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Abstract
a methodology (in five
for
of
and
by a crop
(CMR)
program. The methodology is demonstrated by
the return to CMR
1977 and 1987.
overall
conducted in the Yaqui Valley of Mexico
rate of return to
investment in CMR was estimated to be 16% in
This is
than observed for other rate return
",,-,« ..... c,,,, the entire portfolio of
many of which were not
productive for the period under evaluation, was evaluated. For integrated
(lPM) and
planting, the two successful research projects in
CMR program
the entire flow of
the rate of return
was in excess of 100% for IPM and
45% for
The
that a
amount of
was apparently unproductive argues for more
careful monitoring of farmers' acceptance of CMR results. Guidelines for the
design and implementation of a program aimed at monitoring the
of
CMR on farmers'
are
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1
Introduction
Origins

This Study

The
public
research and
in farm
productivity has
economists for more than three Ut:I_<::t\Jlt:". However,
the influence of one important area of
research (CMR)
on farm
attention. This kind of
can be
as
related research not aimed at varietal development: research on crop

and crop
programs are
Crop
primarily consists of
research
at generating new varieties.
research may be
adaptive and
(adaptive research
dominates),
its
product is
practices.

1

Sometimes CMR is
research. The definition
here is
somewhat broader since it includes farm
research related to the
design and evaluation of
production

2

For
Anderson,
programs other than
discussion of "crop
similar definition.

3

See Griliches (1957) for hybrid maize in the United States, Akino and
(1975) for rice in Japan,
(1984) for wheat and maize in
Barletta (1971) for wheat and maize in
Zentner (1985) for wheat and
r<n'"""",,"or! in Canada,
and Schuh
and Hertford et al.
(1977) for rice in Colombia.

and Scobie (1986:220) refer to "methods and
breeding" and to "non-germplasm technologies" in their
and research methods. Sanders (1988) uses a

The relatively
have been
only narrowly
1988;
Doelman
1986). The
developed in
the
a wide-ranging CMR program.
study also differs from previous studies in that both
and
extension costs are included in
cost of
in crop

The specific objectives of the study are to:
• Present a methodology for
the impact
technologies
a CMR program.
• Demonstrate the mt~tnlOaOl()g
the Yaqui Valley of Mexico nAT-U"'"''

•

return to CMR conducted in
1987.

how a program aimed at monitoring the impact of CMR on
can be
and implemented.

a'A,l"'~":'

remainder
the process of technical
its
relation to
2 presents a
and empirical methods that
can
used to evaluate CMR.
3 describes the agricultural
of
the CMR program evaluated in
4. Chapter 5
the
implementation of a program for
the impacts of CMR. The final
chapter summarizes the main conclusions.

Table 1.1. Estimates of percentage of crop research budgets spent on crop
mlln:l!'a,errlerlt research

Countryl
Author(s)
Cuevas-Perez et a1.
Polanco (1989)
(1987)
and
Araji (1989)
This study
a
b

4

2

Crop
Central America
Mexico
Pakistan
Western USA
Northwest Mexico

Rice
All crops
Wheat
Wheat
Wheat

Estimated
percentage of
research resources
toCMR
36
55 H
50 b
7S b
45 b

Based on
J£<1,CIU'll of human resources.
Based on categorization
results of this

is published in Traxler and

Conceptual Issues
A stylized account of technical change
Changes in crop management practices must be considered within a broader
context of technical change. Many developing country farmers operate in an
environment dramatically different from the one that existed 25 years ago. The
process of technical change in developing country areas that experienced the
greatest improvements in productivity can be divided into three phases - an
early and a late Green Revolution phase, and a post-Green Revolution phase. 5
This model of technical change fits certain irrigated areas ofthe Third World,
such as the Punjab oflndia or the Yaqui Valley of northwestern Mexico. In
these areas, average wheat yields now exceed 3 t/ha, average fertilizer
applications are above 180 kg/ha, and most farmers use chemical pesticides.
The productivity increases that occur in each phase of technical change are
driven by different forces . The driving force of the early phase of the Green
Revolution was the spread of improved (or "modern") wheat and rice varieties.
By 1971 modern varieties were grown on 70% of the wheat area in the Punjab
of India, 53% of the area in the Punjab of Pakistan, and virtually 100% of the
wheat area in Mexico's Yaqui Valley. The adoption ofthe new varieties and
modest doses of nitrogenous fertilizer resulted in a 40% yield improvement; the
additional production costs were relatively small.
In the late Green Revolution period - the so-called "intensification phase" 
yield increases were driven by substantial increases in the level of agricultural
inputs used by farmers, especially fertilizer. Rising input levels were
accompanied by modest but steady improvements in the yield potential of the
newer cultivars that were released. During the late Green Revolution phase,
not only did nitrogen use increase several fold, but farmers also began
investing in other inputs, especially phosphatic fertilizers and chemical pest
control methods. Increased levels of inputs were justified by the improved
varieties' greater responsiveness to inputs (see Figure 1.1 for an example).
c

Because they now use high levels of inputs, however, farmers are operating on
the relatively flat portion of the response curve, so that the effect offuture
increases in input levels will be modest. For example, in the Punjabs of India
and Pakistan, the marginal grain-to-nutrient ratio, which was around 15:1
when modern wheat varieties were introduced, may now be as low as 5:1
(Grewal and Rangi 1983, Aslam et al. 1989, Sarma and Ghandhi 1991).
In the post-Green Revolution phase of technical change, the management
challenge faced by farmers is no longer the relatively simple task of seeking a
new variety which by itself increases yields, nor is it a case of raising input
levels. The challenge is to manage the complex interactions of several inputs.

5

See Byerlee (1992 ) for a more detailed elaboration of this model.

3

studies have Qnrrm",,,tl>ri
Revolution
(CIMMYT
Mandac 1981:399)
crop
investment are now
times
than they were in
so the potential returns to improvements that either protect those yields (such
response
are
than
control) or increase the

research in the process of technical
of productivity
by
input

ovuaHJ;;'"

payoff" model
investment in
agricultural sector: 1)
technical knowledge; the industrial "a..,a.,",,~
new technical inputs; and 3) the
inputs
Schultz
that there were very
positive
interactions among the three investments. Failure to invest in either of the
first two areas ensures
in the agricultural sector because
potential for technical
at the
level, but farmers'
absence
capacity to take advantage of new technical opportunities is
crucial.
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Schultz noted that the introduction of improved technical inputs produces an
efficiency "disequilibrium," during which farmers use an inappropriate mix of
inputs. A period of adjustment to a new equilibrium is required for farmers to
learn to use the new inputs effectively. This period of adjustment is composed
of two different processes - the discovery of cultural practices suited to the
new inputs and the learning of those practices by farmers. The second process
has received considerable attention. It has been confirmed that education and
extension shorten the time that farmers need to achieve the new efficiency
equilibrium, and hence Schultz's hypothesis of high social returns accruing to
investments in these areas holds (e.g., Huffman 1978, 1974, 1977; Jamison and
Lau 1982). The first process - the discovery of more productive inputs and
farming methods - has been closely examined only for improvements in plant
varieties. The questions of where farmers receive information on new or more
efficient crop management practices, and whether publicly sponsored research
has any impact, have received only limited attention.
The importance of research aimed at generating improved crop management
practices becomes clear when the "poor but efficient" hypothesis is considered.
The hypothesis implies that, in a traditional production system, efficient
methods of employing a limited number of inputs have evolved over a period of
perhaps several generations. It can also be imagined that efficient methods of
husbanding new inputs evolve as farmers learn by doing. But it is certainly
reasonable to ask what might be the result of another approach, in which
focused scientific enquiry identifies and investigates specific crop management
problems and methods. The literature to date has not evaluated the impact of
public sector research in inducing more efficient crop management practices
among farmers.
Compared to changes in new technical inputs, changes in crop management
practices are likely to involve an even greater interaction between research,
education, and extension. Information, the primary product of CMR, is more
difficult to transfer than physical inputs, and changes in management practices
are often more complex to implement. There are also many potential
alternative sources of information about crop management, including input
suppliers, the information farmers derive from their own experimentation,
information from other farmers, and the media (print, television, and radio). Is
public investment in providing crop management information redundant? If
public research provides little information on crop management in addition to
what is available from other sources, the returns to public research will be low.
It would follow then that CMR could be reduced with little effect on the rate of
technical change in agriculture. The next chapter presents an analytical
framework for examining these kinds of issues.

5

The Analytical Framework and
the Empirical Model
have
information,
on
6
to relate the efforts of agricultural scientists directly to
TT"",rrn,,,,,, crop
The realized
of course, is zero until it is
by
Farmers are
any
of reasons. For
additional information on
may simply not reach them; they may reject the
findings; or for some
reason they may be unable to implement the recommendation. Thus in
returns to CMR it is
to examine the extent to which
in
follow Y'a£'An" .....
This study was conducted from an
so it evaluates the
realized, rather than potential, benefits of CMR. This chapter
economic framework and then the empirical
used in the
which made it necessary to examine the entire range of activities of a
CMR program to identify all useful
by the
program, 2) monitor farmers'
of the
products, and
quantify both the costs
benefits of the research program.

The Analytical Framework
Both crop
and CMR seek to enable farmers to increase net farm
inputs are
income. Society benefits from research discoveries when
per unit of
The
increase in productivity is
to
as the "economic surplus." When evaluating
benefits, it is immaterial
whether a cost reduction comes about
an increase in yields or a
decrease in the cost of
a
7 In either case, the cost
production.
The total economic surplus generated by more
production methods can
be
by a shift in the output supply curve.
CMR is
and each
station
issues recommendations for
valid to assume that the "small
zones, it is
6

For example, the
value of more
evaluated within such an ex-ante
1975), Anderson and Dillon (1968), Doll (
and Perrin (
Havlicek and
(1969)

7

Note that it is
off if the cost of
increase in output.

6

fertilizer information has been
others) Anderson
Perrin
and Anderson

for yield increases to occur without
any better
increases
an amount equal to the value of the

case applies. In the small
of
case, the market
output is not affected by the supply
increase. The total
in economic
therefore, is an area
the
are
by the increase in output
supply is
elastic).
output
Given
conditions in
and input markets, the
in
is exactly
to the change
profit or gross
revenue less
UllllHCu. over all farmers
and Schmitz 1982).
""nTc,N

Price

I

A
B

....,..........., 2.1. Gains in ecocomic
in a situation of pefectly
elastic demand (research shifts the
supply curve from So to

net benefit from
agricultural
effort, therefore, is
difference between the research-induced change in variable profit
cost
of the research. The most commonly used indicator the
research
investments is the internal rate of return
IRR is the maximum
interest rate that a
pay on the resources invested and
even
1982).
the IRR is
discount rate, r,
that:
T
(B t

-

o,

R t - E t ) I (1 +

1)

t=l

where:
==

r

The

extension costs
the discount rate.
of this

generated by CMR in year t;
to crop
in year t;
to crop
in year t;

will explain how the two components of
extension costs) can

measured in an empirical

The Empirical Model
potential to
both new
new information. In practice, new
crop
new chemical
7

improved machinery, and so forth - are
mostly
the
private sector. The public sector
most of its effort on providing
information about these and other
to
situation. Hence the main product of CMR in the
information.
rlant-',f" the
diffusion, and impact of crop
information than of improved
information is
Since
are
many potential alternative sources of
information on crop management,
input
and farmers' own
experimentation, care must be
the influence researchfrom the influence of these other sources of information.

issues
are trivial
of
breeding
programs are considered must receive careful treatment when
benefits of
CMR are
Three
this
The
issue is simply how to
products of
as obvious as a new rotation to something as
CMR will range from
as a new finding
the relationship between seed depth and
for a
are, at some point, usually
embodied in production
that are made available to farmers.
The
may be
to farmers
field
extension personnel, or through technical bulletins.
whether or not the
is little doubt
from crop
research, on the other hand, can result either in
discovery of
as zero tillage, or in incremental changes to
of
The point at
in the

The third empirical issue
must receive
is how to establish a
link between the research effort and the
of a new or modified
The
of a
released wheat variety can
serve as both a necessary and sufficient condition for assuming an impact from
breeding. It is not necessary to
for the possibility that
farmer
has developed the new
own. When the research product is
use,
it is conceivable that
came to the
sources
the research
or
that he or she
it independently of the public research effort.

The logical framework
The
any crop can be reduced to a number
that determine
production outcome. Following the definition of CMR
in Chapter 1, it is reasonable to assume that a CMR program has the

Tllll.PTln

8

to
products
to the
of
under
its uv,,,al~"" and the timing and method of application.
impact of a CMR program can
be evaluated in five logical
1)

areas for which an improved
embodied in a new recommendation
new information)
HHA"'-'F,'VUA

2) Determine
with the new
Determine
the revised recommendation has been the cause of the
in farmers'
4) Measure
impact of
research-induced change in crop
practice on economic surplus.
5) Sum the economic surplus across
to the costs of
and extension.

and compare the benefit stream

conditions which should
Within this framework, the first three
hold in order to link a
research initiative to an increase in
profit.
initiative that fails to meet any of
cannot logically
A
an
on economic
be
to have

Research products
can be
by
If it is to be of any benefit, the crop
must become a recommendation
is
to
either farmers or extension
In
a CMR program, it will be
important to review the
of extension recommendations.
AH<'UHA'5,"",UH.. U

The potential
and

However,
products,
research.
only
placed on basic

approach to identifying research
to previous studies of
to new
no value is
This is not a
shortcoming, as
through
research is ultimately embodied in either
or
research
with some delay. The more
problematic caveat is that maintenance research is implicitly
a value
zero.
trials conducted to monitor insect resistance to common
9

insecticides are a component of any research program in integrated
(lPM). the trials
that current
remain effective,
the recommendation remains
The
a zero value
in an ex-post
although
the
value of such research over
the long term is positive. 8 Both of these limitations of the methodology the
zero value
on basic research and on maintenance
to
the
the CMR program.
Changes in farmers' practices
in
practices are identified
statistical analysis of
survey information. Crop
can be
in two ways.
such as
density or nitrogen
on continuous
values.
such as planting method, take on a
range
values. Information on practices at two points in time is the minimum amount
of
needed to assess
although
more

full range of
option. In most cases it
findings are an important source of
crop management information.
data on
at two or more time
various statistical
1990).
methods can be used to test for changes in
However, tests for
in the distribution of
using
observations are not completely
for s01l1e practices.
practices
are only weakly conditioned by
events. For example, phosphorus
that, once
to be ~U<~UE>v~
dose and seeding rate are
because of
On the other hand,
application are strongly conditioned by
environmental events.
the
cannot
importance.

8

10

research is to
a zero value to
research that leads to the release of a disease-resistant variety to
whose disease resistance has broken down. If there was no
past studies
<H'~'lj.;JJCU such research a zero value.

to
examine causal relationships can
determined
considering both the
structure of the problem and
available. Where a well-defined problem
and corresponding data
a formal model can be
the
~U",OH,"U causal
statistically.
simple
O~C'LH'''!'_CU models are
causality
continuous and
variables. A causality test for continuous
can be N"",t-""
by categorizing
according to the level of
of contact with the
research message
of extension contact or regular attendance at
field
choice
(including the probit and
tobit), which test the
of contact
for the adoption of
agricultural innovations, have also been
used to
factors that
the adoption of
innovations (Feder,
and Zilberman
10ro",£},'O

In some cases the
on the intensity of farmer-extension contact may
rule out the use of formal
models to assess causality. This may be
especially true when
questioning is used to
information on
of innovations. In such cases the problem should be viewed as one in
which evidence is
and
formal criteria are used to construct a
decision rule. For example, heuristic minimum conditions would
and producer practice should have
include: 1) the recommended
changed in the same manner during the
2) dissemination of
must
preceded
and 3) it
seems "unlikely"
could
the benefit of formal
Whether formal statistical
are
evidence to
or
causality is well
or ignore CMR results provides
administrators.

area,

the time
The
feedback to

the annual total value

of an improved practice is
(2.2)
QRit is
total gross
by innovation i in year t, and At
is the total harvested area in year t. The term
' represents the
,-111't",,·o1".(>0 ne,"u"',,,n the
adoption
innovation in year t in the
presence the CMR program (KIt ) and the percentage
that would
have occurred without
CMR program (Kit').

11

Farm survey
can be used to estimate the values of
often be assumed that
is not time
innovation and total area vary over time. The
and
to estimate

are two
for
the perhectare
innovation on economic surplus: partial budgeting or
yield (response function) estimation.
costs and
controlled

techniques to estimate the relationship
between output and
employed
1977). The
of a
innovation on net farm income is derived through the SOl~Clnc:atlOn
relationship, such as:

where:
per-hectare output of
vector of
levels;
vector of environmental
vector crop management practices;
to be
and
vector of
error term.
Equation 2.3 presents production as a
of conventional inputs,
environmental factors (such as
education,
and
innovations or
If all variable
are included in the
Xk
the impact
adoption of innovation i on
profit, at
output price P and holding all other
unchanged, is given
the partial
derivative yield with respect to the innovation (equation 2.4).

9

12

See Ryan and Perrin (1974) for the use of partial budgeting for calculating the
value of a new fertilizer recommendation and Hertford et a1. (1977) for
the value of a
in rice varieties.

The response function approach has both advantages and disadvantages
compared to partial budgeting. One advantage is that the regression model is
capable of statistically isolating the individual effects of production factors and
provides a confidence interval for the estimate. Suspected interactions among
technologies and inputs can also be tested statistically. Furthermore, the data
used to estimate the production relationships are taken from farmers
themselves, rather than from controlled experiments. On the other hand, the
response function approach is more time consuming to implement than partial
budgeting and will not always provide meaningful statistical results. A large
amount of data is required and measurement errors or multicollinearity among
inputs may lead to ambiguous statistical results.
Both of these analytical techniques have been widely used by agricultural
economists. The choice of technique is ultimately guided by the nature of the
data that are available. Estimating a response function may be preferred to
partial budgeting when the data are free from the problems described above; in
other cases, especially when information from farmer-managed trials is
available, partial budgets can provide reliable information.

Aggregate adoption - Even after a causal link between research and the
adoption of an improved practice has been established, it is possible that
extension services, farmers, or the private sector could have eventually
developed the new information without CMR (Martinez and Sain 1983). The
advantage of a CMR program is that the efficiency of formal experimental
techniques allows new information to be developed more quickly than it might
be developed by farmers or other suppliers. Hence the value of the CMR
program is given by the difference between the two adoption curves in Figure
2.2. In some cases, it is unlikely that farmers or other suppliers would have
developed the innovation in question during the time period under analysis,
and hence Kit' = O. Since the adoption path in the absence of the CMR program
cannot be known with any certainty, it may be appropriate to calculate the
total gross margin under a range of assumptions to test the sensitivity of the
benefit stream to the assumptions regarding
K It'.
,
Innovations are generally modelled as following an S-shaped cumulative
adoption curve through time (Feder, Just, and Zilberman 1985). This curve is
composed of three stages (Figure 2.2). The rate of adoption grows slowly during
the first few years, climbs steeply during the middle years, and finally attains a
ceiling, remaining at this upper bound until the innovation becomes obsolete.
Because an accurate accounting of the total surplus generated by an innovation
includes the value of future benefit streams, the full path of the diffusion curve
of each innovation must be estimated.
It is unlikely that cumulative adoption percentages will exist for each year in
the life of each crop management innovation. As noted earlier, information on
the adoption of discrete practices can be collected by retrospective questioning
13

of a
sample of
By
what
year did they begin
and what year
innovation - the full diffusion path can be
in 1983 or
150 farmers conducted in 1989 finds that 100
and that 15 of them were using phosphatic fertilizer in 1983, the
adoption for 1983 is simply 15%. For innovations that
not yet <>.vvClU.''''U
their ceiling diffusion
retrospective information can be used to estimate
the parameters of a
equation (2.5) to
future
10 When
transformed (equation 2.6), the
diffusion path can be
by
Least
== C I (1+exp(-a-bt»

(2.5)

log
where:
==

b
a

==

farmers
the innovation in year t;
level of adoption;
rate of adoption; and
constant term.
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Figure 2.2. Logistic diffusion curve.

(1957)
Dixon (1980)
the estimation of cumulative diffusion
curves more fully. Jarvis (1981) illustrates the use of an estimated logistic curve
for projecting future adoption.
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26

Costs of Technology

"""''''V'J''''

and Transfer

Measuring the cost of crop IDlEln.agenleJ1:t
Calculating the costs
is unlikely
to conform to normal
This is particularly true if
only a single crop is
Research institutions are
to
expenditures either by
discipline, but
discipline. lI

an
of

Similarly,
on weed

an estimate

generation and
can be readily
must be disaggregated

extension
research,
disci pline.

11

In most cases, total
as with the case of
crop and then by

an

category
exist which records annual
an entomology program. It is also
that expenditures for
wheat research are registered. One would not
to find an accounting category
that includes
research expenditures for "wheat entomology."
15

3
The Yaqui Valley
The

for the Study

The
empirical part of this
northwest of Mexico City on the arid coastal
Valley is a relatively
of
valley with an
served by suppliers of
services, so that Yaqui
areas of
Arizona or
Mexico.
Wheat, the most important crop in the
is planted on an average of
year and accounts for some 40% of the total
of
The valley
in the
than 10% of all wheat
nationally. Cotton, sorghum,
and
are the other important crops in the valley. Wheat is
or continuous
Wheat production in the
Valley is a
activity. The
variable cost of production is nearly US$
requiring a 3 t/ha harvest to
break even. Farmers provide only a
part of their own manual labor since
available and
hire
of the labor

6.0 ~------------------------------------------------~
5.0

Average annual rate of yield increase
1951-72: 5.0%!yr
1973·90: 1A/ffJyr

4.0
3.0
Ci!

:;:

2.0
1.0

o ~rr~ro'-rT'-rT.-"~",,,,-r~-r~-.~-.,,-r,,-r"
1951
Figure 3.1.
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1989
1981
1971
Year
wheat yields and fitted trend, Yaqui Valley, Mexico.
1961

At 5,100
average
in the Yaqui Valley are among the
highest in the world. The increases that have occurred in
productivity
3.1).
to 1972
rose at an
over the past 40 years are
annual rate of 5% per year.
Since the
tenure have existed
in Mexico
of both individual and
collective
tenure. Land
from
landholders was redistributed to rural communities to establish the ejido
The
has
the title to these lands, but has
persons (ejidatarios) the
to farm the
and to pass this right on to
heirs. 12 Although officially
the
is common.
The three classes offarmers in the Yaqui Valley (farmers with individual ejido
farmers who
within collective ejidos,
landowners)
size
holdings, sources of credit, vUU"''''L'''''"
and access to
services and
assistance. Collective
cover 100-600 ha, with an average holding of 5 ha per member. The individual
range in size from 10 to 50
while
farmers may 1"\00:>1",,1'0:>
from 20 to 300 ha. The individual
face several
operations and on the
Private landowners
and usually own their own tractors,
levels
also vary
Valley
interviewed had less than three years of formal
education; at the other
nearly 20% of the
had
from
Private
owners tended to have more years of schooling than
!<'<l1'rn,'''''·

Research and Extension in the Yaqui Valley
and

Roseboom,
main wheat breeding location, where scientists
organization developed the
varieties whose release in Mexico
Green Revolution.

12 Recent reforms in the law governing

are

XPt~ctE)d

to

this situation in

the future.
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Wheat breeding is the main focus of CEVY wheat research. Close collaboration
between CIMMYT and CEVY wheat breeders results in a steady stream of new
varieties for release, so that in most years farmers are able to choose from 10 or
more viable commercial varieties. The yield potential of the commercial bread
wheat varieties has increased at a rate of about 1% per year (Ortfz-Monasterio
et a1. 1990, Waddington et a1. 1986).
Researchers at CEVY conduct a program of CMR, with a limited amount of on
farm research. A number of CEVY scientists, however, have established very
good contact with farmers and several of the scientists are themselves part
time farmers.
The communication of research results to farmers is good because of a dense
extension support network: 200-300 field extension agents cover the valley's
220,000 ha. The Secretarfa de Agricultura y Recursos Hidraulicos (the Ministry
of Agriculture and Water Resources), the Ejido Union, and the agricultural
credit bank are the main public extension sources, while credit unions and
private consultants offer private services on a per-hectare fee basis. During the
1989 wheat season, 80% of the farmers surveyed received at least one extension
contact per month, and 65% had one or more contacts per week. The collective
ejidos had more contacts than either the individual ejidatarios or the private
landholders.

Survey Information on Farming Practices
The sample
Information on wheat cultivation practices comes from a series of farm surveys
conducted in 1981, 1982, 1987, and 1989 by the CIMMYT Economics Program
in collaboration with CEVY. A two-stage sampling procedure was used to select
100 farmers for the initial survey in 1989 (Byerlee and Flores 1981). In the first
stage, irrigation blocks were randomly selected. In the second stage, the first
farmers (up to a maximum of five) to be located within the selected blocks were
interviewed.
"

In 1982 only farmers from the 1981 sample who practiced a wheat-wheat or
wheat-soybean-wheat rotation were interviewed, which reduced the sample
size to 74 cases. 13 For the 1987 survey, a sub-sample of 41 of the farmers
interviewed in 1981 was randomly selected. In 1989, an effort was made to
contact all of the farmers who had been surveyed in 1981. To maintain a
sample size of approximately 100, farmers who did not plant wheat were
replaced with farmers growing wheat on adjoining parcels or with farmers from
three additional randomly selected irrigation blocks.
13 Several completed questionnaires were eliminated from both the 1981 and 1982
surveys after it was judged that the farmers had given unreliable information
when interviewed. They were ejidatarios who had made up answers to the survey
questions rather than admitting that they were renting out their parcels.
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The basic unit of analysis is the individual field, which ranges in size from 3 to
60
All information was collected by
and
observations
The surveys conducted prior to 1989 did not contain
information
on education, extension contact, or sources of technical information.
mation on these variables was collected
the 1989 survey.
AgriculturallJI"actu:;t:::lS
production in the
Valley
Chemical fertilizers and
early 1960s and chemical
research issues related to the

since
are no
dominant concern is to
to the survey data
and other practices

New wheat varieties rapidly
older ones in the Yaqui Valley. For most
the time
initial
to adoption and
to commercial
disappearance may be six years or less. A notable
since 1982 is the
of
wheat varieties.
rotation information contained in Table 3.1
are
responsive to output
of rotation. For _..._..."._
cotton,
the crop
most
with
was
2% of farmers in 1987 but
22% in 1989. The area planted to
the only spring-summer crop
can be planted in rotation with wheat, is
determined by water availability. Fewer farmers planted soybeans in
than in other years because water supplies in the valley were low.
Two important
in land
occurred since 1981. The first,
the adoption of a new planting method, is discussed in Chapter 4.
has been
increase in
of
using
control. This is not a new
having
extension
as
ago as the
1950s, but it was
by just 40% of
farmers in the early survey years compared to over 80% in the later years. Why
this innovation spread so rapidly in the mid-1980s is not clear. It may relate to
the more flexible
now
irrigation
or improved availability farm
from
adoption of
two techniques, land
preparation
changed
The proportion of farmers subsoiling and
plowing and the average number of
were
over
survey years.
The surveys
to uncover any significant change in
or in
the use of herbicides.
weeds were a problem in about 15% of the fields,
although few farmers
for grassy
The
in hand
over time may result from the use of n""r_i".<l
19

surveys in 1987 and 1989, but not in 1981 or 1982. The earlier surveys may
have missed the late season weeding, which is a common practice in the valley.
However, the adoption of the ridge planting system (see Chapter 4) has clearly
encouraged more hand weeding.
Fertilizer doses have increased significantly. The average level of nutrients
applied to wheat has risen by 33% since 1981 to reach 270 kg nutrientslha in
1989. The proportion of farmers applying phosphorus has increased by
approximately 20%, so that most farmers now apply phosphorus.

Table 3.1. Summary of farmers' production practices for wheat in the
Yaqui Valley, 1981-89

1981

Survey year
1982
1987

1989

Number of fields surveyed

91

74

41

101

Previous crop, spring-summer (%)
Fallow
Soybean

72

28

39
61

20
81

81
19

Previous crop, fall-winter (%)
Wheat
Sorghum-maize
Cotton
Sesame
Safflower
Watermelon

59
1
19
12
9
0

100a
0
0
0
0
0

91
5
2
0
2
0

66
8
22
2
0
2

Wheat type (%)
Durum wheat
Bread wheat

19
81

18
82

46
54

44
56

42
12

41

Varieties planted (%)
Mexicali b
Nacozari
Yavarosb
CIANO
Altar b
Tonichi
Opata
Others

19
53
19
53

28

28

46

31
28

a

Sample selected to include only fields in wheat rotation.
Durum wheat varieties.
na = not available .

b

continued...
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Table 3.1. (continued)

1981
Land preparation
Subsoil (%)
Plow (%)
Disk harrow (avg. number)
Total no. operations

Survey year
1982
1987

1989

35
52
3.0
6.8

na
na
na
na

27
51
2.7
6.1

25
65
2.8
7.1

5 Dec.

9 Dec.

10 Dec.

6 Dec.

Planting method (%)
Broadcast
Row planter

4
96

0
100

5
95

10
90

Seeding rate (kg/ha)
Average
Ridge planted
Other methods

156
76
163

151
75
156

156
122
175

158
125
175

40

40

83

82

176
30
202

194
14
206

218
40
259

230
37
269

1.2
19
46
59

1.4
26
51
55

1.7
44
71
83

1.7
52
69
76

Insecticide use (%)

82

64

27

56

Herbicide use (%)
None
Broadleaf
Grassy weed
Both

41
40
6
13

47
30
12

56
42
0
2

54
33
8
5

Hand weeding (%)e

34

45

54

66

Planting date (median)

Pre-planting irrigation (%)
Fertilizer
Nitrogen (kgfha)
Phosphorus (kgfha)
Total (kg/ha)
Number of nitroge n applications
Percent using gas (NH 3 )
Percent using granular urea
Percent using phosphorus

11

The number of farm ers hand weeding may be understated in the 1981 and 1982
surveys since survey data were taken before harvest.
continued...
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Table 3.1. (continued)

1981
Broadleaf weed score (% )d
None or few
Some to serious

Survey year
1982
1987

1989

92
8

96
4

91
7

94
6

Grassy weed score (%)d
None or few
Some to seriou s

84
11

83
17

70
29

81
19

Lodging (avg. % of fields)d

26

na

na

20

Plant stand (% )d
Good
Average
Poor

68
27
5

na
na
na

70
30
0

81
18
1

Irrigation system (% )
Ridges
Border strip
Contour
Furrows

6
36
24
34

6
48
17
30

37
17
17
29

33
24
12
32

Average number of irrigations

3.9

4.7

5.5

4.8

Yield (kgiha)

4,748

na

6,105

5,163

Soil type (% )
Clay
Alluvial

59
41

62
38

56
44

60
40

Soil salinity problem (%)

31

na

20

8

Tenancy (% of producers)
Collective ejida
Individual ejida
Private property
Rented

21
33
39
8

18
37
42
4

22
32
46
0

21
39
38
3

Percentage who grow wheat for
commercial seed production

11

5

5

10

Percentage who use
rented tractor

31

36

24

24

d

Based on field observation.

na

= not available.
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4
Crop Management Research
in the Yaqui Valley
The
in Chapter 2 proposes that
of the
benefits from CMR be conducted in
steps: 1) identifying the research

2)
the impact on net farm income of
in
and
the benefit stream to the costs of CMR and extension. The first
section of this chapter applies
1-4 to wheat CMR in
Yaqui Valley. This
is followed by a discussion of the costs of the CMR and extension
and an
estimation of the internal rate return to research over the rpfAr.""
1977 -88
for which
costs and

Impact
Step 1: Identifying the research products
Production
are published
CEVY for each crop grown in the
The
each
is updated
based upon research
runs to approximately 25 pages, and some 1,000
annually. Ten or more
",-,LUU,=;, production
coauthor
entomology, and
recommendations are discussed in 10 sections of the
planting
planting method, phosphorus,
insect
and harvest

or
The only

] December to
10 December.
Nitrogen response and chemical weed control are two
areas, but neither has resulted in
in >,OE"'.,.,"""
Nitrogen recommendations are
in a table that lists recommended

14 Guia para

nrfltlJJ{'Jr

trigo en el sur de Sonora (issues published from 1977 through

23

uv."a~;"''' according to rotation, soil type, and

maturity class. 15
Some of the cells for
nearly every year, as
some recommended dosages are increased
others are reduced, but the
each other out. The net result has been that the
unchanged over the study
in the
recommended as
otherwise the
control

A

appearing in the production
in
This new
method
of irrigation
than the traditional methods. A row planter,
than a small
drill or
is used to plant one, two, or three rows of wheat on top of
raised
which are 70-80 em wide. The
seed rate for
new planting
for
traditional methods.
The
used for distributing
nfyrn,>...", for
(surcos).

over
to the use of phosphorus
Prior to 1980,
were published in a
similar to that used for nitrogen, in which the dosage was conditional on
rotation, soil
and variety. Since 1980 it has been recommended
all
phosphorus.
fields be tested for

the
for
each
are
in more
recommendations for
monitoring both pest and predator populations are explained, including the
population levels at which chemical control is
For certain
has been
since 1987 that an extra
form of control than
The
chemical control should be employed only when absolutely necessary
the adverse
on predator populations.
review of crop
recommendations issued by CEVY since 1977
reveals
changes in three practices
planting method, phosphorus
use, and insect
Minor
occurred in three practices - land
nitrogen use, and planting date. The next step in
the
benefits ofCMR is to assess the extent to which farmers have taken up these
six

15
24

recommendation table contains 3 (rotations) x 2 (soil
= 18 cells.

farmers changed?
1987, and 1989 surveys are
to examine changes
six practices for which the
has
and planting date take on continuous values,
whereas
method, phosphorus, and use of
are
analyzed by looking for changes in the proportion of
recommended
The statistical technique used to test whether or not
farmers have
level of input use over time is
rank
test, which has
that the distribution,
level of
input use is the same in
survey years. That is:

=
H A : at least one

and
tends to have higher

For discrete
a
test for a change over time in relative
of the outcome of interest is used which
on the
distribution:
(proportions the same in all

"GUlllJ'''''''

H A : proportions not the same.
Land preparation
land preparation was
soils. The proportion of
significantly over

new recommendation that was
performed at
~A"'P"'.1 this practice
4.1).

Nitrogen use - A
increase in the use of nitrogen occurred
and 1989. The mean level of
application rose in each survey,
in a total increase of some 30%
1981 and 1989.

1981

Planting date - There was no statistically significant change in
date. The median planting
the four surveys are 5, 10,
6 December. The average
date has been between 5 and 12 LF"''''''''.H
in all survey years, and in
the four years has been between 5
9 December. This range of dates is
and falls within the range
dates given by CEVY.
Phosphorus - The mean
application has risen over
but this trend is the result of more
phosphorus rather
of
in the dosage
dosage applied
has varied by only 2
the share of sample farmers applying
increased from 59% in 1981 to 78% of sample farmers in 1989.
test shows
the
in
of farmers using
is significant.
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method and
rate - Farmers' use ridge
increased significantly between 1981 and 1989. In 1981 just 8% of farmers
planted on
in 1987 and 1989 more than 30% employed
of seed rates by
that farmers
An
the CEVY recommendation to use
on
However,
rates for this
are still much higher than
the recommended rate of 50-60 kg/ha. Although farmers who plant on
have increased
seed rate over time, this rate is still much
than that
used by other
seed rate used in ridge
has risen over time
because in 1981 and 1982 all but one of
were commercial seed producers. Commercial seed producers use less seed than
who
grain, since seed
seek to increase the yield per
unit of
or breeder seed. In later years, more ",n."""'-'
farmers adopted ridge

Table 4.1. Summary of

in crop management practices, 1981-89

Test
of
1989 statistica freedom

1981

1982

1987

32

na

36

23

Planting method (%)
Use ridge method

8

5

37

33

44.6

9

Seeding rate (kg/ha)
Ridge method
Traditional method

76
163

75
156

122
175

125
175

14.3

287

Practice
Land

Planting date
Median date

5 Dec.

9 Dec. 10 Dec. 6 Dec.

1.8 b

1.1 d

2

3

Fertilizer use
(kglha)
Phosphorus (%

176
59

194
56

218
83

230
78

30.7 ***d
16.9

3

Insect control (%)
Apply insecticide

82

64

27

56

39.1 ***b

3

a

at the 1% level of probability denoted by ***.
test.
e t-test of difference in seed rate
method.
d Friedman rank test.
b
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3

Insecticide use - Farmers used far less chemical insecticide in the last two
survey years than in the first two. Seventy-four percent of the farmers
surveyed before the insect control recommendation was changed in 1987 used
chemical insect control, compared with an average of 48% of those surveyed in
1987 and 1989.
Step 3: Evidence of causality between recommendations and practices
The first two steps identified six practice areas in which recommendations were
modified. Of these, farmers made changes in only four practice areas 
nitrogen and phosphorus use, planting method, and insecticide use. Now
evidence of causality between the research findings and the changes observed
in farmers' practices will be examined.
Nitrogen and phosphorus use - Compelling evidence exists that changes
in the use of nitrogen and phosphorus were unrelated to research findings and
subsequent changes in the recommendations made to farmers. The principal
modification in the phosphorus recommendation was that soil testing should
precede application. This recommendation was followed by just 13% of farmers
in 1989 (Table 4.2).

Table 4.2. Distribution of year in
which soil test was last performed

Year

1989
1988
1987
1986
1985
1984
1983
1982
Prior to 1978

Percent

13
11

14
8
3
4
2
4
40

Cumulative
percentage

13
25
39
47
50
54
56
60
100

The evidence that farmers do not
follow nitrogen recommendations is
even more convincing. In Figure 4.1
nitrogen levels reported by each
sample farmer are plotted against
the recommended level, given the
rotation, soil type, and variety sown
in each field in the 1981 and 1989
seasons. Points along the 45° line in
each figure represent farmers who
apply exactly the recommended
amount of nitrogen. Points below the
line represent farmers who apply
less than the recommended dose,
while those above the line apply
more than the recommendation. The
scatter of observations shows no
linear relationship between the
recommended and applied level in
either figure. 16 It is also clear that

16 This is confirmed by the Pearson correlation coefficients between nitrogen
recommendation and nitrogen application for the four surveys of .07, -.02, -.12,
and -.03.
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over time farmers are moving away from the recommended nitrogen dose. In
1981, 15 farmers used the recommended dose or less. In 1989 only one farmer
was in this category. The average dose of nitrogen recommended for sample

500
450

Yaqui Valley, 1981

400
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300

o
o

0
00
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o

o
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o
o

0
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o

o
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400
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o
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o
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Yaqui Valley, 1989

o

o
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o

o
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200
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Nitrogen recommendation Ckg/ha)

400

Figure 4.1. Relationship between average recommended nitrogen levels
and average levels applied, Yaqui Valley, Mexico, 1981 and 1989.
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planting
and rotation in
an average of 230 kglha.

field) in 1989 was 136

findings were judged to have
method. Ridge
by CEVYin
to develop this
technique (Moreno 1989). A
effort was also
by CEVY to extend the new practice to farmers through demonstrations
days. This is
the type of innovative practice
farmers would
to experiment with and perfect on their own.
management
without
in insect control is
Through rPM programs,
predator populations, the effectiveness of 1>0'0"""",,,,,,,,,
control
reduces the
for
empirical studies have
Ul"'~lVH to reduce
demand (Miranowski 1980,
Research
1983 at

extension efforts to establish IPM in the Yaqui
Research was
directed at <J")l,UUea
insect control

of

pers.
in
meetings were held to diffuse research findings to the extension
most ofthe
scouting in the
During the
season, radio and
newspaper
weekly estimates pest and
populations.
To see if there was

ofa direct

between the

with extension personneL
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A probit model was
to obtain further evidence of the
and extension contact on the decision to
insecticide
simple
insecticide use in 1989 is posited to
a
variables for research and extension contact, producer characteristics, and
weather.

Table 4.3. Results of probit
estimation for the decision to use
insecticide
Variable
name a

TECH
SIZE
DATE
PAMPHLET
UNIV
EXT
Constant

Estimated
coefficient

0.373
0.390
-0.052
-0.165
0.953
-0.231
0.983

t-ratio

-0.896
2.584
-3.880
-0.495
1.908 *
-0.617
1.050

Note: Likelihood ratio == 38.13, 6 D.F.:
at .01 level.
0.35.
a TECH == dummy variable for
consulting with an extension
before applying insecticide
with
= 1, others
= 0); SIZE == farm size (log of the size
of the total land under cultivation);
DATE == planting date; PAMPHLET
=
variable for
received any research circulars
received
circulars == 1, others == 0); UNIV ==
dummy variable for
education (university
= 1,
others = 0); EXT dummy variable
for
extension contacts
(weekly extension contact == 1,
others == 0).

All variables have
In
1989
who planted later were
more likely to spray. Frequent
extension contact and
with
published
v",u.""~,, the probability
insecticides (although the coefficient
is not
significant).
Farmers who consult with extension
are also less
to resort
to chemical insect control. Farmers
more
have less time
hectare) to invest in
activities and rely more on
insecticides. The
UNIV might be explained by the
that pest scouting is time consuming.
Since the opportunity cost this time
is
they appear to
chemical control for increased time
scouting. This statistical test of
not offer incontestable
link """ur~"'n

in

in insect
across survey
years due to variation in climatic
conditions. 17 Unfortunately, no

17 The CEVY
that the 1989 insed population was such that if
farmers were using the same criteria as in previous years we would have observed
an
rate of close to 100% (,1. L. Martinez Carrillo, pers. comm.).
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indicator
levels of insect populations in
across survey years exists to test this possibility. Second,
use has risen somewhat over
18 suggesting that part of
movement down the
curve rather than a
in the demand curve.
Step 4: Calculating
in variable profit
Change in planting
only two
and IPM, is there
of impacts of
in
next step is to determine the economic benefits resulting from the
these practices.
The ridge
than a yield-increasing
costs in several ways: the furrows
control
the
efficient;
the seed rate can be
Salazar Gomez,
Mendoza

to farmers as a
rather
Ridge planting has the pV1vca.1L1<::U
allow a mechanical
the furrows make
more
reduced by 50 kglha or more (Moreno,

ug~~ested

in Chapter 2 for
function and
and the results from the two

variable
the case of
compared.
A modified

Cobb-Douglas production
1987 and 1989 surveys:19

was fitted to the

s

(4.1)
are dichotomous variables,
variable
influencing
potential, WElaI,ne,r CllC"L".
are defined in

18 The cost of a ll/ha aerial application of the most common insecticide (Parathion
rose from 75
of wheat in 1981 to 111
of wheat in 1989.
19 The survey data from 1981 and 1982 did not contain

information.
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Climatic and varietal
are important in explaining the variance of
The
difference between bread wheat and durum wheat varieties was large
in 1987 but
in 1989.
also had a
on yield.
The coefficient of nitrogen is not statistically different
zero. This is
possibly due to the fact that
is applied in three forms
gas, and gas bubbled through
water)
at various stages of
production (from
irrigation). The
response to phosphorus agrees
20
a
Table 4.4. Fitted yield function results
Y1ELD

7.45 .084 DATE - .024 DURUM89 + .138 BREAD87
(0.71)
(2.47)***

+ .239 DURUM87 + .086 PHOSPHORUS + .008 NITROGEN - .008 WEED

(5.70)***

(0.11)

+ .106 PREP + .029 RIDGE + .071 UNIV + .077 TENURE

(1.93)*

(1.06)

+ .002 EXT - .108 ED*EXT
(1.07)

n == 125, R2 == .382
White's
Note: Numbers in
"'BleB"'''''''' are t-values calculated
Heteroscedastic-Consistent Covariance Matrix method. *, **,
indicate a
difference from 0 at .10, .05, and .011evels. YIELD =
(natural
of
DATE ==
date
after 1 Nov.);
DURUM89 ==
variable for variety and year (durum planted in 1989 ==
1, others ==
BREAD87 ==
variable fOT
and year (bread
wheat planted in 1987 = 1, others = 0); DURUM87 =
variable for
and year (durum wheat planted in 1987 := 1, others == 0);
PHOSPHORUS dummy variable for phosphorus application (applied 1,
0); NITROGEN ==
applied (log ofkg/ha); WEED weed
of expenditure); PREP == land preparation (log of
RIDGE == dummy variable for
method
method
1, others 0); UNIV == dummy variable for education
== 1, others == 0); TENURE dummy variable for
(private
or
collective ejido == 1, individual ejido == 0); EXT == extension contact (number of
visits per month); ED*EXT == interaction between education and extension
of schooling times visits per month).

soil scientist
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comm.).

response of 477
production elasticity
with
For

46 kg of phosphorus.
preparation expenditures ofO.n
maximization
21

mean

same levels other inputs,
farmers
yields than farmers who have not
ejidos and
farmers obtain
8% higher yields
ejidatarios. Extension by itself appears to have a very
and education
extension are shown to
for one

on

planting dummy
holding all other
seed rate
22 the adoption of
new planting method
advantage. This would increase net revenue by about uU.V'-'V
3% estimate is reasonable, but the
estimate is
from zero at
the 90%
level. 23
function estimate of the effect of
was verified
partial budget
1989 survey
averages (Table
budget shows a
cost
of ridge
amount is
to
cost
with little
in
control costs
vs. 38,000 pesoslha). Farmers using the new
method had a slightly higher average
24
There seems little
that the major
it
costs through lower
rates and
Whether ridge
provides higher
is more dubious.
experiment station
suggest a
ridge planting,
the amount of loss
by the
sown (K. Sayre, CIMMYT
extrapolated to
pers. comm.), Whether these results can
where
planting
weed control, and

21

mean, an increase 1%/ha in expenditures on land preparation would cost
pesos and would increase revenue

22 Seed rate was not included in the
function estimation because of its high
correlation with the
method dummy variable.
23 A
explanation for the low significance level of the ridge planting
coefficient is that information on the initial weed infestation level of <:l1t-VP'JPn
fields was not included. The omission of a weed infestation variable from the
has the effect of
the RIDGE coefficient downward (Traxler
1990).
24 The
yield at equal weed control costs is consistent with the idea that weed
control is more efficient under the
planting method.
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irrigation methods are different, is not known. The economic benefits to ridge
planting will therefore be calculated using the estimates above as well as an
alternative estimate which assumes no yield advantage.
Diffusion of ridge planting - Farmers adopted the ridge planting method
rapidly after the first extension bulletin on this practice was released in 1980
(Moreno, Salazar Gomez, and Mendoza 1980). Retrospective questioning was
used to trace aggregate adoption levels through 1989. The steepness of the
diffusion curve up to 1989 suggests that adoption will increase still further.
Rapid adoption also verifies that farmers found the new planting method to be
profitable. The adoption of this innovation in future years was forecast by
fitting a logistic curve to adoption data for 1981-89, following Jarvis (1981).
Equation 4.2 is the fitted equation under the assumption that 100% of farmers
will eventually adopt the new planting method.

log ((P /(1.0 - P t »

= -3.70 + 0.344t,

(4.2)

where P t is the percentage offarmers planting in beds in year t, and 1.0 (100%)
is the assumed ceiling level of adoption. The observed adoption levels for 1980
89 and the fitted equation are shown in Figure 4.2.
The total area planted to wheat for the years up to 1989 was taken from official
statistics published by the Ministry of Agriculture. To project future wheat
area, an attempt was made to fit a univariate time-series model to the wheat
area data for the 36 years up to 1989.
Table 4.5. Partial budget of benefits
Examination of the plotted data,
from ridge planting method
autocorrelation function, and partial
autocorrelation function for the series
Costs that vary
indicated that the series was
(1989 pesos, OOOs)
stationary, with no significant
autoregressive or moving average
Tradi tional
Ridge
terms. Total wheat area in future
planting
planting
years was, therefore, projected to be
method
method
the mean area for the series (123,500
ha).
Seed
164
118
Land
preparation
Herbicides
Hand weeding
Cultivation

220
22
21
0

231
8
12
18

Total costs
that vary

427

387

Source: Adapted from Moreno, Salazar
Gomez, and Mendoza (1980)
using 1989 survey and price
data.
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Change in pest control practice 
The IPM program has provided
farmers with more precise
information on pest populations and
on the use of non-chemical means of
pest control. This information has
allowed farmers to reduce their
reliance on insecticides for pest
control. The intensity of insecticide
use, however, is also affected by

are in turn determined largely by stochastic weather
on
nor the yield impact of

H10LLLU'H

Following the convention
Zilberman (1989), and Greene et al.
reduced application of
loss is assumed to
precise information on both
per-hectare expenditures is
in insecticide expenditures on
The annual value of the pesticide
hectare expenditure times an area
example, in 1989 insecticides were
If the IPM program had not
would have been used on 1
pesos/ha, there is a total
in
billion pesos (US$ 900,000) for 1989.
in the
concluding section of this
to test
the size of the assumed
pesticide savings on the estimated rate return to CMR.
Adoption and effects on total variable
summarized in Table 4.6.
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Table 4.6. Estimated area on which crop management research
recommendations are adopted and total changes in gross margin
Integrated
pest management

Ridge planting

Year

Wheat
area
(000 ha)

Adoption
area
(000 ha)

Gross
margin
(billion
1988 pesos)

Adoption
area
(000 ha)

Gross
margin
(billion
1988 pesos)

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006

115
110
69
127
122
153
117
126
158
156
110
130
139
143
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124

0
0
0
0
4
9
7
10
17
25
28
38
49
63
64
75
85
93
100
106
111
114
117
119
120
121
122
122
123
124

0.00
0.00
0.00
0.00
0.17
0.34
0.28
0.38
0.68
0.99
1.10
1.52
1.95
2.50
2.58
3.00
3.38
3.72
4.01
4.24
4.43
4.56
4.67
4.75
4.80
4.84
4.87
4.89
4.90
4.91

0
0
0
0
0
0
0
0
0
0
11
26
42
43
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.53
1.26
2.02
2.09
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
1.80
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Cost of the Crop Management Research Program
Research costs
The financial resources devoted to CMR and extension for wheat from 1977 to
1988 are calculated below, in order to provide an estimate of the overall
efficiency of investments made in the total CMR program for wheat. Hence all
expenditures on agronomic research - expenditures on research projects that
led to useful innovations as well as expenditures on projects that did not - are
included. By examining the whole research program, a more representative
presentation of research efficiency is derived. Most studies examine only the
returns generated by a single (invariably successful) research project.
Expenditures on CMR for wheat are not a conventional accounting category in
the financial reports of CEVY, where research expenditures are reported
according to disciplinary programs and commodity programs. Each type of
program undertakes CMR. In the case of disciplinary programs that fit the
classification of CMR - that is, entomology, weed science, soil science, water
use and management, production systems, and climatology - expenditures on
wheat CMR were estimated by assuming that the cost share to wheat within
each discipline was equal to the proportion of experiments performed on wheat.
Likewise, expenditures in the wheat research program were allocated between
varietal development and CMR according to the number of experiments for
each activity. In the absence of evidence that the cost per experiment differs
substantially by crop or discipline, these calculations provide a reasonable
estimate of CMR expenditures on wheat. 25
Figure 4.3 shows CEVY's total research expenditures as well as expenditures
for wheat CMR and for wheat breeding. 26 The Mexican economic crisis of the
1980s has placed the research station under severe budgetary pressure in
recent years. Crop management research on wheat suffered most from budget
Cllts, falling from an average of 10% of total research expenditures prior to
1981 to just 4% in more recent years. In contrast wheat breeding maintained a
relatively constant 8-9% ofthe budget share. Administrators clearly judged
that crop breeding was a higher prioritythan CMR.

The cost of transferring crop management information
Advice from both private consultants and public extension agents was widely
available to farmers in the study area. Annual extension expenditures were

25 A prorated share of the expenditures on plant pathology and the soil laboratory,
based upon numbers of experiments performed, was also included in the
calculation of wheat crop management expenditures.
26 All figures have been adjusted to December 1988 pesos using the national
consumer price index.
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approximated by
an annual
of 15,000 pesos/ha 27 (about
6.00) to
farmers (over
who
one or more extension
contacts per month. 28
was
on
fee charged
who are an important source of extension advice in the area. Since
some extension
relates to the choice of wheat variety, and some advice is
probably
of research findings, half of
cost extension was
to
of
results of CMR. This resulted in an estimated total
cost of extension services for CMR in 1989 of
(US$ 350,000). These
are
than research expenditures

Internal

of Return

The internal rate of return ORR) to the investment in
2.1
then recalculated to test the
Key
of the base
established as:

1)

method will eventually be
Valley.

was calculated
of the result to

by 100% offarmers

10~------------------------------------------------~

8

6

4

Wheat crop

1977

78

79

4.3. Real research

80
AVln"'lrll"il

81

82

83

84

by category for

85

86

87

88

1977·88.

27 By comparison the
credit bank assesses a 3,500
fee to its clients for
technical assistance. It is not known if this fee covers the full cost of the service.
28 A value of zero was
contact.
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to those farmers who received less

Insecticide use
10% yearly
reduction remaining at 30% for an years
levels have no
on yields.
2006 (30 years

No maintenance

the first CMR

expenditures are incurred after 1987.

Extension costs related to CMR are equal to 50% of total wheat extension
costs.

6)

t;}!:teJnSl.on costs
2006.

two years after

costs and continue

IRR of 16%. The benefits from the
model produces an
in planting
The annual hA''"IAt,1"
years after 1989.
flow from
to the total return since it is smaner and
period. The CMR investment is
small,
the peak in
streams. The
on the IRR is
since they are
the
streams began.
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Note: Benefits and costs after 1989 are pr<~Je(~tlO!ns.

2000

2006

m~ln~lg(~nE~nt

39

The overall rate of return of 16% in real terms is probably
opportunity cost capitaL However, it is somewhat lower
rate of return studies,
generally range
20% to 40%
This in part
to the fact that we have chosen to evaluate the
entire portfolio of research
many of which were not productive
under evaluation. We estimate that for the
that
the entire flow of
(development of
IPM), the rate of return was in excess 100%
IPM and about 45% for
planting. The contrast in these IRRs demonstrates the bias inherent in
cn,OMn,.. successful projects
that a considerable amount of CMR was
The
argues for more careful monitoring of farmers' acceptance of CMR results
done in many countries to assess
the
of new varieties
programs
Dalrymple 1986).
many of the assumptions
are conservative, and
was
to explore
in the
The
elements chosen for evaluation were the following:
nur,o",',,,

1)

The share

extension costs assigned to
from the IPM program.

use

3)

aggregate adoption ceiling of the ridge

method.

The inclusion of maintenance research costs.
The
share of the total extension expenditure to be borne in the
CMR effort is not
The base model assumed that half of this extension
to CMR
The
of
effort was directed at activities
the model to the
extens ion bu rden was
with no
costs
The model is
change, increasing the IRR to 23%.
The
was
from IPM accrue
use. Since the
IRR is insensitive to this benefit

'O"',","A'-""I" use
in insecticide
late in the study period,
by 1.5%.

80%.
the
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It is not
to think that some research may
to maintain
the effectiveness of the new practices. This is
true for IPM, since pest
resistance and
can be expected to evolve. Little
has been
on the
of maintenance research costs for
crop
management or crop
To test the effect of maintenance
research costs, an IRR was calculated assuming that
investments equal to
50% of the average
from 1986 to 1988 would be needed for
all future years. The IRR is
changing
by less than 1%.

11% to 23%
concerning the
maintenance
modest impacts on

appropriate
research costs
the model.

Table 4.7.

"Hiui't"

of internal rate of return to model assumptions

IRR (%)
Base model
50% of extension costs assigned to CMR
100%
diffusion for planting method
30%
in insecticide use efficiency
No maintenance research required
Alternate

assu.mDtJI011S~

toCMR
No extension costs ~v,~.",.u~~
50%
in insecticide use efficiencyb
Maintenance research
80% diffusion
for planting
a
b

C

d

16

11

23
18
16
15

Sensitivity
varying one
at a time.
IPM program assumed to reduce insecticide use
30% in 1987, 40% in
and 50% in all
years.
Assumes that in the years from 1989 to 2006 a research investment
to
one-half of the average research
in 1985-87 will be required to
maintain the effectiveness of IPM and
is assumed to follow
diffusion level of 80% of total wheat area.

41

5
Monitoring the Impacts of CMR
evidence presented in this paper
that monitoring and evaluation
should
part of any CMR program. While it may be
to
of a CMR program,
every 5-10 years for a
assess changes in
can

evolution offarming
these systems
1987):
a)

in the economic
technological environment that
adoption of new cropping
of the ricewheat,
cotton-wheat
cropping systems over
in South Asia over the past two decades is
of
millions of
kinds of
adoption of new technologies that have important implications for
farming
as a whole. For
the
a new
rice
on 70% of the rice area in the Punjab of
Pakistan from 1986 to 1988 had
implications
land
preparation and planting date for the wheat crop that followed rice
et al. 1991).

c)

d)

of the resource
such as
matter or
depth the water
more emphasis to

in
such as a new weed
result of changes in cropping
or practices in
in Mindanao, Philippines, new
spectra have been
after only two years of chemical weed control on maize
et

as a

researchers clearly
to continually update
adaptive research as well as for applied
such as plant
It is also
to monitor the adoption of
scientists and research
on the successes or
research programs.
necessary to
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who must
expenditures.
this chapter

impact of their
importance
methodological issues.

justify research
in CMR, the

Methodological Issues in
Designing a
and Field Monitoring System
involves significant cost outlays (see
next section).
must be
to provide the minimum
information
quality to
methodological issues that need to
in
a
system are
variables to be
frequency ofthe survey, and the
sample size
method.
;;:.v,:t",m

The

IU'crU:;"", to be collected
calteg[OrleS of variables may
of difficulty.

collected, involving somewhat different

category
in any
Farmers'
practices - The most
monitoring survey is data on
sown, planting date,
crop rotation, and fertilizer and UO;:;',\.lt:1U'""
including
practices,
added depending on
system under
are the cheapest and easiest to collect.
surveys described
vUj,>UF;'"'U one or two
assistants for up to one month in each
year that a survey was carried out.
",,",,.l,",C;,,,

Inputs and outputs - If a full
(e.g., to measure changes in total
labor costs as well as crop yield
at the
level rather than
surveys.

management
is required
productivity), data on machinery and
These
be collected

Pest populations - Again,
with
this type of
on whether a
scoring method or objective
is used
Triomphe, and
1991).
careful calibration among researchers. In the case study in
paper, subjective
grassy weed
was part of each survey.

43

Frequency of monitoring
A key question in any monitoring system is how frequently to visit farmers and
their fields . The frequency of monitoring is influenced by three considerations:

• Frequent visits (more than once per crop cycle) can be quite expensive and
should be justified with care. It is desirable, however, to collect a minimum
data set annually for each major crop in the cropping pattern. Less frequent
monitoring can still provide valuable information, especially in irrigated
areas, as shown by this study. However, without annual data it is sometimes
difficult to distinguish between longer term trends, which are of interest in
monitoring research impacts, and short-term fluctuations caused by
variability in weather or the economic environment.
• Not all variables need to be collected on every visit. For example, if one
objective of the monitoring is to determine trends in soil organic matter
levels, soil sampling at intervals of several years may be sufficient.
• Limited resources mean that a tradeoff is usually made between in-depth
monitoring of a small sample of farmers and/or fields and less frequent visits
to a larger sample. We favor the latter strategy as most appropriate for a
CMR program.
Sampling issues
Given the particular objectives of monitoring, the field rather than the farmer
should be the sampling unit. Certainly monitoring variables such as soil fertility
and pest populations have little meaning at the farm level. A new sample may
be selected every year or the same fields may be visited again over time.
Repeated visits to the same farmer and field have two main advantages:

• Changes in practices and resource quality can be tracked more accurately
over time through pair-wise comparisons at two points in time for the same
field.
• Once the initial cost of constructing a sample frame, selecting a sample, and
contacting the farmers has been made, the cost of repeated surveys is greatly
reduced. Also, rapport with farmers can be established through long-term
contact, increasing the confidence in the data.
At the same time, some precautions should be taken in repeated sampling:
• A sufficient number of fields should be selected to allow "dropouts" in future
visits because of a change in cropping pattern in some fields. Nearly one-third
of the fields examined in this study were rotated out of wheat in a given year.
• The location offields and farmers should be documented carefully, preferably
by mapping or the use ofGPS (Global Positioning System) for precise
measurement oflatitude and longitude coordinates, so that when research
staff change, new staff can readily locate the same fields and farmers.
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.. Since the

is intended to
over many years,
considerable thought
at the
in
ensuring that
representativeness, stratification,
adequate to meet the objectives of the
exercise.

survey, for a monitoring survey sample size will be
the heterogeneity
under study.
Experience from
a single cropping
sample of
heterogeneity is considered (e.g., soil
dropouts due to crop rotation are allowed
In most cases, it is
monitor one
well than to cover
within the
the research program.

Data storage
Even when a

by
a

of

retrieval
is established for
for each year must be
results from

collecting data on t<>>"TYH>""
in such a way that it can
years. For this
farmer was
all data were entered in
(Statistical
and a separate file was
for each survey. Hence data for anyone survey year can be
data across years can be analyzed
by
files.

Cost Considerations
The
cost consideration in
resources
travel and per
research program will have its own cost
guidelines can

a monitoring system will
the
Each
costs to visit farmers'
but some """'"''Y'''

First,
must be
a
Too many
systems """or"ro in an information vacuum that reduces the
costly
can help identify
projects
research on
the nn·"',",'Tl

monitoring
an
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Conclusions
In an effort to fill a gap in the literature on technical
in
this
has
a method
CMR programs and has
program in
an estimate of the economic
a
the Yaqui
of Mexico.

Measuring Returns to CMR
The

1)

of this study
the returns to CMR can generally be
following a logical sequence steps:
the products CMR, which are
changes in recommendations.
in farmers'
recommendations.

best

r-f"Tlrt..H .pn

"'''''"''';'' which are consistent with ~AUAU>,~~ In

between the

in farmers' practice and a

in recommendation.
4)

the
of each research-induced
on economic

in crop

across ",,,','''';0 and compare the
5) Sum the economic
to the costs CMR and extension.

stream

is likely to find two
difficulties in implementing
sequence. First, unless regular statistics are collected on farmers' practices, it
will be difficult to identify
such as
seed
including
monitoring of farmers'

practices can result from sources
sector, or
in
a
in the absence of the CMR
critical
is to estimate changes in
program. In this study it
that in the absence of
CMR the new
methods or IPM would have been adopted
of
In other
for
when fertilizer levels
in a way consistent with the
in
difficult to
causality, let alone
CMR. The best
is
to ntH'Tnrrn
with
to
in
with the CMR programs.
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to encompass an entire
of a particular
may provide
the cost of research

Finally, this
emphasizes
CMR program. It is
to
CMR
for
Ol",aUjlll~ information to research managers
resulting in "dry holes" is also considered.

these
we now feel confident that it is
returns to CMR by carefully
sequence of

Are

Returns to CMR Generally

This final section

two
issues
CMR. First, how
CMR represents an efficient use of public funds? And
of the efficiency of CMR
the return on investment be

Since this is

program, it is
area when
scientific
a long
Valley
from a dense network of
extension support, including private extension services.
A robust

return to CMR cannot be based upon the
case study.
that
return to crop
research is
has come only after dozens of
(see Bengston
Pinstrup-Andersen 1982, or Ruttan
These studies
been
over 30 years,
it is unlikely
of
will be available soon. However,
made about returns to CMR.
conclusions can
on the economics of continuous response research find
value of
information to be
due to the
over a wide range dosages
and
1975; Anderson and Dillon 1968;
Anderson 1969; Colwell 1970;
1971, 1972;
Perrin 1974; Perrin
1976; Drynan
Mjelde, Sonka,
and Lamb
Mjelde,
and
1989).29 It was not surprising,
that
found no
to have been
by continuous response
(on
nitrogen, phosphorus,
rates, planting
in the Yaqui Valley.
Anderson
Dillon (1968)
that more experimentation is not always
better, since research resources must be evaluated
to the same

29

Ryan and Perrin (1974) find a
switch from a farm average fertilizer

h<>f't>l,ep

value, but it is the result of a
to 400
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criteria as other
(that
the marginal value product must
at
equal the cost of the resources consumed). It is hard to escape the
conclusion that this principle is routinely violated in many research
institutions. There would seem to
few
agricultural areas of the
world where valuable information is provided by additional response
has been
given the accumulated knowledge
and error
in crop response among and even
within fields, and the difficulty of transferring complex crop response
information to farmers.
On the other hand, the returns are
that
new
adopted by
CMR project
practices which are
evaluations by Martinez and Sain (1983), Doelman (1989), and Norgaard (1988)
demonstrate that high-payoffCMR projects exist. In this study, the benefits
for the
of
and IPM in the
Valley
were sufficient to cover the cost of the entire
program. Both l'Yr'"''Tlf'~'''
were developed through
and innovative
carried out
by well-trained scientists. However, the rate of return to any research program
is a weighted average of the returns to individual projects. For a program to
O'o'no',,"','o a favorable IRR, the "overhead" of
low returns
by projects
high
It can be
for
that continuous response
expense that could
in many CMR programs.
With this simple model of investment returns in mind, we could
what one
would find if a
of
programs were
The average
return to CMR would be
only if: 1) the pool of
CMR projects
or 2) researchers were very efficient at distinguishing beforehand
and low-payoff CMR activities. At this point, the information is
insufficient for
how frequently either condition is satisfied. We do
in the IRR of
hypothesize that there may be more
research investments than for crop
would
that a
of CMR is unproductive
two r;easons. First, the
CMR are not relevant to farmers, either because they do not address T>lr'TY\~'r,,'
needs or because the products have not been evaluated under farmers'
conditions. The need to correct this
became a major impetus for the
emphasis on a farming
approach to research in the 1980s.
are relevant to
institutional infrastructure in
even if
the form of input
and extension is often unable to
the product
to the farmer. New varieties, the products of plant breeding, can often diffuse
in the case of self-pollinated crops such as
from
to
wheat and rice. But CMR products
take the form new inputs or
information and
institutional
is needed for farmers to become
with them. The
nature of much CMR also poses
to increasing its payoff. This study contends that the adoption of CMR
is often conditional on appropriate extension advice.
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One interpretation of the success of
centers (lARCs) is
they constitute a very
for
the delivery of intermediate germplasm "",,-"'>IV",,,,
institutes with access to large pools of
talent and
an economy of scale that need not be
plant
in national
world. As a
research
have access to elite germplasm
is
thousands of crosses and verification
which considerably increases the
odds of
a material
is
adapted and
to previously
The lARCs produce a
smaner stream "high probability" crop and
resource management technologies. This is so
of
nature of
their
specificity,
centers (at least CIMMYT) devote
research. While the structure of the germplasm
fewer resources to
system does not serve as a precise blueprint for linking CMR in
national and international research
scope exists for
IARC intervention in
through regional collaboration.
require
of
a higher level of scientific capital within the developing country
research
these
about the lack
of our
on
the economic returns to
we
that CMR will playa
role in
future increases in productivity. It is significant that both of the successful
innovations identified in
study increase productivity
input
the case IPM,
better
As
much of
world's
moves into a post-Green Revolution
phase of development, there will
increasing opportunities for CMR to
provide
information to
efficiency and ''''''Tt:>1rYl

30 See the probabilistic model of the research discovery process
and Kislev (1975).
31 Anderson, Herdt, and Scobie (1986) provide a few
crop management innovations.

"''''Hu,n",

nr<'""nrc'n

by Evenson

of successful IARC
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