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ABSTRACT

FARMER ASSESSMENT OF MAIZE RECOMMENDATIONS IN
NORTHERN VERACRUZ STATE, MEXICO

By

Larry W. Harrington

This study develops procedures for farmer assessment of new tech-
nology and applies these procedures to assess maize recommendations
for three defined groups of farmers in Northern Veracruz State,
Mexico.

Farmer assessment goes beyond conventional economic analysis of
agronomic data, in which researchers assume that they are familiar
with the important costs and benefits associated with new technology.:
In farmer assessment, those farmers with sufficient experience with
the new technology (such that they have made a decision for or
against its use) explain how they employ it (positive information),
list its advantages and disadvantages (normative information), and
describe why they decided in favor of or against its use in commer-
cial production (prescriptive information). This information may
be used to suggest changes in priorities and procedures regarding
agricultural research, extension or policy.

Steps for the practical implementation of farmer assessment are
developed. The step of dividing farmers into users, ex-users and
non-users is found to be especially useful. Alternative data
collection techniques such as purposive surveys, random surveys
and farmer trials are examined for usefulness in farmer assessment
and conditions are established underwhich each is preferred.

Finally, it is found that farmer assessment is likely to be most



useful: 1) when farmers have had little previous experience with
components of the new technology, 2) when a knowledge of the
recommended technology is needed to focus questions on farmers'
experiences, 3) when the farming system is complex and therefore
costly to accurately represent in a formal model, 4) when ex-ante
survey work was not well conducted.

Maize recommendations are developed for the study area for
fertilizer levels, weed control practices, variety, planted
density, and insect control practices. These recommendations are
developed from experimental data obtained from on-farm agronomic
trials conducted by CIMMYT's Maize Training Program. Analytical
techniques used in developing recommendations include partial
budgets, simple risk analysis, and production function analysis.

Fertilizer recommendations are found to be generally acceptable
to farmers. Farmers experience yield increases similar to those
observed in experiments, for the recommended treatment. Problems
of fertilizer availability led to suggestions for a change in
fertilizer distribution policy on the part of the local government
bank and extension service. Weed control recommendations involving
herbicides are found by farmers to be useful but formal recommenda-
tion of them is subject to further analysis going beyond private
benefits and costs that correspond to a single maize cycle.

Variety and density recommendations are rejected by farmers. The
recommended variety demonstrates unexpected problems of storability
which, in the farmers' viewpoint, outweight the advantages of that
variety of earliness and resistance to lodging. A recommendation

of increased planted density is complementary to variety choice,



so an increase in density is likewise rejected. Insect control
recommendations are found to be unrelated to farmer problems and
circumstances because recommended inputs are not locally available.
Specific suggestions are made for changes in research or policy to
remedy this situation.

-7 In summary, farmer assessment of recommended technology is
found to be a useful step in the context of more general proce-

dures for on-farm agro-economic research.
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CHAPTER 1
BACKGROUND AND OBJECTIVES

The purpose of this study was to develop and test procedures for
farmer assessment of new agricultural technology, as part of a more
general set of procedures for selecting agricultural technologies useful
to farmers. Before proceeding with a more formal presentation of specific
study objectives, it is appropriate that the background of the study,
including these more general procedures for technology selection, be
described and the pertinent literature reviewed. Then the methodological

and problem solving objectives of the study will be stated.

1.1 Background Regarding Methodology

There has been an increasing insistence on the part of international
agricultural research centers and national research programs that agricul-
tural research and extension lead to the rapid development of technologies
usable by farmers. This is consistent with a similar call by economists
for increased multidisciplinary collaboration between biological scientists
and social scientists in work directed towards this same objective.

Norman, for example, advocates agricultural research that is multidis-
ciplinary, centered on farmers' circumstances and proceeds by building _
on current farmer practice (Norman, 1978){/ Dillon, in a recent article,
favors research that uses knowledge of current technology (and how it

relates to the farmer's culture and needs) to identify innovations whose



2
adoption is feasible; this suggests that research emphasis be "tailored
toward technology that matches the farmer's resource, financial and
climatic environment..." (Dillon, 1979). "

Among national programs, that of Guatemala has made rapid progress
in the implementation of the kind of agricultural research orientation
proposed above. The institution in question, ICTA (Instituto de
Ciencia y Tecnologia Agricola), is nationally responsible for the
development of agricultural technology. Four steps are defined in the
ICTA approach

(1) description and analysis of the traditional farmer with an

orientation toward an understanding of the factors which have

prevented his benefiting from modern technology, (2) adaptive
research to generate new technology appropriate to him, (3) farm
testing (and promotion) to assure, early in the process, that

the technology being developed is satisfactory from the target

group farmer's point of view, and (4) evaluation of the technology

generated (Hildebrand, 1976).

The development of procedures for developing technologies usable
by farmers has received a strong emphasis in the IARCs (International
Agricultural Research Centers). The very mandate of some of the Centers,
e.g., IITA (International Institute for Tropical Agriculture) and CIAT
(Centro Internacional de Agricultura Tropical), is in terms of the
development of cropping systems or farming systems suitable for defined
regions, using improved varieties of specific crops.] Furthermore, the

CGIAR (Consultive Group on International Agricultural Research), in a

recent report on farming systems research in the IARCs, strongly advocated

]The CGIAR/TAC, 1978, describe a farming system as a purposive,
multi-goal, open, stochastic, dynamic system. This system is composed of
such subsystems as social (labor, family), biological (soils, plants,
animals), technical (tools, machines, inputs) and managerial (knowledge,
decision-making) which overlap and interact. A crop system comprises all
components required for the production and use of a particular crop and
the interrelationships between them and the environment.
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agricultural research that meets the following objectives: (1) understand
the physical and socioeconomic environment in which research takes place,
(2) evaluate existing farming systems and improve understanding of the
farmer, (3) improve problem identification in existing farming systems,
to better focus research activities, (4) conduct research on improved
practices in the context of the whole farm, (5) evaluate new practices
through on-farm studies and measurement of farmer reaction to new tech-
nology, and (6) assess the impact of new technology on various affected
groups (CGIAR/TAC, 1978, pp. 21-22).

Even centers with a commodity mandate rather than a farming systems
mandate have emphasized the development of procedures to formulate
recommendations for the mandate crop in the context of the cropping
system. For example, IRRI (International Rice Research Institute)
maintains a Cropping Systems Program, which currently claims 20 percent
of the Institute's budget.

In recent years, scientists at CIMMYT (the International Center for
the Improvement of Maize and Wheat) have become increasingly interested
in developing procedures for the rapid formulation of maize and wheat
technologies usable by target farmers. Lessons have been drawn from
CIMMYT's experience with the Puebla Project, as well as from studies of
the adoption by farmers of new technology in various countries (CIMMYT,
1974 and Winklemann, 1976). These lessons have been combined with the
experiences of other International Agricultural Research Centers (IARCs)

and of national programs, to derive a set of suitable research procedures.
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Somewhat incomplete descriptions of these procedures have recently
appeared (Byerlee, et al., 1979, and Byerlee, et al., forthcoming).2

The research process proposed by CIMMYT is, in fact, an adaptive
Yiterative and interactive) system of information flow. It may, none-
theless, be presented, albeit simplistically, in terms of several discrete
steps. These steps are as follows: (1) Experiment planning (using infor-
mation on farmers' practices and problems to help plan on-farm agronomic
experiments), (2) Experimentation (carrying out on-farm experiments and
analyzing the results to make recommendations aimed at solving farmers'
problems), (3) Promotion (insuring that target farmers are sufficiently
familiar with the recommendations that they may make an adoption decision
in favor of or against the continued use of these recommendations), and
(4) Monitoring (determining farmer experience with the new technology).

The planning step in this model (1) has received considerable
attention recently. It is largely on this step that proponents of
collaboration between social scientists and biological scientists, at
least insofar as on-farm research is concerned, have focused. The
experimentation step (2) has likewise been the subject of considerable
recent attention. Both IRRI and CIMMYT have developed relatively stan-
dardized procedures for on-farm experimentation, using simple experi-
mental designs (De Datta, 1978, and CIMMYT, 1978). Time tested procedures,
using simple budgeting and risk analysis, are available to transform the
resulting agronomic data into recommendations for farmers (Perrin, et al., )
1976). Finally, the promotion step (3) enjoys the attentions of a large

cadre of extensionists and has long been stressed.

zThe case of CIMMYT is of special interest because CIMMYT supported
the research herein reported and the research itself made use of CIMMYT
data.
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It is step (4), that of monitoring farmers' experiences with the
new technology, that has received relatively little attention. Although
it is occasionally mentioned as a necessary part of the process of
developing technologies, detail is seldom presented on the various
functions associated with this step or the efficiency of alternative
survey procedures that may be used in carrying out these functions.
Scientists at CIMMYT, for example, have recently focused on the ex ante
step of on-farm research but have done little "monitoring" of farmers'
experiences with recommendations. Researchers at IRRI use a systems
approach in developing and testing new cropping systems but do not
appear to conduct much direct "monitoring" of farmer reaction to new
technology (Gomez, 1977). Yet, it is this "monitoring" step that allows
—.on-farm research to become iterative and dynamic. These are the major
’:reasons why this step is the subject of the present study. To distinguish
3 this step from the "monitoring" of an action program, it has been re-named
"farmer assessment." The step of "farmer assessment” will be useful
insofar as it leads to improvements in the recommended technology,
through suggestions for changes in agricultural research, or to improve-
ments in the policy environment which farmers must face.

In summary, procedures for the formulation of agricultural tech-
nology usable by farmers, as proposed or practiced by some national
research programs or IARCs, have much in common. These general proce-
dures are problem-solving in nature and therefore require collaboration
among various disciplines, especially between economics and agronomy.
They also require the participation of the farmers. In the research

process, the farmer is called upon to provide ex ante information on
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problems and practices so that experiments may be planned, to provide
experimental locations, and to assess the usefulness of resulting
recommendations when implemented in his own complex environment of
multiple goals and limited resources. Finally, these procedures are -
required to be sufficiently simple and inexpensive that national research
programs with limited resources can implement them, even when small

farmers comprise the target group.

1.2 A Statement of the Methodological Objective

The methodological objective of the study was to develop useful
procedures for "farmer assessment of new technology." These procedures

should be consistent with the more general procedures, noted above, for

formulation of new technologies usable by farmers. Clearly, such con- -

sistency requires that the procedures for farmer assessment of technology

share the characteristics of the more general procedures. That is, they -

should be oriented towards problem-solving and should be cheap and
simple enough for practical use by natibna] programs.

The methodological objective includes several sub-objectives.
Farmer assessment of technology must be defined. The place of farmer
assessment in the more general research procedures must be explored.
The practical uses for information obtained through farmer assessment
must be listed and explained and the limitations of this information
must be noted. The practical steps needed to implement farmer assess-
ment must be listed and explained. Finally, the conceptual and method-
ological issues that surround the idea of "farmer assessment" must be
dealt with. These issues include the theoretical context of farmer

assessment and the choice of techniques for data collection.

\J"
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1.3 Background Regarding the Use of the Methodology
in a Case Study for Problem-Solving

Farmer assessment methodology was tested in Northern Veracruz,
Mexico, an area of interest to CIMMYT. CIMMYT has engaged in on-farm
agronomic research on maize in Northern Veracruz since 1973. Over the
years, CIMMYT researchers have conducted numerous experiments in each
crop cycle (two crop cycles per year) on a wide variety of agronomic
questions related to maize cultivation. Five to seven experimental
sites have been planted each year and several (one to seven) experiments
were planted per site. The sites have been changed after one or two
cycles of experimentation.

CIMMYT's agronomic research in Northern Veracruz has been carried
out largely for training purposes. The study area has served as a
classroom in which agronomists from developing countries may be trained,
by CIMMYT agronomists and economists, in the on-farm research procedures
proposed by CIMMYT (CIMMYT, 1978). Indeed, CIMMYT staff have consciously
refrained from engaging in formal extension, the prerogative of a
national program. Nonetheless, the on-farm experiments in the area were
conducted using those procedures that, it is asserted, should be used for
the purpose of developing improved technologies.

To be sure, a certain amount of confusion exists with respect to
the extent the training function of the experimental program in Northern
Veracruz has led to the use of practices and treatments that otherwise

would not have appeared in a program focused on formulating technologies.
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It is generally felt, however, that training considerations have not

materially affected the recommendations forthcoming from the pr'ogram.3

1.4 A Statement of the Problem-Solving Objective

The problem-solving objective of the study was to use the procedures
developed for farmer assessment in solving a problem of interest to
CIMMYT. This problem is as follows: Are the recommendations for maize
cultivation in Northern Veracruz State, Mexico, derived from CIMMYT's
program of on-farm agronomic experimentation in that region, suitable |
for local farmers? Even if they are suitable, have farmers modified |
them in the process of adoption to make them more consistent with the;r
goals and constraints? The answers to these questions will be useful to
CIMMYT in two ways. First, if recommendations are found to be unsuitable,
work can proceed to correct any inconsistencies‘that may be found between
recommendations and farmers' circumstances. After all, one purpose of
the program is to demonstrate how CIMMYT's procedures can develop tech-
nologies usable by farmers. Second, research results can be subsequently |
used for purposes of illustration and training with respect to how
farmer assessment may be implemented and how its results may help re-direct
agronomic experimental priorities and provide information to policy-makers.

" The problem-solving objective has several sub-objectives:

(1) Formulate maize recommendations for the study by means of economic
analysis of agronomic data. The analytical technique to be used was

partial budgeting, combined with simple risk analysis. Production function

3CIMMYT Training Agronomists, personal communication.
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analysis was also used in the case of fertilizer data. The agronomic
data were obtained from CIMMYT's Maize Training Program. (2) Conduct
farmer assessment of the recommendations so formulated. (3) Use the
results of farmer assessment to suggest changes in the maize research ,
program conducted by CIMMYT, and provide information to policy-makers

regarding agricultural policies affecting target farmers.

1.5 An Overview of the Study

The methodological objectives noted above (define farmer assess-
ment, place farmer assessment in the context of research procedures,
list the specific uses of farmer assessment, list the steps to be
followed in farmer assessment, and place farmer assessment in a
theoretical context) are addressed in Chapter 2. The data collection
instruments employed in the study area, and the study area itself, are
described in Chapters 3 and 4, respectively. Subsequently, individual
chapters deal with the use of specific inputs and practices in maize
cultivation for the study area. Rgcommendgtions are formulated and
subjected to farmer assessment. The"rgsE]§§ pf this assessﬁenf are then
used to §qggest changes in agricultural research jn maize, and in agri-
éu]tura] policy affect}ng local maize farmers. Weed control practices,
férti]izer use, variety and density choice, and insect control practices
are the subjects of Chapters 5, 6, 7 and 8 respectively. Finally,

Chapter 9 contains a summary of results and a discussion of how well

objectives were met.



CHAPTER 2

FARMER ASSESSMENT OF RECOMMENDED
TECHNOLOGY--DEFINITION AND METHODOLOGY

Farmer assessment of recommended technology, the subject of this
study, has been referred to above as a part of a more general process of
the generation of technology usable by farmers. Special emphasis was
placed on the CIMMYT formulation of this process in that the case study
on farmer assessment that was conducted examined recommendations for
maize production derived from CIMMYT on-farm training experiments.

This chapter will address the methodological objectives stated in
Chapter 1: (1) define "farmer assessment;" (2) explore the place of
farmer assessment in the more general procedures for agricultural
research; (3) list the practical use for data obtained through farmer
assessment; (4) list the steps to be used in farmer assessment; and
(5) address conceptual and methodological issues that surround farmer
assessment, e.g., its theoretical context and choice of data collection

techniques.

2.1 Definition of "Farmer Assessment"

/ Farmer assessment, also referred to as "evaluation of technology"
or "monitoring of farmers' experiences with technology," has been
described by several authors. The Tennessee Valley Authority (TVA)
began, as early as the 1930s, a series of Test-Demonstration trials

which continue to this day. As McKnight (1959) notes:

10
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Test-Demonstration work is designed to fill the gap in the no-man's
land between research and extension for the purpose of shortening
the time lag between the discovery of information by the agricul-
tural scientist and its general acceptance by farmers. Test-
Demonstration farms are used to try out and demonstrate promising
research findings before they are conclusive enough to be released
for general use.

More recently, Dillon notes that:

Once research is under way and results begin to come to hand,
evaluation can begin. Full evaluation is not possible until
farmer utilization or trials of the new technology provide
real-world data. Until then, only relatively soft data will

be available. But this should not deter the start of evaluation.
Indeed, the early evaluation of research station and field trial |
data will be very important to extension design activities.

Necessarily, ex post evaluation activities will duplicate much of
the ex ante activity. Data on research and farmer results will
need to be collected and appraised, leading in turn to further
research guidance. In this sense, particularly when an ongoing
program of research is under way, ex ante and ex post guideline
activities meld together in a continuing cyclical process. ,
(Di1lon, 1979, p. 176).

Similarly, Anderson and Hardaker define an important role for the

evaluation of technology:

Evaluation can be thought of as an on-going process of monitoring
seemingly useful changes in technology. It can and should take

“place in the various contexts discussed below, and it provides
information for groups--most immediately to the developers and
purveyors of new technology, then to the various communicators
of information. (Anderson and Hardaker, 1979, p. 13).

In Guatemala, farmer assessment of new technology is included in
the process of technology generation used by ICTA because,

. small farmers will, and do accept change when the available
resource base changes or new and appropriate technology becomes
known. Otherwise, they could not be efficiently adjusted to
alternatives they now have. But it is important to understand
that this efficient adjustment is in terms of the farmers' own
understanding and interpretation of his situation, and it is not
necessarily efficient according to the perceptions of well mean1ng,
but incompletely-informed third persons. (Hildebrand, 1978). ]
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It is clear that the above authors are all referring to more or
less the same concept, though the terms used vary. However, a more
precise definition of "farmer assessment of recommended technology" is
needed; The following is suggested: an iterative process whereby the
collection and analysis of information from farmers, concerning the way
in which they employ a recommended technology as well as the advantages
and disadvantages they perceive in it and their decision regarding the -
wisdom of employing it, is used in subsequent decision-making on research
and extension priorities, and on policies affecting farmers' adoption
decisions.

An explanation of this definition is in order. What is it that
farmers do to assess the technology in question? According to the
definition, they provide three kinds of information to researchers:
(1) the exact fashion in which they employ the technology, (2) the‘\
advantages and disadvantages of using the technology, and (3) their
decision regarding use or non-use of the technology, given these J
advantages and disadvantages.

The above kinds of information correspond to the concepts of
"positive information," "normative information" and "prescriptions,"
as discussed by Johnson and Zerby (1973). Positive information is
concerned with non-normative attributes of things, conditions and
situations in the world. Normative information is concerned with the
goodness and badness of these things, conditions and situations. Pre-
scriptions, or decisions on right and wrong, are formed by processing

positive and normative information through a decision ru]e.]

]The difference between "good and bad" on the one hand, and "right
and wrong" on the other was noted by C.I. Lewis (1955). The former refer
to normative concepts whereas the latter refer to prescriptions.
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Clearly, then, farmer assessment of recormended technology involves
the communication of prescriptions, in this case the farmers' decision
regarding the wisdom of employing the recommendations (or modifications)
under varying conditions of weather or markets. The positive information
embodied in these prescriptions includes the input/output relations obtained
by the farmer when he uses the recommendations (or modifications) under
his own conditions. The normative information so embodied includes
information on monetary and non-monetary values. The information on
monetary values will likely include such considerations as product and
input prices, value of losses of yield in storage, value of yield
changes in other crops, and the monetary value of other changes in the
farming system due to the introduction of recommendations in the target
crop. Information on non-monetary values may include consumption pref-
erences, the utility of income, and the utility or disutility of imper-
fect knowledge.

The farmer takes the positive and normative information noted above
and applies his decision rule to arrive at a prescription--a decision
for or against adoption of the recommendations or a modification of the
recommendations. In the process, he may reveal much regarding the
relative importance of the noted advantages and disadvantages. In any
event, he performs a valuable service by reducing the advantages and
disadvantages (monetary and non-monetary) to common terms and by estab-
1ishing second-order conditions, thereby allowing comparisons between
technologies to be made.V/

Farmers and not researchers are used in assessment at this stage,
because researchers are not as likely to be as aware as farmers of the

presence of changes in the farming system, or the direction and amount
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of consequent changes in value. Indeed, the farmer himself may not be
aware of the implications on other consumption and production activities
of the use of recommendations until he, himself, has tried them.

One further clarification is in order. Just as farmers assess
recommendations in 1light of their whole farming system, data collection
and analysis by researchers emphasize the level of the enterprise
(e.g., maize) or below (e.g., insects in maize) and interaction between
these and the rest of the farming system. It should be recognized that
research at higher levels of aggregation (e.g., the crop-livestock
system) will at times be necessary to answer other kinds of questions
than those addressed by farmer assessment. Useful taxonomies of agri-
cultural systems and subsystems may be found in National Academy of
Sciences (1974) or Hart (1979).

2.2 The Relation of Farmer Assessment to the /;\W
Other Steps in the CIMMYT Procedures '

The technical process of technology-generation may be thought of as
"technology for the production of technological recommendations." One
may then conceive of the various steps in the process as inputs used to
produce the final product--recommendations usable by target farmers--whose
value depends on such considerations as adoption rates and the amount of
benefits and costs accruing to their users. These inputs may be sub-
stitutes or complements. Ex ante identification of farmer problems and
circumstances and well-focused, on-farm experiments seem to be complements.
Both are required to produce much of value. Such ex ante work and farmer
assessment, however, seem to be substitutes. Excellence and comprehen-
siveness in ex ante study of farmer circumstances will usually mean that

fewer inconsistencies between these circumstances and the new technology
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will exist to be discovered later by farmer assessment. Equally, the
fact that farmer assessment is known to be in the offing allows researchers
to restrict ex ante description and analysis of farmer circumstances to
those variables of greater importance and/or relatively cheap to observe
and measure, This is merely a reflection of the well-known conclusion
that, as substitutability increases, the importance of price relatives
also increases.

A further comment is in order regarding the timing of farmer assess-
ment within the more general CIMMYT procedures. In general, feedback
from farmers should be continuous and may include farmer comments on
experimental treatments proposed by researchers, farmer monitoring of
experiments, farmer listing of factors to take into account when making
recommendations, and farmer feedback through the extension service once
formal extension is underway. However, the current study emphasizes that
stage in the research/extension process when recommendations (hopefully
based on on-farm experiments carried out in the target area) are more or
less complete, but before widespread and formal extension has been under-
taken. This is when farmers are just beginning to try the technology on
their own. They provide resources and management and accept the

corresponding risks.

2.3 The Uses of Farmer Assessment

The purpose of farmer assessment of new technology should, by now,
be clear. Specifically, this purpose is to provide feedback from
farmers.”The farmer provides information to researchers and policy-makers
on the consistency of recommended technology with his goals and constraints,

on needed improvements to be made in the technology, and/or modifications
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in the technology he has adopted. Researchers use this information to
formulate testable hypotheses. If the information obtained from farmers
is confirmed, i.e., if the hypotheses are accepted, the information may
be used in six different ways, as listed below.

(1) Re-analysis of the results of past agronomic trials: if a
hypothesis on the presence of a problem with the new technology is
confirmed, then the results of past experiments should be subjected to a
new economic analysis that includes the new problem. For example, if a
hypothesis on the relative storability of varieties is confirmed,
agronomic data on variety comparisons should be re-analyzed to see if
yield differences compensate for storage loss. Recommendations may
change as a result. Likewise, if a farmer hypothesis is confirmed
relative to the seasonal scarcity of labor at a time in which the tech-
nology calls for increased labor input, economic analysis might be
changed to allow for a newly estimated shadow wage for this peak period.

(2) Re-design of individual on-farm agronomic experiments: farmer
assessment may discover that present recommendations are not useful to
farmers as a result of a defect in'the recommended technology which, in
turn, was caused by unrepresentative experimental conditions. In this
case, it might be necessary to re-run the experiments. This pertains to
the selection of controls, or "blanket treatments"--the "constant" fac-
tors or practices not subject to experimental variation. For example,
consider a fertilizer trial carried out with chemical weed control as a
blanket treatment. Assume that, for some reason, herbicides cannot be
used by farmers (not available, damage to associated crops, etc.) and
that agronomists expect different fertilizer responses to be associated

with different weed control practices. In this case, then, accurate
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prediction of yields, and hence profits, that farmers can expect when
they use fertilizer requires fertilizer trials that use the farmer's
weed control practices as a "blanket treatment."

Farmer assessment may also lead to the inclusion of new experi-
mental treatments. If farmers indicate, for example, that the presently
recommended variety is not usable by them because of insufficient
drought tolerance, this criterion should be used by researchers when
they select varieties for inclusion in future on-farm variety experiments.

(3) Re-design of the on-farm experimental program: CIMMYT agrono-
mists (CIMMYT, 1978) identify several steps in the process of agronomic
research, as follows: Step 1 is that of experiment-station research
(e.g., development of varieties or screening of new pesticides); Step 2
is that of on-farm factorial experiments and farm surveys to identify
important production 1imiting factors and interactions between them;
Step 3 is that of determination of economic levels of inputs to overcome
problems identified in Step 2; Step 4 is that of verifying that the
recommendations arising from Step 3 are significantly and consistently
more profitable than the farmer's technology at acceptable risk 1eve1s;2
and Step 5 is that of seed increase and testing the new technology in
commercial-sized fields. A schematic of these steps is presented in
Figure 2-1.

If farmer assessment fails to identify serious inconsistencies

between the new technology and farmers' circumstances, then emphasis on

ZVerification as used here refers to the comparison of the profit-
ability of the farmer's technology and the recommendations, based on
data obtained through small-plot experiments. It does not necessarily
"verify" consistency between the new technology and the current farming
system.
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Steps 4 and 5 is probably in order. If, however, grave problems or
unexpected opportunities are identified, a shift in emphasis back to
stages 2 and 3 would probably be wise.

For example, if a new technology being verified and grown in
commercial-sized plots (Stages 4 and 5) uses as a key input a variety
found by farmers to be objectionable, then a change of emphasis to earlier
stages is in order. This would allow the re-construction of a technology
that uses a more acceptable variety. The identification of such defi-
ciencies is, of course, the purpose of farmer assessment.

(4) Feedback to experiment station research: if farmers agree,
during the assessment process, that a variety suffers from some defect,
this information should be forwarded to breeders for inclusion as they
see fit in setting breeding priorities.

(5) Allocation of funds to research versus extension: insofar as
investment in these two activities is fungible, decisions made with
respect to investment in one or the other could be aided by farmer
assessment of the new technology to be extended. If farmer assessment
is favorable, large investments in related extension may be made with
more confidence.

(6) Information for analysis of agricultural policy: farmer
assessment of new technology may identify constraints to widespread
adoption of that technology influenced by policy, e.g., input avail-
ability, performance of credit institutions, market performance, price
structures, etc, If it proves possible to estimate production foregone
due to unfavorable policies, the costs of maintaining the present policy
stance would thereby be available to policy-makers for consideration in

future examination of the policies in question. It should be made clear,
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however, that the role of farmer assessment is not to set agricultural

policy, but rather to identify fruitful areas for future policy analysis.

2.4 Steps in Farmer Assessment

If it is accepted that something along the lines of "farmer assess-
ment of new technology," for the purposes noted above, is a useful com-
ponent of a more general process of on-farm research, then discussion is
in order regarding the practical steps to be followed in implementing
such farmer assessment.

A review of available literature, however, reveals only two studies
that aid in the identification of these steps. One deals with the
Guatemala experience. The other prescribes a form of farmer assessment
consistent with IRRI's Cropping Systems Program.

In Guatemala, the Instituto de Ciencia y Tecnologia Agricola (ICTA)
urges the standardized use of a "farmer's éria1“ of a complete new tech-
nology, whereby the farmer himself plants a small field using the new
technology. The farmer incurs all expenses and faces the corresponding
risks alone, but receives free technical assistance from researchers.
Follow-up surveys are then conducted to determine adoption rates among
collaborating farmers, the area on which the new technology is being
used and the specific reasons for adoption or non-adoption of specific
inputs and practices included in the technology (Hildebrand, 1976, p. 10).

In the 1976 Cropping Systems Symposium sponsored by IRRI, Norman
and Palmer-Jones, proposed "monitoring through extension," as follows:

Initially, extension should operate on a small scale (in farmers'

trials, for instance) and, if necessary, encourage high feedback.

The basic purpose of monitoring should be to update documentation
of the cropping system. Initial documentation based on the cook-

book would include detailed description of the physical prerequisites,

inputs used (including sources and prices), husbandry operations,
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labor and power inputs, yield expectations, extension methods and

support requirements. Some variants of the basic system can be

given. The extension monitoring service should, on the basis of
experience, update the initial documentation and, where deviation
from the blueprint, or unexpected outcomes or other problems
occur, should refer to the research system for instance. While
for a successful innovation this can be carried out by the exten-
sion system, the study of major problems would be a matter for
researchers, since it implies a research failure in either the
study of the existing situation, the agronomic trials, or the

management trials (Norman and Palmer-Jones, 1977, p. 257).

Both of the above emphasize the monitoring of early "users" of a
new technology, with provisions for feedback of information from farmers
to researchers on any problems encountered. Both place reliance on
farmer trials. Neither, however, give detailed guidance on how to
practically implement farmer assessment through the suggested farmer
trials. Furthermore, complete reliance on farmer trials may not be
necessary, as will be shown below (Section 2.5.4).

In light of this deficiency, the following steps for farmer
assessment have been developed; the place of each step in the overall
scheme of information flow may be seen in Figure 2-2.

(1) Explicitly identify the recommendations to be assessed. As
a part of this step, identify substitutes and complements among the
inputs and practices contained in the recommended technology. It is
useful to know which inputs are strong complements, as rejection of one
complement causes rejection of the entire set. Awareness of substitutes
may be useful in overcoming problems that arise in the use of one of the
substituting inputs.

(2) Stratify target farmers by "use class" for each input or
practice in question. Target farmers can be divided into several

categories, according to their history of using each input or practice

contained in the recommendations. These are "users" (farmers who use the
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input or practice in question), "ex-users" (farmers who have tried the
input or practice and who have dropped it), and "non-users" (farmers
who are knowledgeable about the input or practice but who have decided
not to use it without trying it). In some cases (e.g., where fertilizer
levels are an issue) it is useful to distinguish between those "users"
that follow recommended practices to the letter and those that modify
the practices in the course of adoption. These are termed "full users"
and "partial users," respectively.

This classification is expected to be useful because different
questions will be relevant to different use classes, though all strata
will be asked to divulge positive information, normative information and
prescriptions. Similarly, the relative value of the information obtained
from the various use classes varies according to the use history on the
part of the target population as a whole. This is illustrated in
Figure 2-3.

For example, if a new variety has been tried but dropped by many
farmers, information from "ex-users" is clearly of more interest than
information from "non-users." Information from current "users" would be
of some interest, however, to see if they have found a way to use the
variety that overcomes the deficiencies noted by "ex-users."

In practice, pre-stratification of the population is usually not

feasible for practical reasons. This and other issues related to imple-
mentation of the procedures are deferred to Section 2.5.4.

(3) Implementation of surveys or farmer trials: for selected use
classes (as identified in Figure 2-3) and for each input or practice,
idehtify and measure the following: current and past use practices,

advantages and disadvantages, and prescriptions on technology use under
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different conditions, together with the reasons for these prescriptions
(relative weighting of advantages and disadvantages).

For example, if ex-users of fertilizers are common in the target
population, positive information on the current cropping system and on
the cropping system when fertilizers were being used are obtained.
Farmers are asked to list the problems and advantages associated with
fertilizer use (normative information). The farmer is then asked,
given all of the above, if it is best to use fertilizers, or not to use
them, under various realistic conditions of expected weather and markets
(prescriptions), and the more salient reasons for this decision.

Issues of survey design (random versus purposive, single-visit
versus multiple visit, surveys versus farmer's tests) will be deferred
to Section 2.5.4.

(4) Hypothesis formulation and testing: formulate and test
hypotheses stemming from information gained in the surveys. For example,
if farmers reject fertilizer use largely because it is unprofitable, a
profitability hypothesis can be formulated and then tested using farmer
information on yield response and relative prices. Frequently, however,
formal testing of hypotheses generated in this step must be left to
the new experiments or surveys called for in step (5).

(5) Use of results in decision-making: use the hypotheses formu-
lated in step (4) in one or more of the six purposes of farmer assess-
ment that are listed above. To repeat, these are: (a) re-analysis of
the results of past agronomic trials, (b) re-design of individual on-farm
agronomic experiments, (c) re-design of the on-farm experimental program,
(d) feedback to experiment station research, (e) allocation of funds to

research versus extension, and (f) information regarding agricultural
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policy. Note that for use in (a), (e) or (f) these hypotheses should
have received prior confirmation. This confirmation may be obtained
through special purpose surveys, or through (b), (c), or (d).

2.5 Conceptual and Methodological
Issues in Farmer Assessment

A number of conceptual and methodological issues surround the
notion of "farmer assessment of recommended technologies" that has
been described above. Conceptual issues include the following:
(1) What is the contribution of production economics to the theoretical
base that underlies farmer assessment? (2) What is the difference
between farmer assessment and other kinds of ex post studies of tech-
nology transfer, particularly adoption studies conducted by researchers
in communications? (3) What reliance may be placed on information from
farmers in assessing technologies? Methodological issues include:
(1) How may stratification of farmers into use classes be practically
conducted? (2) What criteria should be used to choose between farmer
trials or farm surveys in data collection? (3) If farm surveys are to
be used, should they be random or purposive, formal or informal,

single-visit or multiple-visit?

2.5.1 Production Economics and Farmer Assessment

Static production economics, while useful in other steps of the
general CIMMYT procedure for technology-formulation, is less useful in
farmer assessment of new technology.

Procedures based on static production economics arrive at a
profit-maximizing use of known inputs, given a fixed technology, fixed

utility functions and institutions, and economic rationality based on
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perfect knowledge.” This last assumption implies that all costs and
benefits that are related to the use of different inputs at different
levels are known in full, may be reduced to comparable terms of value,
and subjected to a decision-rule of profit-maximization. A major pur-
pose of farmer assessment, however, is to identify costs and benefits
(both monetary and non-monetary) that have hitherto escaped attention.
These have, as a consequence, not been included in the overall compari-
sons of costs and benefits leading to choices of inputs and input
1evels.3

Moreover, static production economics stresses the use of formal
decision-rules of profit-maximization, where the costs and benefits to
be compared may be expressed in monetary terms. In farmer assessment,
however, we ask the farmer to apply his own decision rule (which may
include one of several ways of incorporating risk, food preferences,
etc.) to the complete set of costs and benefits that he perceives,
including non-monetary costs and benefits and monetary costs and benefits
that researchers have been unable to measure.

There is a body of concepts, however, that is useful as a theoret-
ical base for farmer assessment. These are the concepts of dynamic
production economics that are found in the Interstate Managerial Study
(IMS) (Johnson, et al., 1961). .,

The concepts taken from the IMS that are pertinent to farmer

assessment include the steps in farmer decision-making, the various

3Under perfect knowledge, input choice and choice of input level
are the same thing. The decision not to use an input is, in fact, a
decision to use that input as a "zero" level.
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knowledge states and their relation to decision-making, and the
differences between kinds of problems and kinds of knowledge.

The steps in farmer decision-making include problem identification,
observation, analysis, decision, action and acceptance of responsibility
(Johnson, et al., 1961; or Bradford and Johnson, 1953). The very pro-
cess of formulating recommendations embodied in the CIMMYT model may be
seen as an attempt to reduce the cost to the farmer of several of these
steps, especially problem identification, observation and analysis.
Farmer assessment, however, is concerned with those farmers who have
completed the cycle of decision-making with respect to actions pre-
scribed by researchers. Assessment is especially concerned with the
re-definition of problems by farmers as a result of this iteration of
decision-making. This has implications for which farmers should be
asked to assess the recommendations.

The knowledge states identified by IMS authors relate closely to
the above decision-making steps. The acquisition of additional knowledge
related to a problem demonstrates, simultaneously, increasing marginal
cost and decreasing marginal value, though cost and value may be measured
subjectively.4 Therefore, a point exists where the marginal cost and
marginal returns from acquiring more information are equal. This con-
cept of costs and returns to acquiring information leads to the following

"knowledge situations:"

4Bradford and Johnson, 1953, p. 34 is the original source. This
argument is repeated by Johnson and Lard, 1961.
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Subjective certainty, a situation in which a manager considers
present knowledge adequate for either:
(a) a positive or

(b) negative decision."

So that he does not try to protect himself from error.

II2.

3.

Risk action, a situation in which a manager regards present
knowledge as adequate for making a decision and in which

the cost of additional knowledge is exactly equal to its
value. Risk actions may be either:

(a) positive, or

(b) negative.

Learning, a situation in which a manager considers his present
knowledge inadequate for action in the sense that he is sub-
jectively unwilling to decide and take the consequences for
the errors which he might make and in which the cost of
acquiring more knowledge is less than its value.

Inaction, a situation in which a manager regards his present
knowledge as inadequate for action and in which the cost of
more knowledge exceeds its value. In this situation, no
action is taken and no learning occurs.

Forced action, a situation in which a manager's information is

inadequate for him to be ready, willing and able to make a
decision subject to the errors involved but in which some out-
side force makes it necessary for him to act. Forced action
decisions are regarded as either:

(a) positive, or

(b) negative."”
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Again, these concepts are useful in identifying populations of
interest in farmer assessment. Information from farmers in the "learning"
situation or in the "forced action" situation is of relatively little
use, for in neither case has the farmer made up his mind to adopt or
reject technology based on what he considers adequate information. The
farmers in the "subjective certainty" or the "risk action" categories
are the farmers of interest for farmer assessment. These farmers have
made a decision based on, for them, sufficient information. Note that
these are the only farmers who will have carried out, without coercion,
the six steps of decision-making noted above. Farmers in the "inaction"
situation are of interest for a different reason. The presence of a
large number of farmers in the "inaction" situation may be due to the
complexity of the technology under consideration. This, in itself, is
of interest to researchers.

Finally, the distinction between problems and kinds of information
is of interest in organizing the questions to be asked in farmer assess-
ment. The IMS identified three kinds of information (technological,
institutional, and human) with two qualities (positive, normative), to
which a time dimension may further be attached (Johnson, 1961). Pro-
blems typically require several kinds of information within this classifi-
cation for their solution. Farmer assessment of new technology deals
with the question of whether new technology has helped the farmer solve
problems (situations capable of improvement) and/or whether it has
caused the farmer to perceive new problems. IMS concepts guide farmer
assessment by insisting that normative information (on technological,

institutional and human considerations) be collected as well as positive
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information. It will be noticed that this conclusion was included in

the definition of farmer assessment found in Section 2.1.5

2.5.2 Farmer Assessment versus Adoption Studies

Farmer assessment of new technology is not the only possible kind
of ex post study of farmers' reaction to innovations. Diffusion
research, as advanced by sociologists who specialize in the study of
communications, contains many examples of such research. The basic
purpose of such research is to "understand how new ideas spread from
their sources to potential receivers and understand the factors affecting
the adoption of such innovations" (Rogers and Shoemaker, 1971, p. 1). <
To achieve this purpose, communications specialists have engaged in such
activities as modeling the innovation-decision process, listing the
attributes of innovations and how they affect the rate of adoption,
forming adopter categories, conducting empirical research on the role of
opinion-leaders and change agents, etc. Results from communications
research aid in conceptualizing farmer assessment. For example, communica-
tions research informs us that the attributes of innovations that are
likely to be adopted include relative advantage, compatibility with
current activities and values, simplicity, trialability (easy to try on
a limited basis), and observability. ¥

The above illustrate the nature of much of recent communications
research: it is usually disciplinary or subject-matter research. It

rarely has immediate real-world application towards the practical solution

5Vincent has also used the concept of farmer processing of positive
and normative information in management. See Vincent, 1977, p. 127.
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of a known problem. Furthermore, communications research does not use
the knowledge situations outlined above (Section 2.5.1) and, hence,
does not make the important distinction between farmers who have made
up their minds not to use a given input (negative risk action) and
farmers who lack sufficient information upon which to base a decision,
one way or the other (learning situation).

Finally, communications specialists themselves note that "generally,
there is a strong pro-innovation bias in diffusion research" and that
"very seldom does one find diffusion studies which analyze the tech-
nical quality, the timeliness, and the cultural and social compatibility
of the recommended innovation" (Diaz Bordenave, 1976, p. 49). Even if
this pro-innovation bias (or the assumption that the innovation itself
lacks defects that would lead to low adoption rates) were overcome,
however, communications research offers few tools to ascertain the
problems with a given innovation and how they may be practically over-
come.

Farmer assessment, on the other hand, is designed specifically as J/
problem-solving research. Researchers conducting farmer assessment are
usually those in charge of the rest of the technology-generation process,
or have immediate access to them. Knowledge situations are formally
incorporated. There is clearly no pro-innovation bias. Assessment is
carried out as soon as possible (when recommendations have been estab-
lished and farmers in the "subjective certainty" or the "risk action"
categories have been found). Results, as noted above, are immediately
used in decision-making that will either improve the recommendations,

confirm them as useful, and/or facilitate their adoption.
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CIMMYT itself has conducted several adoption studies as
subject-matter research (Perrin and Winkelmann, 1976). In a study of
the adoption of hybrid maize in Kenya, for example, it was found that
adoption rates were not explained by such factors as the age or educa-
tion of farmers, or attendance at demonstrations. Other factors were
found to explain adoption, e.g., agroclimatic zone (Gerhart, 1975).
However, the research objective was to explain adoption rates in the
population, not to quickly assess the recommendations from the farmer's
point of view, as feedback to researchers. Furthermore, no use of

knowledge situations was made.

2.5.3 Reliance on Farmer Prescriptions

In the procedures for farmer assessment of new technology that
were advocated above, heavy reliance is placed on information from
farmers. Survey techniques are used to obtain positive, normative and
prescriptive information; this is true whether or not farmer trials
are formally used. jéased on this information, hypotheses are formed
and tested by researchers and suggestions are made for changes in
agronomic experimentation and agricultural policy.

Prescriptions from farmers play a key role. If farmers prescribe
the rejection of new technology for a given set of reasons, and if
these reasons are supported by subsequent research, then a change in
the technology or in agricultural policy will probably be called for.

Some researchers do not agree, however, with this reliance on

farmer prescriptions. Gomez, for example, states that:
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It is my contention that the farmer's acceptance of new technology
should be determined on the basis of physical, biological, and
socioeconomic constraints to adoption rather than simply on the
basis of what the farmer thinks. The farmer works under a set of
constraints that are generally beyond his ability to remove. His
acceptance or rejection of a cropping system gives no clear
indication of what he might have done had the constraints been
removed. Moreover, the farmer's ability to manage a particular
cropping pattern on his farm depends a great deal on how he
allocates resources between his own crop assigned to him for
testing. We can probably expect that whenever there is any
conflict over resource allocation, the farmer will give priority
to his own crops. Thus his failure to properly implement an
experimental cropping system is not conclusive evidence of the
unsuitability of that system. The farmer's participation in
on-farm trials should not be taken for granted; it should be
evaluated critically (Gomez, 1977, p. 231).

Apparently, Gomez will accept positive and normative information
from farmers ("constraints to adoption") but not prescriptions ("what
the farmer thinks"). Yet, it is the farmer prescription against
adoption that confirms the importance of the noted constraints! The
fact that farmers cannot currently predict their own adoption decisions
after constraints are eased should not be held against them. As noted
above, farmer assessment of new technology should be left to those
farmers who have obtained, to their satisfaction, sufficient information
upon which to base a decision, i.e., farmers in the "subject certainty"
or "risk action" categories. This same argument may be applied to the
further observation of Gomez on practical difficulties in the implementa-
tion of farmer trials.

Norman and Palmer-Jones question the usefulness of normative

information and prescriptions obtained from farmers:
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Several times the point has been made that, for the circumstances
with which we are concerned, the farmer ultimately decides what

to do, and therefore his opinion is relevant. But it may be very
difficult to get a direct statement of his attitude. He has a
self-conscious interest in the results of expressing opinion. *
Since he is 1ikely to perceive that his private interest is in
conflict with the society's welfare, his answers to such questions
as "Was it a good thing?", "Would you grow it?" or "What would
make it better?" are unlikely to be straightforward. The notorious
unwillingness of farmers to express negative opinions about govern-
ment initiatives, especially when facing government employees

or those who are identified with government, would hardly need
mention were it not that the expression of a few negative attitudes
is often taken as proof of frankness. Farmers are likely to say
that shortage of labor restricts their output. However, they are
unlikely to say that they would probably not adopt a technology
dependent on new scarce inputs because of doubt that a system that
could deliver them would allow farmers to benefit from them. Also,
giving too much attention to farmers' attitudes is likely to give
undue weight to the most articulate. Finally, the use of certain
methods of public opinion assessment (such as, public meetings to
choose the most suitable varieties) may have unpredictable results
because of the lack of experience with such techniques in the social
system of an area (Norman and Palmer-Jones, 1977, p. 241).

Again, part of the problem may stem from inadequate identification
of which farmers are to assess the new technology. If Norman and
Palmer-Jones are simply giving a warning against asking farmers questions
that they cannot be expected to answer, there is no inconsistency between
their conclusion and that of the present study. Farmers in the "subjec-
tive certainty" and "risk action" categories can be expected to answer
the necessary questions, however. If they are asserting that farmers
are not likely to tell the truth, I would submit that the division of
farmers into use classes, and the use of proper questions, would reduce
this problem. Instead of asking all farmers, "Would you use this?", it
seems more reasonable to ask users, "Why and how do you use this?"; to
ask ex-users, "How did you use this and why did you quit?"; and to ask
knowledgeable non-users, "Why did you decide not to use this and what

do you use instead?". Furthermore, a body of literature exists to
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orient a researcher in obtaining accurate information from respondents
of a survey. (See Lansing and Morgan, 1971, p. 129; Raj, 1972,
Chapter 10; Yang, 1965, p. 15; Kearl, 1976, Chapters IV and IX; and

others.)

2.5.4 Methodological Issues in Data Collection

This section is concerned with methodological issues in data
collection for farmer assessment. The issues to be raised are the
questionable necessity of using a "farmer's test," methods of stratifying
the population into "use classes," and choice of survey method.

A "farmer's test" is production conducted by the farmer using the
new technology. The farmer incurs all expenses and faces the corre-
sponding risks alone, but receives free technical help from researchers.
Follow-up surveys determine adoption rates and specific reasons for
adoption or non-adoption. Farmers' tests are strong]y advocated by
Hildebrand (1976). This approach is rigorous but relatively rigid and
time-consuming. The farmer's test may be unnecessary when (1) the new
inputs or practices are already known, but not necessarily practiced
(farmers may be "ex-users" who have taken a negative risk action),

(2) the new input or practice is simple and its implications readily
understood by farmers (farmers become "non-users" by reaching the sub-
jective risk knowledge situation without using the practice), and (3) the
change is only one of application level of an input already used. In
these three situations, farm surveys may be used in place of farmer
trials.

One of the proposed steps in farmer assessment is the stratification

of the target population by "use-class," i.e., users, non-users, and
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ex-users of each input or practice. Pre-stratification of the target
population by use-class, for a random survey, is usually impractical.
How, for example, does one go about constructing a separate sampling
frame for ex-users of insecticides? Post-stratification is easier.
Simple screening questions such as, "Have you ever used fertilizer on
maize?" and "Did you fertilize your maize this cycle?" can be used to
stratify respondents in the field. A separate section in the questionnaire
is applied to each stratum. Post-stratification may lead to under-repre-
sentation of certain use-classes, however. This may be handled by
increasing sample size or by conducting a separate, purposive survey of
the stratum that was under-represented.

One of the issues in choice of survey method is whether a single-visit
or a multiple-visit approach should be employed. When "farmer tests"
are not conducted but, rather, dependence is placed on a general farm
survey, the single-visit approach should be sufficient. Flow variables
(e.g., labor use, family consumption, and family income from various
sources) are usually of minor importance. Stress is placed on use
history ("How did you employ the technology?"), opinions ("What were
the advantages and disadvantages you found?"), and prescriptions ("Is
it right to use the technology, or to avoid its use?"). However, when
the "farmer trial" is employed, time-dated variables may increase in
importance. This is because it is useful to constantly monitor the
farmer's experience with new technology as it happens. In this case,
frequent visits to respondents (or the use of farm records) will be
helpful, though expensive, in obtaining this information. The advan-
tagés and disadvantages of frequent visit surveys are more exhaustively

discussed in Kearl (1976).
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Another issue in the choice of survey method is whether random or
purposive surveys should be used. In general, random surveys are
preferable because they allow the testing of hypotheses concerning the'/
target population. For example, the hypothesis that "75 percent of
target farmers consider earliness in maize as advantageous" is testable
by means of a random farm survey. There may be occasions, however, in
which insufficient numbers of a stratum of interest are found in a
post-stratified sample, e.g., "ex-users of fertilizer." In this case,
a purposive survey of "ex-users of fertilizer," in which respondents are
chosen through judgemental criteria, is useful in the generation of
hypotheses on fertilizer use by all "ex-users" in the population. The
statistical testing of the hypotheses so generated, however, may only
be conducted with reference to a population of which respondents are
representative. As this population more closely reflects the whole
target population of interest, the hypothesis testing becomes more
relevant to this target population. For example, "ex-users" of fertilizer
might agree that the use of fertilizer is not advisable because of late
deliveries. If the selected "ex-users" closely reflect the whole target
population of "ex-users," this conclusion may be accepted without further
testing. Otherwise, independently obtained information should be
obtained, e.g., through a random check of fertilizer suppliers. As
another example, "ex-users of insecticides" may be a group of interest
that is rare in the target population, hence few members of this group
are represented in a random survey. To gain hypotheses on why it may
be profitable or otherwise useful to drop insecticide use, members of

this group could be sought through informal contacts and interviewed.
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It may be that they have changed varieties or have begun using herbicides.
In either case, the corresponding hypotheses may then be tested by
agronomists, which may lead to improved recommendations.

A final issue in survey methods is whether surveys should be formal
or informal. A formal survey is one in which a written questionnaire
and trained enumerators are employed. An informal survey is one in
which the researchers themselves talk with farmers and observe their
fields. Examples of informal surveys are the "sondeo" used by ICTA,
as reported in Hildebrand (1979), or the "exploratory survey" advocated
by the CIMMYT Economics Group in Byerlee, et al. (forthcoming). The
advantages of informal surveys are clear: they may be conducted and
finished quickly and they place the researcher in direct contact with
the farmer. Their disadvantages are equally clear. It is difficult
to use them for hypothesis testing in a formal, statistical, sense and
quantification of variables of interest will likely appear less con-
vincing to second parties than that obtained through formal surveys.

The following chapter on data collection for the study area illus-
trates many of the topics discussed above: a purposive survey was used
when post-stratification of a random survey led to the identification of
few fertilizer users. Farmer trials were found necessary for the assess-
ment of chemical weed control recommendations. An informal survey was

used to improve the focus of subsequent formal surveys.



CHAPTER 3

DATA COLLECTION FOR FARMER ASSESSMENT IN
THE STUDY AREA--SURVEYS AND FARMER TRIALS

Farmer assessment of new technology, as defined in Chapter 2, is a
step in the general procedures advocated by CIMMYT for developing agri-
cultural technologies usable by farmers. Coming after preliminary agro-
nomic research but before widespread extension, its purpose is to convey
information from knowledgeable farmers to researchers on how farmers
are using a new technology, the advantages and disadvantages it displays,
and the wisdom of employing it under various conditions. Specific pro-
cedures for farmer assessment were advocated in Chapter 2. These
include: (1) specify clearly the technology to be assessed and identify
substitutes and complements, (2) stratify farmers by "use class" for
each input or practice, (3) conduct surveys and/or farmer trials,

(4) form and test hypotheses regarding the positive and normative infor-
mation gained from these surveys and farmer trials, and (5) use con-
firmed hypotheses to suggest re-direction of agronomic research and of
agricultural policy.

The purpose of this chapter is to describe the specific purposes,
sampling methods and implementation procedures employed in the several
surveys and farmer trials that were used in farmer assessment of a new
maize technology in Northern Veracruz, Mexico. This technology is
based on agronomic results from CIMMYT on-farm experiments carried out

by the Maize Training Program.

40
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The surveys to be described include two random surveys, a pur-
posive survey and farmer trials regarding the practice of herbicide-based

zero tillage.

3.1 The Study Area and the Target Population

The surveys and farmer trials whose results are reported herein
were conducted in Northern Veracruz, Mexico, in the area where CIMMYT's
Maize Training Program carries out its field work. The area surveyed
was restricted to the "municipio" (county) of Castillo de Teayo, the
municipio of Tihuatlan (west of the Mexico-Tuxpan highway), and the
municipio of Alamo Temapache (west of the Mexico-Tuxpan highway and
south of the Tuxpan River). Figure 3.1 shows the location of the
target area.

Although the geographic area for the survey was defined implicitly
by the area in which the Maize Training Program conducts on-farm agro-
nomic experiments (and explicitly as noted above), a further narrowing
of the target population on socio-economic grounds was deemed necessary
before conducting the survey.] Farmers fell into two land-tenure
groups: ‘"propietarios" (who own full title to their land) and
"ejidatarios" (who are beneficiaries of land reform programs and who
have use rights but not exchange rights to their fields). Agricultural
land in the area under study is roughly split between these groups.

Propietarios enjoy a larger mean farm size but dedicate most of their

]In a real production program, policy makers with help from
researchers should set both geographic and socio-economic criteria for
target population selection.
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Figure 3-1 The Study Area: Counties of Tihuatlan,
Teayo and Alamo-Temapache (west of Poza
Rica-Tuxpan Highway and south of Tuxpan
River), N. Veracruz
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land to pasture or citrus, with very little in maize.2 Ejidatarios,
on the other hand, use a sizable percentage of their land for production
of maize and other annual crops; they furthermore are more representative
of the "small farmer" class that is usually of interest,

One further restriction on the target population was made: target
farmers must cultivate maize. Farmers who only cultivate maize in
association with citrus were not included in the target population for
obvious reasons. Within relatively few years, the citrus stands will
mature and close, leaving no room for maize or any other annual crop.
Unlikely as it may seem, this latter restriction was a severe one in
many ejidos. A widespread shift to citrus seems to be taking place
(or, in other ejidos, has already taken place). One ejido had to be
dropped from the sample because almost all farmers who grew maize grew
it in association with citrus, Farmer statements to this effect were
confirmed by visual inspection.

In the case of those ejidos located in older citrus producing
regions (e.g., near Alamo), the deletion of farmers only producing
maize in association with citrus led to marked effects on results,
e.g., while it is known that farmers here enjoy relatively large farm
sizes, farmers included in the target population seem to control rela-
tively small farms.

It should, thus, be kept in mind that reported results are only

representative of local target farmers, not all local farmers.

2Informal conversations with local agricultural extension agents,
and personal observation, were used in addition to data from the 1970
Ejido Census. See Direccion General de Estadistica (1975).
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3.2 The Random Surveys

Two random surveys were conducted in the study area for the purpose,
at least partially, of farmer assessment of new technology. The two
surveys are called the August 1978 survey and the April 1979 survey,
after their dates of field implementation.

The purpose of the August 1978 survey was more to fill a long-standing
gap in researchers' knowledge of basic farmer practices and circumstances
in the study area than farmer assessment. Among the more general ques-
tions on land use, capital stock and cultural practices, however, were
specific questions on variety choice and credit terms that are valuable
for farmer assessment.

The purpose of the April 1979 survey was primarily that of farmer
assessment of recommendations concerning insecticide use, fertilizer
use, planting densities and herbicide use. The post-stratified random
surveys identified sufficient numbers of non-users, ex-users and users
for most inputs and practices. However, they did not identify sufficient
numbers of fertilizer users and users of herbicide-based zero tillage.
Consequently, a purposive survey was conducted on fertilizer users. The
complexity and novelty of herbicide-based zero tillage led to the choice
of the farmer trial to assess this practice.

Implementation of the formal, random surveys was preceded by an
informal, exploratory survey. The informal survey had specific goals:

(1) Delineate homogenous groups of target farmers, or recommendation

domains.3

3Byerlee, et al. (forthcoming) define a recommendation domain as a
group of farmers within an agro-climatic zone with similar circumstances
and for whom we can make more or less the same recommendations.
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(2) Identify and define local terms needed to ask intelligent
questions of farmers.

(3) Informally understand what farmers are doing and why they are
doing it. This enables the formal questionnaire to be well focused.

(4) Delete undesirable questions from the survey.

(5) Facilitate the pre-coding of formal survey questions.

(6) Establish direct communication with local village authorities
("comisariados") to explain the purpose of and the mechanics of the
survey and to enlist their support.

(7) Obtain information of a delicate nature. For example, during
informal conversations farmers were frank in discussing their credit
needs and the failure of the local official bank to meet them. They
were not so frank in a formal interview in which they saw their
answers being recorded.

The sampling procedure for the August 1978 survey will be dis-
cussed first. The exploratory survey showed that clustering by ejido
would be a virtual requirement in drawing a random samp]e.4 Farmer
lists appropriate for sampling frames were organized by ejido. Like-
wise, it was found that higher response rates would be obtained if the
survey were cleared by the appropriate ejido officials. Thus, the
decision was made early in the survey planning process to use ejidos as
primary sampling units, and farmers within ejidos as secondary sampling

units.

4The ejido is the village of ejidatarios, who are beneficiaries
of land reform programs and who enjoy use rights but not exchange
rights to their fields.
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The exploratory survey distinguished three tentative recommendation
domains (RDs), using soils as a major criterion. The selected RDs were
composed of farmers growing maize on the following: RD1--medium-textured
alluvial soils; RD2--flat vertisols, and RD3--sloped vertiso]s.5
Ideally, the sample should be pre-stratified by RD but in the case of
RD2 and RD3 this was impossible. An attempt was made to pre-stratify
RD1 versus RD2 + RD3, however. Following procedures described by
Cochran (1963, Chapter 11), the following steps were taken in drawing
the sample for the August 1978 survey:

(1) A list of ejidos in the target area was drawn up, using the
1970 Ejido Census (Direccion General de Estadistica, 1975). A total of
110 ejidos were listed. Total number of farmers per ejido was noted
from the same source.

(2) This 1ist (and the corresponding estimates of number of
farmers per ejido) was corrected and updated by extension personnel.
New ejidos were added to the list and ejido size was checked with
current records.

(3) Twenty ejidos known by extension personnel to grow little or
no maize were deleted from the sampling frame. This, in effect,
restricted the target population to ejidos where maize was important.

(4) The remaining 90 ejidos were pre-stratified into two
groups--those falling into RD1 (alluvial soils) or those falling into
RD2 or RD3 (vertisols). This was performed with the help, again, of

extension personnel, with occasional observations in the field used as

5More details on the mechanics and implications of RD selection
for the study area will be presented in Chapter 4.
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checks. Twelve ejidos (representing 1192 ejidatarios) formed RD1 and
77 ejidos (representing 4071 ejidatarios) formed RDs 2 and 3.6

(5) Three ejidos were chosen at random within the RD1 sampling
frame. Probability of selection of a given ejido was proportional to
the number of ejidatarios it contained. Subsequently, twelve ejidos
were chosen by similar means within the combined RD2/RD3 frame.

It may be helpful to go into the reasons for this breakdown. A
total sample size of about 130-140 farmers (assuming zero non-response)
was desired as this would allow 30-50 respondents per RD. Zero non-response
is never attained, however, so the target sample size was increased to
150. It was decided to select ten farmers from each ejido selected;
previous studies (e.g,, Perrin, 1977) had suggested that seven to eight
farmers per ejido should give reasonable levels of precision but, again,
over-sampling was performed in expectation of some non-response (and in
view of the low marginal cost of additional interviews). Total number
of ejidos to be selected, then, was fifteen.

RD1 ejidos represented 14 percent of target ejidos but 22 percent
of target farmers (implying that these ejidos are relatively large).
Three of the fifteen ejidos (20 percent) to be selected were thus allo-

cated to RD1, with the remaining twelve to RDs 2 and 3. It might have

6A RD is defined as a set of farmers with similar circumstances for

whom similar recommendations may be made. In this study, however, the
ejido was used as the basis for pre-stratification, the implicit assump-
tion being that all farmers within a given ejido faced similar circum-
stances. Although previous work (e.g., Perrin, 1977) has shown that
variability within ejidos is less than between ejidos the implicit
assumption is not strictly true. This is a practical demonstration

of the difficulties in pre-stratifying by RD.
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been wiser to allocate four ejidos, or even five, to RD1. As it turned
out, non-response was much higher in RD1 than in the other ejidos,
leading to a total RD1 sample size of 21 farmers, an uncomfortably low
number.

(6) In order to select the ten farmers within each chosen ejido, a
meeting was arranged with ejido authorities. A list of ejido members
was requested, from which ten were randomly selected. Before accepting
a farmer as one of the ten, however, an effort was made to ascertain
that the farmer in question still lived in the ejido, and grew maize
(apart from intercropped maize with citrus). In two ejidos, it was not
possible to find ten farmers that met the latter condition, thus reducing
the target sample size from 150 to 148.

(7) In the end, a sample size of 123 was achieved, with 21, 37, and
65 farmers respectively, from RDs 1, 2 and 3. Stratum weights were
.225, .28, and .495 respectively.

To save costs in the April 1979 survey, the RD3 subsample was
reduced to a target size of 44 by taking a random sample of previous
RD3 respondents. The August 1978 stratum weights were maintained
unchanged to calculate overall averages. The target size of the April
1979 survey was 100; in practice, 97 usable questionnaires were obtained.

Translations of the questionnaire used in both random surveys are

in the Appendix.

3.3 The Purposive Survey on Fertilizer Use

Insufficient numbers of current fertilizer users were identified
in either of the two random surveys. Only four of 123 farmers reported

using fertilizer in the August 1978 survey, whereas only seven to 97
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farmers were identified as "users" in the April 1979 survey. To obtain
more information on the current practices of fertilizer users and to
gain insights on their opinions, a purposive survey of fertilizer users
was conducted in May 1979.

According to Kearl (1976), a purposive survey is characterized by
its method of respondent selection. Instead of random selection from a
sampling frame, respondents are selected through judgemental criteria.
These respondents may not be representative of a given target population.
Information obtained from them may be very useful in generating hypotheses,
something which is important in farmer assessment. These hypotheses
may also be tested using purposive data. Such testing is only conducted
with reference to the population represented by the sample, however.
Hypotheses on target population parameters cannot be formally tested
with this data. Still, if it is judged that the purposive sample is
"sufficiently" representative of the target population, formal hypothesis
testing can yield useful information.

Two criteria were used to identify possible fertilizer users,
although in neither of the two cases were all farmers meeting a criterion
found to be current fertilizer users. First, "ex-collaborators" were
interviewed. These were farmers who had at one time collaborated with
the CIMMYT Maize Training Program in on-farm agronomic experiments
regarding maize production. Seven "ex-collaborators" were interviewed.
These were all farmers in the study area who had collaborated with
CIMMYT's training program of on-farm experimentation within the last
three years. Of the seven "ex-collaborators,” only three farmers were

current fertilizer users. Two more, however, reported expecting to use
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fertilizer in the future. Second, selected users of the official bank's
program of directed credit were interviewed. This "bank-user" criterion
was considered important because, as will be seen, the official bank is
the major local source of fertilizer supply. The following procedure
was used to identify "bank-users:" the two ejidos using the largest
fertilizer volume via the bank were identified through bank records.
These ejidos were visited and a 1ist was constructed of "bank-users"
for each ejido. A random selection of five farmers per ejido was then
drawn. Furthermore, ejido leaders were asked to informally identify
fertilizer users who did not obtain their fertilizer through the
official bank. Two such farmers were found and interviewed. Of the
twelve farmers identified as described above, only five of them were
currently using fertilizer on maize. The other seven fell into the
"ex-user" category.

In summary, through various means a total of fifteen fertilizer
users were interviewed. Seven were interviewed in the random survey
and eight in the purposive survey. The purposive survey did uncover
additional fertilizer "ex-users," however. Translations of the ques-
tionnaires used in the purposive survey of fertilizer users are in the

Appendix.

3.4 Farmer Trials of Herbicide-Based Zero Tillage

The only practice completely new to farmers in the study area in
the recommendations developed from CIMMYT agronomic data is herbicide-based
zero tillage. No farmers were found in the random surveys to use this
practice. Furthermore, only one such farmer was found in a purposive

search throughout the study area. This farmer was an "ex-collaborator."
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Farmer assessment of this practice, then, could be left to neither
random nor purposive surveys. Clearly, farmer trials were called for.

Accordingly, a search was made, largely among "ex-collaborators,"
for farmers willing to try the practice in question. They were to be
provided with technical advice, but they themselves were to provide all
inputs, including labor and management, and they were to incur the risks.
Eight purposively chosen farmers expressed interest in this arrangement
but only five of them actually purchased and applied the corresponding
inputs.

Data were obtained from these five farmers trying herbicide-
based zero tillage (plus three additional farmers who had been suf-
ficiently inspired by the example of their neighbors to try the practice
themselves) by means of a follow-up survey, conducted in September, 1979.

Given the purposive nature of respondent selection, and the fact
that these farmer trials represent a very initial contact with a com-
plicated practice, no definitive results were expected regarding the
consistency of this practice with farmer circumstances. What was
expected were hypotheses concerning inconsistencies, initial farmer
innovations with this practice that may make it more practical, or
initial changes in cropping patterns or labor allocation to make use of
resources freed by the new practice.

A translation of the data collection instrument that was used is

provided in the Appendix.

3.5 Survey Implementation

Although previous farm surveys in the target area had used exten-

sionists as enumerators, the present surveys changed this precedent.
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Enumerators were recruited from the farming population in the area to
be surveyed. Selected enumerators were required to meet the following
criteria: (a) young (18-24 year old) males; (b) sons of ejidatarios;
(c) a minimum of a primary education; (d) ability to write clearly;
(e) good knowledge of local farming conditions; (f) appropriate personal
characteristics (enthusiasm, energy, responsibility, agreeable and
relaxed manner); and (g) the ability to complete a 5-day training course.
There was no shortage of candidates although the word was only passed
informally. Using the above criteria, four prime candidates and two
substitutes were selected. A1l four primary candidates were found to
perform satisfactorily, however, and the substitutes were dropped.
Personal characteristics, knowledge of farming conditions, and writing
ability were judged by personal interviews, use of references, standard-
ized writing exercises and obseryation of candidates' behavior toward
one another.

Training proceeded through several stages for each survey conducted.
Enumerators were first grounded in the purpose of the survey, the role
and the character of the sponsoring agency (CIMMYT) and the way in which
collected data would be used, and discussion was undertaken on how to
gain a respondent's cooperation. They were then given a question-by-
question explanation of the questionnaire of the moment, with possible
ambiguities pointed out and clarified. Subsequently, they conducted
mock interviews with each other, the researcher and the other enumerators
criticized each performance. Finally, they were assigned interviews
with local farmers, the results of which were carefully scrutinized for
errors and inconsistencies. Data from these interviews were not used

in subsequent analysis. These mock interviews did provide further
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opportunities for pretesting the questionnaire, however, and several
changes suggested by farmers or enumerators were incorporated even at
the final hour.

A common problem in survey implementation is how to handle non-
response. Non-response contains two components: The inability to
contact a selected farmer and the unwillingness of a respondent to
answer parts of the questionnaire.

For the random surveys, the former class of non-response was
handled as follows: If a selected farmer was not at home on the day
of the interview, the enumerator was required to make at least one
re-visit in search of him (on their own initiative they often made up
to three re-visits). They were allowed one substitution of farmers per
ejido, i.e., only one substitute farmer per ejido was allowed for
another who had not been located after the re-visits. If two or more
farmers could not be located after the re-visits, then, sample size
was reduced in that ejido. A similar procedure prevailed in the case
of farmers who were selected but who were found not to grow maize (or
who only planted it in association with citrus). Again, only one sub-
stitution was allowed; subsequently, sample size was allowed to decline.

Of the 148 questionnaires sent out in the August 1978 survey, a
total of 123 usable questionnaires (including substitutions) were
obtained., Twelve farmers could not be located and twelve did not grow
maize.

The second class of non-response (refusing to answer selected
questions) was very rare. Indeed, only one farmer refused to be

interviewed. Enumerators were trained, however, to distinguish between
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three kinds of "non-answers:" (1) the "valid zero response," e.g.,
the farmer owns zero horses; (2) the "not appropriate" response, e.g.,
hectares of maize sprayed with insecticide (but the farmer formerly
stated that he did not use insecticide); and (3) the "non-response,"

e.g., the farmer declines to answer or could not be found.



CHAPTER 4
A DESCRIPTION OF THE STUDY AREA

The purpose of the present chapter is to offer a comprehensive
description of the study area, with special emphasis on common farmer
practices and the agro-physical and socio-economic circumstances within
which these practices are carried out. In addition, the three re-
commendation domains used in the study area will be delineated and

described.

4.1 The Physical Environment

The geographical limits to the study area, as described in Chapter 3
and illustrated in Figure 3-1 of that chapter, are as follows: the
"municipio” (county) of Castillo de Teayo, the municipio of Tihuatldn
(west of the Mexico City-Tuxpan highway), and the municipio of Alamo-
Temapache (west of the Mexico City-Tuxpan highway and south of the
Tuxpan River). Thus, the study area is located in the northern part
of the State of Veracruz, on the average about 50 km from the Gulf of
Mexico. Climate maps of the area are available and indicate that the
entire study area has a tropical, sub-humid environment. Annual rainfall
is in the range of 1200-1500 mm, while mean temperature is in the range
of 24°C-26°C (Instituto de Geograf%a, 1970). The topography is that of
gently rolling hills, with occasional small enclaves of flat land.

Altitude is about 60 meters above sea level.
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Rainfall demonstrates marked seasonal fluctuations, a not uncommon
occurrence in the tropics. June to October are considered the "wet"
months, though occasional rains may fall any time. Average rainfall by
month may be seen in Figure 4-1.

In the 1970 Ejido Census (Direccion General de Estadistica, 1975),
the combined municipios of Castillo de Teayo, Alamo-Temapache and
Tihuatlan were reported to have 133,824 hectares of cropland, the
definition of which includes annual cropland, pasture and land in
permanent crops. Area in annual crops was 40,337 hectares, of which
23,048 hectares was reported planted to maize during the 1969 B (wet)
maize cycle, which begins in June. 21,097 hectares, or 92% of this
maize was planted by "ejidatarios."]

Soils or topographical maps are not available but agronomists and
soil scientists familiar with the area have identified three soil types:
(1) a brown, medium-textured alluvial soil found in the wide flood plains
of the Tuxpan River, (2) a black, heavy-textured "vertisol" with zero or

negligible slope; and (3) the same vertisol on moderate to steep s]opes.2

]Only parts of the municipios of Alamo-Temapache and Tihuatlan were
included in the study area. The area in cropland, annual cropland, and
in maize, then, is somewhat smaller for the study area than that reported
above. The percent of cropland in annual crops (30%) and the percent of
annual cropland in maize (57%), however, is probably similar,

2This information was obtained through personal communication with
CIMMYT agronomists. A "vertisol" is described by Buckmann and Brady (1969,
p. 313) as follows: "This order of mineral soils is characterized by high
content of swelling-type clays which in dry seasons cause the soils to
develop deep, wide cracks." "Their very fine texture and their marked
shrinking and swelling characteristics make them less suitable for crop
production than soils in the surrounding areas. They are sticky and
plastic when wet and hard when dry. As they dry out following a rain, the
period of time when they can be plowed or otherwise tilled is very short,"



57

220

200 |

180
160 |

140 |
Average

rainfall 120}

1973-1979
(mm) 100 }

80

60 |

4|

20

0 . N o . . N " . N R N
1 2 3 4 5 6 7 8 9 10 1 12

Months

Source: CIMMYT meteorological records, Poza Rica Experiment Station

Fioure 4-1 Average Monthly Rainfall, Poza Rica, Veracruz



58
Considerable soil testing has been conducted by CIMMYT's Maize Training
Program, the results of which indicate that soils tend to contain
sufficient P and K, although pH levels tend to be high (7.8 - 8.2).
The physical characteristics of the study area allow two maize

cycles per year.

4.2 The Socio-Economic Environment

Socio-economic circumstances faced by farmers include such factors
as land tenure, the quality of extension and credit services, physical

infrastructure, and product and input markets.

4.2.1 Land Tenure

The question of land tenure in the study area has already been
briefly addressed, in Chapter 3. There it was noted that large
private-property owners ("propietarios") are excluded from the target

population. The farmers of interest are the smaller "ejidatarios,”" who
are beneficiaries of the national land reform program. They enjoy use
rights to the parcel of land that is allotted to them, but they are
not legally allowed to sell or rent this land. Nonetheless, informal
rental arrangements are not unknown. Children of ejidatarios can inherit
the ejido land of their parents.3
Land tenure seems to affect target farmers in two ways. First,
"ejidatarios" are not generally eligible for loans from commercial banks.
Sources of credit are the informal credit market (friends, relatives,

moneylenders, input suppliers and trucker-merchants) and the official

government bank for local "ejidatarios," the "Banco de Crédito Rural

3Exploratory Survey, July 1978.
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delGolfo"., Second, the "ejidatario" may continue to use his land only
with the consent of the "ejido" authorities, the "comisariado." The
theoretical ability of the "comisariado" to confiscate a farmer's
parcel seems to be employed with great infrequency, however. Con-
sequently, the fear of such confiscation by local farmers seems small;
indeed, the widespread cultivation of permanent crops (citrus, bananas,
etc.) is an index of the security felt by these farmers, and their

willingness to undertake productive investment.4

4.2.2 O0fficial Credit and Agricultural Extension

In the study area, the official credit service and the extension
service are formally linked. Farmers obtain access to official credit
by joining a credit circle in the "ejido." One, elected to the position

of "socio delegado," is given the responsibility of handling the paper-
work in the bank on behalf of all members. Bank field-workers called
"inspectores del campo" visit credit circles to determine credit needs
for each participating farmer. Loans are given both in kind (inputs)
and in cash (for custom machinery hire, or hired labor). Credit needs
for each crop are estimated by multiplying the area chosen by the
farmer to be sown to that crop under the loan program by a fixed "per
hectare" production cost for the recommended technology.

The role of the extension service seems to be threefold: (1) Advise

the bank on the recommended technology for each crop. Typically, this

is performed by analyzing the results of on-station experiments carried

4Farmer attitudes concerning possible land confiscation were obtained
in the July 1978 exploratory survey. More details on farmer cropping
systems will be found in a later section.
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out by the national research institute, INIA (Instituto Nacional de
Investigacion Agricola). (2) Consult with individual credit-users
on technical difficulties encountered in crop production. (3)
Obtain data from "ejidos" for statistical-reporting purposes. For
example, extensionists are occasionally asked to produce estimates of
total production and planted area for the major crops in the "ejidos"
to which they are assigned.5

Nominal interest charges by the official bank are low. The bank
charges 12% simple annual interest, which likely represents a negative
real rate of interest given Mexico's chronic problem of inflation. Total
cost of credit is somewhat higher, however, when obligatory premiums for
crop insurance and service charges are inc]uded.6 An additional
component of the cost of credit was identified by farmers in the April
1979 survey: They claimed that inputs purchased on credit from the
official bank are more expensive than current market prices. Many
also reject the crop insurance program due to what they feel is unjust
administration.

The effect on the farmer can then be summarized as follows:
The bank does provide a source of agricultural credit and technical
assistance to farmers otherwise not eligible for credit. Credit users
are obliged to use the production technology determined by the bank.

Farmers are, further, obliged to participate in a crop insurance program.

5Persona] communication, Head of Extension, Tihuatlan.

6Information on the operation of the official bank was obtained from
Ing. Sergio Zamorano, Head of Extension in the study area, and from
various extensionists and bank field inspectors.
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4.2.3 Physical Infrastructure

Regarding physical infrastructure, the study area is remarkably
favored. A good network of paved roads and all-weather gravel roads,
with necessary bridges, exists. This transport network is a consequence
of the activities of the Mexican.Petroleum Company (PEMEX), whose
current and past wells are scattered throughout the region. This affects
farmers, of course, by decreasing the transport cost of purchased inputs

and of farmer products.

4.2.4 Maize Marketing

The marketing of maize in the study area seems to be acceptably
efficient in the sense of harboring few monopsonistic elements
(Garcia, 1978). A large number of trucker-merchants, or "coyotes,"
compete at the farm gate for farm produce of all kinds: maize, beans,
squash, citrus, bananas and other minor crops. They provide an
assembly function. This private system is backstopped‘by a government
entity, CONASUPO (Compafiia Nacional de Subsistencias Populares).
CONASUPO maintains a minimum price of maize for farmers.7 In practice,
however, CONASUPO seems to buy relatively little maize directly from
farmers. By controlling the quantity of maize imports, it is able to
maintain a market price low enough to please consumers and to enable
"coyotes" to out-bid CONASUPO for farmmers' maize. (See Garcia, 1978,

p. 39.)

7At the time of the study, the minimum price of clean maize,
14% moisture, delivered to the CONASUPO warehouse, was $2.90 M.N.
(Mexican Pesos) per kilogram. The MN was exchanging for $22.50 MN =
$1.00 US. CONASUPO performs many functions besides intervention in
maize markets. Its primary role is to provide subsizided basic con-
sumer goods through its own retail outlets.
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The combination of competitive "coyotes" in the private system and
increased CONASUPQO imports during periods of production decline have
lead to farm-gate maize prices that are relatively stable seasonally.
Table 4-1 illustrates this.

The effect on farmers is clear: Maize markets are flexible and
efficient and are likely to be able to handle large increases in pro-
duction brought about by the introduction of new maize technology.

This would merely entail reduction in maize imports and/or an increase
in CONASUPO purchases from farmers, and hence would not likely affect

farm-gate prices.

4.2.5 Input Markets

Input markets are divisible into three cases. These are the labor,
fertilizer, and the purchased input (e.g., herbicides, insecticides,
improved seeds and sprayers) markets.

The labor market was studied in the April 1979 formal survey.
Survey results indicate that only 1.5 family members, including the
farmer, work full-time on the farm, from a mean family size of 6.5
persons.8 This scarcity of full-time family labor is not offset by
the availability of part-time family labor: Only one farmer in seven
could count on at least one part-time worker. There is therefore
widespread reliance on hired laborers, especially during the busy
months of June-August and December-January: 90% of farmers reported

that family labor was insufficient to carry out the required farm chores

8The definition of "family" used here includes the farmer and
his nuclear family, including children who 1ive away from home.
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during these months, and that hired labor was necessary. Almost all
(78%) farmers reported that hired laborers come from the same "ejido"
as the farmer. This reflects the presence of a group of local in-
habitants without access to "ejido" land. There is only a mild market
reaction to seasonal demand for hired labor, however, with only a
$10 MN seasonal spread over a $50 MN/day annual average. Full-time
hired workers are not common, only 5% of farmers reporting such an
arrangement. Exploratory survey work indicates that hired labor is
generally contracted by the day. Finally, farmers complain of the
sheer unavailability of hired labor during peak demand periods.

Farmers in the study area fall into the "employee" category as
well as the "employer" category. Twenty-seven percent of farmers
reported, in the April 1979 survey, working from time to time as hired
agricultural laborers. Seven percent reported earning income as custom
machinery operators, while another seven percent reported earning income
from such other employments as store owner, "coyote," citrus merchant
or livestock merchant. A1l agreed, however, that such off-farm employ-
ment produced less than half of their income and occupied less than half
of their time.

The effect on farmers is that, while depending on farm production
for most of their income, they must also depend on hired laborers
to carry out much of the necessary farm chores. Profitable new
technology that saves labor during peak use periods is therefore likely
to be attractive to farmers. \/

Fertilizer production, imports, exports and internal distribution

are in the hands of a single company, FERTIMEX. Farmers may only
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obtain fertilizer at the retail level from authorized distributors of
FERTIMEX. 1In or near the study area, the only distributors of
fertilizer are the official banks of Papantla, Poza Rica and Alamo,
and the Citrus Growers Association of Alamo (Asociacién de Citricul-
tores). The Mexican Tobacco Company (TABAMEX) furnishes fertilizer
to tobacco-growers in the study area, a small amount of which seems to
be diverted to maize production. Though all sources of fertilizer
(with the exception of TABAMEX) claim to sell fertilizer for cash as
well as for credit, almost all fertilizer is sold on credit.9

The effect on farmers is obvious: Most farmers cultivating
maize must go to the official bank if they wish to use fertilizer.
If they purchase that fertilizer on credit, they must also cultivate
maize according to the technical recommendations dictated to the bank
by the extension service, as noted above.

The markets for other purchased inputs used in maize production
do not demonstrate this monopolistic structure. Herbicides, insecticides,
improved seeds, sprayers, etc., are available at a number of specialized

input stores, the "farmacias veterinarias". Some of the more popular

inputs (e.g., some insecticides) are available in the ejido itself.

4.3 Recommendation Domains Delineated in the Study Area

A recommendation domain (RD) is a group of farmers with similar
agro-climatic and socio-economic circumstances, who use a similar

technology and for whom a common technological recommendation may be made.

9Conversations with officials and field inspectors of the official
bank in Poza Rica. The credit terms of the Citrus Association are not
known.
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Three tentative RD's were delineated in the study area. The
major criterion used was that of soils: RD1 is composed of farmers
growing maize on medium-textured alluvial soils; RD2, on black vertisols
of zero or negligible slope; and RD3, on black vertisols of medium to
steep slopes. Climatic considerations (altitude, rainfall, temperature)
were not used as they are roughly homogeneous over the study area.
Likewise, it was considered unnecessary to incorporate land tenure or
farm size as criteria because the restrictions of the target population
to "ejidatarios" removes the variability the population demonstrates
with respect to these variables. Other socio-economic variables such
as infrastructure and access to product or input markets were, likewise,
roughly similar over the study area. The RD classification based on
soils prove<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>