimes have difficulty
finding work; they cite the harvesting season as the most difficult
time. Few had difficulty finding work during the weeding season.

About one-quarter of the high income households employ permanent
laborers, usually one per household. Permanent laborers are generally
hired from outside the survey area and wages are about 200 Shs. per

month, nlus room and board.

Labor: A Constraint to Developing the System?

Numerous studies in both Kenya and other African countries have
pointed to the importance of the labor constraint and particularly peak-
season labor as being a critical constraint on increasing production
(Gathee, 1980; Rukendema, Mavua and Audi, 1981; Eicher and Baker, 1982).
However, we reached the opposite conclusion in Middle Kirinyaga; labor
is not a particularly important 1imiting factor. Three findings illu-
strate this point.

First, improving the efficiency of labor or increasing its supply
will not increase the area cultivated. Except in a few. exceptional
cases, farmers are not prevented from cultivating more land because they
lack labor. Table 4.1 shows that low income farmers cultivate nearly
all of their own land and in fact, much of their uncultivated land is
not arable. Few low income farmers rent in land but their principal
reasons for not doing so are that they lack cash, not labor.

About 40 percent of the high income farmers rent in land. Satis-

faction with their present farm size,] not lack of labor, is what keeps

1The response to the question, "why not rent land," was frequently,
"I have enough land now." This can best be interpreted as "there are
better things I can do with my available resources than renting land."
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most of those not renting out of the rental market. Further, those
farmers in both groups who are renting out land are not doing so because
they lack labor, but primarily because they have an urgent cash need or
do not have enough cash to farm their land. Only three of ten farmers
renting out land cited lack of labor as a reason for renting out land.

Second, improving the efficiency of labor or increasing labor
supply during the peak period would not appreciably increase output.

The principal activity during the peak period, weeding, is completed
with a high level of efficiency. During our informal survey, which

was conducted during the weeding season, we noticed that most fields
were quite clean and that it was not likely that poor or untimely weed-
ing had caused a significant drop in yield. Indeed, over three-quarters
of thelow income farmers and nine-tenths of the high income farmers felt
that they had the resources to do their required weeding.

Third, farmers themselves do not place a high priority on reducing
their peak season labor bottleneck or improving their overall weeding
efficiency. For example, we asked farmers how they would spend 200
Shillings if it was given to them in March, the planting month. Only
9 percent of the low income farmers and 14 percent of the high income
farmers cited weeding, which is normally done in April and May, as a
possible use for the cash.

In conclusion, labor availability does not 1imit production except
in a few households where the land/labor ratio is very high and cash

for hiring labor is lacking.
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4.4.3. Cash

Both high and low income farmers use relatively few purchased
inputs on their farms. Table 4.14 shows that total expenditures on farm
production in the 1980-81 year was Shs. 2,947 for high income farmers
and Shs. 527 for low income farmers. High income farmers spend cash
primarily for hiring labor, a Tand extensive input, whereas low income
farmers spend most of their cash on basic production inputs, e.g.,
purchasing seed. Purchases of livestock and expenditures on maintaining
livestock accounted for about 35 percént of the farm cash expenses for

both groups.

The cash constraint prevents many low income farmers from purchas-
ing even the most basic production inputs. For example, 25 percent of
the low income farmers did not have enough bean seed for planting in
the 1981 long rains; one-half of them accommodated this problem by
spreading their bean seed very thinly across their fields while the
other one-half concentrated their few seeds on particular fields.
Further, 21 percent of the low income farmers were forced to plant a
part, or all, of their fields without plowing because they lacked cash
to hire a plowing team. On the other hand, all high income farms pre-
pared their fields with plows and had enough bean seed for planting.

Lack of cash was an important reason for not using other "non-
essential" purchased inputs, as well. For example, 56 percent of the
low income farmers and 27 percent of the high income farmers cited lack
of cash as the principal reason for not using fertilizer. Further, 38
percent of the low income farmers and 12 percent of the high income
farmers claimed they did not use hybrid maize seed because they lacked

cash. It should be noted that "lack cash" is often a catch-all reason
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Table 4.14

Farm Expenditures of High and Low Income Farmers,
Middle Kirinyaga, September, 1980-August, 19812

High Income Low Income
Farmers Farmers
Shs. Percent Shs. Percent
Cash Income 17,551 2,993*
Expenditure
Crop inputs? 432 15% 193+ 37%
Hired labor 938 32% 37* 7%
Renting plow 433 15% 101* 19%
Livestock purchases 628 21% 93* 18%
Livestock expenses 422 14% 89* 17%
Renting land 94 % 14* 2%
Total 2,947 100% 527* 100%
Agricultural expenditure/ 17% 18%

income

qnsterisk (*) denotes significant difference between income
groups using T-test (o = .05).

bDoes not include tobacco inputs, which are received on
credit by 6 high income farmers.

Source: Survey data.

which farmers give when they want to transfer blame for non-adoption
from the technology itself to themselves. This will be discussed
further in Chapter 7. However, not withstanding this point, it seems
apparent that "lack cash" is an important reason for non-adoption of
purchased inputs.

The most difficult time for cash for low income farmers is March

through May, as shown in Table 4.15. Their most important cash need
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Table 4.15

Most Difficult Months of the Year for Cash,
Middle Kirinyaga, 19813

High Income Farmers Low Income Farmers
Month % of Farmers Month % of Farmers
May 47 May 40
January 44 April 38
April 37 March 30
September 25 November 24

qFarmers were permitted to name more than one month as being their
most difficult. Hence percentages do not sum to 100.

Source: Survey data.

at this time is for purchasing food; other needs include paying school
fees and local harambee taxes. For high income farmers, the most diffi-
cult months for cash are January, !lay, and September, the months when
secondary school fees are due. April is also important because of plow-.
ing, seed, and weeding expeﬁées.

Table 4.14 shows that total farm expenditures make up the same
proportion of total cash income, 17 to 18 percent, for both income
groups. This is somewhat surprising; however, two observations help
explain why this is so. First, the 1930-81 year was a poor yea} for
crops; thus income from crops was depressed. However, low income
farmers must spend a certain amount of cash, especially for purchasing
seed and hiring ox-plows, merely to maintain their productive capacity.

This helps explain why their expenses, relative to their incomes, are
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as high as they are. Second, high income farmers appear to be averse
to spending money on their farms and in particular, their crops; they
prefer to invest a larger percentage of their income in their off-farm
enterprises, which they feel are more profitable. This helps explain
why the farm cash expenses of high income farmers are so Tow.

Indeed, the spending preferences of both groups of farmers appear
to be oriented away from agriculture and in particular, away from crop
production. Beyond spending a minimum on seed and plowing, low income
farmers are not willing and/or are unable to invest in their farms.

How do they prefer to spend their scarce cash? Survey data shows that
76 percent claimed that it was more important to spend money educating
their children than to invest in their farms. Spending preferences are
explored in greater detail in Table 4.16, which shows the responses to
an open-ended question on how farmers would spend an extra 200 Shillings
if itwere given to them in March, the planting month. It should be
noted that responses are likely to be biased towards agricultural uses
for two reasons: (1) because the question concerned cash needs at a
time when agricultural expenses are very demanding, and (2) because
respondents were aware that the survey was being administered by repre-
sentatives of the Ministry of Agriculture. Nonetheless, the number of
low income farmers who indicated they would spend the cash on agricul-
tural pursuits was surprisingly low, only 44 percent. Predictably,
seed was their biggest concérn. A further 44 percent said they would
keep the cash "for security" or invest in small livestock, ostensibly
for the same purpose. A further 19 percent would use the cash for

consumption or other non-farm purposes. The spending preferences of
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Table 4.16

How Farmers Would Spend an Extra 200 Shs. if They Received It
at Planting Time (March), Middle Kirinyaga, 1981

Low Income High Income

Farmers Percentage Farmers Percentage

Security
Goat, Sheep, Poultry 9 ( 21%) 6 ( 172)
Keep the cash for security 10 ( 23%) 5 ( 14%)
Total 19 ( 44%) 11 ( 30%)
Agriculture
Weeding 4 ( 9%) 5 ( 14%)
Seed 7 ( 16%) 3 ( 8%)
Insecticide/Fertilizer 4 ( 9%) 2 ( 6%)
Plowing/Planting 2 ( 5%) 7 ( 19%)
Other 3 ( 7%) 2 ( 5%)
Total 17 ( 39%) 18 ( 50%)
Non-farm
Household consumption 5 ( 12%) 3 ( 8%)
Other 3 ( 7%) 6 (17%)
Total 8 ( 19%) 9 ( 25%)
Total Farmers 43 (100%) 36 (100%)

qFarmers were permitted to select more than one item, there-
fore percentages do not sum to 100 percent.

Source: Survey data.

high income farmers do not appear to differ greatly from those of low
income farmers.

In conclusion, the cash constraint affects each of the two groups
in a somewhat different manner. Low income farmers often lack cash for
the most basic of inputs--indigenous seed and hiring plows--much less

for other improvements such as improved seed and fertilizer. Cash
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expenses are not high in an absolute sense; however, they come at a time
when food is scarce and farmers' cash balances are particularly unfavor-
able. Further, their priorities in spending cash are directed more
towards security and education than towards agriculture. For high income
farmers, the cash constraint is much less binding. They are able to
provide basic production inputs--seed, plowing and even hired labor for
weeding and a grade cow to provide milk for home consumption--but most
are reluctant to spend additional cash for improving their farms. They
appear to be more interested in investments off the farm and in educa-
tion, since their greatest source of income is from off-farm sources.
Moreover, since about 40 percent of the household heads actually live
away from the farm it is doubtful that they take farm investment very
seriously. Thus whereas low income farmers are averse to investing in
agriculture because they lack the resources, high income farmers avoid
investing in agriculture because they feel opportunities are better

elsewhere.

4.4.4, Access to Draught Power

Most farmers in Middle Kirinyaga prefer to plow and plant their
maize and beans in a single operation: they broadcast their beans, open
up furrows with a moldboard plow, and plant their maize seed in lines
in the furrows. As the plow opens up a furrow the maize and bean seeds
in the adjacent furrow are covered.

Tractors and hoes (jembes) are rarely used for land preparation.
Tractors are few and most farmers dislike them because they compact the
soil, thus sharply curtailing the soil's capacity to retain moisture.

Hoes are used for preparing land only in small swampy portions of fields
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where plowing is not possible. Farmers who are unable to plow their
fields, because they lack access to oxen or the cash to hire them, plant
their maize and beans with a machete (panga) without first preparing the

land.]

However, they dislike planting in unprepared soil, citing
decreased ability of the soil to retain moisture, more weed problems,
and slower crop growth.

Most farmers in Middle Kirinyaga prefer to plant their long rains
crops as soon as the rain begins, usually in mid-March. Thus, this is
the time when ox-plow teams are in greatest demand. Plow teams are
generally made up of four oxen, a driver, and another person to keep the
oxen in line. The teams plow about 0.4 ha. per day, working for about
4-5 hours. However, if a field is very wet, plowing will take longer
and the plow owner may refuse to plow altogether.

Table 4 17 shows that 46 percent of the high income farmers and
27 percent of the Tow income farmers own ox-plow and oxen. Although
high income farmers have the finances to purchase oxen and ox-plows,
many feel that hiring teams is a more cost-effective means of getting
their fields plowed. Hiring a plow team costs the same during both the
long rains and short rains, 120 Shs. per acre (0.4 ha.) plus about 20
Shs. worth of refreshments. Nearly all high income farmers, but only
half of low income farmers, own oxen and plows or had cash for hiring
them.

Table 4.18 shows that most farmers not owning oxen were unable to

get their fields plowed during their desired period--before the rains,

]Oddly enough, the hoe is the traditional tool for land preparation
among the Kikuyu. For Middle Kirinyaga farmers, the incremental returns
associated with hoe cultivation apparently do not compensate for the
costs, particularly in terms of drudgery.
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Table 4.17

Ownership of Oxen and Ox Plows, Middle Kirinyaga, 1981

High Income Farmers Low Income Farmers

Numbers Percentage Numbers Percentage
Own oxen and plow 17 (43%) 13 (27%)
Own a plow and no oxen 8 (20%) 2 (4%)
Own neither 14 (36%) 33 (69%)

Total farmers 39 (100%) 48 (100%)

Source: Survey data.

Table 4.18

Desired Time of Plowing/Planting Compared to Actual Time of
Plowing/Planting for Farmers not Owning Oxen, Middle Kirinyaga,
Long Rains Season, 19814

High Income Farmers Low Income Farmers

Numbers Percentage Numbers Percentage

Yes, entire farm plowed 8 (38%) 8 (27%)
when desired

Yes, part of farm plowed 4 (19%) 4 (14%)
when desired

No, none of farm plowed 9 (43%) 17 (59%)
when desired

4The "time" of plowing/planting is divided into three periods:
before the rains begin, during the first ten days of rainfall and
later. Thus, "farm plowed when desired" means the farm was plowed
during the period which the farmer desired.

Data for six low income farmers who lacked cash for hiring a
plow are not included in the table.

Source: Survey data.
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during the first ten days of rain, or later. This problem is especially
acute for low income farmers who tend to pay for plowing by providing
labor services in place of cash, or rely on relatives who own oxen.

They have little leverage for obtaining the oxen when they need them.

In the short rains season, the draught power problem is also pre-
carious. On the demand side, farmers know that due to rainfall risk,
they must get their crop in as soon as the rains begin. Many prefer to
plant before the rains. On the supply side, many more tractors are
available; they come from farms in the Rift Valley, where no short rains
crops are grown. Overall, the balance of supply and demand is roughly
the same as in the long rains.

It is likely that the difficulties in gaining access to oxen will
worsen in the future. Farm size is decreasing, grazing areas are shrink-
ing, and the cattle population is declining. For example, over one-half
of the farmers in both groups claimed they had fewer cattle presently
then they had had ten years ago; less than one-third said that their
number had increased. Nearly all low income farmers and over one-half
of the high income farmers cited urgent cash needs as the reasons for
the decrease in number of cattle. Other causes, such as cattle deaths,
labor shortages, and grazing problems were relatively unimportant. As
dréught power in Middle Kirinyaga declines, the area planted late will

also likely increase, further depressing yield levels.

4.5. Leverage Points in Middle Kirinyaga

As discussed in Chapter 2, the diagnostic survey is characterized
by a sequential approach to data collection in which each stage is

increasingly focused on more specific priority problems. Here, we
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present the focii, or leverage points, we developed in the informal
survey in Middle Kirinyaga.

As stated in Section 2.2, leverage points are points in the system
where there is scope for increasing productivity in ways that are likely
to be acceptable and feasible for farmers. The three principal leverage
points we identified in the informal survey are:

1. Method and timing of land preparation and planting. Most

farmers, particularly low income farmers, are unable to get their

fields plowed when desired. Thus, they are unable to take full
advantage of the brief period of rainfall available.

2. Soil fertility and structure. Most farmers cultivate con-

tinuously, twice per year, with no rotation and no fertilizer

or manure.

3. Maize variety. Farmers frequently exhaust their home sup-

plies of maize, their principal food staple. Maize varieties

recommended by the Ministry of Agriculture are not widely used.
A11 three leverage points are relevant to both income groups; however,
it is important to maintain the distinction between income groups
because solutions relevant to one group may not be relevant to the other
group.

The discussion of short rains management is much briefer than the
discussion of long rains management for three reasons. First, short
rains management was not given much priority for planning experimenta-
tion, because the high probability of low rainfall sharply reduces the
potential for developing improvements to help farmers. Second, the
survey took place during the long rains season. Therefore, the quality:

of data on short rains management is much lower because the recall
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period was much longer and because we were not able to use observations
to support our findings. Third, it appears that maize and bean manage-
ment in the short rains closely mirrors management in the long rains.

We focus on maize and beans for several reasons. First, stabiliz-
ing food supplies is a key objective of Middle Kirinyaga farmers and
maize and beans are the two most important food crops from a production
and consumption standpoint. Second, government policy strongly promotes
the local production of maize and beans to substitute for imported
maize and beans. Third, as noted in Chapter 2, farmers change in small
steps, and it is thus more likely that research services can help by
assisting farmers to improve the crops they are currently growing, rather
than introducing new ones. Fourth, yield levels for maize and beans are
fairly low and there is much potential for substantially increasing them.

We emphasize maize somewhat more than beans in Chapter 5 for three
reasons. First, it is evident that maize is a much more important food-
stuff to farmers in Middle Kirinyaga than are beans. Second, no ready
consumer substitutes are available for maize while several exist for
beans. Third, government policy places more emphasis on increasing
maize production (Government of Kenya, 1982).

In the following chapter we analyze farmer practices at the lever-
age points. In Chapter 6, we propose solutions to farmers' problems
which are likely to increase productivity and be acceptable and feasible

to farmers.



CHAPTER 5

ANALYSIS OF SELECTED MAIZE AND BEAN PRACTICES

The purpose of this chapter is to analyze farmers' practices
concerning identified leverage points as a basis for proposing experi-
ments in the following chapter. At several of these leverage points,
we use repertory grids aﬁd/or hierarchical decision tree models to aid
49n developing an understanding of selected farmer decisions. Further-
more, we elaborate on several practices not related to the priority
areas, e.g., weeding, harvesting, and plant protection. It is import-
ant to document these practices because they comprise the non-
experimental variables in our experimental program. In experiments to
formulate recommendations for farmers, we fix the non-experimental
variables at farmers' levels, so that the response to the experimental
variable approximates the response the farmer will obtain.

The three principal leverage points identified in the informal
survey are: (1) the method and timing of land preparation/planting,
(2) maize varieties, and (3) soil fertility and structure. In this
chapter, we highlight the first two areas because farmer practices at
these points are particularly complex and, at first, baffling. For
example, there were several different land preparation and planting
methods and planting times, for which the rationale was not clear. Con-
cerning maize varieties, most farmers grow at least two of the five

available varieties and the reasons for accepting or rejecting any
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particular one were quite varied. On the other hand, farmer practiceé
and attitudes concerning soil fertility and structure were fairly uni-

form and relatively simple to explain.

5.1. Long Rains Management

5.1.1. Maize Variety Choice

Embu Agricultural Research Station has carried out extensive work
on maize varieties both on-station and at various sites within Middle
Kirinyaga. In the long rains, H-511, a 150-day hybrid, is recommended
north of the Embu-Sagana Road (see Map 1), and Katumani, a 120-day
composite, is recommended south of the road. In fact, the border is
somewhat arbitrary and both varities have been found to perform about
equally well at sites throughout Middle Kirinyaga.

Farmers in both income groups have experimented considerably with

available maize varieties.]

High income farmers have tried an average
of 3.7 different varieties, and low income farmers have tried 2.6
varieties. The average farmer in both groups grows 1.9 different vari-
eties. These figures clearly refute the often-heard maxim in the area
that small farmers are "conservative" and refuse to try varieties other

than their own traditional variety, called "Loca1."2

]Ne were greatly impressed by the amount of experimenting farmers
did with varities. One farmer we found was growing a field of pure,
purple maize--he had managed to select out a parent of H-512, a purple
variety from South America. He liked this variety because of its mill-
ing quali?y and because chickens did not eat the maize, they mistook it
for beans.

2"Loca],“ also called Kikuyu or Muratha, is actually a mixture of
local and second generation hybrids. Nevertheless, local has readily
definable characteristics which are recognizable to the farmer, e.qg.,
thicker husk cover, better storing qualities and longer maturity period
(about 165 days) than H-511.
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Table 5.1 summarizes information on variety use in Middle Kirinyaga.
Local is the most important variety, grown by 59 percent of the high
income farmers and 77 percent of the low income farmers. Katumani is
grown by one-half of the high income farmers and two-thirds of the low
income farmers but the total area per farm for both groups is very small,
one-third of the area per farm under Local. H-511 and a similar hybrid,
H-512, are grown by 36 percent of the high income farmers but only 8
percent of the low income farmers. Twenty to 30 percent of both groups
grow second-generation hybrids.]

Table 5.1 also shows "rejection" rates, that is, the percentage
of farmers who have tried a variety in past years but are not presently
planting it. Four varieties, H-512, Katumani, Local and H-511, have
each been rejected by over 25 percent of the farmers. Two varieties,
H-511 and Local, have been tried and rejected by at least 20 percent of
the Tow income farmers.

What accounts for the complex pattern of variety use, acceptance
and rejection, and the area allocated to each variety in Middle Kirin-
yaga? The repertory grid presented in Table 5.2 shows farmers' ratings
of five varieties across eight criteria.2 Farmers were asked to evalu-
ate only varieties which they were currently growing or had grown in
the past. Column 1 shows evaluations on earliness of maturity. As

expected, Katumani is rated the best and Local the worst. Column 2

]Second generation hybrid seed is seed originating from a field of
hybrid seed. Second generation seed has very heterogenous character-
istics and has lower yield potential than first generation hybrid seed.

2Ther'e were few significant differences between the evaluations of
high income farmers and low income farmers. Therefore, data are aggre-
gated across income groups for convenience of presentation.
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shows the susceptibility of varieties to damage by dogs. Katumani is
the only susceptible variety; it is ready early, its stalks are rela-
tively short and thin, and its ears are close to the ground. Thus, it
is easy for dogs to tear down the stalk to get at the ears.

Yield ratings are presented in Columns 3 and 4. Hybrid varieties
have the highest yield ratings for seasons of sufficient rainfall, and,
surprisingly, second generation hybrid receives as many high ratings as

1 Local also receives high marks by many

first generation hybrids.
farmers but has a few more "fair" than "good" ratings. Katumani is
clearly the lowest rated variety. However for seasons of low rainfall,
Katumani receives almost unanimous "good" ratings whereas other vari-
eties receive mostly fair or poor ratings. Curiously, farmers' own
opinions that Katumani yields less than Local in seasons of sufficient
rainfall are contrary to research trial results. It is likely that a
difference between researcher and farmer practice concerning plant popu-
lation, soil fertility, or intercropping accounts for this. Also,

some farmers feel that there is no difference in yield between the
hybrids and their own variety. Once again, differences in one or more
of the above management variables may have caused different outcomes
between farmers' own experience and research trials.

Ratings on profitability, weevil damage and storing with and without

chemicals are presented in Columns 5 to 8. Profitability ratings pertain

]Many farmers planting second generation hybrid have never tried
hybrid varieties and many hybrid planters have never planted second
generation hybrid seed. Therefore, the results do not imply that most
farmers believe that hybrids and second generation hybrids give similar
yields. However, a substantial percentage of farmers, approximately
one-quarter, claimed that the yields are similar.
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to yield in sufficient rainfall, with the hybrids highest and Katumani
lowest. Katumani and the hybrids are very susceptible to weevil damage
in the field, whereas Local has no weevil problem. Farmers noted that,
in the field, Katumani and hybrid ears are often exposed whereas Local
has uniformly well covered husks; the results on storing without using
chemicals are very similar to those for weevil damage in the field.
Katumani is by far the worst and the hybrids also rate poorly, whereas
Local stores very well without chemicals. The last column shows that
most farmers do not have problems storing maize with chemicals, but
where problems occur they are most likely to be with Katumani.

The grids thus show the favorable and unfavorable aspects of each
variety from the farmers' point of view. However, the repertory grid
tells us nothing about the trade-offs which farmers make among objec-
tives, nor about the resource constraints or chance occurrences which
may prevent them from carrying out their intentions. We therefore
decided to build hierarchical decision tree models (HDM) of the variety
choice process in order to develop an understanding of the reasons
farmers had for selecting the varieties they do. The informal survey
showed that farmers actually make two separate decisions on maize
varieties:

1. Which variety, if any, to grow for early maize. Because

pre-harvest food shortages are so critical in the system, most

farmers are interested in planting a variety which is ready
early. The area allocated to this variety for this purpose is
normally 0.4 ha. (1 acre) or less.

2. Which variety to grow for the main stock of maize. The

main stock is stored and is used for consumption and periodic
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sales whenever cash is needed. The area for the main stock

is residual, generally 1 to 2 ha.

HDM's were developed to model three decisions on variety use, one
concerning the variety to grow for early maize and two concerning the
variety to grow for the main stock:

1. Grow Katumani for early maize

2. Grow H-511/H-512 for main stock of maize

3. Grow Katumani for main stock of maize

These three decisions are discussed in detail in the following

sections.

Grow Katumani for Early Maize

Over two-thirds of low income farmers and just under half of high
income farmers grow Katumani for early maize, as shown in Table 5.3,
which summarizes the decision tree in Figure 5.1. Those farmers not
growing Katumani for early maize cite low yield, damage by dogs, or
their own disinterest in early maize.

Even though Katumani is perceived to be much lower yielding than
other available varieties, the fear of exhausting home-produced food
supplies before harvest time is so high that most farmers are willing
to grow at least some Katumani. Low income farmers have more of a
propensity to grow Katumani for early maize because they lack regular
sources of income, and thus have the most to fear if they run out of
food.

Planting Katumani makes sense for high income farmers also;
between August, when Katumani is ready to harvest, and September, the

principal month for harvesting, maize prices typically fall 20-30 percent
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Figure 5.1 Decision Tree on
Whether to Plant Katumani Variety for Early Maize
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as shown in Figure 4.3. It is likely that the cost savings from growing
Katumani, in terms of not having to purchase maize during August, out-
weigh its yield disadvantage. The decision tree shows that only five
farmers who had tried Katumani felt that its yield was so low as to
outweigh the benefits of earliness. It is significant that all five of
those farmers were high income; since they have access to cash for
purchasing food whenever necessary, they are less concerned with the
benefits of earliness than are low income farmers.

The tree also shows that ten of the farmers who have tried Katumani
(11%) are unable to store seed from harvest time until planting time,
a period of about three months. However, all ten of these farmers plant
Katumani; they borrow seed from other farmers (who presumably use
storage insecticide) or purchase commercial seed in stores. Eight of
these ten farmers were low income; this lends further support to the
finding that low income farmers are strongly committed to growing

Katumani.

Grow Katumani for Storage and Sale

Figure 5.2 presents the decision tree on whether or not to grow
Katumani for one's main stock of maize. The results are summarized in
Table 5.3. Only 25 percent of the low income farmers and 18 percent of
the high income farmers plant Katumani for their main stock of maize.
Less than half of these farmers are planting Katumani because they think
that it is a generally good variety for that purpose. For example, six
of the nineteen planted Katumani because they happened to plant very
lateand were worried that their preferred, late-maturing varieties would

not perform well. Others planted Katumani because they wanted to sell
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Figure 5.2

Decision Tree on Whether to Grow Katumani to
Store for Later Sales and Consumption
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maize quickly at harvest time or because they were prevented from
planting their preferred varieties for other reasons.

Table 5.3 also shows that farmers' main reasons for rejecting
Katumani are low yield and poor storing. These problems are examined
in greater detail:

1. Low Yield. The repertory grid in Table 5.2 showed that nearly
all farmers felt that Katumani gave the highest yield during seasons of
low rainfall, but that other varieties gave better yields during seasons
of sufficient rainfall. Farmers contacted during the informal survey
were divided over whether to plant only a variety which does well with
sufficient rainfall or whether to supplement this variety with one which
does well in low rainfall, presumably to hedge one's risk. There was
some tendency for low income farmers to prefer planting varieties for
both possible situations whereas high income farmers were evenly split
on this issue. In any case, it is clear that farmers who prefer to plant
only a variety which does well in sufficient rainfall were not likely to
plant Katumani for their main stock of maize. In fact, the tree shows
that 14 of 16 farmers preferring varieties for sufficient rainfall did
not plant Katumani for their main stock. Further, the tree also shows
that 10 of the 35 farmers who had tried Katumani and preferred to plant
both types of varieties still rejected Katumani because of its low
yields. Thus, it appears that for over half of the farmers--those pre-
ferring varieties for sufficient rainfall and those who prefer varieties
for both situations but still reject Katumani--the cost of hedging
against risk, in terms of lower expected yields, was so high that they

rejected Katumani.
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During the informal survey, we had hypothesized that more high
income farmers than low income farmers would reject Katumani for their
main stock because of its low yield. Since low income farmers appear
to have more to lose from a crop failure, it seemed reasonable that they
would discount the disadvantage of low average yield in favor of the
advantage of higher production in years of low rainfall. Moreover, we
expected farmers' recent experiences to encourage this tendency since
rainfall had been very low in the previous long rains season.

However, the data do not support this hypothesis; nearly the same
percentage of farmers in each group, 43 percent of high income farmers
and 38 percent of low income farmers, rejected Katumani because of low
yield.

2. Poor Storing. About 20 percent of the farmers in both income

groups reject Katumani because it does not store well. In the informal
survey, farmers indicated that poor storage of Katumani is due to two
factors:
(a) Poor husk cover. Some farmers claimed that their weevil
problem actually began in the field, because the cobs were
exposed, and
(b) Weevil preference for Katumani. Several farmers indicated
that when they store Katumani in the same way and in the same
store with local, they encounter weevil problems only with
Katumani.
About three-quarters of the high income farmers use storage insecticides
whereas only one-third of the low income farmers do so.
The repertory grid in Table 5.2 shows that Katumani, unlike Local,

keeps poorly without chemicals. Moreover, one-third of those farmers
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who had tried, claimed it stored poorly with chemicals. About half of
the farmers who rejected Katumani because of poor storage character-
istics had not even tried to store it with chemicals; these farmers grow
mostly Local, which keeps well without treatment, and they do not want
to be bothered by having to treat maize in the store. At first, this
appears unreasonable, since the cost of storage chemicals (Malathion

2 percent) is very low, only 6 Shs. to treat 3 bags (270 Kg.). However,
farmers were able to keep Katumani only four months on average with a
single application of insecticide. Therefore, a second application would
be required during weeding season, when cash is most scarce. Thus, many
farmers appear to be unwilling to use a variety which requires periodic
cash outlays for storage insecticide, especially when there is consider-
able risk that the application will be ineffective.

It appears that poor storage methods may be partly responsible for
farmers' dissatisfaction with the storage quality of Katumani. If the
period of the effectiveness of chemicals can be increased to six months,
through improved storage practices, farmers will need to buy chemicals
only once per season. Assured of their ability to store Katumani and
hybrid with only one application, more farmers will adopt them.

Unfortunately, we were unable to identify specific farmer storage
practices which need to be changed. For example, we found that only 16
percent of those farmers who had used and then rejected storage insec-
ticide had used one of two selected incorrect methods: applying insec-
ticide to unhusked cobs or not mixing insecticide among cobs. It thus
appears that other factors such as unclean stores, contamination from
untreated maize, low application rates, low quality insecticide, or late
applications may be responsible for the poor performance of some storage

insecticide.



135

Grow Hybrid 511/512 for Main Stock of Maize

Approximately 85 percent of the high income farmers and 40 percent
of the low income farmers have tried H-511 or H-512. Presently, 36
percent of the high income farmers and 8 percent of the low income
farmers grow hybrids. About one-third of the hybrid growers grow
hybrids exclusively, one-third grow mostly hybrid and one-third grow
one acre or less. Farmers' reasons for planting or rejecting hybrid
511/512 are explored in the decision tree in Figure 5.3 and are sum-

marized in Table 5.4.]

The tree is more complex than those for Katumani
because farmers' perceptions of hybrid yield performance are more varied
than for Katumani. The principal reason why low income farmers do not
grow hybrid maize is lack of cash; other important reasons include low
yield/no profit, poor storage, and belief that second generation seed
gives the same production as new hybrid seed. Those high income farmers
not growing hybrid cited poor storage, lack of cash, or that second
generation seed gives the same production as new seed.

The tree shows that farmers who have tried hybrids are split into
three groups on the question of whether new seed is different than
second generation seed. First, about one-quarter believe that there is
no differences; these farmers did not plant hybrid except for two who

received hybrid seed as a gift. Second, 12 percent believe there is a

di fference, but note that new seed is superior only because it is treated

]Since hybrid 511 and 512 have very similar characteristics, both
varieties are included in the same decision tree. Separate analysis of
the 13 cases of 512-use and 29 cases of 511-use showed no discernible
differences in reasons for adoption or rejection. 512 is currently un-
available in Middle Kirinyaga; 511 is recommended over 512 because it
has a slightly shorter maturity period and is thus less susceptible to
late season drought.
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Figure 5.3 Decision Tree on Whether or Not to Grow Hybrid 511/512
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Table 5.4

Farmers' Decision on Whether or Not to Grow Hybrid 511/512 for
Main Stock of Maize, Middle Kirinyaga, 19812

High Income Low Income
Farmers Farmers
Number Percent Number Percent Number Percent
Rejectors' Reasons for not Growing
Low yield/no profit 3 (8%) 8 (17%) 1M (132)
Lack cash for seed 6 (15%) 15 (31%) 21 (24%)
Too risky 0 5 (10%) 5 (6%)
Poor storage 7 (18%) 7 (14%) 14 (16*)
Believe later generations are
the same as new seed 5 (13%) 6 (12%) n (137)
Other 4 (10%) 3 (6:) 7 (87)
Subtotal 25 (64%) 44 (92%) 69 (79%)
Adoptors' Reasons for Growing
Good variety for main stock 8 (20%) 3 (6%) n (13%)
Seed is treated 2 (5%) 2 (2%)
Other (gift, trying for
first time, etc.) 4 (10%) 1 (2%) 5 (6%)
Subtotal 14 (36%) 4 (8%) 18 (21%)
Total 39 (100%) 48 (100%) 87 (100%)

3The case not included on the tree is included in this table for similar reasons for those

given in footnote to Table 5.3.

Source: Survey data. Summary of Figure 5.3.
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with anticide. Ant damage of newly planted seed is a common problem in
Middle Kirinyaga. About half of these farmers plant hybrid seed.

Third, the remaining 65 percent of those farmers who have tried hybrid
seed claim that it gives higher yields than second generation seed.
Nearly all of these farmers feel that hybrids give them higher yields

in seasons of sufficient rainfall than other available varieties; since
all prefer to plant a variety for sufficient rainfall in the long rains,
all may be characterized as potential users. This group consists mostly
of high income farmers, as many more high income farmers than .low income
farmers have tried hybrid. The two most important constraints prevent-
ing these farmers from adopting hybrid seed are poor storage and lack of
cash.

1. Poor storage. HMost farmers who have used chemicals on hybrid

in the store encountered no problem. Indeed, most of those citing stor-
age problems as the reason for not growing hybrid had never tried insec-
ticide. Their reasoning was similar to many of those who cited storage
problems in growing Katumani--they did not want to be bothered with
storage risks and costs when they could continue growing Local, which
stored without problem from harvest to harvest. However, certain farmers
with storage problems still grow some hybrid; they sell and/or consume
it soon after harvest.

2. Lack of Cash. Hybrid seed sells for 50 Shs. per 10 Kg. (suit-

able for 0.4 - 0.8 ha.) and thus represents a substantial investment at
planting time. Some farmers are unable to spare cash for purchasing
seeds and thus plant an alternative variety such as local, which they
may have in their store or which is available at less than half the

price of hybrid in the local markets.
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The decision tree and summary table also show that only 60 percent
of those farmers growing hybrid do so because they feel it is the best
variety to grow. The two other principal reasons are because the seed
is treated against ants, and because the seed was given to the farmer by
a relative.

In summary, farmers in Middle Kirinyaga have extensive exposure to
the two recommended long rains varieties, Katumani and Hybrid 511/512,
but over two-thirds of the area of both income groups is planted to
Local or second generation hybrids. HMost farmers, especially low income
ones, plant a small area of Katumani, in spite of its low yield, to
obtain some early maize. However, few farmers in either group are will-
ing to plant it for their main stock of maize, even though it does well
when the rains are insufficient. Low yield, storage, and susceptibility
to damage by dogs are the principal reasons for rejecting Katumani.
Hybrids are rejected by over two-thirds of high income farmers and
nearly all low income farmers because of lack of cash for buying seed,
poor storage and because they believe there is no difference between new

and second generation seed.

5.1.2. Bean Variety Choice

A wide range of bean cultivars are grown in Middle Kirinyaga; 13
different cultivars were found among sample farmers’and the average
farmer grows two to three different ones. No improQéd seed is available
in Middle Kirinyaga; all seed comes from farmers' stores or is purchased
in the market from other farmers. Table 5.5 presents the principal
cultivars, their seed characteristics, the percentages of farmers grow-

ing and rejecting each cultivar, and areas allocated to each. The
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repertory grid in Table 5.6 shows how farmers rate alternative cultivars
over criteria they feel are important, and thus contributes to explain-
ing the relative importance of each cultivar in the area. Canadian
Wonder is by far the most important cultivar; it is grown by over three-
quarters of the farmers in each income group on over half the area
planted to beans. Farmers give Canadian Wonder the highest ratings over
nearly all important criteria. Canadian Wonder yields well in suffici-
ent rains and heavy rains and is relatively early-maturing, maturing
in about four months. Moreover, it has excellent taste quality, good
color, high price, and does not interfere with maize when intercropped.]

Mexican 142 is the second most important cultivar for low income
farmers, grown by about one-third of them. Mexican's high rejection
rates can be explained by a recent sharp drop in prices due to a reduc-
tion in demand for this cultivar, which is excellent for canning. The
repertory grid shows that Mexican has four important disadvantages: (1)
it is late-maturing, (2) it has a very poor taste, (3) it has the lowest
price of any variety, about 30 percent lower than Canadian Wonder, and
(4) it interferes with the growth of maize when intercropped. However,
Mexican yields fairly well under all levels of rainfall and, most
importantly, its small seed size and low price make it by far the
cheapest seed to plant. Thus, the cash constraint at harvest time
forces many farmers, especially low income ones, to turn to [exican
even though they would otherwise prefer not to plant it.

Rose-coco oval is the third most impbrtant bean cultivar, on the

basis of area planted, for both groups. Grown by about 40 percent of

]One woman stated that she liked Canadian Wonder because she could
put just a few beans into her Githeri and because of its deep red color,
guests would think her very generous for giving them a dish full of
beans.
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high income farmers and 30 percent of low income farmers, Rose-coco oval
is most noted for its ability to produce well in seasons of low rain-
fall. It obtained fair ratings on price and yield in heavy rains and
good ratings on intercropping and taste.

Mwezi moja, the second most important cultivar for high income
farmers, is the earliest maturing cultivar available. However, it does
not yield well in seasons of heavy rainfall and has only fair taste,
price and color characteristics. It is not clear why it is grown by
many more high income farmers than low income farmers. Earliness in
beans is not as crucial a characteristic as is earliness in maize
because cowpea leaves, a home-produced substitute for beans in the diet,
arereadily available during the period before beans mature.

In summary then, most farmers prefer to plant Canadian Wonder and
one to two other varieties: Mexican if there is a cash constraint at
planting time and stored seed is lacking, Rose-coco oval to hedge against

the risk of low rainfall, or Mwezi Moja for early food.

5.1.3. Method and Timing of Land Preparation and Planting

Most farmers in Middle Kirinyaga prefer to plant their maize and
beans as a single operation, as described in Section 4.4.4. Table 5.7
shows that over 60 percent of farmers in both income groups prefer to

1 Only a few, about 13 percent

plant during the first ten days of rain.
in each group prefer to plant dry, before the rains begin. About 10
percent prefer to plant their maize dry and their beans later; these are

farmers who (1) do all of their planting by panga and thus incur no

]Rainfall during the first ten days of rainfall averages 106 mm.
(Standard deviation = 55.1), or nearly one-sixth of the long rains total.
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Table 5.7

Farmers' Opinions on the Best Time to Plant
Maize and Beans, Middle Kirinyaga

High Income Low Income
Best Time to Plant Farmers Farmers
Number Percent Number Percent

During First Ten Days

of Rainfall 23 (64%) 36 (75%)
Before the Rains 5 (14%) 6 (12%)
Maize Before the Rains,

Beans During the Rains 3 (8%) 5 (10%)
Other (at Different Times

or Later than the First

Ten Days of Rainfall) 5 (14%) 1 (2%)

Total 36 (100%) 48 (100%)

Source: Survey data.

extra costs by planting at two different times or (2) weed their maize
using oxen and plant beans during the weeding operation.

Farmers in Middle Kirinyaga prefer to plant at the safest time,
that is, the. time which presents the least danger of losing their crop.
Farmers face a myriad of hazards at any possible planting time; these
hazards and the perceived degree of danger they present are shown in
the repertory grid in Table 5.8. The grid shows that farmers consider
planting dry to be extremely risky, especially for beans. The most
important hazards affecting beans, and the percentages of farmers who

feel the hazards are a "big problem" are:
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1. False start of the rain (63 percent). The rain may start,
thus triggering the germination process, and then stop
for a period, causing seeds and young seedlings to die.

2. Heavy rain spoiling seeds and/or seedlings (57 percent).

3. Bean flowers spoiled by rain (56 percent). If a farmer
plants early, he risks having his beans flower before the
period of heavy rains has ended. The rains may knock the
flowers to the ground, thus sharply curtailing yields.

4. Insects eating seeds (53 percent). This is a localized
problem affecting farmers with anthills in or near their
fields.

5. Seeds not germinating (47 percent). Seeds left too long
in the hot soil may lose vigor.

Farmers note many fewer problems with planting maize dry than with
planting bean dry. Only two hazards, false start of the rain and
insects eating seeds, were mentioned by over 30 percent of the farmers.
Farmers' views on the relative vigor of dry-planted maize seed and bean
seed have a sound agronomic basis.

Planting during the first ten days of rainfall is relatively
trouble-free; the only problem is in obtaining use of a plow, since most
farmers prefer to plant at this time. The principal problem with plant-
ing later than the first ten days is the risk that the rains will end
early, sharply curtailing yields.

Farmers' preferences for planting as closely as possible to the
start of the rains are well justified. Experiments at the Embu Agricul-
tural Research Station show maize yield decreases of up to 50 percent

if planting is delayed two weeks after the rains begin. The cause of
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the decrease is (1) drought stress, since the rain falls over only a
brief period, (2) a decrease in soil temperature after the rain begins
which retards plant growth and (3) leaching of nutrients by the rain
(Al1lan, 1980). The Ministry of Agriculture recommends planting maize
dry and beans just after the rains begin, or if intercropping, both just
after the rains begin.

In Section 4.4.4, we noted that most farmers, particularly low
income farmers, were unable to plant their fields during the period they
desired--before the rains, during the first ten days of rain, or later.
Table 5.9 shows that half of the high income farmers' area was planted
during the first ten days of rain, with about one-third planted before
the rains and only 20 percent later. On the other hand, 36 percent of
the area of low income farms was planted later than the first ten days.]

Farmers' decisions on the method and timing of land preparation and
planting for the 1981 long rains season are explained in the decision
tree in Figure 5.4. The decision tree is extremely complex because of
the diversity of constraints which farmers face. Farmers deal with these
constraints by making sub-decisions which aim to avoid or minimize the
effect of the constraints. It is not practical to summarize the deci-
sion outcomes of the tree in a single table. Tables 5.10-5.13 highlight
the principal results of the exercise.

First, the tree shows that in 88 percent of the cases, the farmer's

safest time to plant--the time at which he feels that there is the

]Based on observation of farms at planting time, it is likely that
the area planted late was underestimated. Some farmers' statements may
reflect the time they would like to have planted rather than the actual
time they planted. More realistic estimates are perhaps 33 percent late
for high income farmers and 50 percent late for low income farmers.



148

‘ejep A3A4Ng  :324N0§

(%9€) ¢2 - (%Eb) 92 (512) €1 (%02) 2l (%6%) 82 (%1€) 81 Le3ol
0 9 9 0 0 € ("ey) awi] 433e7 @
e sueag ¢aziey
0 0 0 l L | (*ey) sueag
0 2 | 2 0 2 ("ey) aziey
12 61 S 6 L2 €l ("ey) sueag-aziey
Jajen utey 4o sheg sutey a40j9g J493e7 utey 4o sheg suLey au0499g

U3l 3Sdt4

pajueld eauay pajue|d eaay

pajue|d eauy

pajue[ | Raay

ual 3sdly
pajue|d eaJdy

pajue|d eaay

SUBWAR BWOOU] MOT

saawaeq awodu] YbiLy

1861 ‘uosess surey Huoq

‘ebefuta Ly alppiw ‘shuijue|q ueag pue aziey 40 AUy pue Buiwy]

6°G 3Lqel



149

wiEp ojenbepeuy JO ENROIQ PIPNIOUT J0U EIEED SoJYL NB=N

2 s L ; seneo g soswo eseo |
(T30 uax0 usxg] [uexg e3w1] [ ttIl-on usxQ GOW]] 9A0QE JO ®34y] [[® 1¥ Jue(d : sIWIL °JJIQ
‘oa-._ (21 g ol-4 :r—.uo_._ ol-34 ‘Aaq| lot-4 ‘Aaq 9AOQE® URYl JejE[ jue[d :J93e]
0l-4 . oi-3 ‘Auq uyed Jo shkep Ud} IS41) ueld :0L-4
T T 7 ] 1 I sujed 9J0joq suerd :4ag
oN oN OoN [ 18 £3% sax
/ll/lhuv&rmmmmwnnnnu\\!\\\ 1o
sosc0 € K S580 9 €90 § 9580 | €ISCO £
trrl-on Aecz os ‘93¥] aq uaxQ| uaxg, l-oN uaxo
sowtl (IR uexQ Je9g 07 oL-4 owq| [sewry s3se0 ¢ s0s80 G
°331a _ ‘ol-4 *JJia uaxo uexo
T / _ 7 o1-4 a1 ‘ol-d
o:/ sox [ M _
~— -~
uexQ “< oN ()
Supar Joj auerq py 2] oq \ /
use) eaey :2. uexg Jway sAeq ual up\ eswO |
Ty uegd 0 uaxQ
(2] 41 saced osed |

oN ao» 31g 003 maemg
nogd pue uexg\~”" | | 56 [(r1-oN
03 SSI00Y 9AWH onN (1) § Kiq Kaq
\ \ no»

/
osed | os®d | 9sed | sIs8d § o580 2 uno Janox
ttrl-on uaxQ #je] uaxp [tIl-oN ‘9a3e uaxQ Butnold a40j)3g safed
0L-4 sueag| [sueag taaw7| Pie] sueag ‘0L-4 suesg _£ smaed 13430 ::.o \32 aq .:.v
Kaq szven| | bi-3 ezyen| | Aaq ezieN Kaq ‘ozTeN ..o:_ IS o_J_ /_.u.o Je9y
T _ | sk
o: _ -o» | uo» [ 1) sax
uaxo esed | uaxQ -onao
Buyaty 03 ) [usxo oz vc- no! \\
:o-o BurJtH querd on ?3u7 og yse) dAvH oua!._;_ ono u: usxQ sased 2 asPd
Jog ...unu ATy o _..!5 Juag \ \ BuTJTH 40 ﬂﬂn@._ uo
oN sax no» a X yse) eAey !l...P_ .n
3» _ | / ]
/ P ujey oyl 2._ !. £3% uo»
notd ___9sed | ased notd eu0jeg %0 / /. |
pue uexQ uaxg ‘eqe| uexQ ‘eaeq pue uaxQ}\ querd ol ] no(d pue\ aseo | [motd _s.c/
03 88900V, sueag !9qw]| [sueag la3®] 1 sseooy/ \Asng oo, oN so} uaxg 03} |uaxo uexQ 03
‘hag 92T8H *hag 2T7eH \ | AN / 85900y, _ »._P._ #5200Y
/ 7 | oft sox suiy eI0y | _
oN sax €% \ / e jueld nox JI o: nou
\ / _ nol4d puy AiegcadooN Buipesp
notd puy Axo: puy u3xXQ UMQ yony ool oz u V otd ..S/
uexQ umQ uaxQ UM / _ L\waxo E_.o uax0 _._2(
| | (K4q)
oN [ (173 oN 3»
~ ~ ase) . / / /
awyL STUL IV V uexQ JoyBTH 84y SPIOIX 49yBTH 22y SPLAIA
quefd Nox J1 AJescooN (21141 ssneosg J4333%¢ 2ENBOIY 491399
Surpasn ._.o:: ool *3J1Q L A% .-2_305 1 suwyl Joyjouy $I
: i
ASTY ZjWIUTH ujey jJo _
Kaq

0L-4 suseg
kxq 31../ e sheq uel 38434 \\\\

€NV3E ANV 3JZIVW ¥NOX INVId OL IWNIL 1S34VE

Burjue|q pue uorjedaedadd pue] jO poylal pue awl] dY} U0 IBAL UOLSLO3Q H°G dnbL4



150

least danger of losing his crop--was also his desired time to plant.
Those farmers desiring to plant at times other than their safest time
did so because
1. They preferred to plant late, after the first ten days of
rain, in order to minimize their weeding. After a ten-day period
following the start of the rains, weeds have germinated and
begun to surface. A farmer planting with oxen at this time will,
in effect, be weeding and planting at the same time. Thus,
whereas over three-quarters of the farmers stated that a farmer
planting during his first ten days must weed his farm twice,
they claimed that a farmer planting later will have to weed only
once.
2. They preferred to plant at a time which they felt would give
them a higher yield, even though the risks were higher. Whereas
over two-thirds of the farmers claimed that the first ten days
were the safest time to plant, over 40 percent claimed that
their yields would usually be higher if they planted their maize
before the rains. Nearly all of these farmers chose fo plant
during the first ten days. The data thus support the hypothesis
that safety is a more important consideration in determining
when to plant than obtaining high yields or minimizing weeding.]
The tree also shows that high income farmers had significantly
greater success than low income farmers in plowing/planting their farms

at their desired times, as shown in Table 5.10. Approximately 60 percent

]That so few farmers plant late to minimize weeding lends further
support to our finding in Section 4.4.2 that the peak season labor
supply is not an important constraint.
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of the high income farmers and 40 percent of the low income farmers were
able to plant their fields at the time they desired. Table 5.11 also
shows the varied success rate which farmers with different means to
secure oxen and plows had in planting at the time they wanted. Most
oxen owners were able to plant when they wanted; some failed because
their farms were too big to complete the task in the required time. On
the other hand, most farmers intending to hire oxen were unable to get
them when they needed them. Simply having "access" to oxen, from a
relative or in exchange for a service, was particularly unreliable. For
example, only 17 percent of the low income farmers who had access to
oxen and wished to plant during the first ten days were able to do so.
Evidently, they had to wai; while the owners were planting their own
and, perhaps, others' fields. For similar reasons, having cash for
hiring did not insure being able to plant at the desired time.

Over two-thirds of the farmers felt that the first ten days follow-
ing the rains is the busiest time for plowing and over half of the oxen-
owners stated they would do more plowing for cash before the rains if
there was increased demand for dry plowing. Therefore, it seemed
reasonable to hypothesize that those farmers wishing to plant dry would
be more successful at planting at this desired time, since the demand
for plows at this time is low. Pooling data from both income groups,
two-thirds of those farmers wishing to hire oxen to plant dry, but only
32 percent of those wishing to plant during the first ten days, were
able to plow/plant at their desired time. The data thus support the
hypothesis that the first ten days of rain is a busier time for planting

than before the rains.
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Table 5.11 shows the measures farmers use to plow/plant when they
are unable to plow/plant at their desired time. These measures include:

1. P]ow/b]ant dry. Only two farmers in each income group

took this option. It appears that for most farmers, the
risks of planting late were less then the risks of plant-
ing dry.

2. Plant using a panga without plowing. Over half of the
Tow income farmers and one-third of the high income
farmers began planting by panga, fearing that oxen would
not be available until a very late date.

3. Plow/plant late with oxen. This measure was used by
nearly all high income farmers and almost half of all low
income farmers.

The data thus show important differences in how high and low income
farmers react when they are unable to plow/plant at their desired times.
Low income farmers have low opportunity costs of labor. Thus they are
willing to plant part or all of their fields by panga, whereas high
income farmers tend to wait for the oxen teams to arrive. Also the costs
of planting late and running out of food are considerably higher for low
income farmers than for high income farmers.

Table 5.12 shows that 27 percent of low income farmers planted their
entire farms by panga. About half of these farmers lacked cash for
hiring oxen whereas the other hé]f feared the oxen would arrive too late.
Only one high income farmer planted his entire farm by panga.

A few farmers in the sample have alternative methods of planting

not previously discussed. About 23 percent of high income farmers and
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Table 5.12

Farmers Planting Without Preparing Their Fields, Long Rains
Season, Middle Kirinyaga, 19813

High Income Low Income
Farmers Farmers
Number Percent Number Percent
Preparing all Fields 35 (90%) 33 (69%)
Preparing Some Fields 3 (8%) 2 (4%)
Not Preparing Any Fields 1 (2%) 13 (27%)
Total Farmers 39 (100%) 48 (100%)

A0nly areas which the farmer would 1ike to prepare with oxen are
included in this table. Thus, areas normally planted with panga, e.q.
fields with tree crops, swampy areas, etc. are not included.

Source: Survey data. Data from Figure 5.4.

13 percent of low income farmers plant relatively small portions of their
maize and/or beans using a panga, following the plowing operation. These
farmers seek to obtain a higher, more efficiently spaced plant popula-
tion. Another alternative planting method involves planting maize using
oxen and then, two weeks later, weeding between the maize rows with a
moldboard plow. At the same time farmers are weeding they are also
planting beans; beans are broadcast on the field before the weeding oper-
ation begins. However, most farmers claim that this method is not prac-
tical because it requires (1) oxen to cultivate twice during one season,
and (2) very wide maize rows so that the oxen can pass between the rows

without disturbing the maize.
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In summary, most farmers in Middle Kirinyaga seek to plant during
the first ten days of rainfall, because they consider this to be the
safest time. High income farmers, who mostly own oxen or have cash for
hiring them, tend to be able to get their farms plowed at the time they
like. Low income farmers rely more on borrowing oxen from relatives or
gaining access to oxen by exchanging services. Most low income farmers

are unable to get their fields plowed at their desired time.

Plant Population

The Ministry of Agriculture recommends that intercropped maize and
beans be grown in rows; maize rows should be 75 cm. apart with two bean
rows between them (Government of Kenya, 1979b). However, farmers do not
feel that it is worthwhile to plant beans in plow furrows; indeed, we
did not find a single farmer doing so. Rather, farmers feel that the
only way to plant beans in rows is to use a panga and as stated above,
farmers prefer not to plant by panga.

Farmers' actual plant populations are compared with the Extension
Services' recommended plant populations in Table 5.13. Recommended
maize populations are 40,500 plants per ha, over one-third higher than
those of high income farmers and over 60 percent higher than those of
low income farmers. However, farmers' low rates may be justifiable, due
to low soil fertility. Low income farmers' maize populations were 20
percent lower than those of high income farmers; because low income
farmers use fertilizer and manure less frequently than high income
farmers, their soils may be less able to maintain a high plant popula-
tion. Moreover, low plant populations also provide some protection

against a complete crop failure in times of drought.
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Table 5.13

Plant Population for Maize and Beans, Long Rains Season,
Middle Kirinyaga, 1981

Row Width Space Between Plant a Farms
(cm) Plants (cm) Population Sampled

Maize: high 108 31 29,700 18
income farmers'
practice

Maize: 1low 110 37 24,900 24
income farmers'
practice

Ministry maizeP 75 30 40,500° -
recommendation

Beans: farmers' Broadcast Broadcast 162,000 8
practice

Ministry beansP? 25 15 180,000 -
recommendation Between

Maize Rows

pifferences in plant population between income groups are signifi-
cant using the t-test (a = .05).

bMinistry recommendations are for intercropped maize and beans:
from Government of Kenya, 1979b and Kenya Seed Co., 1979.

CAllowing 10% loss.

Source: Figures from survey data except where otherwise stated.

Farmers' bean population was 162,000 plants per ha., only 10 percent
lower than the recommended level. Our estimates are comparable to those
of Schunherr and Mbugua (1976) who estimated a median density of 150,000
to 200,000 for Eastern and Central Provinces but much lower than Van

Eijnatten (1975), who estimated 250,000-300,000 for Middle Kirinyaga.
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Although our sample of observations is small, the data supports our
finding during the informal survey that the cover of bean vegetation is
rather dense. Evidently, broadcasting of beans does not result in large

empty patches in fields as one might expect.

5.1.4. Maintenance of Soil Fertility and Structure

Farmers in Middle Kirinyaga have been continously cropping maize
and beans twice per year with no rotation or fallow for periods of 10 to
20 years. In such a system, the issue of maintaining soil fertility and
structure is important.

Current fertilizer recommendations for maize and beans in Middle
Kirinyaga are to apply 60 Kg. Nitrogen and 90 Kg. PZOS per hectare at
planting time (Government of Kenya, 1979b). An application of 20-20-0
to achieve this level on one hectare would cost the farmer 2,430 Shs.,
omitting the cost of capital, application labor, transportation, etc.
Thus the cost of the nutrients alone for one hectare amounts to over 10
percent of the high income farmers' annual cash income and over 80 per-
cent of the low income farmers' cash income.

During the 1981 long rains season, less than one-fifth of sampled
high income farmers and only a single sampled low income farmer used
fertilizer, as shown in Table 5.14. Five of the eight users applied
fertilizer at an average rate of one bag per four hectares--this can
hardly be said to be using fertilizer. Most of the users indicated that
they did not know the recommended rate.

The table also shows that over one-third of high income farmers and
one-fifth of low income farmers have tried fertilizer and rejected it.

Reasons for not using fertilizer are significantly different among the
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Table 5.14

Fertilizer and Manure Use on Maize and Beans,
Long Rains Season, Middle Kirinyaga, 1981

High Income Low Income
Farmers Farmers
Number  Percent Number  Percent
Fertilizer Use
Currently use 7 (18%) 1 (2%)
Tried in past and stopped 13 (33%) 10 (21%)
Never tried 19 (49%) 37 (77%)
Total 39 (100%) 48 (100%)
Reasons for Not Using Fertilizer
Lack cash 8 (29%) 27 (57%)
Lack information 5 (21%) 13 (27%)
Not profitable 1 (33%) 6 (13%)
Other 3 (6%) 2 (4%)
Total 27 (100%) 47 (100%)
Other Means of Fertilizing
Livestock manure 32 (82%) 25 (52%)
Maize stover 7 (18%) 19 (42%)

Source: Survey data.
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two groups: high income farmers cite low profitability and lack of cash
whereas low income farmers cite lack of cash and lack of information.
The allegation of low profitability is particularly intriguing given the
high response to fertilizer shown in local research trials. Three
explanations are possible:

1. The fertilizer is applied incorrectly.

2. Non-experimental variables on the research plots were

fixed at levels far different from conditions on farmers'
fields. Thus, the apparent high response to fertilizer

is due to differences in these non-experimental variables,
rather than to the effect of fertilizer alone.

3. Investment in fertilizer gives a "high" rate of return

but farmers have alternative uses for their money which
they feel give them a higher rate of return.

It appears that all three reasons are involved in explaining
farmers' opinions that fertilizer is not profitable. Moreover, since
the cost of fertilizer is high relative to farmer incomes, lack of cash
is also an important reason why most farmers do not use, and have not
tried, fertilizer.

Two other methods of maintaining soil fertility are mentioned in
Table 5.14. Over 80 percent of high income farmers and half of low
income farmers apply livestock manure on their fields. Manure from
cattle, sheep and goats is commonly used but the effects of manure use
are likely to be very small for two reasons. First, since herd size is
small and most animals graze most of the day, quantities applied are
very small. Second, treatment of the manure is poor; most farmers leave

their manure unshaded so leaching by rainfall is severe.
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The second method, leaving maize stover on the field, is used by
42 percent of the low income farmers and 18 percent of the high income

farmers. Most farmers prefer to feed their stover to their livestock.

5.1.5. Other Production Practices and Use of Purchased Inputs

Weeding

Nearly all Middle Kirinyaga farmers weed with pangas; only a few
farmers weed with oxen as discussed above. Farmers begin weeding in
April or May, starting when maize plants are about 30 cm. high. About
half of the farmers in both income groups do one weeding and half do
two weedings.

For farmers who plant using oxen, planting time is an important
determinant of how many weedings are done. About 60 percent of the
farmers planting before the rains weeded twice, whereas 80 percent of
those planting after the first ten days weeded only once. Those farmers
planting during the first ten days of rainfall were evenly divided
between one weeding and two.

Farmers' second weedings are generally done when maize plants are
about 90 cm. high, but about 10 percent of the farmers do their second
weeding when the crop is 150 cm. high or higher. This weeding does not
affect the yield of the current crop; rather, farmers claim that weeding
late will curtail weed growth for the following crop.

Several farmers complained of severe problems with couch grass
(Sangari) which can only be controlled by dry plowing or by using herbi-
cides. In any case, weed growth is not an important production con-

straint for most farmers.
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Pest Control

In most seasons, pests pose only minor problems to maize and beans
in Middle Kirinyaga. However, during the 1981 long rains season,
stalkborers did extensive damage to maize in certain areas. About one-
quarter of the high income farmers and none of the low income farmers
purchased DDT dust to control them. Unfortunately, dusting plants with
DDT is not of much use after an attack has begun and the stalkborers
have already penetrated the stalk. The cost of DDT is very low; about
20 Shs. is sufficient to treat one hectare. However, few farmers use
DDT because (1) farmers lack cash during April when applications are
required, (2) April is a particularly difficult month for labor (3) many
farmers are unfamiliar with DDT, and (4) many farmers are reluctant to
expend cash and labor each season to prevent a problem which occurs only
infrequently.

Bollworms and semi-loopers also caused extensive damage to maize
and beans in a few areas in 1981, but no control measures were taken by
farmers. Other insects causing occasional problems include black flies
(beans), cutworms (maize) and army worms (maize). Ants often damage
untreated seed when seeds are planted dry, as discussed previously.

However, only one farmer applied anticide at p]antihg time.

Use of Purchased Inputs

High income farmers spend over three times as much as low income
farmers on crop inputs, as shown in Table 5.15. Expenditures on material
inputs, i.e., seed, fertilizer, and chemicals, are dominated by seed

expenses and, in particular, beans. Bean seed purchases accounted for
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Table 5.15

High Income Farmers

Low Income Farmers

Percent Shillings/ Percent Shillings/
Farmers Farmerd Farmers Farmera
Purchased Material Inputs
Maize storage insecticide 67 12 14 2
Bean storage insecticide 69 22 29 4
Maize seed 36 27 10 6
Bean seed 31 60 56 64
Fertilizer/chemicals maize-beans 26 14 2 2
Other seed 31 20 35 13
Inputs for coffee and tomatoes k) 44 21 6
Other Inputs - 47 - 16
Total purchased material inputs 87 245 8l 115
Other
Casual hired labor 74 238 17 31
Permanent hired labor 24 272 0 0
Hired oxen t 19 215 15 50
Total other inputs - 725 - 81
Total Purchased Inputs - 970 - 196

aAver‘aged over all sample households in the income group.

Source: Survey data.
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over half of the material input expenses of low income farmers and over
one-quarter of those of high income farmers.

The gap between income groups is even greater for non-material input
expenses such as hired labor and oxen services than for material input
expenses. Neither income group finds it profitable to purchase material
inputs, except to purchase seed when stocks of home-produced seed are
exhausted. However, high income farmers find it profitable to purchase
hired labor at weeding time to reduce the peak season labor bottlenecks.
They are also more willing to spend cash on hiring oxen for plowing,
since hiring is a more reliable way to get one's farm plowed promptly
than is relying on relatives or the exchange of services for getting

oxen.

5.1.6. Harvesting and Production

In seasons which are preceded by bad harvests, harvesting begins
as soon as the crops have reached an edible stage. Thus green beans
are harvested in June and green maize in July. Final or "dry" harvests
normally take place one month later for beans and two months later for
maize. However, many farmers exhaust a large portion of their crop
before the dry harvest begins and a few may even consume their entire
crop green.

Women have primary responsibility for harvesting. Beans are har-
vested by uprooting the entire plant, and the plants are then piled at
the homestead and beaten with sticks for threshing. The beans are then
bagged and put in the store. To harvest maize, farmers pick ears and
pile them in the store, usually with the husk still intact. They are

then shelled as needed, by hand or by placing them in a bag and beating
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the bag with a stick. Farmers store their maize and beans in a raised,
wood structure with walls of sticks and roofs of grass.

Production data for the long rains seasons, 1980 and 1981, obtained
through farmer interviews, are shown in Table 5.16. Data are also shown
for 31 plots selected at random during the short rains season, 1980-81
where maize yields were measured. Harvests were poor during both long
rains seasons for which data were obtained: 1980, because of lack of
rainfall, and 1981, because flooding and insect damage ravaged crops.
Accordingly, recorded yields are very low. Yields were much higher
during the short rains season, 1981, as climatic conditions were rela-
tively favorable.]

Yields per ha. of maize and beans harvested dry were significantly
different (level of significance = .05) between the two income groups,
during all three seasons shown in Table 5.16. During the long rains
seasons, 1980, high income farmers harvested above 280 kg. maize and
220 kg. beans per ha.; low income farmers harvested about 100 kg. maize
and 90 kg. beans per ha. Maize yields per ha. during the short rains
season averaged about 1,300 kg. for high income farmers and 750 kg. for
low income farmers. Farmers reported during the informal survey that

in a "good" season they expect about 1,200 kg. maize and 360 kg. beans

per ha.

]Yield per hectare here is defined as the quantity of maize or
beans produced on a hectare of intercropped maize and beans. The
figures are for all maize and bean areas, whether mixed with other crops
or not. About two-thirds of total maize and bean area is planted to
only maize and beans, without any other important crop. For the long
rains seasons, data are obtained from interviews shortly after the 1981
long rains crops were harvested. Data are likely to be more reliable
for beans than for maize since (1) the recall period for beans was
shorter, and (2) beans are stored in containers such as kerosene tins
or gUnny sacks whereas maize is simply heaped in the store.



Table 5.16

Production, Yields per Hectare, and Sales of Maize and Beans, Middle Kirinyaga, 1980-81

Maize Beans
High Income Low Income High Income Low Income
Farmers Farmers Farmers Farmers
Dry Production (kg.)
Long rains 1980 503 299 244 101
Long rains 1981 - - 276 76
Ory Yield per ha. (kg.)a
Long rains 1980 279 221 152 92
Long rains 1981 - - 172 66
Short rains 1981/82° 1303 752 - -
Expected Yield per ha.”
in a Good Season 1200 1200 360 360
Sales (kg.)
Long rains 1980 180 59 127 45
Percent of farmers
selling 62% 56% 62% 52%

3Includes all areas, whether mixed with other crops or not. Does not include quantities eaten
green.

bData are from 20 plots on 10 low income farms and 11 plots on 6 high income farms. Plots were
49 sq. meters and were selected at random. Harvest losses (10%) and moisture loss (0-10% depending

on a subjectively assessed moisture level) were subtracted from measured yields. Fields where maize
had been removed for consumption while "green" were excluded from the sample.

SFrom informal survey, not from formal survey data.

Source: Survey data unless otherwise stated.



167

5.2. Short Rains Management

As stated earﬂier,]dng rains and short rains maize and beans
management are very similar. Thus, our description of short rains
management will be brief, highlighting (1) the differences in manage-
ment and (2) those similarities which are somewhat surprising, given

the high probability of low rainfall during the short rains season.

5.2.1. Maize Varieties

There is almost no difference in the area allocated to available
varieties between the two seasons. In the short rains, one might have
expected that more farmers grow Katumani, the variety which nearly all
farmers feel gives the highest yield when rainfall is low. However, as
in the long rains, most farmers grow Katumani only for early maize; they
are not interested in growing it for their main stock of maize because

of its low yields, poor storage and susceptibility to dog damage.

5.2.2. Time and Method of Planting

As stated in Section 4.4.4, the balance of supply and demand for
oxen during the short rains is roughly similar to that of the long rains.
Indeed, the timing of plantings by high income farmers was nearly iden-
tical to the timing during the long rains as shown in Table 5.9. But
whereas in the long rains, high income farmers established their crops
earlier than low income farmers, in the short rains the trend was
reversed. Low income farmers planted nearly half of their fields before
the rains, half during the first ten days of the rains and only 8 percent

late. The risk of low rainfall is much greater during the short rains
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and many low income farmers accommodate this risk by planting before
the rains. In the long rains, we concluded that most farmers felt that
the risks of planting dry are greater than the risks of planting late.
However, in the short rains, more farmers, especially low income
farmers, prefer planting before the rains to planting late in fear of

the high probability of low rainfall.

5.2.3. Use of Purchased Inputs

During the short rains, both groups of farmers spend about one-
third less on purchased inputs than during the long rains. The lower
expenditures, no doubt, reflect the higher probability of low returns

to investments due to drought.

5.3. Farming Systems in Transition: A Summary
of Chapters 4 and 5

This section summarizes the principal features of farming systems
in Middle Kirinyaga. Further, we review the principal constraints on
improving agricultural productivity and draw implications for identify-
ing research priorities.

Nearly all of the cultivated area of both high and low income
farmers is under maize and beans, the area's two principal food staples.
Low income farmers obtain most of their cash from their farms; they also
earn cash working on the farms of high income farmers. On the other
hand, high income farmers earn most of their cash from off-farm enter-
prises, particularly from businesses and salaried positions. Both
groups keep cattle, sheep and goats, primarily to provide milk for the
family and as a form of security. Rains are often unreliable, especi-

ally during the short rains seasons, and both groups frequently run out
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of home-produced food. Thus, stabilizing food supplies is a principal
objective for both high income and low income farmers in Middle
Kirinyaga.

Few, if any, purchased inputs are used in maize and bean cultiva-
tion. Most farmers in both groups grow Local maize for their main
stock and most, particularly low income farmers, also grow a small area
of early-maturing Katumani. Over one-third of high income farmers grow
hybrid; most farmers reject hybrid because they lack cash for seed, do
not consider its yield to be high enough, or because of its poor storage
characteristics. Principal reasons for rejecting Katumani include its
low yield and poof storage characteristics.

Six different bean cultivars are each grown by at least 10 percent
of the farmers; Canadian Wonder is the most popular and rates well on
all important characteristics. Mexican 142 is also popular, particularly
among low-income farmers because it is so inexpensive to plant. However,
Mexican 142 has poor taste qualities, a low sale price, and interferes
with maize growth when intercropped.

Most farmers plow and plant in one operation. The preferred time
is just after the rains begin. However, many farmers, especially low
income ones, are forced to plant late because they lack oxen or cash for
hiring them. Fewer farmers prefer to plant before the rains citing the
risks of dry planting, especially for beans.

For maize the plant population is less than two-thirds of the recom-
mended level; for beans, it is about equal to the recommended level.

The maize plant population is significantly higher for high income

farmers than for low income farmers.
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Most farmers use livestock manure on their farms but the quantities
applied are too low to have a significant impact. Reasons for not using
fertilizer include lack of cash and low profitability. Maize and bean
yields are extremely low and production methods during the short rains
closely mirror methods used in the long rains.

Table 5.17 summarizes farmer practices in cultivating maize and
beans. The table shows that the income groups differ on four variables:
time of planting, maize plant density, and maize varieties for main
stock and for early maize. The income groups are similar on eight vari-
ables: seed treatment, method of land preparation/planting, bean culti-
var, weeding, plant protection, fertilizer use, manure use, and fallow/
rotation.

Lack of cash for purchasing inputs, poor soil fertility and
structure, and lack of access to draught power are the most important
constraints limiting farm productivity. The cash constraint is especi-
ally important for low income farmers who may not have cash for even
the most basic inputs: purchasing seed and hiring ox-plows. High
income farmers may have cash available for farm investment but they
prefer to invest in off-farm enterprises. Soil fertility and structure
are eroding rapidly for both groups as fields are continuously cropped,
twice per year, to maize and beans. Access to draught power is a
particularly important constraint for low income farmers, who are often
forced to plant late, because they do not own oxen or have the cash
necessary for hiring them. Moreover, as grazing areas shrink and more
oxen are sold off due to cash needs, fewer farmers will be able to have

their fields plowed just after the rains begin. More will be forced to
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Table 5.17

Farmer Practices in Cultivating Maize and Beans,
Middle Kirinyaga, 1981

Practice/Operation High Income Farmers Low Income Farmers
Time of Planting Five days after the Ten days after the
rains begin rains begin
Seed Treatment None None
Method of land Oxplow, maize in rows Same
preparation/planting beans broadcast before
plowing
Maize plant density Row width-108 cm. , Row width-110 cm.
Between plants-31 cm.  Between plants-37 cm.
Plant pop.-29,700 Plant pop.-24,900
Bean plant density Plant pop.-160,000 Same
Maize variety for Local or H-511 Local
main stock
Maize variety for Katumani or none Katumani

early maize

Weeding One or two times if Same
needed. Weed con-
trol is effective.

Plant protection None None
Fertilizer None None
Manure application None in last year None in last year
Fallow or rotation None (previous crop is Same
maize-beans inter-
cropped)

Source: Survey data.
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plant late and many may turn to dry planting as an alternative to
planting late.

Land is not an important constraint in the short run. However,
land will likely become an important constraint for low income farmers
in the near future as population increases, farms are subdivided, and
land sales from low income to high income farmers continue. Land will
not be an important constraint for high income farmers who are more
successful at obtaining education and off-farm employment for their
children and who have cash for buying or renting land.

It is difficult to predict the effect that the increasingly severe
constraints--cash, soil fertility, draught power, and land--will have
on the way low income farmers manage their farms. For example, one
might forecast that the land constraint, together with the cash and
oxen constraints, may cause low income farmers to turn to hoe cultiva-
tion. However, we did not find even one farmer who used a hoe to
cultivate his 1and.] Therefore, it appears that the above constraints
will result in more no-till or infrequently-tilled cultivation rather
than a change to hoe cultivation.

Nevertheless, there are several implications for establishing
research priorities to help low income farmers. First, research
efforts should assist farmers to take full advantage of the limited
amount of rainfall available, and/or to accommodate their production
methods to limited rainfall. Second, research efforts should help
farmers to upgrade the quality of their soils. Third, other efforts

to improve productivity should not conflict with the three principal

]Hoes are only used in particular situations, such as preparing
land in a swampy area where oxen cannot work, or in areas infested with
couch grass.
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constraints farmers face: cash scarcity, soil quality, or their
inability to plant at their desired time.

The constraints which high income farmers face are similar to
those of low income farmers but there are important differences in
degree. The cash constraint for high income farmers is much less
severe, and stems more from competing investment opportunities than
low cash incomes. Draught power and land are less important constraints
for high income farmers, because they have cash for hiring oxen and
renting land. Soil fertility, on the other hand, is as important a
constraint for high income farmers as it is for low income farmers.
Since high income farmers face fewer and less severe constraints than
low income farmers, there is more latitude for solving their problems

than there is for low income farmers.



CHAPTER 6

PRIORITIES FOR ADAPTIVE PRODUCTION RESEARCH

In this section we identify the priority areas for adaptive
production research, emphasizing maize and beans. First, we present
some advantages and disadvantages of mounting experiments on farmers'
fields as opposed to on research stations. Next, production research
priorities and farmer practices are outlined. Finally, each research
priority is reviewed in greater detail and proposed experiments are
discussed. Recommendations for extension programs are also made where
it is felt that lack of knowledge is the principal reason behind non-
adoption.

Two qualifications are necessary. First, as stated in Section 2.6,
the objective of this study is to develop short and medium term produc-
tion research programs which accommodate existing environmental and
infrastructural constraints. Our proposals are weighted towards the
improvement of crop production; they do not extend into other areas
of rural development such as livestock, marketing, prices, or land
tenure. Second, it is rare that there are quick, easy answers to agri-
cultural development problems. It takes a long time to develop appro-
priate technologies for farmers. The approach used in this thesis aims
to develop such technologies in a more effective and timely fashion than

other approaches.

174



175

6.1. On-Farm and On-Station Experimentation

In recent years, researchers in many countries have come to
recognize the importance of carfying out research experiments on
farmers' fields as well as on experiment stations. The soil type and
structure, labor availability, pest problems, and other agronomic and
economic conditions of a small farm are often far different from the
conditions found on station fields. Therefore, technologies developed
on farmers' fields will generally be more appropriate to the farmers'
circumstances and adoption will be more likely. Moreover, on-farm
experimentation allows technologies to be developed and tested across
a large number of locations, increasing the validity of the recommenda-
tions. Finally, on-farm experimentation provides an opportunity for the
farmer to participate in developing and appraising the new technology.
On-farm research also encourages dialogue between the farmer, the exten-
sion worker, and the researchers. Researchers can use a better under-
standing of the farmers' assessment of experimental results to tailor
technologies to the farmers' circumstances.

We are not, of course, arguing that all research should be done on
farmers' fields. Experimentation is best mounted on stations when (1)
new materials are being tested in the early stages of their development
or when (2) close monitoring and/or control is required in order to make
needed adaptations. Moreover, in the short run the costs of mounting

experiments on farmers' fields may be prohibitive.] However, in most

]These costs are primarily for increased transport, night allowances
and researchers' time in transit. In the long run, however, total
research costs may decrease as on-station fixed costs (buildings, equip-
ment, labor, etc.) are reduced.
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cases, research experiments for formulating recommendations for farmers
are best mounted under farmers' own conditions in their fields.

The analysis in this report focuses on two recommendation domains
(RD's)--high income farmers and low income farmers. In Chapters 4 and
5 it was shown that there are important differences between the two
groups in their priorities, resources, constraints and management prac-
tices. Thus, the two groups have somewhat different researchable prob-
lems and different development opportunities. Most notably, high income
farmers have regular cash incomes and will thus be able to afford
purchasing inputs which help them to better meet their objectives.
However, many of them are averse to spending cash on their farms as they
feel returns are higher elsewhere. Therefore, agricultural research
must offer them techno]ogies which are substantially more profitable
than existing farm investments in order to get them to increase invest-
ment in their farm. On the other hand, low income farmers often lack
cash for even the most basic inputs. Thus, they are less likely to be
able to afford purchased inputs. The challenge here is to offer them
low-cost technologies which lead to substantial increases in producti-
vity and better help them to meet their objectives.

Of course, it is possible that two different RD's can have the
same problem, and that a proposed solution to the problem is appropri-
ate for both groups. Thus, some of our research priorities and proposed
solutions relate primarily to one RD whereas other are appropriate for

both RD's.
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6.2. Qutline of Research Priorities

The priority research areas, or leverage points, are selected over
other possibilities because:

1. Improvements in these areas offer substantial potential

for assisting the farmers of Middle Kirinyaga to increase
productivity and to better meet their own priorities in
accordance with nat{onal policies, and

2. Potential innovations arising from production research

in these areas are likely to be acceptable to the
farmers and feasible for them to adopt.

Two priority areas for maize/bean production research stand out
over the others in order of importance:

1. Improving soil fertility and structure.

2. Easing the draught power bottleneck to enable farmers

to plant earlier.

Soil fertility and structure were selected because they are critical
constraints and because it appears that technologies available for solv-
ing these problems are effective and within the means of many farmers.]
Easing the draught power bottleneck was selected because time of planting
is perhaps the most important variable for increasing crop productivity.
Although we have no quick and easy solution to this problem, we propose
several avenues by which the bottleneck may be reduced, permitting farmers

to plant earlier.

1Two factors explain why soil fertility was selected as a critical
constraint although relatively little attention was given to it during
the survey. First, it was much simpler to develop an understanding of
farming practices concerning soil fertility than it was, say, to describe
and explain maize variety use or timing of plowing/planting. Second, as
no potential, feasible solution to the soil problem was identified until
relatively late in the survey exercise, the topic was not given much
importance during the early stages.
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Three other research areas are given secondary priority:

1. Improved maize varieties.

2. Improved bean cultivars.

3. Maize storage improvement.

These areas each offer substantial potential for increasing produc-
tivity. However, improved maize varieties and bean cultivars will have
limited effect without changes in other variables such as time of plant-
ing, plant population, and soil fertility. Maize storage also receives
secondary priority because, as one woman admonished us, "How can you
talk to me about storage when I never have anything to store!" More-
over, most farmers prefer to use a variety which stores well without
chemicals, or use chemicals and do not encounter problems.

Before discussing these five priority research areas in greater
detail, it should be noted that non-experimental variables form the con-
text in which experimental variables will be studied. For experiments
designed to formulate farmer recommendations, non-experimental variables
will normally be fixed at current farmer practices as shown in Table

1

5-19." Thus, researchers will be able to test the response of an inno-

vation(s) under farmers' own conditions.

6.3. Improve Soil Fertility and Structure

Farmers in Middle Kirinyaga have been planting maize and beans
continuously, two times per year, for 10 to 20 years with no fertilizer

and only minimal quantities of manure. Many have tried fertilizer but

]In some cases, it may be preferable to allow the farmer to fix
non-experimental variables at levels he deems suitable (Kirkby, 1981).
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most of these have stopped using it, citing lack of cash, low
profitability, or lack of knowledge about how to use it. Several dif-
ferent strategies may be pursued to try to improve soil fertility and

structure in Middle Kirinyaga.

6.3.1. Use of Coffee By-Products as Manure for Maize and Beans

The Sagana Coffee Factory currently produces about 1,000 lorry-
loads per year of coffee husks] which it contracts out to a private
trucker to dump. These by-products are high in nutrient content; and
the Coffee Research Foundation (CRF) has found them to be useful as
both a mulch and a manure on coffee.

Table 6.1 presents the costs and returns of alternative measures
to increase soil fertility through fertilizer and coffee husks, and the
yield increases required to pay for the costs. Coffee husks appear to
compete very favorably with fertilizer for the following reasons:

1. The partial budget in Table 6.1 shows a positive net benefit
to applications of coffee husks. The cost per Kg. of nitrogen and PZOS
in the coffee husks is about one-third of the cost of the nutrients in
20-20-0 fertilizer. Soils in Middle Kirinyaga are deficient in both
nitrogen and P205. The total cost of applying the husks (cash, labor
and cost of capital) is only 40 percent of the cost of applying fertil-

jzer.

]The husks are approximately three-quarters husk and one-quarter
pulp by weight. Production began in 1981 and is expected to double
in 1982 as the factory makes better use of its capacity. At a rate
of one lorry-load per year per farm, the factory could serve 2,000
farmers in 1982, about one-third of all farmers in Middle Kirinyaga.



180

Table 6.1

Estimated Costs and Returns to Alternative ileasures for
Increasing Soil Fertility, Middle Kirinyaga, 1981

Control . Coffee
(no application) Fertilizer Husks/Pulp
1. Treatment
Quantity applied per ha. 0 150 Kgq. 1 lorry load
Nutrient Ievelaapplication (3.5 tons)
(N-P,0.-K,0) 0 30-30-0 39-27-146
275 "2
2. Returns per ha.
Maize yield® 750 Kq. 1,000 Kg. 1,000 Kg.
Beans yield c 300 Xg. 400 Kg. 400 Xg.
Value of Production 3,000 Shs. 4,000 Shs. 4,000 Shs.
3. Variable money costs per ha.
Nutrientsg 0 780 Shs. 0
Transport 0 30 Shs. 275 Shs.
Total variable money costs 0 810 Shs. 275 Shs.
4. Variable Opportunity Costs per ha.
Application 1abgr (man-days) 0 2 5
Cost/person-day 0 15 Shs. 10 Shs.
Application lapor cost/season? 0 30 Shs. 25 Shs.
5. Cost of Capital" per ha. 0 420 shs. 225 shs.
6. Total Cost per ha. 0 1,230 Shs. 500 Shs.
7. Net Benefit' per ha. - -230<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>