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Farmers' Stepwise Adoption of
Technological Packages: Evidence from
the Mexican Altiplano
Derek Byerlee and Edith Hesse de Polanco
Agricultura! research and extension programs in developing countries, rather than
following the conventional package approach, should be designed to take into account
the fact that farmers adopt improved technological components in a stepwise manner.
On-farm experimental and survey data collected from two rainfall zones in a high
valley of Mexico are synthesized to show that farmers have rationally followed a
stepwise process of adopting improved varieties, fertilizer, and herbicide for barley,
reftecting the re1ative profitability and riskiness of each component in each zone.
Despite significant interactions between the components, it was still possible for
farmers to adopt individual components in a sequential manner.
Key words: adoption, barley, Mexico, technological package.

In efforts to increase agricultural productivity,
researchers and extension agents in developing countries have typically promoted a
technological package consisting of a number
of components such as variety, fertilizer,
planting method, and weed control. Proponents of the package approach argue that a
package is needed to capture the positive interactions between several components. A
package may also provide a convincing effect
to farmers by emphasizing the large yield difference between traditional and improved
practices (Walker). However, because ofcapital scarcity and risk considerations, farmers
are rarely in a position to adopt complete
packages. As an altemative, it is hypothesized
that packages can usually be disaggregated
into subsets or clusters of one or two components which allow critical interactions to be
exploited and which enable adoption to follow
a stepwise pattem (Mann). In this scenario,
elements initially adopted will be those that
provide the highest rate of retum on capital
expenditures (Ryan and Subrahmanyan).
Derek Byerlee is Regional Eeonomist (South Asia) for !he International Maize and Wheat Improvement Center (CIMMYT), Pakistan. Edith Hesse de Polaneo is Senior Scientific Information
Officer, CIMMYT, Mexieo.
The authors appreciate the helpful eomments of an anonymous
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editor.

Despite the obvious importance ofthis issue
in the formulation of research and extension
strategies, the literally thousands of studies
that have been conducted on the adoption of
agricultural technologies have provided little
evidence to decide between the package and
the stepwise approach to the development and
delivery of technologies to farmers. 1 Indeed,
most adoption studies have considered adoption of single innovations in isolation and have
ignored the process of adoption among a set
of components of a technological package
(Feder, Just, and Zilberman). Adoption studies have also had a "pro-innovation" bias that
assumes that the innovation is "right." These
studies have proceeded to analyze pattems of
adoption in terms of different socioeconomic
characteristics of farmers (Rogers).
In this paper, we relate the adoption of an
array oftechnological components to the characteristics of these components, such as
profitability and risk. We demonstrate how
farmers in the Mexican altiplano have rationally followed a stepwise approach to the adoption of a package that reflects the characteristics of each component and the interactions
between them. Farmers are divided into two
relative1y homogenous agroclimatic zones
1 For reviews of these adoption studies see Rogers; Byrnes;
and Feder, Just, and Zilberman.
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Table 1.

Comparison of Dift'erent Components of the Traditional and Improved Technologies

Technological
Component
1.

Variety

Improved
Techology

Traditional
Technology

2. Weed control

"Comun," a variety introduced by the
Spanish in the colonial period and used
mostly for animal feed
None or some hand weeding

3. Fertilizer

Use or organic manure ín some years

where the agronomic responses of the various
components of the package are quite different.
Beyond this, no effort is made to relate adoption to the characteristics of the farmer, which
has been the dominant theme of previous
adoption studies; rather, the emphasis in this
study is on the characteristics of the technologies themselves.
The Setting
The study is set in the elevated areas ofcentral
Mexico in the states of Tlaxcala and Hidalgo
where barley is the main cash crop and maize
the subsistence crop. (A detailed description
offarming systems and production practices is
given in Byerlee, Harrington, and Marko.)
The region has been divided into (a) a dry,
risky area with annual rainfall of 450-550 millimeters (mm), where farmers suffer total or
almost total crop loss one year in five and (b) a
wet zone with rainfall of 600-700 mm, where
the probability of crop failure falls to one year
in twenty. Average farmer yields of barley
range from less than one ton per hectare in the
dry zone to nearly two tons per hectare in the
wet zone. Small farmers with less than 20 hectares predominate, although several farmers
operate farms of over 100 hectares.
Agriculture in the area has undergone rapid
technological change in the past ten to fifteen
years. Table 1 compares the "traditional" and
"improved" practice in barley production for
the three biochemical technologies under
study. 2 Several institutions have had a role in
promoting this improved technology as a
package in the area since the mid-l960s. A
private organization of major breweries has
promoted a barley production package by supZ At the same time mechanization including use of tracton for
land preparation and combine harvesting has also proceeded rapo
idly. (See Byerlee and Hesse de Polanco for details.)

Apizaco, Cerro Prieto, and other maltingquality varieties released by the Mexícan
research institute, INIA
Use of a backpack sprayer to apply 2,4-0
herbicíde to control broadleaf weeds
Application of nitrogenous and sometímes
phosphatic fertilízer (40 to 80 kg N/ha)

plying improved seed and recommendations
and by offering a premium price for malting
quality varieties, especially to the large farmers. The extension service has worked with
the official credit bank and requires as part of
the loan the use of a package that usually includes an improved variety, herbicide, and
fertilizer. These government services have
largely emphasized the smaller farmers of the
area.
Finally, farmers themselves have been a
major source of innovation. Many large farmers have contacts with farmers in more advanced irrigated areas of the country, or even
abroad, and have brought back new ideas and
inputs for experimentation.
An unusually rich data base enables us to
treat sorne of the major deficiencies in previous adoption studies. In 1975, a survey ofbarley production practices was conducted for
fifty-four randomly selected farmers. We revisited these same fifty-four farmers in 1980
and collected data on tbe same production
practices and where possible for the same
field. 3 In 1979, another survey of a larger sampie of eighty-seven farmers was carried out in
the wet zone. In this survey, farmers were
asked the year in which they first used selected new practices. Because of the larger
sample size and greater detail, information
from tbis survey is used to supplement tbe longitudinal surveys.
Data on responses to improved practices
under farmers' conditions were obtained from
the analysis of 106 on-farm experiments conducted by CIMMYT in the same area from
1976 to 1980. 4 These experiments included
) In two cases, the selected field was farmed by a different
farmer; these farmen were included in the 1980 sample. In eight
cases, the farmer did not plant barley in 1980, so that the final
sample size in 1980 was reduced to 46 farmen.
• These experiments were conducted primarily for training in
research methods. Only a few of the surveyed farmers hoste<!
these experiments; however, they have no doubt helped spread
the improved technologies in the area.

•
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both single-factor experiments, e.g., variety Table 2. Changes in Profitability oC Technoor fertilizer, as well as 17 factorial experi- logical Components, 1975-80
ments that allow a measure of the interactions
Marginal Rate of
between two or more factors. The number of
Retum on Investment
experiments in the dry zone is somewhat
smaller (33); and, with more variability, estiDry Zone
Wet Zone
mated agronomic responses in this zone are
1975
1975
1980
1980
less reliable.
Characteristics oC the Technological
Components and the Predicted
Adoption Pattern
The adoption pattem of a particular technological component can be represented by the
time of initiation of adoption and the rate of
adoption, once initiated. Given a series of independent technological components, we hypothesize that this pattem is a function of
five characteristics of the component: (a)
profitability, (b) riskiness, (e) divisibility or
initial capital requirements, (d) complexity,
and (e) availability.5 In tum, profitability and
riskiness of a component are a function of elements of the agroclimatic and socioeconomic
environment, such as rainfall and prices.
Finally, interactions between technological
components will affect adoption pattems.
Where positive interactions exist, the adoption of one technological component is expected to accelerate the adoption of related
components. In the extreme case where inputs
are perfect complements, these technological
components would be adopted as a package
since there would be no response to one component without the presence of the others.
We first consider the average responses of
each technological component without regard
to interactions between different components.
(Interactions will be considered below.) Yield
increases, profitability, and riskiness were calculated for each rainfall zone using the results
ofthe on-farm experiments (fig. 1). All components increased yield, and this increase was
statistically significant except in the case of
variety and herbicide in the dry zone. 6 The
, Byrnes hypotbesizes similar, but not identical, characteristics
consisting of observability, comparability, profitability, reliability,
and trialability.
6 These data are calculated as the average across all experiments whether single factor or multifactor. Most single-factor experiments were conducted witb tbe other components set at the
improved level. In the case of factorial experiments, average effects of each factor were used in tbe calculations. Experimental
treatment levels and designs varied from year to year, hence it is
not possible to present a full analysis-of-variance table. Rather,

Improved variety
Herbicide
Fertilizer

----------------- (%/year) ----------------1,419
2,172
411
667
281
430
77
146
91
223
163
444

Source: Calculated from 106 on-farm experiments using actual
prices paid and received by farmers in each year.

yield increase was largest for fertilizer, followed by herbicide, and then variety in each
rainfall zone. The marginal rate of retum on
capital for each technological component was
calculated following the methodology of Perrin et al. In each zone improved variety gave
the highest retum despite its relatively low
yield increase. Improved varieties are a low
cost change (seed can be used for several
years) and in this case gave an average price
premium of 10% for malting quality. In the wet
zone, herbicide and then fertilizer followed
variety in terms of profitability. However, in
the dry zone where weed problems are less
severe, fertilizer was more profitable than herbicide. 7 In all cases, and especially in the case
of fertilizer which was increasingly subsidized, price relationships moved sharply in
favor of adoption from 1975 to 1980 (table 2),
and this might be expected to infiuence the
adoption path (Jarvis). However, with an estimated cost of capital in the informal market of
around 50%, it should have been profitable to
adopt all components in each zone even in
1975.

The distribution of yields in the experiments
was used to calculate the risk from adopting
each technological component in each zone,
measured as the profits (or losses) (in grain
equivalents) for the lowest 20% ofthe distribu~
pairwise t-tests were used to test the difference between the check
treatment and the treatment closest to the economic optimum.
This provided 24, 22, and 34 observations on variety, herbicide,
and fertilizer, respectively. In the case offertilizer an attempt was
made to fit a response function; but lacking variables on site characteristics, the fitted form indicated constant marginal retums.
The economic optima for fertilizer were calculated using discrete
points following Perrin et al.
7 However, we believe that the fertilizer response in the dry
rone is an overestimate because of the dominant effect of two
unusually high-yielding sites in a relatively small sample of 12
experiments.
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Figure 1. Comparison of yield increase, marginal rate of retorn on capital and risk oC the three
biochemical technological components
tion (Pernn et al.).8 In the case of variety,
there was no measured risk from adoption in
the wet zone and only a very small risk in the
dry zone (fig. 1). Herbicide was not risky in
the wet zone. However, in the dry zone, because the incidence of crop loss is about one in
five, use of any input is risky. Even so, absolute losses from herbicide use in the dry zone
were not high because of its low costo Fertilizer was by far the most risky of the inputs
considered, although at 1980 prices losses
were small in the wet zone. In the dry zone,
fertilizer use (at a lower dose of 45 kg/ha of
nitrogen) was risky, with expected losses in
the driest years of over 100 kg/ha in grain
equivalents. 9
Limited data were available on the interaction between variety, herbicide, and fertilizer.
Five factorial experiments were conducted on
variety by management, with local and ims The distribulion of yields over many sites and years is assumed lo represenl troe year-to-year variation faced by farmers.
In practice. tbe distribution also includes site·to-site variation
which we have reduced but nol eliminaled by stratifying by rain·
fall zone. It should be noted tbat rainfall is erratic and often very
localized. so that tbere is much within-year site-lo-sile variabilily
which is essenlially random.
9 These measures of risks were calculated at 1980 prices. Calculation al 1975 prices docs nol change tbe relalive risk ranking of
technological components in each zone; however. at 1975 prices.
fertilizer incurred significant risks even in lhe wet zone of over 100
kgiha loss (in grajn equivalen!) in tbe worst 20% of cases.

proved varieties being tested with and without
the application of fertilizer and herbicide. At
10w management levels, there was no significant yield difIerence between local and improved varieties. At high management levels,
the improved variety gave significantly higher
yields since the local variety tended to lodge
with the application offertilizer. However, because of the low cost of a change in variety
and the price premium for improved varieties,
it was still quite profitable to adopt improved
varieties without adopting the other components (marginal retum of 365%).
Twelve factorial experiments were conducted on fertilizer by herbicide use, mostly in
the wet zone. As expected, in the wet zone
there was a strong positive interaction between herbicide and fertilizer (statistically
significant at the 5% level). Marginal retums
analysis, shown in figure 2, strongly suggest
that the sequence of adoption should be herbicide followed by fertilizer. The addition of
herbicide alone costs little and provided high
retums. The addition of fertilizer alone, however, gave much lower retums and was only
marginally profitable at 1975 prices. Again,
figure 2 indicates the extent to which real costs
of adoption fell from 1975 to 1980. In the dry
zone, only three herbicide by fertilizer experiments were conducted, and no significant in-
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Figure 2. Net beneftt curves sbowing interaction of herbicide and fertilizer in the wet zone at
1975 and 1980 prices

teraction was observed. That is, the profitability of each component appeared to be
independent of the adoption of the other component. However, the small sample size precludes a more definite conclusion.
No three-way factorial experiments have
been conducted that would enable a precise
ranking of variety, herbicide, and fertilizer,
taking into account all two- and three-way interactions. However, from the aboye two factorial experiments the rate of return to improved variety only (with no herbicide or
fertilizer applied) was still about double the
rate of return to applying fertilizer and herbicide (together) to the local variety in the wet
zone. This again suggests the adoption sequence of variety, herbicide, and fertilizer.
All the inputs are quite divisible. Even herbicide which requires a back-pack sprayer for
application was often applied by small farmers
with rented or borrowed equipment. All the
components are also relatively simple to
adopto Fertilizer and herbicide are more com-

plex inputs than improved variety since both
require calculation of dosages per unit area
andjudgment on the appropriate time of application in relation to crop development and
weather conditions. There were also a number
of different fertilizer products with varying nutrient composition, which complicated calculation of appropriate dosages.
The aboye characteristics of profitability,
riskiness, divisibility, and complexity describe
the demand for the technology-the focus of
this study. The adoption of the technology is
also determined by supply factors, primarily
the availability of inputs required for adoption. Through interviews with input suppliers
and early adopting farmers, we have tried to
reconstruct a picture of input availability over
the adoption period (table 3). Before 1968,
supply of all inputs was very poor. Inputs for
all three technological components became
generally available around 1968, a considerable time before the period of widespread
adoption. Improved seed and herbicide were
distributed through the private sector and after 1970 through the official bank and were
generally readily available. Fertilizer distribution was in the hands ofthe public sector, and
distribution points were fewer and stocks of
fertilizer (especially of nitrogenous fertilizer)
were erratic, so that farmers often had to
travel a considerable distance to get supplies.
Hence, supply constraints may have retarded
the adoption of fertilizer, especially by small
farmers.
The profitability and risk analysis of agronomic responses observed in the on-farm
experiments clearly point to a rational sequence of adoption of the technological package in the wet zone of variety followed by herbicide and then fertilizer. Although there were
strong positive interactions between the three
components, it was still profitable to adopt
each component separately in this sequence.
Note that yield increases run in the reverse
order from about 600 kglha for fertilizer to
only 250 kglha for improved variety. Neither
the divisibility nor the complexity of these
changes appear to differ sufficiently to change
this adoption sequence, although supply constraints on fertilizer may have slowed its adoption by small farmers.
In the dry zone, the evidence again suggests
that variety should be adopted first followed
by fertilizer and then herbicide. However, fertilizer was substantially more risky, and this
might change this sequence. In this zone,

524 August 1986

Amer. J. Agr. Econ.

Table 3. Summary of Supply Situation for Inputs at Three Periods oC Adoption
1966 to 1970
(Early adoption in wet zone,
mainly by large farmers)

After 1970
(Period of widespread
adoption in wet zone)

Apizaco released in 1966
and seed commercia1ly
available two years later;
variety became wideiy
used and was still dominant in 1980.
First distributor set up in
1968 just outside study
area.

Seed distributed by private
dea1ers, official bank and
from farmer to farmer.
Readily available.

Before 1966
(Little adoption)

Input
1. Seed of improved
variety

Release of variety, Toluca
in 1960; but because of
late maturity and poor
agronomic type, received
little acceptance.

2. Herbicide

A few large farmers obtained chemica1s from irrigated areas of Mexico.

3. Fertilizer

Not available, especia1ly
nitrogenous fertilizer.

First distributor set up in
1966 at 75 km from study
area. However, products
of high P and K como
position distributed. a Nitrogenous fertilizer distributed by 1970.

Increasingly available
through private dea1ers in
villages and through officia1 bank.
Available only through public sector and officia1
bank. Few distribution
points and stocks erratic
(especia1ly for nitrogenous fertilizers). Supply
situation improved steadily in the 1970s.

• Agronomic experiments indicate little response to P and K in the area.

profitability of the components was much
lower (except for fertilizer) and risks much
higher than in the wet zone, so that we would
expect slower adoption of all components.

AnaIysis of Farmers' Actual
Adoption Patterns
Logistic curves of cumulative adoption levels,
based on farmers' recall of adoption years,
were fitted to describe the adoption path of
each technological component in each rainfall
zone. The logistic curve is defined as
Y, = K/(l +

e-a-b~,

where Y, is the cumulative percentage of
adopters by time t, K is the upper bound on
percentage adoption,1O b is the rate at which
adoption occurs, and a is the constant termo
Using the logistic curve, the adoption pattern
can be described by two parameters from each
curve. First, we calculated the year in which
20% of the farmers had adopted a given practice as a measure of the time of initiation of
adoption. Second, we measured the rate of
ID Depending on the expected terminal adoption rate, K may
vary. In our case, al1 technological components are expected to be
completely adopted in the long run because of their profitability,
and hence 100% adoption was assumed. In the wet zone most
farmers had already adopted the tbree technological components
by 1980, and it is knoWD that tbis proportion has continued to
increase since the survC)l.

adoption as the number of years required for
50% of the farmers to adopt the practice during the period of most rapid adoption (Le., the
period required to go from 25% to 75% total
adoption).
Logistic curves are shown in figure 3, and
parameters are presented in table 4. In addition, the actual use of each practice, based on
the surveys in 1975 and 1980, is reported. II It
is clear that farmers' sequence of adoption
closely followed that predicted by the profitability and riskiness of each component calculated from the observed agronomic responses. In the wet zone there was a clear
sequence of adoption of variety followed by
herbicide and then fertilizer. By 1980, almost
all farmers had adopted improved varieties
and two-thirds had adopted fertilizer. In the
dry zone, initiation of adoption of all components was much later, but once initiated the
rate of adoption has been somewhat faster,
probably reftecting the more favorable price
incentives in later years. In 1980, 61% offarmers used improved varieties in the dry zone
compared to only 29% in' 1975. In the dry
zone, fertilizer was more rapidly adopted than
herbicide, although both practices were still
used by only a small proportion of farmers in
1980. The earlier adoption offertilizer relative
11 Differences between the two sets of results arise fram the
differetlt delillitions of adoption (the logistic curves Me based on
farmers who have ever used the practice) as well R§ plluib1e uncertainty on tIae part of farmers about the year in whillh they fust
used a practice.
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Figure 3. Logistic curves of adoption of improved technological components

to herbicide in this zone conforms to results
from the on-farm experiments, which indicate
high but risky returns from fertilizer use relative to herbicide use. However, the small
number of observations available from onfarm experiments and the low adoption rates

for these two components prevent us from
drawing definite conclusions for the dry zone.
In the wet zone, the larger 1979 survey enables a disaggregation of adoption patterns by
farm size. Tbis shows that both small and
large farmers followed the same sequence of
adoption of fertilizer followed by herbicide
(table 5). In each case small farmers lagged
large farmers in adoption; but once adoption
had been initiated, small farmers adopted just
as rapidly or more rapidly than large farmers.
Because large farmers faced fewer supply constraints, these results suggest that profitability
and risk were the major determinants of the
sequence of adoption.

Packages versus Stepwise Adoption Pattern of
Individual Farmers

The above patterns of adoption indicate that
farmers have adopted in a sequential manner
rather than as a package. In fact, data on
adoption patterns by individual farmers in the
wet zone show that in no case did a farmer
adopt all three technological components in
the same year and only about 20% of farmers
adopted two components together, usually
herbicide and fertilizer (see table 6). Furthermore, among farmers using all three components of the package, the average lag from
adoption of the first to the last component of
the package was nearly five years. Seventythree percent of farmers using at least one of
the three components had adopted variety
first, usually independently of other compo-

Table 4. Parameters of tbe Logistic Function and Actual Levels of Adoption in tbe Wet and Dry
Zones in 1975 and 1980
Parameters of Logistic Function

Wet Zone
Improved varieties
Herbicide
Fertilizer
Dry Zone
Improved varieties
Herbicide
Fertilizer

Time of lnitiation
or Adoption
(year by which
20% farmers
adopted)

Rate of Adoption
(number of years
required for
midd1e 50% of
farmers to adopt)

Used
1975

1964.0
1968.2
1969.2

9.6
7.2
10.3

76
77
46

91
74
62

96
82
65

1975.6
1978.4
1975.4

5.4

29

61
13
16

61
17
30

a

6.sa

Actual Use of Practice

11

14

Percent of Farmers
Ever Used
Used
1980
1980

Note: Using a Chow test, differences between fitted functions are statistically si¡nificant at the 1% level forall components except for the
adoptiOD functions for improved variety and ferti1izer in the dry zone.
• Adoption of these components was only in the early sta¡e in these zones so that the rate of adoption can ooly be predicted. In the case
of herbicide there were len than five recorded cases of adoptioD which was considered insufficient for prediction.
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Table 5.
5. Parameters
Parameters ofthe
ofthe Logistic
Logistic Functions
Functions
Table
for
Adoption
of
Herbicide
and
Fertilizer
by
for Adoption of Herbicide and Fertllizer by
Small
and
Large
Farmers
in
the
Wet
Zone
Small and Large Farmers in the Wet Zone

Large farmers
Large
farmers
(>20ha)
(>20ha)
Herbicide
Herbicide
Fertilizer
Fertilizer
Smal! farmers
Smal1 farmers
«20ha)
«20ha)
Herbicide
Herbicide
Fertilizer
Fertilizer

Time of Initiation
Time
of Initiation
of Adoption
of Adoption
(year
by which
(year
byfarmers
which
20% of
20%
of
farmers
had adopted)
had adopted)

Rate of Adoption
Rate
of Adoption
(number
of years
(number
of middle
years
required for
required
for middle
50% of farmers
to
50% ofadopt)
farmers to
adopt)

1964.8
1964.8
1965.4
1965.4

5.2
5.2
7.3
7.3

1965.4
1965.4
1971.1
1971.1

7.3
7.3
6.0
6.0

nents. Among
Among farmers
farmers who
who had
had adopted
adopted ferfernents.
tilizer
and/or
herbicide,
more
than
half
used
tilizer and/or herbicide, more than half used
herbicide before
before fertilizer
fertilizer and
and less
less than
than one
one
herbicide
in
the
same
year
(table
quarter
adopted
both
quarter adopted both in the same year (table
6). Two-thirds
Two-thirds of
of the
the farmers
farmers who
who used
used both
both
6).
herbicide
and
fertilizer
and
who
adopted
ferherbicide and fertilizer and who adopted fertilizer
first,
followed
within
three
years
with
tilizer first, followed within three yearS with
the use
use ofherbicide.
ofherbicide. Only
Only one-third
one-third offarmers
offarmers
the
adopting
herbicide
first,
followed
with ferferadopting herbicide first, followed with
of
three
years.
tilizer
use
in
the
same
space
tilizer use in the same space of three years.
These results
results reinforce
reinforce the
the stepwise
stepwise adoption
adoption
These
of adopadopbehavior
based
on
the
aggregate
rates
behil.Vior based on the aggregate rates of
tion
of
each
component.
12
tion of each component. 12
Conclusions
Conclusions

The present
present study
study has
has clearly
clearly documented
documented the
the
The
adoption
pattem
followed
by
farmers
during
adoption pattem followed by farmers during aa
of rapid
rapid technological
technological change.
change. During
During
period of
period
of
ten
to
fifteen
years,
most
farmthis
period
this period of ten to fifteen years, most farmers,
especially
in
the
wet
zone,
have
adopted
ers, especially in the wet zone, have adopted aa
of biochemical
biochemical technological
technological compocompopackage of
package
nents
in
a
stepwise
manner.
In
the
wet
zone,
nents in a stepwise manner. In the wet zone,
the
sequence
followed
by
farmers
was
varietythe sequence followed by farmers was varietyherbicide-fertilizer. Adoption
Adoption in
in the
the dry
dry zone,
zone,
herbicide-fertilizer.
where
economic
retums
were
generally
lower
where economic retums were generally lower
and risks
risks higher,
higher, considerably
considerably lagged
lagged adoption
adoption
and
in
the
wet
zone.
However,
the
adoption
sein the wet zone. However, the adoption sequence
in
the
dry
zone
is
similar
to
the
wet
quence in the dry zone is similar to the wet
zone except
except that
that fertilizer
fertilizer generally
generally preceded
preceded
zone
herbicide.
In
each
zone,
the
adoption
seherbicide. In each zone, the adoption seof
the
three
technological
components
quence
quence of the three technological components
12 The sample size of adopters in the dry zone is too small to
12 The sample size of adopters in the dry zone is too small to
conduct
this analysis for the dry zone. In the wet zone there was
conduct
this analysis
for the
dry individual
zone. In the
wet zonebehavior
there was
no significant
difference
in the
adoption
of
no
significant
in the
behavior
of
small
and largedifference
farmers; that
is. individual
there was adoption
no tendency
for large
small
andtolarge
is, there was no tendency for large
farmers
favorfarmers;
adoptiontbat
of packages.
farmers to favor adoption of packages.

Table 6.
6. Adoption
Adoption Sequence
Sequence of
of Technological
Technological
Table
Components
for
Individual
Farmers
in the
the
Components for Individual Farmers in
Wet
Zone
Wet Zone
Percent of farmers using at least one technological
Percent of farmers using at least one technological
component who adopted:
component who adopted:
Variety before herbicide and fertilizer
Variety
before
herbicide
Herbicide
before
variety and fertilizer
Herbicide
before
variety
Fertilizer before variety
Fertilizer
before
varietyin the same year
Variety and
herbicide
Variety
in the
the same
same year
year
Variety and
and herbicide
fertilizer in
Variety
andand
fertilizer
in in
thethe
same
year
Herbicide
fertilizer
same
year
Herbicide
and fertilizerininthe
thesame
sameyear
year
Al! three components
AH three components in the same year
Percent of farmers using herbicide or fertilizer
Percent of farmers using herbicide or fertilizer
who adopted:
who adopted:
Herbicide before fertilizer
Herbicide
before herbicide
fertilizer
Fertilizer before
Fertilizer
before
herbicide
Fertilizer and herbicide in the same year
Fertilizer and herbicide in the same year

68
68
14

149
95
5O
O
18
18O
O

61
61
17
17
22
22

is strongly
strongly correlated
correlated with
with estimated
estimated ecoecois
nomic
retums
of
each
component
in
that
zone.
nomic retums of each component in that zone.
Although there
there were
were strong
strong positive
positive interacinteracAlthough
of the
the
tions
between
all
three
components
tions between all three components of
package,
few
farmers
adopted
more
than
one
package, few farmers adopted more than one
component at
at the
the same
same time.
time. Rather,
Rather, adoption
adoption
component
followed
a
clear
stepwise
pattem
with
compofollowed a clear stepwise pattem with components
giving
highest
returns
on
capital
being
nents giving highest retums on capital being
adopted
earliest.
Hence,
farmers
over
time
adopted earliest. Hence, farmers over time
in
a
stepwise
manner
will
adopt
the
comand
and in a stepwise manner will adopt the complete package
package of
of technology.
technology. The
The evidence
evidence
plete
of
course,
limited
by
the
fact that
that
presented
is,
presented is, of course, limited by the fact
we
have
used
data
from
only
two
points
in aa
we have used data from only two points in
of
adoption
of
ten
to
fifteen
years
long
period
long period of adoption of ten to fifteen years
when relative
relative prices
prices changed
changed considerably.
considerably.
when
Furthermore,
differential
supply
constraints
Furthermore, differential supply constraints
on
the
three
technological
components
have
on the three technological components have
at
sorne
point
during
tbis
probably
operated
probably operated at sorne point during this
adoption
periodo
Nonetheless,
results
strongly
adoption periodo Nonetheless, results strongly
suggest that
that farmers
farmers have
have rationally
rationally chosen
chosen aa
suggest
particular
stepwise
adoption
path.
More
studparticular stepwise adoption path. More studof
this
type
which
combine
information
on
ies
ies of this type which combine information on
both
adoption
pattems
and
agronomic
reboth adoption pattems and agronomic responses are
are needed
needed to
to confirm
confirm these
these conconsponses
clusions.
clusions.
of this
this study
study have
have aa number
number of
of
The findings
findings of
The
implications
for
an
efficient
strategy
for
develimplications for an efficient strategy for develof improved
improved agricultural
agricultural
opment and
and diffusion
diffusion of
opment
technologies.
First,
although
the
research
technologies. First, although the research
of
strategy
might
aim
to
develop
a
package
strategy might aim to develop a package of
practices
that
exploits
positive
interactions
practices that exploits positive interactions
between technological
technological components,
components, this
this packpackbetween
age
should
be
a
goal
for
adoption
over
time
age should be a goal for adoption over time
and
not
for
direct
extension
to
farmers.
and not for direct extension to farmers.
Rather, researchers
researchers should
should seek
seek aa stepwise
stepwise
Rather,
pattem
of
adopting
components
in
such
way
pattem of adopting components in such aa way
that
each
step
is
both
profitable
to
farmers
and
that each step is both profitable to farmers and
appropriate
to
their
capital
constraints.
Factoappropriate to their capital constraints. Facto-
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rial experiments that examine interactions between components enable the identification of
an appropriate sequence. Furthermore, the
check plot in each experiment should reftect
existing farmer practice or a projected farmer
practice in the future. In this study, herbicide
trials would be conducted with improved varieties but without the application of fertilizer.
Fertilizer trials to establish optimal levels of
application would be conducted using both improved varieties and herbicide weed control.
Second, the need to divide farmers into relatively homogenous subgroups or recommendation domains 13 for the purpose of research and extension is illustrated by the
sharp distinction in economic returns, risks,
and adoption rates between the wet and dr.Y
zones. However, definition of these recommendation domains needs to take a long-term
perspective. In particular, after a time lag,
small farmers followed the same adoption path
as large farmers.
Finally, the identification of research priorities should be based on economic analysis
of the Iikely profitability of each component
rather than potential yield increases. The
strategy of many research programs of focusing on "yield constraints" or the "yield gap"
would have emphasized research on fertilizer,
which in fact was the last component to be
adopted. Farmers apparently do not need to
see large yield increases to be convinced
about adoption of a given practice.
[Received September 1983; final revision received November 1984.]
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