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ABSTRAK

Teknologi ramah lingkungan merupakan pilihan yang tepat untuk menciptakan
pertanian yang berkelanjutan. Namun, petani tidak selalu menerima teknologi
tersebut karena petani bersifat lembam. Oleh karena itu, sangatlah penting untuk
mengetahui faktor yang memengaruhi adopsi teknologi tersebut. Kajian ini bertujuan
untuk menganalisis faktor yang berpengaruh terhadap adopsi teknologi ramah
lingkungan pada usahatani kedelai. Kajian ini menggunakan metode estimasi logit,
Tobit dan probit bertingkat untuk mengukur kemungkinan petani mengadopsi
komponen teknologi ramah lingkungan. Data dikumpulkan dari tiga kabupaten di
Jawa Timur tempat kedelai dibudidayakan secara intensif. Hasil kajian ini
menunjukkan faktor sosial ekonomi mempunyal pengaruh yang beragam terhadap
adopsi komponen teknologi. Secara keseluruhan, kelompok tani, luas usahatani,
kepemilikan lahan, dan pelatihan memungkinkan petani untuk mengadopsi teknologi
secara keseluruhan. Akan tetapi, yang taat—azas dengan penggunaan pestisida
adalah pelatihan, karena petani yang mengikuti pelatthan menggunakan pestisida
lebih sedikit.

INTRODUCTION system. The series of International
Organization for Standardizations (ISO)
14000 strongly recommend producers
to 1improve policies and measures in
producing goods that are toxic—residue
free and maintain a sound environment
(Sombatsiri, 1999).

For those reasons, Indonesian

The challenge for developing
agrarian countries in the next 25 years
i1s not only to satisfy the growing
effective demand for food and fibre,
but also to help increasing calorie
intake, and to do it in an environmen—
tally sustainable fashion (Janvry et al.,

2002). This is indicated by the fact agricultural policy has revolutionized
that 'consumer awareness of the its policy by introducing an environ-—
environment and preferences for more mentally friendly strategy of plant
environmentally benign products protection. This 1s carried out through

appears to be growing steadily around a programme that introduces
the developed world and in selected Integrated Pest Management (IPM)

developing countries' (Erickson and technology, which is initiated in 1986
Kramer—LeBlanc, 1997). Reinhard and when Presidential Decree No. 3, 1986
Thijssen (1998) claim that environ— was issued .(World. Bank, 1993). The
mentally sustainable development of a programme is motivated by the fact
competitive agriculture becomes the that agriculture is no longer ecologi~-
major goal of an agricultural production cally operated. Such condition has led
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1996) and in the 1980s (Barbier,
1989). In addition, there exist other
adverse 1impacts of unwise use of
pesticide, that 1s environmental and
health problems (Bond, 1996; Kishi et
al., 1995).

The programme was then real—
ized in 1989 (R lling and van de Fliert,
1994), with 'the objectives of guarded
pest population (i.e. to keep pests
below economic threshold levels),
limited use of chemical pesticides, and
an improved environment and better
public health' (Untung, 1996). The
training, namely Farmers' Field School
(FFS), is basically a human resource
development (HRD) programme
(R lling and van de Fliert, 1994). In the
field, the training does not only involve
a pest control strategy, but also other
aspects of farming such as balanced
and efficient fertilizing, efficient use of
water, crop rotation and soil conser—
vation. The following IPM principles:
grow healthy crops; conserve and
utilise natural enemies; carry out
regular field observations, and develop
farmers as IPM experts in their own
field are central to the FFS (Untung,
1996).

Related to advantage of IPM
technology, there exists a strong claim
that adopting the technology i1s able to
reduce the use of pesticides signifi—
cantly. This 1s because in the field
trials, the training is able to cut down
pesticide use by 50% without sacrific—
ing the level of production (Bond,
1996). Useem et al. (1992) states that
by adopting IPM principles farmers
reduce pesticide application without
significant effect on production.
However, it is still debatable, whether
most farmers are willing to accept and
adopt the technology. The possible
cause is that farmers are reluctant to

change their behaviour related to
agricultural practices because, iIn
general, 'most individuals are risk
averter' (Salvatore, 1996). The
behaviour towards risk is dependent on
their socio—economic backgrounds
such as education, experience, and
wealth (Rola and Pingali, 1993).
Therefore, the objective of this paper
was to analyse socio—economic back—
grounds of farmers that possibly
influence the adoption of some compo—
nents of IPM technology.

MATERIAL AND METHODS

Data Collection and Location

Three districts of East Java:
Mojoker—to, Pasuruan, and
Banyuwangi were selected as study
site since soybean agribusiness was
intensively conducted in those dis—
tricts. This study employed the before
and after approach as suggested by
Gittinger (1982) with the particular
objective of identifying the impact of
the training programme on the proba—
bility of adopting components of IPM
technology and pesticide use. Data was
collected during soybean—planting
season of 1997 and 1998/1999. The
procedures of data collection were
done as follow.

In the soybean—planting season
of 1997, there were twenty randomly
selected farmers in each region. The
selected farmers then were observed
during one planting season before
attending training. The activities
related to soybean cultivation starting
from land preparation to harvesting
were recorded in the structured forms.
After harvesting, the selected farmers
participated in a training programme
for one planting season. In 1998, after
completing the training programme, the
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Components of Ecological Technology

This study extended four prin—
ciples of IPM, namely to grow healthy
crops; to conserve and utilise natural
enemies; to carry out regular field
observations; and farmers as IPM
experts in their own field. Referring to
an ecological research of Luther
(1993) who applied IPM technology on
soybean farming in eastern Java, the
components of IPM technology were
divided into three sections: prepara—
tion, maintenance, and pest control.
The preparation consisted of land till—
age, selecting variety, and row-—
planting. The maintenance comprised
mulching, weeding, and irrigating. The
pest control included field observation
and pesticide application. If farmer
applied those components of technol—
ogy in soybean farming, this meant that
farmer operated farm in environmen-—
tally sustainable fashion. The summary
statistics for components of ecological
technology could be seen in Table 1.
Econometric Modelling

This study employed logit, Tobit
and ordered probit models to predict
the probability of adopting components
of ecological technology, which was
introduced through IPM training.
Mathematical derivations of those mod—
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(1)

where X is a vector of socio—economic
factors with X, for k=1,2, ...,8 with
1=age, 2=education, 3=joining farm-—

ers’ group, 4=size of occupation,
5=land—ownership, 6=being trained;
7= dummy location of Mojokerto,

8=dummy location of Pasuruan, d is
error terms; B; for j=0,1,...,8 are coef—
ficients to be estimated, and subscript i
represents individual sample observa—
tion. The equation (1) will be used in
establishing econometric models of
logit, Tobit, and ordered probit.

In mathematical terms, the logit
model that describes the probability of
adopting each component of ecological

technology givene)%o j0o—economic fac—
tors of Jarales; : ressed as:
{}é' e} 1+exp{X.[3}
(2)

where Y; is components of ecological
technology that consists of land tillage,
variety, row—planting, mulching, weed—
ing, irrigating, and field observation. It
is not difficult to see that the value of
P{Y;=1} is bounded between zero and

Table 1. Summary Statistics for Components of Ecological Technology

Variable Obs. Mean Std. Deviation Min Max
Land—tillage (1=yes, O=otherwise) 120 0.65 0.48 0 1
Varieties (1=yes, O=otherwise) 120 0.92 0.28 0 1
Row—planting (1=yes, O=otherwise) 120 0.87 0.34 0 1
Mulching (1=yes, O=otherwise) 120 0.80 0.40 0 1
Weeding (1=yes, O=otherwise) 120 0.96 0.20 0 1
Watering (1=yes, O=otherwise) 120 0.84 0.37 0 1
Pesticide use (times) 120 1.62 0.81 0 3
Eco—technology (number of componeh2§) 5.91 1.05 3 7

Source: Authors’ calculation.
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equal to one, which follows a cumula—
tive logistic distribution, is dependent
on some socio—economic factors X.
When Y, is equal to one, it means that
farmer adopts each component of eco—
logical technology. If B; is positive, it
means that one point increase in Xy—;
will result in more likely for farmer to
adopt ecological technology, and vice
versa.

Related to the pesticide applica—
tion, this study employs Tobit model
(Johnston and Di’ Nardo, 1997). This
1s because pesticide use leads to a neg—
ative externality, such that some farm—
ers may avoid from using pesticides if
they understand that pesticides are not
necessarily used in their farm. Thus,
when farmers do not use, this means
that the number of pesticide application
1s not immediately zero, but may be
less than =zero. However, 1t 1s
unobservable, and bounded at zero. In
mathematical terms, the Tobit model of
pesticide application can be expressed
as:

Y * i = X i B3 + €
(3)
where Y* is pesticide use which is
unobserv—able, and X; is a vector of
socio—economic factors as mentioned
above including dummy location; ¢ is

error terms Wthh follows N0, o? ),
and B, s oefficients 1to be estimated.
In this caseothe OB£6¥V8619 variable is:

(4)

This model is called a censored
regression model since it is possible to
view the problem as one in which
observations of Y* at or below zero are
censored. If B; is positive, this repre—
sents an increase in the expected value
of Y as a result of an increase in Xy—;.
In addition, it is important to ana—
lyse the probability of adopting seven
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components of technology altogether.
This is because adopting those makes
it possible for farmer to manage soy—
bean farming in environmentally sus—
tainable fashion. For this purpose, an
ordered probit is employed. Since
there are seven components of tech—
nology, the dependent variable of
interest 1s the sum of components of
technology that is adopted by a farmer.
But, there is no farmer who adopts less
than three components of technology,
and therefore there exists five levels
of ecological technology acquisition. In

athematycal terms,/the der bit
Rl ieid b @ R[{TE f( e)@[jp\‘“P

(5)

where n=3,4,...,7 is number of compo—
nents of technology adopted by a
farmer, ® is cumulative standard nor—
mal density function, and C 1is the
thresholds that the unobservable vari—
able must cross to change the value of
Y. When n is equal to three, it means
that farmer only adopts three compo—
nents of technology, but when n is
equal to seven, it means that farmer
completely adopts the technology. In
this case, C,—; < C, means that the
greater n is the better. For instance,
Y4i = 1 means that an it farmer adopts
four of seven components of technol—
ogy, and Y°, = 1 means that an i
farmer adopts five of seven compo—
nents of technology. If it is the case,
Y® = 1 is better that Y* = 1. For the
case of n=7, the probab lity of com—
pletﬁlﬁf aq 1111@(&1;110@&%37 can be
expressed as

(6)

For the sake of convenient analysis, let
normalize ¢ to equal one. When B; is
positive, an increase in Xy—; unambig—
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adopting the technology. The probabil—
ity of partially adopting the technology
however, will be dependent on the mag—
nitudes of the threshold C,..

Instead of using ordinary least
square (OLS), logit, Tobit and ordered
probit models are used in this study to
avoid from being biased because of
bounded dependent variable (Greene,
1993), and inefficient because of
heteroskedasticty (Verbeek, 2000). All
models are non—linear, and will be esti—
mated using maximum likelihood esti—
mation (MLE). STATA ver.8 is used
for estimating the logit, Tobit, and
ordered probit models.

Testing for Hypothesis

To identify whether the socio—
economic factors matters in the prob—
ability of adopting components of tech—
nology, a hypothesis is built. The
hypothesis is that the probability of
adopting components of technology is
affected by socio—economic factors
embedded in farmers. It can be formu—
lated as:

H 0 :
BO:8128228328428528628728
=0, and Hy: one of them # O

The hypothesis will be rejected if like—
lihood ratio (LR) is greater that y?

critical at 1%, 5%, and 10%. For indi—
vidual impact of each socio—economic
factor, the hypothesis is formulated as:

19

Ho: B;=0 andH,;: B; = 0, for
1=1,2,...8

The hypothesis will be rejected
if z—ratio is greater than z critical at
1%, 5%, and 10% levels. If those
hypotheses are rejected, these mean
that the corresponding factors have
significant impact on the probability of
adopting components of technology.
The summary statistics for socio—
economic factors embedded on farmers
can be seen in Table 2.

RESULT AND DISCUSSION

In all logit models, dummy vari—
ables for location were excluded from
the model because the locations pro—
vide perfect prediction of success on
probability of adopting the component
of ecological technology. However, in
the Tobit and ordered probit models
that not involves prediction of pesticide
application; the dummy for location still
existed. All in all, the models demon—
strated that socio—economic factors
influenced significantly the probability
of adopting technology. Related to par—
tial impact of socio—economic factors
on the probability of adopting technol—
ogy, each socio—economic factor had
various significant effects. The socio—
economic factors that had no signifi—
cant impact meant that farmers with
those factors could be more or less

Table 2. Summary Statistics for Socio—economic Factors

Variable Obs. Mean Std. Deviation Min Max
Age (year) 120 45.33 9.08 23 67
Education (1=ES, 2=JHS, 3=SHS) 120 1.73 0.86 1 3
Joining group (1=joined, O=otherwisd)20 1.32 1.00 0 3
Land size (hectare) 120 0.51 0.24 0.15 1
Land owner (1=owner, O=otherwise)120 0.50 0.24 0 1
Training (1=trained, O=otherwise) 120 0.50 0.50 0 1

Note: ES: elementary school, JHS: junior high school, SHS: senior high school.

Source: Authors’ calculation.

Jurnal Pembangunan Pedesaan Vol. 6 No. 1, April — Juli 2006: 15—24

ISSN. 1411-9250



20

Table 3. Logit Model of Soybean Preparation

Dependent Variables

\E]i;?il;éllaetsry Land—tillage Variety Row—planting
Coefficient z—ratio Coefficient z—ratio Coefficient z-—ratio
Constant —-9.6997 —3.662 5.8953 1.84b —3.6693 —1.344
Age 0.0508 1.014 -0.0216 -0.409 0.0781 1.33d
Education 0.9561 2.02b —1.8148 —-2.612 =0.1980 —0.334
Group 0.5645 1.524 —1.3141 —1.98b 1.4448 2.03b
Size 17.2245 5.35%  2.9749 1.569 —0.5478 —0.294
Ownership —2.4340 —2.66%  4.0008 2.41>  3.0171 2.30P
Training —0.2824 —0.424 1.0883 1.10¢  2.6514 2.32b
Log likelihood —31.25939 —-21.162018 —25.171498
LR y? (6)=92.872 v? (6)=26.52P x? (6)=43.902

Note: a) significant at a=1%; b) significant at a=5%; c)significant at a=10%; d) insignificant.
Source: Authors’ estimation.

Table 3 showed the logit models
of adopting ecological technology
related to stages of preparation in soy—
bean farming. The models suggested
that, in the case of land—tillage, more
educated farmers and the farmers who
operated larger farm were more likely
to adopt land—tillage. In contrast, farm—
ers were less likely to adopt land—
tillage when they operated their own
land. In the case of selecting varieties,
farmers who operated farm on their

own land were more likely to select
good variety of soybean. However,
more educated farmers and being
joined farmers in farmers’ group
were less likely to cultivate good vari—
ety of soybean. In the case of row—
planting, farmers who joined farmers’
group, operated farm on their own
land, and participated training were
more likely to adopt row—planting in
soybean farming.

Table 4 showed the logit models

Table 4. Logit Model of Soybean Maintenance

Dependent Variables

\E}:Eilséllaet:ry Mulching Weeding Irrigation
Coefficient z—ratio Coefficient z—ratio Coefficient z-—ratio
Constant 3.4414 1.314 11.2820 2.37%  2.9384 1.174
Age —-0.1054 —1.81¢ —=0.1536 —1.75¢ 0.0254 0.534
Education 0.0754 0.134 —2.2954 —2.35b -1.2732 —2.29b
Group 1.8039 2.67% —0.3413 —0.4249 —1.4878 —-2.672
Size —2.8622 —1.584 3.3631 1.439  1.2526 0.774
Ownership 6.0961 3.49%  5.1166 2.15>  4.5981 3.30%
Training 1.9004 2.398  1.9355 1.399  0.9569 1.184
Log likelihood —27.420687 —14.513486 —28.216678
LR y? (6)=65.262 > (6)=12.54°¢ y? (6)=48.4223

Note: a) significant at a=1%; b) significant at a=5%; c)significant at a=10%; d) insignificant.

Source: Authors’ estimation.
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models suggested that, in the case of
mulching, farmers who joined farm-—
ers’ group, operated farm on his/her
land, and participated training were
more likely to apply a mulching. On the
contrary, farmers were less likely to
adopt mulching when they were getting
older. In the case of weeding, farmers
who operated farm on their own land
were more likely to control weeds.
However, older farmers and more edu—
cated farmers were less likely to con—
trol weed. In the case of irrigation,
farmers who operated farm on their
own land were more likely to provide
water for soybean farming.
Conversely, more educated farmers
and farmers who joined farmers’
group were less likely to provide irri—
gation for soybean farming.

Table 5 showed the logit model
for field observation, Tobit model for
pesticide use and ordered probit model

21

for adopting all components of tech—
nology. The model suggested that, in
the case of field observation, farmers
who joined farmers’ group and par—
ticipated training were more likely to
do regular field observations. But,
more educated farmers were less
likely to do regular field observation.
Related to the number of pesticide
spraying, farmers would use fewer
pesticides when they were getting
older, more educated and trained. But,
farmers who operated larger farm and
farmers who operated farm in their
own land used more pesticides. One
interesting feature was that farmers in
region of Pasuruan used more pesti—
cides than those in Banyuwangi and
Mojokerto.

If analysis was emphasised on
single adoption of components of tech—
nology, it seemed that the each socio—
economic factor was not consistent in

Table 5. Logit, Tobit, and Ordered Probit Models

Dependent Variables

Explanatory

Variables (logit)

Field observation

No. of components
(ordered probit)

Pestiside use
(tobit)

Coefficient z—ratio Coefficient z—ratio Coefficient z—ratio

Constant (1)
Constant (2)
Constant (3)
Constant (4)

0.0145 0.024
1.0035 1.314
1.6883 2.16°
3.8346 4.542

Constant

Age 46994 221> 2.8568  7.87° _oesgr——0610
Group ~0.7382  —1.74°—0.1465  -2.01° (5933  3.75¢
Size 1.1227  2.32°  0.0088  0.12¢ 179y 3.259
Ownership —2.5219 —1.64;1 0.6475 2.69’a 3.5323 6.062
Training —-0.2198 —0.26 1.1105 4.528 0.9370 3.782
Pasuruan —0.0799 - '45 —-1.0038 —2.28b

2.8568 7.87

_—

Log likelihood —29.237776 —104.34148 —106.52061
LR 72 (6)=31.95% 72 (8)=93.15% 72 (8)=97.588

Note: a) significant at a=1%; b) significant at a=5%; c)significant at a=10%; d) insignificant.
Source: Authors’ estimation.
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could have a positive effect on the prob—
ability of adopting one component of
technology, and had a negative effect
on other components. For example,
more educated farmers were more
likely to adopt land-—tillage, but were
less likely to select good variety. Since
there were seven components of tech—
nology, which were importantly the
same and incomparable, these implied
that one component could not be sac—
rificed for the sake of certain technol—
ogy. As a consequent, it was ambigu—
ous for the policy maker to make a
decision. If it was the case, ordered
probit was used to deal with such ambi—
guity. As could be seen, the ordered
probit model had four constants
because there were five level of tech—
nological acquisition as dependent vari—
able. Those constants represented
thresholds that the unobservable vari—
able must cross to change the level of
technological acquisition. The model
suggested that farmers joining farm-—
ers’ group, operating farm on their
own land, having larger size of land and
participating training were unambigu—
ously more likely to adopt the envi—
ronmentally friendly technology on
soybean farming they operated.
However, it was surprising that more
educated farmers were less likely to
adopt such technology. Related to
regional factor, farmers in Mojokerto
were more likely, and farmers in
Pasuruan were less likely to adopt
such technology than farmers in
Banyuwangi.

Recall the objective of introduc—
ing IPM technology was to reduce the
use of pesticides, which in turn could
reduce non—point source pollution. It
was expected that adopting all compo—
nents of technology was capable of
diminishing pesticide use. It was,

therefore, participating training was
the only factor that was capable of
enabling farmers to adopt the environ—
mentally friendly technology and to
reduce the use of pesticide.

CONCLUSION AND POLICY IMPLICATION

To sum up, some socio—
economic factors embedded on farmers
operating soybean farming in East Java
had influenced adoption of environ—
mentally friendly technology, which
was expected to be able to reduce pes—
ticide use. However, the impact was
inconsistent when the socio—economic
factors were specifically addressed on
single component of technology. This
was because one factor had opposite
impacts on adoption of each component
of technology. Thus, it was not easy to
make a decision since all components
of technology were equally essential in
protecting the environment from
adverse 1mpacts of pesticide use.
Nevertheless, the inconsistency was
no longer the case when further anal—
ysis is built with joint adoption of all
components of technology. By assum—
ing that adopting more components
was better, the socio—economic fac—
tors leading to adoption of environ—
mentally friendly technology were
being joined in farmer s group, larger
size of farm, operating farm in owned
land and participating training.
Surprisingly, more educated farmers
tended to not completely adopt such
technology, although those farmers
reduced pesticide use. This phenome—
non also happened with others factors.
The only consistent factor for which
farmers tended to completely adopt
ecological technology and to reduce
pesticide use was the training partici—
pation. In other words, farmers that
had been participated in training would

Determinants of Adopting Environmentally ... (J. Mariyono & H. Setyoko)



to this phenomenon was to send farm—
ers in training as much as the govern—
ment was capable of.
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