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Technological change among small Tarmere has long been a topic of interest
among, applied rescarchers, and social scientists. FExperiences have demonstrated
that technological change does not occur simply because an improved production
technology is available for farm use, but numerous factors condition the accep-
tance of new production techniques (Steven's , 1977). These factors have caused
researchers, planners dand government institutions to incorporate into their ana-
lysis concepts such as farming systems, risk-sharing and buffer institutions.

An important limitation to studying the adoption of improved technology by
small producers is the lack of generalized theoretical models and applied analy-
tical mcethods, not only to explain farmer's behavior, but to classify and predict
farmer's response to new technological patterns. This is a very difficult cons-
traint to overcome, because of the great difficulty in isolating and measuring
intangible and exopcenous factors which may condition expected farmers behavior.

One means to better understand a farmer's response to technical change is
to monitor farmers' reactions to improved technology after they have had the
opportunity to toest and pnrtjcibntv in the production process utilizing improved
production methods.  This simple approach should permit the identification of some
farmey characteristics which could be consiidered as an approximation to the con-

cept ot threshoids for adoption,
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Considerable literature exists reporting attempts to explain adoption of
technology by observing groups of small farmers who have already accepted tech-
nological innovations. Feder, Just and Zilberman (1981) have grouped studies
according to factors most frequently mentioned as affecting technological inno-
vations. They include farm size, land tenure, labor availability, credit, risk
and uncertainty, human capital, and other sociological factors. Other resear-
chers have considered socio-personal and socio-phychological variables by using
score systems, and analysing farmers' altitudes through a profile analysis metho-
dology (Somasundaram and Singh 1979, Subramaman et al 1981, Vijayaragharan and
Somasundaram 1979).

The purpose of this paper is to relate farmers' adoption responses to selec-
ted grouping characteristics which might be used for further classification of
farmers into adoption groups. Also, it is expected to determine possible ecomno-
mic rationality for technical change among those farmers who do accept improved
production techniques.

A set of farmers from the area where an on-going farming systems research
program is being carried out by the Tropical Agricultural Research and Training
Center (CATIE) was selected for the purposes of this analysis. This sample
included farmers possessing some of the conditions reported in the literature
as important factors for adoption of technology (Feder et al 1981) extensive prior
information, knowledge of the production techniques, an economically viable tech-

nological alternative, and a known final product price.

The Technological Alternative

The concept of appropriate technology is considered as critical for adoption
of new technology by small farmers (Flinn and Lagemann 1980, Ruttan 1977)., A

technical innovation is considered appropriate if it facilitates the substitution



of relative abundant factors for relative scarce factors of production, at a
given price structure. This implies that a technical alternative for farmers
should be consistent with a set of elements such as their objective function,
factor endowment and efficiency, both at the technical and market levels within
their diversified farm activities. These are indeed requisits to be considered
by agricultural researchers from the viewpoint of technology design, and the
socio-economic environment in which small farmers make decisions for agricultural
production.

One approach to appropriate technology development is the on-farm, farming
system reseafch (FSR). This methodology involves the farmer from the beginning
of the process of technology generation and also includes several joint evalua-
tions during the process to ensure the generation of technological alternative
as suitable to farmers as possible (Navarro, 1979). This paper reports the
assesment of farmer responses to a vegetation management weed control technology
which was developed during five years of cooperation between personnel of the
International Plant Protection Center (IPPC) of Oregon State University, CATIE,
and small maize growers from the Atlantic humid lowlands of Costa Rica.

In terms of net changes to the farmer's practice, the technological alter-
native iovolves adjustments in timing and rate of chemical products that are
already widely utilized by small farmers in the area (Escobar and Shenk, 1981).
It also introduces the use of an inexpensive spray shield enabling earlier herbi-
cide applications. This weed control technology was developed following CATIE's
FSR methodology which included characterization, technology design, on-farm expe-
rimental trials, validation (farmer evaluation) of the best experimental results
and a continous agronomic analysis incorporating feedback within the process.

Analyses have shown that the technology meets several of the prerequisites

found important for this area: it is economically attractive and labor-saving
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to farmers (Escobar and Shenk, 1931); it is focussed on weed control which is
perhaps the most limiting technical production lactor (Escobar and Shenk, 19381),
it represents a simple moditication of common practices, and its usce apparently
introduces a structural change in the economics ol maize producticn by shifting
the production curve upwards (Escobar and Shenk, 1982).

The validation phase ot the FSR methodology included the evaluation of the
final recommended alternative during two maize cropping seasons by 32 small lar-
mers of the area. During this period, some climatic, pedological, economic and
social characteristics were recorded through weekly visits, including all farm
input-output activities, a control trial, and human and capital inventories.
Farms were monitored in the planting season following the validation trials to

determine the degree of utilization of the improved practices.

The Analitical Framework

The monitoring activity made it possible to ditferentiate level of adoption
among maize growers. The simplicity of the weed control technolopy permitted
the grouping of participating farmers into tour categories: a) non-adopters
(Group 1); b) low adopters: those farmers that adopted only the pre-planting
vegetation management techniques (Croup 2); ¢) medium adopters: those who use
the technology in Group 2, and also the application shield which was provided
during the validation phase (Group 1), and d) adopters of'nll practices and the
rate of chemicals recommended in the weed control technology (Group 4).

Based on previous literature and on the area characteristics, a4 set of varia-
bles was hypothesized as key factors intluencing adoption of improved technology
by small farmers. These variables include farm resources and their ase, with

emphasis on lahor which is the most Imiting factor in this arca, some measure-

ments of the farmer wealth status, and some site and personal characteristics (Table

).



Previous to the test ing of this hypothesis, a tactor enalysis wis performed
to establish those varfables explaining most of the variation among farms.  This
procedure had a twofold purpose: to check the potential explanatory power ol
the hypotesized variables, and to incorporate into this set of variables those
with high communality. The factor analysis made it possible to sclect the final
set ot variables which explained 70% of total variation amoung tarms. ‘Three varia-
bles were eliminated from the original list because of their multicolinearity
and low communality (Henao and Escobar, 1983).

A linear discriminant function was used as the statistical approach for tes-
ting the propossed hypothesis with the four adoption groups. This analytical
tool was also utilized to assign {armers likely group membership. This permited
the generation ot two additional pieces of information: 1) the classification
coefficients which may be used as prediction equations, given the value of the
variables for a specific farmers, and 2) the protile of each exclusive group of
adopters based on the selccted variables. This helped understand the rationality
for introducing or rejecting technological change (or maize production.

The linear combination of the discriminant variables, and the classifica-

tion function are of the general torms:

) = Z, + VAU, YA NG
li dil /l di2 /2 + dip /p nd
C = ) : e :
| Cio ¥ O Yy vV, +(1pvp
Where: Dl = the score on discriminant Tunction i

d's =  weighting coeflicients

2's = values of p discriminant variables (Xi to Xp in Table 2)



e - the classitication score for proup | ..
cana de Dazrmestacin

\
i
!

. TR
C, = the constant naa i8S, J
io /
//
. Sk c e s //
C, = classification coctlicients
1p
Vs = scores on the discriminating variables (Xi to Xp)

With the exception of soil fertility, all variables werc measured in cardi-
nal bases to facilitate further application of classification coefticients as
prediction weights. The use of indexes would have introduced several difficul-

ties using these results as forcasting tools.

Empirical Group Classification

Results of the discriminant analysis and the classification procedure appli-
cation are summarized in Tables | and 2. [n Table 1, the initial farm classifi-
cation bhased on the adoption recorded during the monitoring phase is compared
with the classification based on the discriminant analysis. The fact that only
two farmers out of the 27 are misclassified, suggests that the variables chosen
were adequate to confirm the original sclection and to classify farmers previously
expossed to appropriate technologival innovations given the production conditions
of the study area.

This information suggests that the hypothesis regarding the relationship
of adoption and some economic, personal and farm site characteristics was well
founded. Whether or not this set ol variables conld be used as a threshold for
technology adoption will depend on a turther score construction needed to jointly
measure variables with a multivariate distribution. The application of the linear
discriminant function determines the difterentiation of the sample in four mutua-
Iy exclusive proups (1 to 4). Coonsequently, estimated coctticients constitute

weights to assipn a specific tarm to any group. Significance of coefficients
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could be tested through cannonical analysis, but such information is redundant
to this analysis.

The estimation ol .pusleriur probabilities measures the chance o Larmer has
to be classified in each of the four adoption proups. Excluding three cases,
there is a4 high probability that tnrmvrs belong to the group to which they have
been assigned through the tanctional analvsics.

Estimated coefficients for each of the adoption groups (Table ?) seem heavily
influenced by two site characteristics: total raintfall measored at the district
level, and the soil fertility index as constructed from chemical analysis ol a
combined so0il sample from ecach farm. Although these coefficients are difficult
to interprete since they are not standarized, the importaonce ol these lactors is
evident since the presence and agressiveness of some weeds are directly related
to rainfall and the quality ot the soil.

There are two geographical districts in the ares with signiticant differen~
ces in rainfall, both annually and by cropping season (Escobar and Shenk, 1981).

Other variables with relatively hipgh estimated coefficients are the tarmer's
previous cooperation at the time of the improved technology development, and the
farmer's level uf-education. These variables have been reported in the litera-
ture as related to technological change (Feder at al, 1981). The active parti-
cipation of farmers during the on-larm trial phase Increased the degree ol appro-
priatness of the technical innovation and could be taken ;s an Indication of the
importance of some factors like the risk attributable to the technology itself.

The proportion of farm land devoted to annual and permanent crops was also
fmportant tor classification of adoption proups. This land allocation is appa-
rently related to other site specilic eharacteristics (roiontall and soil ferti-
lity), and the distance to the market places.

Apparcat ditferences exist among adoption proups.  In most cases, the coe-



Table 2:

Estimated Classification Coefficients from the Linearized Discriminat

Function for Determined Adoption Groups

Adoption Groups

Vvariables 1 p3 3 4
Constant Axov -267,8084¢ -230.57°11 ...Nww.mpmmw 284.61239
Total family lador (%) 0.10829 J.15127 0.11904 0.17799
Pamily labor available for farm use Axmv -0,28009 -0.24106 -0.22385 ~-0,3123C
revicus cooperation with on-farm trials (X4) 39.68600 32.91305 35,63 39.46€5
Tarmer's age Ax% J.96902 1.05934 C.99€16 I.
Termer's formal education Ax ) 6.04192 6.02222 £.32821 5.9178%
Totxl Paxm oarez Axmu 2.9385¢8 -2,523%3¢€ -2.9322° -3.2¢E78
Froporticrn of land in anrnual crops quv 1.45123 1.40304 1.38002 1.338¢€C
Preportion of land in permanent Srops Axmv 581C1 0.53955 G.357957 C.65434
cstimated tcta. livestocx value Axmv |o..cooww £.00064 -(.0GCo66 -C.oliTe
fainfall district ﬁxwov 151,27279 139.89451 136,18 153,85571
Tistance o closer supply/market center ?E.v 2.851351 2.20146 2.39774 2.84955
5o2l Fertility index ﬁx..rmv 19,48735 18,4405 18.08689 21,8151




fficicots tor the proup of adopters (Croup 4) are preater than the coefficients
of other groups. In the same sense, the ltower coellicients values ot the non-

adopter proup (Group 1) is evident in almost every variabhle.

Profile by _/\.d.uAp‘t_i'oin” Groups

The average value of discriminating variabtes which represent diflerencia-
ting characteristics among tarmers is shown in Table 3. However, individual etle-
ments of the set do not necessarily conform to such differentiation, since it is
precisely the mutual interactions and combinations of those variables that makes
the multivariable analysis meaningtul as analytical instrument. This implies
that the coefticients presented in Table 2 are to be utilized as o lorcasting
tool, rather than the variable values which could not he used as thresholds unless
a group index is constructed using those averape values,

Nevertheless, 1t is possible 1o deteet some trends among proups relating to
the introduction of technological changes. This is apain the case ot the propor-
tion of land in annual and perenninl crops which teads to be higher tor farmers
with a higher level of adoption. Total {amily and hired labor used tor farmers
also have a pattern which tends to relate the group of lower adoption levels with
tower amounts of labor utilization,

The dilferentiating characteristics are complemented with the estimat fon of
some e¢conpomic indicators which are useful in explaining the economic behavior of
Farmers classified by adoption levels. ‘these indicators are presented in Table 4.

A relevant relationship is the linkage between the adoption groups and
returus to Llabhor which is ol paramonnl importance in this region, given that
labor is the main resource constraint,  This Tabor shortage is a scasonal problem
which resolts in low tamily Iabor utilizat ion over the production year, relative

high hired labor ase, and lTow oll-tarm tabor activity due to the structure ot the



11

Table 3: Average Value of the Discr x‘*xn_ifg}_t‘i_n_g_y_.zriab_l_(_\_si

by Adopt 10n_Groups

Variables

Adopt ion Groups

1 2 3 4
Total family labor for famm use
(man-days/year) 271.3 651.3 637.8 500.1
Family labor used in famming
(man-days/year) 192.1 195.6 217.6 174.2
Previous cooperation with on-fam
trials (frequency) 1 ? 3 2
Farmer's age 44.0 38.7 45.0 44.3
Famer's formal education
(school years) 2.0 3.5 3.0 2.0
Total farm area (has) 16.9 19.8 18.8 18.0
Land in annual crops (%) 6.0 24,0 15.3 20.8
Land in perennial crops (%) 8.5 8.8 10.7 14.2
Estimated total livestock value (¢) 25433.3 28016.7 37636.6  30485.7
Distance to closer supply/market center (min.) 45.0 19.2 21.6 38.3
Soil fertility index (frequency) 1 3 | h
Rainfall areas (mm) Guacimo: 2500-3500 Cariari: 4000-5000




banana plantation labor requircements whose prices dominate the repional market
for labor (Tables 3 and %).

Other variables such as the wealth=tike indicators (farm, livestock and
cash costs values), and other lTand nses show lew values for the non-adopters
(Group 1) in relation to other adoption grouns. Although these variables could
be interpreted as indicators of the implicit risk-adoption relationship reported
in the literature, the tendency to change value with the level of adoption is
not consistant in every case (Figure 1). A similar tendency seems to be present
in the relationship between other economic efficiency indicators like net farm
income, maize income and the adoption groups. 'These findings demonstrate, again,
the limited use of the individual variable values to understand the multivariate
effect of those Tarm characteristics over decisions involving adoption ol improved
technology.

In general, farmers with higher returns to labor and cash expenditure both
at the tarmer and the maize production system levels are adopting weed control
recommended practices. This is also the case among those farmers obtaining the
best benefit/cost relation (Figure 1). This seems to be the economic rationality
for technological change among tarmers under study. It would imply that thesc
farmers mipht be labor use mazimizers which conforms both the regional labor

market and the labor saving characteristics of the technolopical alternative,

Monitoring of small larmer's response to an appropriate technological alter-
native within his tarming activity appears to provide epough information to cla-
ssify tarmers into adoption groups.  Throupgh the nse ol moltivariate analysis
technlques, it is possible ty scelect o reduced set of adoption related variables

capable of yielding almost the same classitication ol tarmers into mitoally



Table 4: Average Value of Some Econamic Characteristics of Farms by Adoption Group

Var:zarlies

Adoption Groups

1 2 3 4
Total hired labor (man-days/year) 154.5 249.6 331.4 326.3
Off-farm labor (man-days/year) 11.7 9.7 13.4 19.3
Estimated famm value (¢) 148333.3 322750.0 315080.0 237928.6
Arez 1in pastuire (%) 48.8 24.4 26.9 22.6
Area in bushzs (%) 36.8 42.8 47.1 42.5
Area in maize troduction (has) 0.8 3.2 2.4 3.2
Total famm input cash ocost/year (@) 8842.9 17720.7 25924 .5 16792.3
Net fam inmome/year (€) 6230.2 21346.7 11657.5 13666.5
Net maize incame/ha (€) 1499,0 3888.1 4025.5 uwpm..\..
Return to total farm labor (€/hour) 5.9 8.1 9.7 15.8
Return to family famm labor (g/hour) 5.9 13.6 7.2 9.3
Return to family maize labor (Z/hour) 13.0 35.9 38.2 40,2
Return to famm cash cost 3.1 2.1 2.5 10.1
Return to maize cash cost 4.9 4.3 4.0 5.8
Farmm benefit/cost 2.4 1.9 3.3 10.8
Maize benefit/cost 4.4 3.9 3.6 4.3




NF1 = Net fatm (ncome < veor
NM!I = Net maize income, yeat
HEML. = Return to family meize labor
COINS(t) RTFL = Return {¢ totoi form labor
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exclusive groups, including posterior probabilities statements to cevaluate
likely membership to a specitic adoption group.

In this case, this clossitication procedure brings about an adoption for-
casting tool, that allows the classitication of a given farmer into one of the
adoption proups, evean if the foun-tional foras wight be site specific to the study
area. These prediction functions constitute an iastrument for exteunsjon purpo-
ses, which is the next phase to be undertaken. Two major advantages of this ins-
trument are: a) it permits a pre-evalunation ol the success ol the transterence
effort by identifying target groups which, in turn, allows the planning and bud-
geting of the activity, and b) it is simple and relatively cheap to implement
due to the reduced set of variables that can be quantified at the larm level.

Farmer protile by adoption group does not show a definite pattern according
to the levels of technology adoption. 1t is possible to distinguish some ten-
dencies to variation through which it lower average values for the lower adoption
group could be detected.

Likewise, the analysis of some economic indicators indicate a definite rela-
tionship between returns to labor and cash expenditure and the levels ot adoption.
This suggests that in this case the objective function of these tarmers might
he the maximization ol their return to labor.

In pencral, this methodological approach scems worthwhile to be repeted
elsewhere, looking for generalization, and ropvtitivenoss'in other areas with

small tarming systems.

fleg.
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