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Preface 
This document is a completely revised version of the 
CIMMYT Economics Program manual, From Agronomic 
Data to Farmer Recommendations: An Economics 
Training Manual, written by Richard Perrin, Donald 
Winkelmann, Edgardo Moscardi, and Jock Anderson. 
Since its publication in 1976 that manual has been 
through six printings and has been translated into six 
languages. The manual has been used by countless 
students and researchers for learning a straightforward 
method of analyzing the results of on-farm agronomic 
experiments and making farmer recommendations. 

We approach the revision of such a successful manual 
with considerable caution. Our work over the past 
decade has given us a chance to present this material, 
in the classroom and in the field, to agricultural 
researchers in a wide variety of settings all over the 
world. This experience has led us to propose and test 
some new ways of explaining and presenting key 
concepts. We gradually began to consider the possibility 
of incorporating some of those ideas in a revised 
manual. 

One of the first steps in the process was to introduce a 
set of exercises for classroom teaching, developed by 
Larry Harrington. Later, Robert Tripp and Gustavo Sain 
developed further exercises and methods of presentation 
which they tested in training courses. Tripp and Sain 
wrote the first draft of the present document and guided 
its review by the entire staff of the CIMMYT Economics 
Program. 

Just  as this revised manual has built on the experience 
of hundreds of researchers with the original version, we 
hope that those who use this new version will provide 
suggestions for its improvement. We believe it will be 
useful in the classroom as  well as for individual study 
and reference. A book of exercises has been developed to 
accompany this manual and can be obtained from 
CIMMYT. We hope that the new version of the manual 
will find an acceptance as wide as that of its 
predecessor. 

Derek Byerlee 
Director 
CIMMYT Economics Program 
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This manual presents a set of procedures for the 
economic analysis of on-farm experiments. It is intended 
for use by agricultural scientists as they develop 
recommendations for farmers from agronomic data. 
Developing recommendations that fit farmers' goals and 
situations is not necessarily difficult, but it is certainly 
easy to make poor recommendations by ignoring factors 
that are important to the farmer. Some of these factors 
may not be very evident. 

A recommendation is information that farmers can use 
to improve the productivity of their resources. A good 
recommendation can be thought of as the practices 
which farmers would follow, given their current 
resources, if they had all the information available to the 
researchers. Farmers may be able to use a 
recommendation directly, as in the case of a particular 
variety. Or they may adjust it somewhat to their own 
conditions and needs, as in the case of a fertilizer level 
or storage technique. The agronomic data upon which 
the recommendations are based must be relevant to the 
farmers' own agroecological conditions, and the 
evaluation of those data must be consistent with the 
farmers' goals and socioeconomic circumstances. 

On-Farm Research 

The stages of an on-farm research program are 
shown in Figure 1.1. The first step is diagnosis. If 
recommendations are to be oriented to farmers, research 
should begin with an understanding of farmers' 
conditions. This requires some diagnostic work in the 
field, including observations of farmers' fields and 
interviews with farmers. The diagnosis is used to help 
identify major factors that limit farm productivity and to 
help specify possible improvements. 

The information from the diagnosis is used in planning 
an experimental research program that includes 
experiments in farmers' fields. The on-farm experiments 
should be planted on the fields of representative 
farmers. After the first year, the experimental results 
form an important part of the information used for 
planning research in subsequent crop cycles. Other 
diagnostic work continues during the management of 
the experimental program as researchers continue to 
seek information about farmers' conditions and 
problems which will be useful in planning future 
experiments. 



Figure 1.1. Stages of on-farm research 
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The results of the on-farm experiments must be 
assessed. There are several elements in such an 
assessment. First, researchers must discuss the results 
with farmers to get their opinions of the treatments they 
have seen in their fields. The farmers' assessment is 
very important. The experimental results must also be 
subjected to both an agronomic evaluation and a 
statistical analysis. Finally, an economic analysis of the 
results is essential. The economic analysis helps 
researchers to look a t  the results from the farmers' 
viewpoint, to decide which treatments merit further 
investigation, and which recommendations can be made 
to farmers. The procedures for carrying out such an 
economic analysis are the subject of this manual. 

The results of an assessment of on-farm experiments 
can be used for several purposes. First, they may be 
used to help plan further research. Some experiments 
will have as their goal the clarification of production 
problems: I s  production limited by the availability of 
phosphorus? Will improved weed control give an 
important increase in yields? The answers to such 
questions provide researchers with information for 
further work. As Figure 1.1 shows, that information can 
be used to plan subsequent experiments. It also may 
help orient work on the experiment station. 

Second, the results may be used to make 
recommendations to farmers. Some experiments will 
compare possible improvements to farmers' current 
practices: Which level of phosphorus should be applied? 
Which weed control method gives the best results? The 
answers to these questions provide information to guide 
farmers in their management decisions. 

Finally, the results of on-farm experiments may 
sometimes be used to provide information to 
policymakers regarding current policy toward such 
matters as  input supply or credit regulations. 
Experimental results can be used to help analyze policy 
implementation: Given a significant response to 
phosphorus, is the appropriate fertilizer available? Do 
local credit programs allow farmers to take advantage of 
new weed control methods? Although the emphasis in 
this manual will be on the economic analysis of on-farm 
experiments for guiding further research and making 
recommendations to farmers, at several points links 
between on-farm research and policy implementation 
will be mentioned. 



Goals of the Farmer 
In order to make recommendations that farmers will 
use, researchers must be aware of the human element 
in farming, as well as the biological element. They must 
think in terms of farmers' goals and the constraints on 
achieving those goals. 

In the first place, many farmers are primarily concerned 
with assuring an adequate food supply for their families. 
They may do this by producing much of what their 
family consumes, or by marketing a certain proportion 
of their output and using the cash to obtain food. Farm 
enterprises also provide other necessities for the farm 
family, either directly or through cash earnings. In 
addition, the farm family is usually part of a wider 
community, towards which it may have certain 
obligations. To meet all of these requirements, farmers 
often manage a very complex system of enterprises that 
may include various crops, animals, and off-farm work. 
Although the procedures of this manual concentrate on 
the evaluation of improvements in particular crop 
enterprises, it is essential that these new practices be 
compatible with the larger farming system. 

Second, whether farmers market little or most of their 
produce, they are interested in the economic return. 
Farmers will consider the costs of changing from one 
practice to another and the economic benefits resulting 
from that change. Farmers will recognize that if they 
eliminate weeds from their fields they will likely benefit 
by harvesting more grain. On the other hand, they will 
realize that they must give up a lot of time and effort for 
hand weeding, or that alternatively they must give up 
some cash to buy herbicides and then expend some 
time and effort to apply them. Farmers will weigh the 
benefits gained in the form of grain (or other useful 
products) against the things lost (costs) in the form of 
labor and cash given up. What farmers are doing in this 
case is assessing the difference in net benefits between 
practices-the value of the benefits gained minus the 
value of the things given up. 

As  farmers attempt to evaluate the net benefits of 
different treatments, they usually take risk into account. 
In the weed control example just mentioned, farmers 
know that in the case of drought or early frost they may 
get no grain, regardless of the type of weed control. 
Farmers attempt to protect themselves against risks of 
loss in benefits and often avoid choices that subject 



them to these risks, even though such choices may on 
average yield higher benefits than less risky choices do. 
That farmers may prefer stable returns to the highest 
possible returns is referred to as risk aversion. 

Another factor in farmers' decision making, related to 
risk aversion, is the fact that farmers tend to change 
their practices in a gradual, stepwise manner. They 
compare their practices with alternatives, and seek ways 
of cautiously testing new technologies. It is thus more 
likely that farmers will adopt individual elements, or 
small combinations of elements, rather than a complete 
technological package. This is not to say that farmers 
will not eventually come to use all the elements of a 
package of practices, but simply that in offering 
recommendations to farmers it is best to think of a 
strategy that allows them to make changes one step 
at a time. 

Characteristics of On-Farm Experiments 

What are the characteristics of agronomic experiments 
that will allow an appraisal of alternative technologies in 
a way that parallels farmer decision making? The 
following are five requirements of on-farm experiments 
that must be fulfilled if the procedures described in this 
manual are to be useful: 

The experiments must address problems that are 
important to farmers. It may be that farmers themselves 
are not initially aware of a particular problem (e.g., a 
nutrient deficiency or a disease), but if research does not 
lead to possibilities for significantly improving farm 
productivity, it will neither attract the interest of 
farmers, nor merit assessment. Thus the experiments 
demand a good understanding of farmers' agronomic 
and socioeconomic conditions. 

The experiments should examine relatively few factors 
at a time. An oh-farm experiment with more than, say. 
four variables will be difficult to manage and may be 
inappropriate given farmers' stepwise adoption behavior. 

If researchers are to compare the farmers' practice with 
various alternatives in order to make a recommendation. 
then the farmers' practice should be included as one of 
the treatments in the experiment. The farmers will want 
to see this comparison in any case. 



I' Once this work has been 
done, and thcre is evidence 
that farmers will adopt the 
new insect control method. 
it could be used a s  a 
nonexperimental variable in 
the fertilizer experiments. 
a s  long a s  it is understood 
that the fertilizer 
recommcndation to be 
developed from such trials 
depends on the farmers first 
adopting the insect control 
mcthod. 

The nonexperimental variables of an experiment should 
reflect farmers' actual practice. It is sometimes tempting 
to use higher levels of management for the 
nonexperimental variables to increase the chances of 
observable responses to the experimental variables. This 
type of experiment may certainly be justified in some 
cases, but the results usually cannot be used to make 
recommendations to farmers. 

An example may be useful. Assume that researchers 
wish to carry out a fertilizer experiment in an area 
where insects cause crop losses but farmers do not 
control insects. There are four possibilities: 

Carry out the fertilizer experiment with good insect 
control. The experiment will give interesting 
information on fertilizer response but will probably 
not provide a relevant fertilizer recommendation for 
farmers who do not use insect control. An analysis 
of this experiment using the procedures in this 
manual will give misleading results. 

Carry out the fertilizer experiment without insect 
control (the farmers' practice). The results can be 
analyzed, using the procedures in this manual, to 
decide what level of fertilizer is appropriate, given 
farmers' current insect control practices. 

If insects are indeed a very serious problem, i t  may 
be better to experiment first with insect control 
methods before experimenting with fertilizer. The 
diagnosis and planning steps of on-farm research are 
meant to help set these priorities. The methods of 
this manual could then be used to help identify an 
appropriate insect control method for 
recommendation to farmers.ll 

If insects and fertility are both serious problems, 
then an experiment can be designed which takes 
both insect control and fertilizer as  experimental 
variables. As long as  one treatment represents the 
farmers' practice with respect to both insect control 
and fertility, the experiment can be analyzed using 
the procedures in this manual. 

5 Finally, not only must the management of 
nonexperimental variables be representative of farmers' 
practice, but the experiments must be planted at 
locations that are representative of farmers' conditions. 



Recommendation 

If most of the farms are on steep slopes, the results of 
experiments planted on an alluvial plain will probably 
not be relevant. Similarly, if most farmers plant one 
crop in rotation with another, experiments from fields 
that have been under fallow may provide little useful 
information. More will be said in the following section 
about selecting locations. 

Experimental Locations 
and Recommendation Domains 

The development of recommendations for farmers must 
be as efficient as possible. The conditions under which 
farmers live and work are diverse in almost every 
respect imaginable. Farmers have different amounts and 
kinds of land, different levels of wealth, different 
attitudes toward risk, different access to labor, different 
marketing opportunities, and so on. Many of these 
differences can influence farmers' responses to 
recommendations. But it is impossible to make a 
separate recommendation for each farmer. 

As a practical matter, researchers must 
domain compromise by identifying groups of farmers who 

have similar circumstances and for whom it is 
likely that the same recommendation will be 
suitable. In this manual such a group of farmers is 
called a recommendation domain. Recommendation 
domains may be defined by agroclimatic and/or by 
socioeconomic circumstances. The definition of the 
recommendation domain depends on the particular 
recommendation. For example, a new variety may be 
appropriate for all farmers in a given geographical area, 
whereas a particular fertilizer recommendation may be 
appropriate only for farmers who follow a certain 
rotation pattern or whose fields have a certain type of 
soil. Thus the recommendation domain for variety 
would be different from the recommendation domain 
for fertilizer. 

Recommendation domains are identified. defined, and 
redefined throughout the process of on-farm research. 
They may be tentatively described during the first 
diagnosis. Experimentation adds precision to the 
definition of domains. The final definition may not be 
developed until the recommendation is ready to be 
passed to farmers. 



When interpreting agronomic data to make their 
recommendations, researchers must have a fairly clear 
idea of the group of farmers who will be able to use this 
information. Researchers must consider not only the 
agroclimatic range over which the results will be 
relevant, but also whether such factors as different 
management practices or access to resources will be 
important in causing some farmers to interpret the 
results differently from others. 

For the purposes of this manual, it is important that the 
on-farm experiments be planted at locations that are 
representative of the recommendation domain. The 
economic analysis is done on the pooled data from a 
group of locations of the same domain. The economic 
analysis of results from a single location is not very 
useful because, first, researchers cannot make 
recommendations for individual farmers, and second, 
one location will rarely provide sufficient agronomic 
data to be extrapolated to a group of farmers. Thus all of 
the examples in this manual will represent data from 
several locations of one recommendation domain. 

Introduction to Basic Concepts 

To make good recommendations for farmers, 
researchers must be able to evaluate alternative 
technologies from the farmers' point of view. The 
premises of this manual are: 

Farmers are concerned with the benefits and costs of 
particular technologies. 

They usually adopt innovations in a stepwise 
fashion. 

3 They will consider the risks involved in adopting 
new practices. 

These concerns will be treated in subsequent sections of 
the manual. Part Two describes the construction of a 
partial budget, which is used to calculate net benefits. 
Part Three presents the techniques of marginal analysis. 
This is a way of evaluating the changes from one 
technology to another by comparing the changes in 
costs and net benefits associated with each treatment. 
Part Four describes ways of dealing with the variability 
that is characteristic of farmers' environments. 
Variability in results from location to location and from 



year to year, and in the costs of the inputs and prices of 
crops, is of concern to farmers as they make production 
decisions. Part Five summarizes the first four sections 
and provides general guidelines for reporting research 
results. 

The following sections offer a brief overview of 
these topics. 

The Partial Budget 

Partial budgeting is a method of organizing 
experimental data and information about the costs and 
benefits of various alternative treatments. As an 
example, consider the farmers who are trying to decide 
between their current practice of hand weeding and the 
alternative of applying herbicide. Suppose that some 
experiments have been planted on farmers' fields, and 
the results show that the current farmer practice of 
hand weeding results in average yields of 2,000 kg/ha. 
while the use of herbicides gives an average yield of 
2,400 kglha. 

Table 1.1. Example of a partial budget 

Hand 
weeding Herbicide 

Average yield (kglha) 2,000 2,400 
Adjusted yield (kglha) 1,800 2.160 
Gross field benefits ($/ha) 3,600 4,320 

Cost of herbicide ($/ha) 
Cost of labor to apply 

herbicide ($/ha) 
Cost of labor for hand 

weeding ($/ha) 

Total costs that vary ($/ha) 400 600 

Net benefits ($/ha) 3,200 3,720 

Table 1.1 shows a partial budget for this weed control 
experiment. There are two columns, representing the 
two treatments (hand weeding and herbicide). The first 
line of the budget presents the average yield from all 
locations in the recommendation domain for each of the 
two treatments. The second line is the adjusted yield. 



2/ The use of the S sign in this 
manual Is not intended to 
represent any particular 
currency. and several 
different currencies are 
assumed in the examples 
that follow. Additional 
abbreviations used in this 
manual are: hcctarc (ha), 
kilogram (kg), and liter (1). 

Although the experiments were planted on 
representative farmers' fields, researchers have judged 
that farmers using the same technologies would obtain 
yields 10% lower than those obtained by the 
researchers. They have therefore adjusted the yields 
downwards by 10% (yield adjustment will be discussed 
in Chapter 3). 

The next line is the gross field benefits, which values 
the adjusted yield for each treatment. To calculate the 
gross field benefits it is necessary to know the field price 
of the crop. The field price is the value of one kilogram 
of the crop to the farmer, net of harvest costs that are 
proportional to yield. In this example the field price is 
$2/kg (i.e., 1,800 kglha x $2/kg = $3,600/ha).2/ 

Farmers can now compare the gross benefits of each 
treatment, but they will want to take account of the 
different costs as well. In considering the costs 
associated with each treatment, the farmers need only 
be concerned by those costs that differ across the 
treatments, or the costs that vary. Costs (such as 
plowing and planting costs) that do not differ across 
treatments will be incurred regardless of which 
treatment is used. They do not affect the farmers' 
choices concerning weed control and can be ignored for 
the purpose of this decision. The term "partial budget" 
is a reminder that not all production costs are included 
in the budget-only those that are affected by the 
alternative treatments being considered. 

In this case, the costs that vary are those associated 
with weed control. Table 1.2 shows how to calculate 
these costs. Note that they are all calculated on a per- 

Table 1.2. Calculation of costs that vary 

Price of herbicide 
Amount used 
Cost of herbicide 

Price of labor 
Labor to apply herbicide 
Cost of labor to apply herbicide 

Price of labor 
Labor for hand weeding 
Cost of labor for hand weeding 

$50/day 
8 dayslha 
$400/ha 



m 
hectare basis. The total costs that vary for each 
treatment is the sum of the individual costs that vary. 
In this example, the total costs that vary for the present 
practice of hand weeding is $400/ha, while the total 
costs that vary for the herbicide alternative is $600/ha. 

I 
The final line of the partial budget shows the net 
benefits. This is calculated by subtracting the total costs 
that vary from the gross field benefits. In the weed 
control example, the net benefits from the use of 
herbicide are $3,72O/ha, while those for the current 
practice are $3,20O/ha. Net benefits are not the same 
thing as profit, because the partial budget does not 
include the other costs of production which are not 
relevant to this particular decision. The computation of 
total costs of production is sometimes useful for other 
purposes, but will not be covered in this manual. 

A partial budget, then, is a way of calculating the total 
costs that vary and the net benefits of each treatment in 
an on-farm experiment. The partial budget includes the 
average yields for each treatment, the adjusted yields 
and the gross field benefit (based on the field price of 
the crop). It also includes all the costs that vary for each 
treatment. The final two lines are the total costs that 
vary and the net benefits. 

Marginal Analysis 

In the weed control example, the net benefits from 
herbicide use are higher than those for hand weeding. It 
may appear that farmers would choose to adopt 
herbicides, but the choice is not obvious, because 
farmers will also want to consider the increase in costs. 
Although the calculation of net benefits accounts for the 
costs that vary, it is necessary to compare the extra (or 
marginal) costs with the extra (or marginal) net benefits. 
Higher net benefits may not be attractive if they require 
very much higher costs. 

If the farmers in the example were to adopt herbicide, it 
would require an extra investment of $200/ha, which is 
the difference between the costs associated with the use 
of herbicide ($600) and the costs of their current 
practice ($400). This difference can then be compared to 
the gain in net benefits, which is $520/ha ($3,720-$3,200). 

In changing from their current weed control practice to 
a herbicide the farmers must make an extra investment 
of $200/ha; in return, they will obtain extra benefits of 



b 
$520/ha. One way of assessing this change is to divide 
the difference in net benefits by the difference in costs 
that vary ($520/$200 = 2.6). For each $llha on average 
invested in herbicide, farmers recover their $1, plus an 
extra $2.6/ha in net benefits. This ratio is usually 
expressed as a percentage (i.e.. 260%) and is called the 

I 
marginal rate of return. 

The process of calculating the marginal rates of return 
of alternative treatments, proceeding in steps from the 
least costly treatment to the most costly, and deciding if 
they are acceptable to farmers, is called marginal 
analysis. 

Variability 

In addition to being concerned about the net benefits of 
alternative technologies and the marginal rates of return 
in changing from one to another, farmers also take into 
account the possible variability in results. This 
variability can come from several sources, which 
researchers need to consider in making 
recommendations. 

Experimental results will always vary somewhat from 
location to location and from year to year. An agronomic 
assessment of the trial results will help researchers 
decide whether the locations are really representative of 
a single recommendation domain, and can therefore be 
analyzed together, or whether the experimental 
locations represent different domains. This type of 
agronomic assessment helps refine domain definitions 
and leads to more precisely targeted recommendations. 

Another source of variability in experimental results 
derives from factors that are impossible to predict or 
control, such as droughts, floods, or frosts. These are 
risks that the farmers have to confront, and if the 
experimental data reflect these risks, they should be 
included in the .analysis. 

Finally, farmers are also aware that their economic 
environment is not perfectly stable. Crop prices change 
from year to year, labor availability and costs may 
change, and input prices are also subject to variation. 
Although such changes are difficult to predict with 
accuracy, there are techniques that allow researchers to 
consider their recommendations in view of possible 
changes in farmers' economic circumstances. 




