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Preface 

From 1971 to 1976 the CTITYT Economics Program sponsored a series 

of adoption studi.ps on wheat and maize technologies, particularlv var

ietv and fertilizer, in six countries. The results of these studies 

emphasized the inpxtanre of the aqroclim-atic and socioeconomic circum

stances of farmers in explaining adoption patterns. Where nonadoption 

occurred, it was usually found that the technology was not consistent 

with 7arner circumstances; that is, adoption was nre a futnction of the 

characteristics of the technologv than characteristics of the .-armer, 

such as age, sex, education and extension contacts, which had been em

phasized in provious adoption studies. 

The current studv strengthens these conclusions by bringing togeth

er new and different sources of data from a region in which CIl V4YT has 

been working over the last five years. Data from on-farm exper-'iments 

over several vears enable more precise measures of technological charac

teristics, such as profitability and risk. Tire series data from a ran

dom sample of farmers provide unique information on farmers' adoption 

patterns over a fiVe-year period. Finally, instead of analyzing adop

tion of one comconent alone, such as variety, the present study jointly 

considers a series of both biochemical and mechanical technological com

ponents in which the effect of interactions among technological c.rmpo

nents is also analvzed. 

Donald L. Winkelmann, Director 

Economics Program 
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THE RATE AND SH)UENCE OF ADOPTION 01' IMPROVEP 

CERE=A TF HODIGFIES: THE CASE OF RAINFED 

rIARLr1 IN TI fM(XICAN ATTIPLAWO 

Introduction
 

In efforts to understand the process of agricultural develont, 

economists and other social :;cienti sts have invested substantial re

sources in .iteral IN. hundreds of studies of the adoption of new agricul

tural technolqies. Recent revi-ws of these studies (Roxsers, 1.976; 

yrnes, 1982; Feder, 1.981.) indicate that despite this large amount of 

research, there remain three major deficiencies in our empirical kn(c-

].edge of the adoption of aqric.ultural technologies. First, mst adop

tion studies have had a "pro-innovation" bias that assumes that the in

novation is "rioht" and that patterns of adoption therefor relate to 

the socioeconomic characteristics of the farmer. 11owever, the extensive 

series of adoption studies complete(l by the CTtZYT Economics Pi.,sgram 

highlighted the fact that major diffe,.ences in adoption of technoloqies 

usually arose fromn variation, son-etimes subtle, in the agroclimatic en

vironmnt (Perrin and Winkelmann, 1976). Farnwrs rejecting the technol

ogy were actinq quite rati.onallv,,ecause the technoloqy was not suitahl.r 

for their particular circmstances. The only fanmr characLeristc thor: 

consist(,ntl" ap)peared as important in the CIMYT studies was farm Fzize

atnd, even here, there was evidence that after an initial time Iag, small 

farmers usuall, adonti:or the same technologies as larger farliers. 

A second deficiency is that adoption studies have lbeen of a 

shot nature", based on data on adoption and nonadoption at one pr-.nt in 

time. Of th studies reviewed by Rnmers (1976), only six percent used 

time. series information; vet adontion is by nature a dnamnic proress 

that or-urs over time,. The failure :..o recognize this, ].ecl early studi,,:' 

of the adoption of new wheat vari,,ies of the so-called Green knvolution 

to co,'clude that large farrrs benefited mre from the no-,' t!chrcl]XT. 

Later studies have shcwi that small farmers qeno.rallv Fr].l1c ed arcie 
Farmers in accepting the technology (Bverlee and llarrington, 1982) 
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Finally, adoption studies have usually focused on only one 
innova
tion among a set of practices used for growing a crop (Feder, 1981). 
 At
 
the same time, agricultural researchers and extension agents have typi
cally promoted a "package" of practices consisting of a number of tech
nological components. Proponents of the "package" approach argue that a 
package captures the positive interactions between several components. 
On the other hand, because of capital scarcity and risk considerations,
 
farmers are rarely in a position to adopt complete packages. Moreover, 
there is evidence that packages can often be disagqreqated into pieces 
or "clusters" (Mann, 1977) of one or two r-omponents which allow critical
 
interactions to be exploited and enable adoption to follow a sequential 
pattern with elemrents initially adopted providing the highest rate of 
return on increments in capital expenditures (Ryan and Subrahmanyan, 
1975). This question of single technological components versus packages
 
is important since it has implications for the way experiments are de
signed, as well as for the recommendations prornoted to farmers. 

This paper aims to interpret the rate and sequence of adoption of 
an array of technological components followed by farmers in barley pro
duction in the Altiplano of Mexico. The emphasis is on interpreting 
rates and sequence adoption terms of theof in characteristics of the 
technology, such as profitability, risk and divisibility, rather than 
such characteristics of the farmers as age, education and extension con
tacts, which have dominated previous adotion studies. An unusually rich
 
data base enables us to treat some of the major deficiencies in previous 
adoption studies. A total of eight technological components including 
both mechanical and biochemical technologies are analyzed. Adoption of 
these technological components is traced over a five-year period, since 
surveys conducted thehave been with same random sample of farmers in 
both 1975 ar 1980. During this same five-year period, an extensive 
series of on-fan,, -xperiments has been conducted in the area, which pro
vides good information on the performance of many of the technological 
cm-onents and their interactions under farmers' conditions. Finally, 
the study area is characterized by considerable variability with respect
 
to agroclimatic factors and farm size, foundboth to be important in 
interpreting different rates of adoption of agricultural technologies in 
the earlier CTITMYT studies bv Perrin and Winkelmann (1976). 
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The seqtence of adoption of technological components in small 

grains (wheat and barley) in drier areas with relative ]abor scarcity, 

such as the Mexican Altiplano, is also of particuiar interest because of 

the somnewhat conflictin evidence currently available. Bolton (1979), an
 

aqronomist, hypothesizes an adoption seouence that emphasizes biochem

ical technologies, especially weed control followed bv fertilizer, to 

more efficiently utilize available moisture. It is assumed that tillage 

methods to conserve moisture depend on tractor mechanization and will be. 

adopted more slowlv. Yet evidence fran the drier areas of Turkey (Mann, 

1982), Jordan (El Hurani, 1980) and Algeria (Masson, 1981) all suqqest 

that tractor mechanization (.F initial tillage overations using (in many 

cases) rented tractors, precedes the use of biochermical technologies. 

However, most agree that changes in agronomic practices will be initial

]v more important than varietal changes in drier areas (Byerlee and 

Winkelnann, 1981). 

The analvsis in this paper is developed in the following order. 

After a brief description of the study area and data collection methods,
 

we construct a list of technological characteristics that we hypothesize
 

to be important in farmers' adoption decisions. Evidence from on-farm 

experiments in the study area is used to rank technological comonents 

according to these characteristics and hence predict the rate and se

quence of adoption. We then use lonqitudinal farm survey data to examine 

actual adoption patterns in liqht of these predictions and interpret the 

rate and sequence of adoption among the array of technological compo

nents. This also enables us to draw conclusions about the effects of 

interactions bew~tween technological components and the question of tech

noloaical pieces versus packages. 

Sources of Data 

Tn 1975, CYIMYT's Wheat Training Program began an on-farm research 

program in the Mexican Altiplano for the purpose of training agronomists 

in rainfed wheat and barley production. The study area, shown in Ficure 

1, consists of parts of the States of Hidalgo, 'lexico and Tlaxcala, that 

are within about one hours' drive from CI.YT Headquarters aold where 

barley is an important crop. 
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Figure 1. Map of the Study Area 
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In 1975 a survey was conducted with the objective of gathering in
formation on barley production practices as a basis for designing on
farm experiments on barley and wheat in the study area. A total of 54 
randomly selected farmers were interviewed in this survey.-/ These same 
54 farmers were revisited in 1980 and data collected on the same pro

1/ Since no complete lists of farmers were available, these farmers
 
were chosen by randomly identifying points on a map cf scale 
1:50000. These points were located on the ground and the farmer 
working that field identified and interviewed. This sampling proce
dure Jed to some bias toward large farmers who have larger fields
 
and/or a larger number of fields and hence statistics presented at
 
the regional level are biased toward large farner practices.
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duction practire.; and where pn-sih.le for the same field.- / These sur',evs 

are unique in enablinq a lonqitudinal tracking of far-mers' prartices 

over a five-year period of rapid change in the area. Data qualitv in 

each survey is high. Experienced research assistants from CTHHIYT con

ducted the 1975 farmer interviews under close researcher supervision. Tn 

1.980, we conducted or were presen in nearlv all the interviewqs. How

ever, the sample size is small in relation to the variahility in the 

area. 

In 1979, another survey of 87 fanrrers was carried out in only the 

southeastern and wetter parts of the study area in the valley of Calpu

lalpan and Apan. The maoin objective of this survey was to gather more 

detailed information and understanding of farmers' practices and prob

lems in order to help plan experiments of the Wheat Training Program in 

-this area. Results of t-e survev are described -in B'e-:ie9, Harrington 

and Marko (1981). In this survey, farmers were asked the year in which 

thev first used selected new practices. Because of the larger sample 

size and greater detail, informawtion from this survey is used to sup

plemnt the results of the longitudinal results.
 

An on-farm experixrental program has been a major component of 

CTYMIYT's Production agronomy traininq program since its beginning. On

far experi)ments in the study area generallv consisted of research and 

verification exoeriments. These experinpants have focused on the major 

agronomic problems of harley, i.e. variety, ferti-lity (mostly nitrogen 

and phosphorous), weeds and stnnd establishment. For the purpose of this 

studv, the resul t. -of 106 experiments over a five-year period have been 

analyzed to obtain response data on improved practices under farmer con

]itions. 'The experijmnts, however, were concentrated in the wetter zone, 

so disaqcar(qation into rainfall zones sometimes leaves relatively foA:. 

observations in the drier zone. 

-/ In two cases, the selected field was worked by a different farmer, 
and in a few% cases maize was planted in the selected field, so 
questions were asked about the barley production practices in one 
of the farmers' other fields. In eight cases, the farmer did not 
plant harley in 1980, so that final sample size in 1980 was reduced 
to 46 farmers. 
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Farmer Circumstances in the Altiplano
 

Agroclimatic Circumsf-ances 

The study area is characterized by considerably heterogeneity in 
agroclimatic circumstances of farmers. These same circumstances also 
vary considerably from year to year, creating substantial risk to farm
ers. Annual average rainfall varies from less than 450 ml in the western
 
part of the study area to more than 700 m 
in the southeastern part.
 
Based on rainfall data and experience obtained in five years of experi
mentation, the study area was divided into wet and dry zones. Rainfall
 
distributions for representative sites in each zone are shown in Figure
 

Figure 2. Histogram of Monthly Rainfall Distribution for Sites inEach Rainfall Zone 
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2. In the d.rv zone, rainfall , 1oth .iwerand less rol:iniblo. thei- t Ott 


basis o- on- arm tnri[v s w(, that- -his,
exper iita 1 , (,.tkimai, in zone 

li im 'u si;tlt- fi lt or l r(n f one ,r i i fV n. Irnt el a] IT t-or ( !,,:i!; ',( 


the wet- /.onr,, thi, i)robabil it-v fa ls t:o n rer in twelt.
 

With an iverag altitude of over t.-t-.f, above level
2500 ern qea the 

lcncilth of the growino !-:eason in the studv arpa i.s also COnStl7,- nied vx7 

the incid!lence of rests in the latter rxart of the season (September and 

Otobtnr). This m .ars +hat late planted barley (.ate Jun,,) that ntulres 

in 120-125 daws rurs a sicnificant risk of frost damage.-

The reqion can be further disaqqreqated into flat and nlopinq land. 

()n fslopina land there arr, severe erosion orob.enn. The olantinq of t:lr 

pl.rennial cactus "Prk-caev" on the contour is one measure used to reduce 

erosion damaqe. Tn this ease, barlev is interolanted amnng mcgey rows, 

but narrow inter-row distance often prevents or complicates nychaniza

tion oF operaFions. 

Socioeconomic Circumstances 

Major crops grown in the study area are barley, rnaize and acRuey. 

Maize 15 the subsistence crop and relatively little is marketed. Barley 

is the cash crop. Two distinct mrkets exist for barley--for forage 'Ind 

for mltinq. Traditionally, rm)st barley was produced for animal foraqe,
2/

either for ~hir farmer's own animals or for sale. - Havever, as the de

mnn for beer ii Mlexico has increased rapidly throuqhout the 1970s, much 

more barley is now produced for m i.tinq purpo.ses, esoe_.cialv qiven the 

lncnitirn of 4:h(, -irea near larqe breweries in Mex>icc City. 

Fanm <i z- and land tenure arrngemnts vary considerably over the 

stud, ara. Small farmers with less than 20 hectares predominate; these 

tend to hold land under the elido system of the land reform program al

though there are also some small private farmnrs. Larqer farmers with 

Nonwlly, rainfall is sufficient to allow earlier pl.anting, but 
farn.rs who delav planting after orening rains to control weedis or 
for lack of machiner.,, rin the risk of early frost. 

2/ 
- Data from the 1970 '\qi]cultural Census indicate that ao rejr .- lv 

60 Tpercent of barley was prxduced for Forage pux.rr-se.s in the w%.t 
nearly barley dim, forzone, and all produced in the zone ;: ,Ds 

forage.
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over 20 hectares of land control a substantial share of the total crop
ped drea. Them: farmers own land privately and the larqest farme.,rs (over 
100 hotares) o"i-en rent idditional land. 

Several features of Lhe economic environment are important to un
derstandinq technological change the area.in study Barley prices, in
fluenced by the increasing demand for malting quality barley and the 
higher proportion of barlev sold for malting purposes, have risen rela
tive 	to competing acLivities. From 1975 1980, receivedto prices by 
farmers for barley increased by over three .'imes,compared to a 
doubling
 
of maize prices aid a 162 percent increase in the consumer price index. 
At the same time, real wage rates have increased by about 20 percent in
 
response to alternative opportunities in the nonagricultural sectors in
 
the area (including an industrial conpl.ex at Sahaqun and a state capital
 
at Pachuca), as wel. 
as in the nearby Mexico City labor market.-/
 

Sources of Improved Technologies
 
Several institutions have a role in promting improved technology 

in the area. A private organization of major breweries, Inpulsora Agri
cola, has promoted barley production for malting purposes, especially
 
anong large farmers, in several ways: 
 (1)through distribution of im
proved varieties of higher malting quality, 
 (2)by providing technical
 
advice, and 
 (3)bv acting as a buying agent. The official credit bank 
also requires as part of its loan the use of a package of inputs that 
usually includes an improved variety, herbicide and fertilizer. There is
 
an extens.ion <;erice, although its primary activity to techis provide 
nical advice throuqh the official bank. They do not have a demonstration 
proqram, nor is Hi-ere a research program operating in the area to pro
vide recnrmnendations to farme-rs. -Y However, there is no doubt that the 
CIMMYT on-fa.m research/training program, through its on-farm experi
ments and demonstrations, has also had some impact on the spread of new 

- Real wage rates were calculated by deflating money wages by the
()fficial consumer price index. 

2/ 	 INIA, the national agricultural research institute, has successful
ly developYed improved barley varieties, but has done relativelylittle research on management practices for the area, especially
under farners' conditions. 
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I-chnnl.oqies, even thouqh its malor ob iecti.ve ha!- been trininq. Ti nll-

1v, 	 fartrrs themnsel vo have beon i ilnior .ni irm of innovation. Nanv 

1 W', latn rhr hao clnt-,acts with farmers in n)re advanced i.rriqa(;1ed 

a-eas ill other part! of the coltrv, or eve:n contacts abroad, and bring 

hack new ideas and inputs for e>xpriwntation. 

Characteristics of the Technological Components and the 

Predicted Adoption Pattern
 

A Model for Analyzing Adoption Decisions as a FLnction of Technoical 

Characteristics
 

Tn this study, we emphasize the characteristics of the technology 

as they affect the pattern of adoption. A technology is the aggregate of 

all i)ractices or technolgical, ccmponents used to grow a crop. A prac

tice or tehlo]ical component is defined h- the timn, method and in

tensitv of a prticular operation in crop production. For example, a 

practice for wee(] control with llerbicide is defined by the type, method, 

rate and tirrro of application of the herbicide. The adoption pattern of a 

particular technolomi.ca] comnponent can be defined by the time of initia

tion of adoption and the rate of adoption onc3 initiated. Given a series 

of independent technological components with no interaction between the 

compone*nts, w'. hyrothesize the adoption pattern to be defined by five 

charact-risji,;s of the technolcqical corronent: a) pv fitability, b) 

riskiness:, cI "livi! ihil it, or init.ai. csp ai requirements, d) complex

itv, and c) -ii]al)i]ity.

P,,.i Lahi li'., defined here as return to investment in a civen 

teehnj-orx ,il(i'ipnerit, is expected to be an overriding factor in farm

ers' adoptin deci.sions. Farmer-s with capital constraints will adopt 

that practice qiving highest returns to avail.able capital.. Hcever, 

adoption of a profitable technology is expected to be slower if it in-. 

creases risks. DivisibilJtv of th- technnolog, measured i.n terms of ini

ti.:31 cash costs may, also affect rates -o adoption patterns--large -arr 

e. 	are nxperc:ed to adopt less divisi.ble inputs before small] farmrs. 

--	 Pvrces (]98?) -omthesizes similar but not identical characteriF
tircs -nnsistincl of observaliity, comparability, profitabi.it.v, 
reliAbi] Ify and trialabilitv. 
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Technoloqical compon.,2nts requiring more management complexity mav re
quire a longer time to diffuse as farmers build up sufficient experience 
to capture potential returns from using the technology. Finally, all 
these factors are rodified by the availability of inputs, equipment and 
infonmation for each technological component, which in turn is a func
tion of such institutional factors as the relative role of the private 
and public sector in providing inputs and information to farmers.
 

Profita'oility and riskint.ss of a component are 
 themselves a func
tion of elements of the agroclimatic and socioeconomic envirorairnt, such 
as rainfall and prices. Moreover, heterogeneity in the farm population 
is likely to slc(er into lead a rate of adoption because of differences 
risk aversion, rmaagement capacity, information and capital availabi liqty 
among farmers in the Population. Farm size, which has been identifiud as 
cin important variable in previous adoption studies (e.g. Perrin and 
Winkelmann, 1976; Fedr' , 1981), ais proxy for many of these factors. 

Finallv, interactions between technological components will affect 
adoption patterns. Where positive interactions exist, the adoption of 
one technological component is expected to accelerate the adoption of 
additional components. In the extreme case, where areinputs perfect 
complements, all technological components would be adopted as a package 
since no one component would function without the presence of the 
others. 

Overv ew of the Technological Components Analyzed 
A t-otii1. of eight different technological components are examined in 

this stitOv. Table I compares the "improved" method with the "tradition
al" n-nthoc]. These irmproved practices have been divided into mechanical 
components and biochemical components. Following Hayami and Ruttan 
(1971), tie mecheniral ccxponents are labor saving while the biochemical 
components are yield increasing or Hence, we a someland saving. expect 
what different adoption pattern depending on relative factor prices. 
Also, it is generally assumead that mechanical technologies favor large 
farnmr adoption, while biochemical technologies are essentially scale 
neutral and, equal to andgiven access input product markets, can be 
equally well adopted by either small or large farmers. 

10 
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Table 1. Comparison of Different Elements of the Traditional
 
and Improved Technologies
 

Mechat-ical Components 

1. Land Preparation
 

a. Paer source and 

implement for 

initial tillage
 

b. Intensity of tillage 

prior to planting 


c. Timing of initial 

tillage 


2. Planting 


3. Harvesting 


Biochaidcl Components 

1. Variety' 


2. Weed Control 


3. Fertilizer 


"Traditional" 


Technology 


Animal with wooden or 

steel plow 


One tillage operation 

and sometimes none 


After rains begin in 

April/May 


Broadcast and covered 

by tillage implement
 

Cutting by handa / and 

threshing with animal 
or stationary thresher
 

"Comun" a variety in-

troduced by the Spanish 

in the colonial period 


None or some hand 

weeding 


None or use of some 

organic manure 


"Improved"
 

Technology 

Tractor with disc plow
 
or subsoiler
 

Ploughing combined with
 
one or more harrowings
 

After the previous har
vest in October to
 
January
 

Use of seed drill
 

Use of combine
 
harvester
 

Apizaco, Cerro Prieto
 
and other varieties
 
released by the Mexican
 
research institute
 

(INIA) since 1965
 

Use of back-pack sprayer
 
to apply 2,4-D herbi
cide to control broad
leaf weeds
 

Application of nitrogen
 
and sometimes phospho
rous fertilizer.
 

a! A few farmers also employed an intermediate harvesting technique, using a 

horse or tractor drawn "stripper" to cut and then to transport the barley to
 
a mechanical thresher. This practice is not analyzed in this study.
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Characteristics of the Mechanical Technological Components 
The mechanical rnnponents examined in this study essenitia].ly repre

sented the replacemrilt f anjinnil or humn powier by rt-or pcer. There is 
considerable evidence that the cost of motor power is sub)stantiall.v 
cheaper han their animal- or human-p(mered counterparts. By 1.980, the 
cost per hectare of rentinq aniffals for ploughing was double the cost of 
rentinq a tractor, and this did not include the cost of labor or forage 
in using rented aniriuls. Likewise, in 1980 the cost of hand harvesting 
was nre than double the cost of mechanical harnesting by combine (Table
2). IWen assuminq hand harvesting is performed by lower cost family la
bor (which is 
not usually the case), hand harvesting still requires the
 
use of a stationary thresher, which is only marginally cheaper than a 
combinc harvester. 

The use of the drill to replace hand-broadcasting of seed is the 
only mechanical technology in which there is no real cost advantage, 
largely because little labor is employed in hand-broadcasting; about 0.5 
person-days/ha is required compared to at least 5 person-days/ha for 
hand harvesting. 

There is also considerable evidence that the cost of mechanization
 
has declined over time. The real cost of tractor ploughing and combine 
harvesting in terms of grain ecgivalents Y has decreased by about 20 
.ercent over the period 1975 to 1980 (Table 2). The increased competi
tion to provide rental services arising from an increased number of ma
chines, a stnadil.v ircreasing subsidy on fuel, and a favorable sales tax 
and import duties for agricultural machinery, have been factors in this 
declining real cost. Over the same period, the cost of labor in grain 
egu:ivalents has remained steady, 2 / indicating a fall in the relative 
costs of irechanical practices. 

1/- Because we are using price and cost data from two points in time ina period of rapid inflation, we have converted money costs to grainequivalents using field prices of barley of $1.3/kg in 1975 and 
$4.1 in 1980. 

2/ As mentioned earlier, the real wage rate calculated by deflating 
money wages by the consumer price index has risen by 20 percent. 
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Table 2. Costs of the Mechanical Technological Components 
in 1975 and 1980 

Year 	 Percent Change 

1975 1980 1975 to 1980
 

(kg of grain equivalent per ha) a / 

Animal rental for ploughing n.a. 220 	 n.a.
 

Tractor rental for ploughing 153 122 	 -21
 

Tractor rental for harrowing 77 61 	 -21
 

Rental of drill 	 n.a. 73 n.a.
 

Rental of combine 	 230 195 -16
 

Hand harvesting 	 (with labor cost) 531 497 -6
 
(without labor
 
cost) 223 192 	 -14
 

(kg of grain equivalente per day) 

Unskilled wage rate per day 31 30 	 -3
 

a/ Based on field price of barley of $1.3/kg in 1975 and $4.1/kg in 1980.
 

n.a. not available.
 

These cost differences might be modified if there are yield effects
 

of the mchanical technologies, especially since a switch to tractor 

power also involves a change in tillage implenents. Because the on-farm
 

experimrental program emphasized biochemical technologies, we do not have 

complete evidence on yield effects. Eight experimrents were carried out
 

over the period to compare broadcasting and drilling. Broadcasting out

yielded drilling by 8 percent, but the difference was not significant. 

Hcwever, drilling doe. allow large farmers with limited labor to plant 

in a more timely mnner.4 / Two experiments were also conducted on addi-

tional tillage operations in 1979 and 1980 and showed an average yield 

increase of 315 kg/ha to one additional harrowing. This is similar to a. 

estimated yield response of 280 kg/ha derived from an analysis of farm

ers' yields in 1979 (Byerlee, [farrington, Marko, 1981). These yield 

increases compare very favorably to an estimated cost of 60 kg/ha in 

1/ In the 1.979 survey, farmers with over 20 ha planted an average of 

one week earlier if they used a drill.
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grain equivalents for the additional harrowing.
 
The other characteristics of the mechanical technologies--riski

ness, divisibility, complexitv and availability--depend largely on the 
type of farner. For a larqe farmer who purchases his own tractor, we 
expect divisibility to be a problem, but risk may be reduced since more 
timely operations are possible.- / Hovever, complexity is increased be
cause of the need to manage and maintain the equipment. For small farm
ers who adopt by renting machinery, divisibility is overcome and there 
is no problem of increasing complexity, si-nce the farmer rents the 
operator as well the machine.as However, availability and riskiness may 
be a problem, since in a limited rental market, farmers may have to 
queue for machinery services. There is evidence that tractor renters 
perform less timely operations than owners because of the difficulty in 
obtaining a tractor when moisture conditions are appropriate for tillage
 
or plartinq (Byerlee, Harrinqtnn, Marko, 1981). However, it is expected 
that as the rental market develops and a larger nmber of tractors be
comes available, these problems should be reduced.2 

Characteristics of the Riochemical Technological Components
 
Characteristics of each biochemical component 
 are shown in Table 3 

and Figure 3. Profitability and riskiness of the technological compo-
nents have hen calculated the of the on-farmfrom results experiments 
conducted from 1976 to 1980. Calculations in Table 3 do not consider 
int:ractions, which are analyzed separately in the follwing section. We 
have disagqr'egated the analysis and dry zones,into wet because the re

-ults arn cfuite sensitive to rainfa].l. 3 

1/ Risk mv be reduced by increased moisture conservation in dry years
ihrough earlier tillage and better weed control. prior to planting.

Drillinq may also enable better placement of seed in relation to 
moisture in a dry seed bed. 

- Until recently, machinery services in thie area have been entirely
the province of the private sector. Now, the official credit bankis also giving loans to groups of small farmers for machinery pur
chase. 

3/ For example, average yields in the variety experiments in the dry
zone were 1.60 ton/ha with a coefficient of variation of 55 percent
compared to average yields of 2.45 ton/ha and a coefficient of 
variation of 27 percent in the wet zone.
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Rates of return to investment, as a measure of profitability, were 

calculated following the metl'odoloqv of Perrin et al. (1976). ill, de
tails and assumptions are given in A\ppendix A. Of the three biochemical 

componts, improvedl variety givs the highest rate of return on invest

ment in both rainfall. ones. This arises despite the fact that average 

yield increases from using improved varieties were only 11 percent in 

the wet zone and 3 percent in the dry zone. However, the cost of chang

ing variety is low, since seed may be kept over several years. Also the 

major factor leadinr to high profits from using newer varieties has been
 

the development of a market for barley of malting quality. This has led 
to an average price premium for improved varieties of 10 percent over 

prices received for the local variety, which has poor malting quality. 

Returns to improved varieties are particularly high in the wet zone.
 

Herbicide, and then fertilizer follow variety in terms of profita

bility in the wet zone, where both give significant increases in yields.
 

Herbicide gives particularly high returns at 1980 prices in the wet zone 

where weed problems are more severe. At 1975 prices, herbicide use was 

only mirginally profitable in the dry zone, but because of a decline in 

real prices should be attractive to farmers in 1980. Similarly, returns 

to fertilizer use have increased dramatically from 1975 to 1980, reflec

ting a 44 percent decline in the real price of nitrogen fertilizer mea

sured in grain equivalents. The higher return to fertilizer use in the 

dry zone reflects a lower optimal fertilizer dose,- / a snaller numbaer of 

observations, and the dominance of two unusually high yielding sites. 

The distribution of vields over sites and years in the experiments 

was used to calculate two measures of risk in each rainfall zone for 

each biochemical component. Tn both cases, it is assumed that risk 

averse farnrs are concerned about consequences at the lower end of the 

distribution of economic benefits, i.e. the worst results. First, the 

absolute risk from using the new component was calculated by the gain or
 

loss in grain equivalents for the lowest 20 percent of the distribution 

1/ The optimal dose in the dry zone was estimated to be 45 kg/ha of 
nitrogen, compared to 80 kg/ha of nitrogen in the wet zone. 
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Table 3. Characteristics of the Biochenical Technological 
Carponents in 1975 and 1980 

Improved Variety a/ Herbicide Fertilizer b/
 

Wet Dry Wet D Wet Dry
Zone Zone Zone Zone Zone Zone
 

Average yield increase (kg/ha) 254* 282*
43 118 598* 451*
 

Marginal rate of return on in
vestment (percent/year)


1975 1419 
 411 281 77 91 163

1980 
 2172 667 430 14F 223 444
 

Risk Measure I (kg/ha grain 
equivalent gained or lost in
 
20% worst cases at 1980 prices) 122 -19 87 -17 -15 
 -113
 

Risk Measure II (estimated prob
ability that net benefits of im
proved technological components
 
are less than those of tradi
tional technological components
 
at 1980 prices) 
 6 36 13 22 13 33
 

Initial cash costs (kg/ha grain
 
equivalent)
 

1975 
 231 86 276 162
 
1980 
 183 52 160 96
 

* Significantly different from check treatnent at 5 percent level. 

a/ Refers to purchase of certified seed. Seed from other sources (e.g. neigh
bors) usually costs less. In addition, it can be used over a five-year

period.
 

80 kg/ha of nitrogen in the wet zone and 45 kg/ha of nitrogen in the dry 

zone.
 

- Calculated taking into account lost sites. 

Source: Based on on-farm experimental data, 1976 to 1980 (see Appendix B).
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Figure 3. Comparison of Yield Increase, Marginal Rate of Return on Capital and Risk of the Three Biochemical 
Technological Components 

YIELD PROFITABILITY RISK 

AVERAGE YIELD INCREASE MARGINAL RATE OF RETURN AVERAGE GAIN OR LOSS INKG/HA OF GRAIN 
1976-1980 ON TCAPITAL'f INWET20%ZO E OF WORST YEARS!/[TNTZOnaE 
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F [FIII offN/trogenlh Wetand Dry Zone Respectively]Use ol Feblzer (80kg/ho ond 45kg/h 

iJ Calculated at 1980 prices 

Source Based on results from on-form experiments, 1976-80 

as in Perrin, et al. (1976). Second, we calculated the incidence of risk 

by estimating the ipercentaqe of years in which farmers would experience 

an economic loss (i.e. negative returns on capital) for a given change 

in technology when compared to the traditional practice.-/ 

In the caF;- of variety, there is virtually no risk from using im

proved1 varieties ip the wet zone and only a ver, small risk in the drv 

zcIit:--whichover risk measure is used. In the dry zone, the local varietv 

give!; hiqher returns in over one-'-hird of the years but, because the 

In each case the distribution of yields over many experiments and 
years is assumed to represent true year to year variation faced by
 
farmers. In piactice, the distribution also includes site to site
 
variation which we have reduced but not eliminated, by stratifying
 
by rainfall zone.
 

17
 



cost 	of chanqing varieties is not high, the absolute risk is not high.-
Herbicide was not considered risky in the wetter zone. Herbicide 

gave positive returns in the wet zone even for the 20 percent worst re
sults. IIciever, 
in the dry zone, because the incidence of crop loss is
 
about one 
in five, uce of any input is risky. Even so, absolute losses
 
from herbicide use in the dry zone are not high because of its low cost.
 
Moreover, since herbicide is applied one nonth after planting, the farm
er can reduce risks by not applying if the crop shows poor early devel

opnnt.
 

Finally, fertilizer is by far the most risky of the inputs consid
ered, although losses are small in the wet zone. 
 In the dry zone, fer
tiliz.er use 
(at a lower dose of 45 kg/ha of nitrogen) is risky even for
 
the worst 33 pxercent of the results and expected losses in the driest
 
years are over 100 ky/ha in grain equivalents. 

In terms of initial capital costs, the lowest cost change is for 
herbicide use, provided a back-pack sprayer rented.is A capital outlay 
of only about 50 kg/ha in grain equivalent was necessary for adoption of
 
herbicide in 1980. The initial cost of using an improved variety depends
 
on the source of seed. If certified seed is used, initial costs 
are
 
quite high. However, most farmers who do not work with the bank pur
chased 
seed from friends and neighbors at substantially loer prices. 
Fertilizer use at recoffne-nded doses is the most costly change, but like 
the otner biochemnical inputs, it is divisible and hence initial adopters 
with 	scarce capital can use lower doses.
 

- Also for variety, stability paraieters were calculated for the six 
most 	 cornonly used varieties in the study area following the methodof Eberhard and Russell (1966). Yield of individual varieties wasregressed on mean of 	 atthe yield all varieties that location. Aslope of the regression line greater than one indicates relatively
better response to good conditions, while th intercept indicates
the response under poor conditions. A high R indicates wide adap
tation. The local variety Comin and the -improved varieties, Apizaco
and Cerro Prieto, had a slope of less than one, while the iiew earlyvarieties, Centinela Puebla,and shnw greater response Lo better
onvjr 	orrxnts. The local variety also shows the widest adaptability,
as indicated by the high R , while Centinela shows quite variable
perfonmnce. This often arises because a dry spell during thegrowing cycle does 
not 	allow tlis early variety to recover. By

these mrasures, Comcn, Apizaco and Cerro Prieto are less risky var
ieties and in fact, were 	 the most widely grown varieties in 1980. 
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Variety is also the least complex of the changes, providinq there
 

are no stronq variety by manaqen-nt interactions (see next secion). 

Seed of the new variety is sim-plv substituted for that of the old ''var

iety at the sairw seed rate. Fertilizer and herbicide both require cal

culations of dosages per unit of area and judgements on the appropriate 

time of application in relation to crop development and climatic condi

tions. Fertilizer represents an additional. complication in the study
 

area because of the number of different products with varying nutrient 

composition, which requires that farmers have some knowledge of nutrient
 

needs and the ability to calculate dosages. On the other hand, only one 

herbicide product is coronly used on barley. 

Finally, the availability of the different inputs varies. Both seed 

for inproved varieties and herbicide are available in private stores or 
"veterinarias". Moreover, a farmer working with the official credit bank 

is usually obligated to use in.proved seed provided through the bank. 

Fertilizer, on the other hand, is only available through the official 

credit bank or government owned stores. Distribution points were few 

and stocks of fertilizers erratic, so farmers using fertilizer had to 

travel a considerable distance to obtain supplies.
 

Interactions Between Technological Components
 

Some limited evidence is available on the interaction between var

iety, herbicide and fertilizer. Five experiments have been conducted on
 

variety by 'manaqement with local and improved varieties being tested 

with and without the application of fertilizer and herbicide. Results 

are shown in Figure 4. At low management levels, there was no difference
 

between local and improved varieties. At high management levels, the 

improved variety gives significantly higher yields, since the local var

iety tends to lodqe with the application of nitrogen fertilizer. A fur

ther variety by weed control interaction arises in the market for 1mal.

ting quality barleys that are discounted for weed seed impurities. This
 

further raises the return from herbicide weed control in improved var

ieties.
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Figure 4. Variety by Management Interactions inthe Wet Zone 

/ Improved Varieties3000 

Local Variety2500-/ ,-"" 

2000

1500-

Without Herbicide Application of2/f/ho Esteron47tterbicide 
WihoutFerfi/i'er Application of80kg, 'haofNitrogen 

Source: Calculated from data from 5on-farm experiments during 1976-80 

Twelve experi nrnts have been conducted on fertilizer by herbicide 
use, mostly in the wet zone. As expected, there was positive interaction
 
between herbicide and fertilizer. Marginal rates of return analysis 
shown in Ficfre 5 strongly indicates the sequence of adoption to be 
herbicided followed by fertilizer. The addition of herbicide alone costs
 
little and provides high returns. The addition of fertilizer alone, how
ever, gives much lower returns and was only marginally profitable at 
1975 prices. Figure 5 also indicates the extent to which real costs of
 
adopticn of biochemical technologies have fallen since 1975.
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Figure 5. Net Benefit Curves Showing Interaction of Herbicide and Fertilizer 
in the Wet Zone at 1975 and 1980 Prices-/ 
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/ 4- 1980 Prices'I 
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rotol Costs rhat Vary 
(kg/ho groin equivalent) 

- et benefits andmarg'na rates ofreturn calculated at 1975 prices 
.. Net benefits ond marginal rates ofreturn calculated ot 1980 prices 

°/Numbers inbrackets are marginal rates of return on investment 

Source: Calculated from data from9on-farm experiments during 1976-80 

Predicted Adoption Sequence
 

In sum, there is substantial evidence that factor price relation

ships favor rapid mechanization of land preparation and harvesting but 

not drillinq. Yield effects of additional tillage operations and prob

ably of earlier tillage, are also associated with tractor use for land 

preparation. However, adoption patterns are likely to be strongly in

fluenced by farm size, as larger farm size favors machinery avnership. 

Small farmers who adopt bv renting machinery should lag in their adop-

Lion of machinery, especially if rental services are provided by laraer 

farmers. Finally, we expect adoption of mechanical components to be in

fluenced by toTpoqraphy, since large machinery can be used more efficien

tly on flat open land. In the study area, the interplanting of barley 

and maguev on sloping land complicates the use of machinery. 
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Among the biochemical corqonents, the evidence on rates of returns, 
risk, complexity, and availability all points toward an adoption se-
quence of variety followed by herbicide and then fertilizer, at least. in 
the wet zone. Note that yield increases run in the reverse order from 
about )00 kgl/ha fnr fertilizer to only 250 kg/ha for variety in the wet 
7one (Fiinir 3). Data on interactions between these components also suq
aest adoption in the same order to enable exploitation of high marqinal 
returns on initial capital expenditures. Although there are positive 
interact ions between herbicide and fertilizer, these inputs can be adop
ted separately with strong indications in the wet zone that it will be 
more effective to adopt herbicide before fertilizer. 

Wie are not able to analyze interactions between the biochemical and 
mechanical technological components. However, arethree observations 
relevant. First, the inital cost of mechanical components when adopted 
by rentinq are not hiah in relation to the biochemical components, espe
ciallv at 1975 prices. However, the initial cost of the biochemical com
ponents in terms of qrain equivalents has fallen by 30 percent for herb
icide and 44 pmrcent for fertilizer, compared to 20 percent for me
chanical components. Hence, we expect more rapid adoption of biochemical 
corn)nents in later years. Second, we expect complementarity between 
moisture conservation practices, such as 
early tillage and additional
 
secondary tillage, and the use of such biochemical components as im
prove(! varieties and fertilizer. Finally, the use of yicld-increasing 
hioci-eim.cal components like.yis to place a premium on mechanical har
vesting, i, which costs are relatively insensitive to yields. 

Analysis of Farmers' Actual Adoption Patterns
 

r1on measires of adoption were used in this study. First, farmers 
were ac ked about the use of a given practice in the year of the survey. 
This provides a longitudinal. measure of adoption of specific technolo
gical cnmuonents in 1975 and 1980. This neasure may underestimate adop
tioi) 10 a1particJl.jr practice was not used in the survey year because of 
clinat:ic or other reasons. Second, we asked farmers if they had ever 
used a given practice and if so in what year they first used this Drac
tic(. T1his P.asure could overstate actual adoption since som farmers 
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may have adopted and then rejected a practice. Tn fact, we rarnly en

couintored this in the survey. 

Both iraasures oF ;1(option wore, used to analyze adoption patterns in 

a t;o-step procedure. First, given the substantial variability in farm

ors circumstances encountered in the area, we wanted to divide ffaLrMrs 

into more hoiiqencnus subgroups for the analysis of adoption nattenis. 

Tkcit analysis of actual use of a practice was employed for this Tur

pose. Second, the time of initiation of adoption and the rate of adop

tion of each technological component for each subgroup was estimated by 

fitting a logistic curve to data based on farmers recall on the year of 

adoption. Parameters of these logistic curves were then used to compare 

adoption patterns across technological components for each farmer sub

group. 

Ti-git Analysis of Major Factors Affecting Adoption 

To delineate subqroups of farnrs, we used a logit analysis to re

late adoption of each technological component to major variables ex

plaining different aqroclimatic and socioeconomic circumstances of farm
/ers.- These variables were rainfall, topography, farm size and sone

times use of bank credit. We have already seen From the analysis of the 

on-farm experiments that rainfall has an important effect on returns anid 

risk from using the biochemical technological components. Topography has 

been identified as important in other adoption studies (e.g. Perrin and 

Winkelnmaan, 1976) probably as a proxy for information and market access, 

since hilly areas are generally less well served by roads and are fur

ther from marker. centers. Also, wmchanization is expected to be less 

efficient in hillv areas where the intercroppinf of barley with maguey 
..s pra(ctced. Farm size has been another important variable in many 

adoption studies. It may be a proxy for a number of factors, such as 

economies of scale of use of new technologies (particularly mechanical 

technologjies), economies of scale in acquiring infornmation, ability to 

take risks, and access to capital and inputs. In div.idinq by Farm 

1/ With a bivariate dependent variable (i.e. two values rep-'resenting 

nonadoption and adoption) error terms are biased in a standard re
gression. Trxqit analysis w-ith maximum likelihood estimation fol
lowing Nerlove and Press (1973) overcomes this problem.
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size, we followed an earlier study that showed that farmers with less
 
than 20 ha depended largely 
on the rental of tractor services, while
 
larger farmers owned tractors (Byerlee, Harrington, Marko, 1981), 
Final
ly, the bank often orovides inputs in kind, and hence bank crediv is ex
pected to influence adoption, especially of biochemical components. 

To get maximum discriminating power in the logit function, we chose 
that survey (1975 or 1980) for which the adoption level of the component 
was closest to 50 percent. That is, the 1975 survey data were analyzed 
for tractor, com)ine and variety and the 198C buavey data were used for 
drill, herbicide and fertilizer. A logit function was then run for each 
technological component using nonadcption/adoption as the dependent var
iable, and rainfall, topography, farm size and sometimes bank credit as 
the independent variables. 

Results of the logit analysis are presented in Table 4. In the case
 
of mechanical components, except for the drill, topography had the 
largest effect on adoption levels. The combine is still not used on al
most half of farms in sloping areas regardless of farm size. Farm size 
significantly influenced the adoption of tractors and drills. Only in 
the case of a drill does rainfall significantly affect the adoption of a 
mechanical component.
 

As expected, rainfall generally had the largest effect on the adop
tion of all three biochemical components. Farm size affected the adop
tion of variet, and fertilizer but did not significant>' influence herb
icide use. A: hypothesized, bank credit influenced the adoption of var
iety and also affected fertilizer adoption at the 10 percent level of 
sicMificance. 

Logistic Curves of Adoption Patterns 
Togistic curves of cumulative adoption levels over time were fitted 

to analyze the adoption path of each farmer subgroup for each technolog
ical component. The logistic curve is defined as:
 

-ce 9t)
= K/(1 +At 

where At is the cumulative percentage of adopters by time t, K is the
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Table 4. Estimated Logit Function of Adoption for
 

aSix Technological Components 

Improved 

Tractor Combine Drill /Variety Herbicide Fertilizer 

Survey Year 1975 1975 1980 1975 1980 1980
 

Number of 
Observations 54 54 45 53 46 45
 

Farm Size
 
(0: e_20 ha) .34 .13 .27 .29 .14 .49 
(1: ;20 ha) (2.69)* (1.32) (2.60)* (2.36)* (1.18) (2.53)*
 

Rainfall
 
(0: dry ) -.02 .02 .26 .40 .38 .41
 
(1: wet ) (.26) (.24) (2.87)* (3.03)* (3.53)* (2.53)* 

Topography
 
(0: slope ) .37 .34 .002 .21 .10 .28
 
(1: flat ) (3.52)* (3.93)* (.02) (1.84) (.97) (1.82)
 

Credit Use 
(0:non-user) .. .... .33 -- .28 
(1: user ) 	 (2.58)* (1.82) 

* 	 Significant at the 5 percent level; nunbers in parenthesis are asymototic 
t-ratios. 

a/ Estimated change in the probability that a farmer will adopt given a one 
unit change in the independent variable, using the logit estimation proce
dure of Nerlove and Press (1973). 

b/ 	 Tihe equation for drill is estimated by ordinary least squares because sar 
independent variables take only one value for adopters, making logit estima
tion impossible. 
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upper bound on percentage adoption,1 / 0 is the rate at which adoption 
occurs and c is the constant term. This curve (see Figure 6) was chosen 
because tie cumulative adoption path for new technologies generally fol
lows a similar S-shaped path (Griliches, 1957). The number of adopters 
increases slowly at first because only the most progressive and/or less 
risk-averse farmers adopt. Then it increases more rapidly as other farm
ers become aware of the advantages of this technological component and 
finally slc,;s dcvr, as all farmers who find the component profitable have 
adopted. The ceiling, (i.e. 100 percent of adoption) might not be 
reached or could be reached rather slowly (Jarvis, 1981).
 

Usinq the logistic curve, the adoption pattern can be described by 
two parameters from each curve shown in Figure 6. First, we calculated 
A, the year in which 20 percent of the farmers had adopted a given prac
tice. This was arbitrarily chosen as a measure of the time of initiation 
of adeotion to represent a point where a significant number of farmers 
had already adopted. 2 / Second, we determined BC, the number of years 
required for 50 percent of the farmers to adopt the practice during the 
period of most rapid adoption. 

The logistic curve was fitted to each subgroup of farmers depending 
on the factors identified In the logit analysis as affecting adoption of
 
a specific practice at the 20 percent level of significance. Where topo
graphy and farm size both affected adoption (i.e. tractor and variety),
 
the sample was divided into larg _ farmers (over 20 ha, most of which are 
on flat land), small farmers in flat areas and small farmers in sloping 
or hilly areas. This was necessary because of the positive association 

1/ 

--	 K may vary depending on the expected terminal adoption rate. In our 
case, all technological components (with the possible exception of
the drill) are expected to be completly adopted in the long run be
cause of their profitability and hence 100 percent adoption was 
assumed. 

2/-	 Because the logistic curve is asymptotic to the X-axis, it notis 
possible to estimate the time of initiation of adoption directly. 
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Figure 6. Logistic Function Representing the Adoption Process 
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/between farm size and flat land. No such association was found between 

rainfall and topography or rainfall and farm size. 

Parameters for the logistic curves are given in Table 5. In addi

tion, the actual use of the practice in 1975 and 1980 is reported.
2/
 

Looking at the time of initiation of adoption for the whole sample, it
 

is evident that except for the use of a seed drill, nrchanical techno

logical components have been adopted before all three biochemical compo

nents. However, the rate of adoption for mechanical components is gener

ally slower than for the 1 .ochemical components, indicating the greater 

divisibility of the biochemical components. By 1980, the ranking of 

1/ 	The sample size in the 1975 and 1980 surveys is too small to allow 
a breakdown of large farms by topography. 83 percent of the large 
farmers operated on flat land.
 

2/ Differences between the two sets of results arise from the differ

ent definitions of adoption noted above, as well as possible uncer
tainty on the part of farmers about the year in which they first 
used 	a practice.
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Table 5. Parameters of the Logistic Function and Actual Adoption Levels
 
in 1975 and 1980
 

Parameters of Logistic Function Actual Use of Practice
Tinme of Initiation Rate of 

of Adoption Adoption
 

(Year in (Number of years Percent of Farmers
which first required for Used Used Ever
20% farmers middle 50% of in in used in
adopted) farmers to adopt) 1975 1980 1980 

Mechanical Components 
Tractor
 
All farmers 
 1957.6 13.4 59 91 96
Large farmers 1948.7 12.6 
 89 100 100
Small farmers/flat land 1959.0 
 9.6 70 100 100
Small farmers/slopes 1967.5 
 9.6 12 82 88
 

Combine
 
All farmers 
 1967.2 8.6 59 
 80 80
Large farmers 1963.8 
 4.6 78 100 100
Small farmers/flat land 1966.7 
 6.7 70 
 94 94
Small farmers/slopes 1973.9 
 n.a. 25 
 50 50
 

Drill
 
All farmers 
 1981.6 
 16.3 6 
 13 15
Large farmers 1970.0 
 n.a. 17 
 33 33
 

Biochemical Components 
Improved Varieties 
All farmers 
 1969.1 12.3 51 
 76 76
Large farmers 1967.6 
 5.6 78 100 100
Small farmers/flat land 1964.0 11.2 
 53 94 94
Small farmers/slopes 1977.2 
 n.a. 19 41
41
Wet zone 
 1964.0 
 9.6 76 
 91 96
Dry zone 1975.6 5.4 29 61 61
 

Herbicide
 
All farmers 
 1971.9 
 9.7 43 
 44 50
Large farmers 1966.7 
 n.a. 56 
 67 67
Small fairars 1972.2 8.9 36 38 44
Wet zone 
 1968.2 7.2 77 74 82
Dry zone 1978.4 n.a. 11 
 13 17
 

Fertilizer
 
All farmers 
 1971.6 11.4 28 41 54
Large farners 
 1963.9 
 11.7 44 92 92
Small farmers/flat land 1971.2 
 6.5 25 
 41 65
Small farmers/slopes 1977.5 
 n.a. 13 
 6 24
Wet zone 
 1969.2 
 10.3 46 62 65
Dry zone 1975.4 6.5 14 
 26 30
 

n.a. not analyzed because of too few observations. 
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adoption for the whole sample was tractor, combine, variety, herbicide, 

fertilizer and drill. This is almost identical to the ranking of adop

tion levels in the 1975 survey.
 

Adoption Path for Mechanical Technological Components
 

Tractor use for land preparation was the first component adopted 

and preceded combine harvesting by about 10 years. Among both tractor 

and combine users, early adopters were large farmers on flat land, fol

lowed by small farmers on flat land and, finally, ;mall farmers on slop

ing land. This last group lagged large farmers in adoption by 19 years 

for tractors and bv 10 years for combines (see Fiqure 7). It is partic

ularly significant that early users of tractors (i.e. large farmers) 

generally adopted by purchasing a tractor. In both 1975 and 1980, 75 

percent of large farmers using tractors were tractor owners. Later adop

ters are almost entirely renters of machinery services. For example, all 

but one faimer who changed from anima] to tractor power between 1975 and 

1980 adopted through tractor rental. On sloping land, this enabled trac

tor use among small farmers to increase from 12 percent in 1975 to 82 

percent in 1980--a particularly rapid rate of adoption even compared to
 

large farmers.
 

Adoption of combines on sloping land was also very rapid, reflec

ting the high cost of hand hanresting. Again, all farmers who changed 

from hand harvestinq to combines from 1975 to 1980 adopted by rental. 

Many large farprrs also adopted combine harvesting through rental--only 

42 percent of larqe farmers owned a carbine harvester in 1980. The rent

al rnP-ket for combines has also been strengthened by the development of 

a national rental market in which combine harvesters from other parts of 

Mexico are imported to the area at harvest time. Interplanting of barley 

with maquey has prevented the complete change-over to combine harvesting 

and kept the adoption rates lower titan for tractors. Many farmers, how

ever, are reioving some maguey rows to increase inter-row spacing and 

facilitate conbine harvesting. 

Associ.ated withi the adoption of tractors has been an increase in 

the intensity of tillage operations. More than twice as many farmers 

ploughed early after the previous harvest in 1980 compared to 1975 (Ta

ble 6). The nuRber of tillage operations also increased slightly between 
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Figure 7. Logistic Curves for the Adoption of Six Improved Technological Components 
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Actual points used to fit logistic curves are represented by A 0* 
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Table 6.Timing of Initial Tillage and Total Number of Tillage Operations
 
by Power Source in 1975 and 1980
 

Percent of Farmers Doing Average Number of 

Early Initial Tillage a! Tillage Operations
 

1975 1980 1975 1980
 

Animal Power 11 n.a. 1.7 n.a.
 

Rented Tractor 23 37 2.3 1.7
 

Owned Tractor 38 58 2.7 3.3
 

Whole Sample 22 51 2.1 2.3
 

a/ October to January. 

n.a. not analyzed because of less than 5 observations.
 

1975 and 1980. Tn both cases there is a significant positive correlation 

between the intensity of tillage operations and the use of a tractor 

versus animal power. Also among tractor users, significantly more trac

tor owners plough early and undertake additional secondary tillage oper

ations compared to tractor renters, as shown by Table 6. The increase in
 

timing and intensity of tillage between 1975 and 1980 is due both to a 

switch from animal power to use of a rented tractor and an increase in 

tractor ownership. q:enty-seven percent of tractor renters in 1975 had
 

become tractor oyners by 1980 (Table 7). 

Table 7. Changes in Source of Power Between 1975 and 1980 

Power Source in i975
 

Animal Rented Owned All 
Power Tractor Tractor Farmers 

Power Source in 1980 (Percent Farmers)
 

Animal Power(percent) 21 0 0 9 

Rented Tractor (percent) 74 73 6 50 

Owned Tractor (percent) 5 27 94 41 

TOTAL 100 100 100 100 
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Finally, adoption of seed drilling in place of broar.-,sting lagged 
compared to the other mechanical components. By 1980, only 13 percent of 
farmers used drill, this almosta suid was entirely confined to larqe 
farmers in wetter areas. This result is in agreement with our prediction 
that based on the low cost of hand broadcasting of seed, drilling would 
only be profitable for large farmers wishing to ensure timely planting. 

Adoption Path for Biochemical Technological Components 
Within the biochemical group of technological components, the use 

of improved varieties was generally the first practice to be adopted. 
However, its adoption laqged behind that of mechanical practices, par
ticularly tractor use. By 1980, improved varieties had been adopted by 
nearly all farmers in the wet zone. Small farmers lagged large farmers 
in adoption, but the lag was less than in the case of tractor use. T
proved varieties have also been adopted very rapidly in the dry zone, 
but with a substantial lag in initiation of adoption compared to the wet 
zone. In 1980, 61 percent of farmers used improved varieties in the dry 
zone compared to only 29 percent in 1975. These results accord with the 
data from on-farm experiments, which indicate that use of improved var
ieties is the mosu profitable and least risky of the biochemical compo
nents. Widespread adoption of improved varieties by both small and large
 
farm.rs has also been aided by their relatively simplicity and li ini
tial capital cost.
 

Use o- improved varieties has been closely followed by adoption of
 
herbicide and fertilizer, but the pattern is somewhat different between
 
the wet and dry zone. In the wet zone, herbicide adoption leads the use
 
of ferti1izer and was also adopted more rapidly. As with other prac
tices, large farrmrs adopted earlier than small farmers, although the 
lag is smawll in the case of herbicide. This is most apparent in the 
adoption pattern in the 1979 large sample in the wet shown in Figzone 
ure 8. For both farm size aroups, herbicide leads fertilizer in adop
tion. These results correspond to the higher returns, loer risks and 
lowe: initial capital costs of herbicide relative to fertilizer. The 
greater lag in the adoption of fertilizer by small farmers may reflect 
the problems of availability of this input. 
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Figure 8. Adoption Curves for Herbicide and Fertilizer for the 1979 Former Survey inthe Wet Zone 
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In the dry zone, fertilizer has been more rapidly adopted than 
herbicide, although both practices were still used by a small proportion
 

of farmers in 1980. The earlier adoption of fertilizer relative to herb

icide in this zone does conform 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 

on-farm experiments and the low adoption rates prevent us from drawing 
definite conclusions. Furthermore, some farmers counted in the adoption 

curve had used fertilizer often within a package provided by the offi

cial credit bank, but were not using fertilizer in 1980. 

Technological Packaqes versus Step-wise Adoption
 

From the on-farm experimental results, it appeared that although 

there are positive interactions between the biochemical components, 

these interactions should not prevent the adoption of each component in 
a step-wise n-mner, especially if farmers follow a sequence of variety

herbicide-fertilizer. In fact, in no case did a farmer adopt all three 

biochemical components in the same year and only about 20 percent of 

farmers adopted two components together--usually herbicide and fertil

izer (Table 8). Furthermore, among farmers using all three components of 
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the package, the average lag from adoption of the first to the last com
ponent was nearly five years. 

Table 8. Adoption Sequence of Biochemical Technological Components 
for Individual Farmers in the Wet Zone
 

1979 1980
 
Survey Survey

Percent of farmers using at least
 
one biochemical canponent who 
adopted:
 

variety before herbicide and fertilizer n.a. 68
 
herbicide before variety 
 n.a. 14

fertilizer before variety 
 n.a. 9
 
variety and herbicide in the same year 
 n.a. 5

variety and fertilizer in the same year n.a. 0
 
herbicide and fertilizer in the same year n.a. 18
 
all three biochemical cocponents in the
 

same year n.a. 0
 

Percent of farmers using herbicide
 
or fertilizer who adopted:
 

herbicide before fertilizer 51 
 61
 
fertilizer before herbicide 
 23 17
 
fertilizer and herbicide in the
 

same year 
 26 22
 

n.a. not available.
 

As indicated by the logistic curve, variety was the first component 
adopted in both the wet and dry zone. The on-farm experimental results 
indicated that positive interactions exist between variety, herbicide 
and fertilizer use, but that variety alone is still quite profitable, 
especially in the wet zone. In fact, 68 percent of farmers using at 
least one of the biochemical components had adopted variety first, 
usually independently of other biochemical ccmponents. The experimental 
results also suggested large positive interactions between fertilizer 
use and herbicide, but with a feasible adoption path of herbicide fol
lowed by fertilizer. Again, among farmers in the wet zone who had adop
ted fertilizer herbicide, than half used beforeand/or more herbicide 
fertilizer and less than one-quarter adopted both in the same year (Ta
ble 8). 1/Two-thirds of the farmers who used both herbicide and fertil

-, This sequence is not apparent in the dry zone, which also accords
with the ]ow level of interaction found in the on-farm experiments.
Heoever, we are reluctant to draw conclusions because of the small 
number of observations in the dry zone. 
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izer in the 1979 survey, and who adopted fertilizer first, followed 

within three years with the use of herbicide. Only one-third of farmers 

adopting herbicide first followed with fertilizer use in the same space 

of three years. rThe evidence then clearly points to a step-wise pattern 

rather than a package approach to adoption. Even with strong positive 

interactions between technological components, individual components can 

usually be identified that give high returns when adopted in a step-wise 

ma ner. 

Conclusions
 

The present study has clearly documented the adoption pattern fol

lowed by farmers during a period of rapid technological change. During 

this period of 10 to 15 years, most farmers have mechanized the major 

operations of land preparation and harvesting and, especially in the 

wetter zone, adopted a package of biochemical technological components. 

Although the area may not be typical because of its proximity to Mexico 

City, which has influenced both the labor and product market, the exam

ple does illustrate the potential for rapid technological change with 

appropriate technologies and economic incentives. 

The high and rising relative cost of hand and animal methods has 

been a major factor favoring rapid mechanization. The drill is the only 

mechanical component that has not been widely adopted, and this reflects 

the limited potential for saving labor costs by drilling relative to the 

other mechanical components. 

Mechanization was first adopted by larger farmers on flat land. 

However, mll farmers have adopted these technologies rapidly, espe

cially tractors and combines, after a lag of several years. The active 

development of a machinery rental market has been a major factor in ex

plaining high rates of mechanization among small farmers. In fact, 80 

percent of small farmers adopted tractors before biochemical technologi

cal components, indicating that with developuent of a machinery rental 

market, mechanical components are highly divisible inputs. Topography, 

which decreases the efficiency of mechanization on slopes, especially 

where barley was intercropped with maguey, was generally a more impor

tant determinant of mechanization than farm size.
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While the najor motive for mechanization appears to be the saving 
of labor, tractor use in land preparation is also associated with yield 
increasing practices, such as early ploughing and increased secondary 
tillage. These practices increase with both the change from animal to 
tractor power and with the change from tractor rental to tractor owner
ship.
 

Adoption of the biochemical technological components is most 
strongly influenced by rainfall. Adoption in the dry zone, where econo
mic returns were generally lower and risks higher, considerably lagged 
adoption in the wet zone. The adoption sequence among the three biochem
ical components strongly reflects relativethe economic returns and 
risks to each component. In the wet zone, the sequence followed by farm
ers was variety-herbicide-fertilizer. Because high economic returns were
 
closely associated with low risk components, it was not possible to se
parate the effects of profitability and risk. The order of adoption of 
the biochemical components is the reverse of the expected yield increase
 
from each component.
 

Although there were strong positive interactions between all three 
biochemical components, few farmers adopted more than one ccznponent at 
the same time. Rather adoption followed a clear step-wise pattern with 
components giving highest returns on capital invested being adopted ear
liest. Hence, over andfarmers time in a sequential manner will adopt 
the ccmplete package of biochemical components. 

The above findings have a number of implications for an efficient 
strategy for development and diffusion of improved agricultural technol
ogies. First, the need to 
 divide farmers into relatively homogeneous
 
subgroup: or recommendation domains for the 
 purposes of research and 
extension is illustrated by the results--particularly the sharp distinc
tion in economic returns, risk, and adoption rate of biochemical compo
nents between 
 the wet and dry 7ones. However, definition of these recom
mendation domains needs to take a long-term perspective. In particular, 
after a tim lag, small farmers usually followed the same adoption path 
as 1rqe farners. The suall farmer-large farmer dichotomy, often be
lieved to require separate research strategies, may not be as important 
as conTmnly believed, at least for a commercial crop such as the case 
analyzed here. The early adoption by large farmers allows experience to 
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be qained in the iuse of biochemical technologies by those best able to 

take risks. It also al los development of a machinery rental market for 

small farmers. 

Second, althouqh the research strategy might aim to develop a pack

age of practices that exploits positive interactions between technolog

ical components, this package should be a goal for adoption over tine 

and not for direct extension to farmers. Rather, the research strategy 

should seek a step-wise pattern of adopting components in such a way 

that each step is both profitable to farmers and appropriate to their 

capital constraints. The check plot in each experiment should reflect 

existing farmer practice or a projected farmer practice in the future. 

In this case study, herbicide trials would be conducted with improved 

varieties but without the application of fertilizer. Fertilizer trials 

to establish optimal levels of application would oe conducted using both
 

improved varieties and herbicide weed control.
 

Furthermore, the identification of research priorities should be
 

based on economic analysis of the likely profitability of each cc.monent
 

rather than potential yield increases. The common strategy 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. More

over, farmers apparently do not need to see large yield increases to be 

convinced about adoption of a practice. Improved varieties, which were 

adopted first over the whole study area, gave an estimated yield in

crease of less than 10 percent. 

Finally, the private sector has been a major participant in the 

diffusion of technologies to farmers in the present case. The private 

sector, through machinery distributorships and entrepreneurial farmers,
 

has largely introduced mechanization and has also, through the assccia

tion of breweries, played a major role in promoting biochemical compo

nents at least to large farmers. However, the public sector, through the
 

release of new barley varieties by the research system and the provision 

of inputs and credit by the official credit bank, has also been impor

tant. The public sector, by way of favorable pricing policies, has also 

provided strong incentives for technological change. However, we believe 

an effective on-farm research and demonstration program in the area, 

would have contributed significantly to refining recommendations and 

37
 



increasing the diffusion rate, especially to small farmers. Even now otr
 
on-farm research results indicate 
that most farmers could reduce or
 
eliminate phosphorous application, and that the efficiency of herbicide
 
use could be increased by more timely application.
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Appendix A. Prices, Labor Requirements, and Input Levels Used
 
in the Economic 

Barley Field Price ($/kg) 


Machinery Rental
 
/
Animal power for ploughing ($/ha)a
 

Disc Plough ($/ha) 

Disc Harrow ($/ha) 

Drill (//ha)b 

Stationery Thresher ($/ha)-

Combine ($/ha) 


Labor
 
Wage Rate ($/day) 

Labor Costs and Requirements for:
 

Hand broadcast ($/ha) 

Herbicide application ($/ha) 

Fertilizer application ($/ha) 

Hand har'esting ($/ha) 


Inputs
 
Improved Seed ($/kg) 

Herbicide:
 

2,4-D as Esteron 47 ($/lt) 

Back-pack sprayer rental
 

($/day) 

Fertilizer:
 

Urea (S/ka) 

Transport ($/kq) 

Capital Cost 
(percent per crop cycle) 


a/ Two horses without labor and forage costs. 

b/ Assumning an average yield of 1.7 ton/ha and including transport costs.
 

n.a. not available.
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Analysis of On-Farm Experinents 

Prices 

1.975 1980
 

1.3 4.1
 

n.a. 900 

200 500
 
100 250
 
60 300
 

290 788
 
300 800
 

40 125
 

20 63 

20 63 

20 63 


400 1250 


3 7.5 


60 160 


50 40
 

1.8 3.2 

.15 .2
 

35 55
 

Labor Requirements 
and
 

Input Levels
 

2 person-days/ha
 

.5 person-day/ha
 

.5 person-day/ha
 

.5 person-day/ha
 
5 person-days/ha
 

100 kg/ha
 

.7 lt/ha
 

80 kg of N in wet zone
4 go~ndyzn
45 kg of N in dry zone 



Appendix B. Sumary of On-Farm Experimental Results, 1976 to 1980
 

WET ZONE DRY ZONE 
No. of Mean No. of Mean a/

Observations Yield - Observations Yield 
(t/Ha) (t/ha)

Variety Experiments

Local Variety 2.33 1.58
* 
Improved Varieties 15 
 2.59 	 1.63
 

Herbicide Experiments
 
Without Herbic~e 
 15 	 2.08 * 7 2.18 
With Herbicide-
 2.44 	 2.33
 

Fertilizer Experiments

Without Nitrog7n 
 1.92 * 12 1.58 
With Nitrogen- 22 2.54 2.14 

Variety by Management
 
Experjiments 3 
 2 
Local Variety-Traditional
 
Management 
 1.86 
 .99
 

Inproved Variety-Traditional
 
Management 
 1.83 	 .51
 

Local Variet 7 Improved 	 * 
Management-
 2.62 	 1.43
 

Improved Var 7ty-Improved
Management- 3.15 1.12 

Herbicide by Fertilizer
 
Experinents 	 9 3
 
Traditional Prac"ce 
 1.67 * 	 1.12With Herbicide-C 1.85 1.36
 
With Fertilizer-
 2.14 *e/ 1.74 
With Herbicide and 

F(ertil izer-	 2.65 1.80 
Seedinj ,ethod Experiments 8
 
Broadcast 
 3.16
 
Dr i l 2.92
 

Land 	 Prepirat-ion Experiments 2
 
No di.:e harrowing 2.57 -

O djd -c har-rcwing 2.93 
 -

Two disc harrowings 	 3.20 
 -


• Si ificant]V different from check treatment at 5 percent level. 
a! 
/ ores not include lost sites.
 

C/ Application of 21t/ha of 2,4-D.

80 kg/ha of nitroqen in the wet zone and 45 kg/ha of nitrogen in
 

d/ th dry zone.

Application of both herbicide and fertilizer as specified in footnote
 

e/ b and C.
 
Sicmificant differences also exist if herbicide alone and fertilizer
 
alone treatments are compared to application of both herbicide and
 
fertilizer.
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Appendix C. Parameters of the Logistic Curve Estimated 
Estimated by Least Squares Regression 

Mechaical Components 
Tractor
 
All farmers 
Large farmers 
Small farmers on flat land 
Scall farmers on slopes 

Combine 
All. farmers 
Large farmers 
Small farmers on flat land 
Small farmers on slopes 

Drill
 
All farmers 

Large farmers 


Bio(.,emical Components 
Improved Varieties
 
All farmers 

Large farmers 

Small farmers on flat land 

Small farmers on slopes 

Wet zone 

Dry zone 


Herbicide 
All farmers 

iarge farmers 

Small farmers 

Wet zone 

D. zone 


Fer-tilizer
 
All farmers 
Targe farmers 
Small farmers on fiat land 
Small farmers on slopes 
Wet zone 
Dry zone 

Intercept Coefficient t-value 

-10.8 
- 9.9 
-14.9 
-16.9 

.164 

.175 

.229 

.230 

21.26 
8.36 
3.44 
18.09 

-18.5 
-31.9 
-23.3 
-23.4 

.255 

.478 

.329 

.298 

16.17 
8.69 
9.34 
3.95 

-12.4 
-15.6 

.135 

.203 
9.90 

12.38 

-13.9 
-28.1 
-14.0 
-24.3 
-16.1 
-32.3 

.181 

.395 

.197 

.297 

.230 

.409 

14.40 
6.62 
7.56 
2.93 
9.45 

11.46 

-17.7 
-13.2 
-19.3 
-22.2 
-22.0 

.227 

.177 

.246 

.305 

.263 

9.78 
2.97 

12.55 
10.16 
38.42 

-15.2 
-13.4 
-20.6 
-32.3 
-16.2 
-26.8 

.193 

.188 

.270 

.399 

.214 

.337 

14.17 
8.70 
12.57 
3.05 

18.73 
6.48 

R2
No. of Ob-


served Years 

21 .960 
9 .764 
8 .663 

10 .976 

12 .963
 
7 .938
 
9 .926
 
5 .839 

6 .961
 
4 .987
 

12 .954
 
'7 .898
 

10 .877
 
3 .896
 
8 .937
 
6 .970
 

12 .914
 
5 .746
 
9 .957
 
9 .937
 
3 .999
 

12 .953
 
10 .904
 
6 .975 
3 ,903 

10 .978
 
7 .894
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