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Pesticides have been widely adopted in the farming industry to control weeds, pests, and
diseases in order to minimize yield losses and maintain the quality of lowland rice
products; however, farmers often over-apply pesticides. This study analyzed key factors
that affected the decision of lowland rice farmers in adopting pesticides and the frequency
of pesticide application. A double-hurdle model was used to estimate the factors that
affected the decisions of farmers to adopt pesticides and determine the frequency of
pesticide application. These results demonstrate that the adoption of pesticides was high
(86%) at lowland rice farms in the study area. Lowland rice farmers were found to apply
pesticides an average of eight times. Gender, age, education level, access to extension,
farming experience, and access to credit significantly affected the decisions of farmers to
adopt pesticides in controlling weeds, pests, and diseases at lowland rice farms. The
independent variable also significantly affected the frequency of pesticide application.
Towards the goal, government and non-government organizations had to increase human
resources through education, agricultural extension services to young farmers had to be
improved. Specifically, extension material was provided on environmentally-friendly
methods of controlling weeds, pests, and diseases and other alternatives to reduce the use

of pesticides at lowland rice farms.

1. INTRODUCTION

The output of lowland rice farming is essential to the
Indonesian economy, especially as a source of employment
and income for ~21 million agricultural households [1]. Rice
is a staple food for ~95 percent of Indonesia's population. In
addition, rice is a strategic political commodity; domestic rice
production is a benchmark of food availability for Indonesia
[1].

Apart from the importance of rice economically, politically,
and food availability, its production in Indonesia has been
threatened by pests and diseases. This situation has resulted in
a decrease in rice production, with a negative impact on the
economy of farmers. Pesticides are modern agricultural
technologies that have been widely adopted by rice farmers in
Indonesia to control pests and diseases in order to reduce yield
losses.

The use of pesticides in lowland rice farming in Indonesia
has raised many concerns about residues in rice, as well as
other potential hazards to humans and the environment [2-4].
Farmers often did not use pesticides as recommended by the
government; they often used pesticides excessively and did not
follow the rules regarding the use of chemicals [5, 6].

As a result, farmers might have been exposed to chemicals
that were harmful to their health. Exposure to pesticides can
have long-term effects on thyroid function, and lead to birth
defects, as well so disorders of the reproductive, immune, and
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endocrine system, skin problems, behavior changes, and
cancer [7-9]. Short-term effects that arose from pesticide
exposure include headaches, skin irritation, vision disorders,
respiratory problems, dizziness, and nausea [9, 10].

While previous studies have revealed the effects of pesticide
exposure, the use of pesticides remained still high among
lowland rice farmers in Indonesia. A question that arose was
what influenced farmers’ decisions to adopt pesticides? Clear
answers to these questions would enable stakeholders such as
the Ministry of Agriculture to identify specific issues that
affected the use of pesticides in order to suggest the
appropriate policies to decrease or increase the use of
pesticides.

Pesticide adoption was affected by several factors, such as
weed types, pests and diseases, and to reduce harvest risk [11,
12]. The results of the research [13-17] showed that farmers'
age, education, farming experience, extension contacts, credit,
and real income were factors that affected the technology
adoption process.

This research aimed to analyze the factors that affected
farmers' decisions to adopt pesticides in Indonesia. Previous
studies [2, 4, 10, 18] showed the factors that affected pesticide
adoption differed between regions. This was because of
differences in climate, types of weeds, pests and diseases,
natural resources, agricultural technology, and socioeconomic
conditions. This research also increased knowledge about the
factors that affected pesticide adoption by focusing on the
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frequency of its application. This research used a multiple
barrier approach that allowed estimation of the factors that
affected pesticide adoption and its application frequency.

2. MATERIALS AND METHODS
2.1 Study areas and sample size

This research was conducted in Central Sulawesi. Central
Sulawesi is the second rice barn after South Sulawesi on the
Sulawesi Island. Central Sulawesi is located between 222’
North Latitude and 348’ South Latitude and between 119°
22°—124<22’ East Longitude, with an area of 61,841.29 km?
[19]. The equator crossing the northern peninsula in Central
Sulawesi makes the climate of this region tropical. The rainy
season in Central Sulawesi is between April and September;
the dry season is between October and March. Average rainfall
ranges from 800 to 3,000 mm per year, among the lowest in
Indonesia. Temperatures range from 25 to 31°C for plains and
beaches with humidity levels range from 71 to 76%. In
mountainous regions temperatures can reach 16 to 22°C. The
most wind direction during 2018 was from the North, with an
average speed of 4.5 knots.

The Parigi Moutong and Sigi distrcites were selected as
both have the widest area of lowland rice harvesting, 21.31%
(43,294 ha) and 15.30% (31,079 ha), respectively. Parigi
Moutong and Sigi have a productivity of 5.87 tons/ha and 4.37
tons/ha, respectively. Within each, three villages were
randomly selected to be surveyed (Table 1).

Table 1. Study areas

District Villages Sample size (HH)
Sigi Ranteleda 56
Tanah Harapan 44
Tongoa 52
Parigi Moutong Balinggi 65
Astina 52
Nambaru 60
Total 329

Note: household head (HH)
Source: processed data result of 2021

This study used 329 randomly-selected lowland rice farms.
Data on production input, price of production input, amount of
output, price of output, and information on household
characteristics of lowland rice farmers such as gender, age,
level of education, access to extension, farming experience,
access to credit were collected from March to May, 2021.

2.2 Analytical framework

This study analyzed the decision of lowland rice farmers to
use pesticides. Farmers were faced with a decision as to how
many times pesticides were applied to the lowland rice crops.
Thus, a double-hurdle model was used to estimate that thing.
The double-hurdle model was originally formulated by Cragg
[20] and loosened the limitations of the Tobit model by
assuming two hurdles in the process of using pesticides in
lowland rice farming. The first obstacle related to farmers'
decisions to adopt pesticides and the second related to their
decision about the frequency of pesticide application. As per
Martinez-Espifieira [21], Aristei and Pieroni [22], and Garc'ia
[23], the double-hurdle model can be written as:
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* J—
Yipn = ax; + &

Decision to use pesticides M)
yi*2=ﬁxi+£2 (2)
Decision on the frequency of pesticides application
Yi = ﬁxi + &2 (3)
ify, >0and y;,>0
yi=0
otherwise “)

where, y;7, is the latent variable describing the probability of
farmer i to adopt pesticides (1 if adopt pesticides and 0 if not);
Vi, is a latent variable representing the frequency of pesticide
application for farmers that adopt it; x; is a vector of
independent variables; B is the parameter vector to be
estimated; and € are errors terms, which are assumed to be
independent and normally distributed ( € ~N(0,1) and
e~ N(0,0?)).

2.3 Empirical model

The empirical model of this study is as follows:
For decision to adopt pesticides:

Vi1 = Go + 0uX1 + 02X + 03X3 + 0l4Xg + 0sXs + 0eXe + (5)
07X7 t+ €1

For decision on the frequency of pesticides application:

Vi = Boct Brxi+ Paxa + Puxs & Paxa + Poxs + fexe + )
B7x7 + €2

yi1 = the decision to adopt pesticides (1 = adopt pesticides
and 0 = otherwise), y;;, = frequency of pesticides application,
ao and Bo = intercept, a7 and Bi.; = the coefficient of the
independent variable, x; — x7 = independent variable, € = error
term. The independent variables are defined as follows:

x1 = the gender of household head (HH),

x» = age of HH,

x3 = education level of HH,

X4 = access to extension of HH,

xs = farming experience of HH,

X = access to credit of HH,

x7= land area of lowland rice.

X1 — X7 are included as independent variables based on the
results of previous studies [4, 18, 24-34] which are described
in subchapter 2.4.

2.4 Explanation and measurement of
variables

independent

Gender plays an important role in the efficiency of the
agriculture field [24, 25]. According to Goldner et al. [26]
females are more susceptible to pesticide exposure; this caused
males to use pesticides more frequently and at higher
application rates than female farmers. In this study, laborers in
lowland rice farming were male and female so that the gender
was included as a dummy variable (1 = male and 0 = other).
Age had a negative effect on the adoption of agricultural
technology; young farmers were more likely to adopt new
technology than older farmers [4, 27]. The results show that
with increasing age a farmer was less likely to use pesticides



[28, 29]. The age of the household head was measured in years.
Level of education might affect farmers in deciding to use
pesticides and adopting new technologies [30, 31]. Education
in this study was measured on a Liker scale (1 = not graduating
from elementary school, 2 = graduating from elementary
school, 3 = graduating from junior high school, 4 = graduating
from senior high school, and 5 = graduating from college).

Extension agents could introduce new technologies such as
use of environmentally-friendly pesticides to farmers so
farmers tended to adopt them [18]. They could also provide
guidance as to the frequency of pesticides application to
effectively control pests [32, 33]. Farmers with more access to
the agricultural extension might use pesticides more
effectively. Access to agricultural extension was measured by
the presence number of household head measured by number.

Farmers with experience in agriculture would use
technology effectively in increasing productivity [27, 34].
They tended to use pesticides that were environmentally
friendly and reduce the application frequency of chemical
pesticides [35]. The experience of lowland rice farming was
stated in year.

Credit access could affect farming efficiency because
farmers' credit could provide production input [25]. Credit
access has given farmers the money to buy pesticides
regardless of price [29, 36]. Credit tended to lead to farmers
buying more pesticides, which might affect the adoption of
pesticides and frequency of application [36].

Land area is a continuous variable; with increasing land area
there is a tendency for the adoption of pesticides to increase.
Farming with large land areas tends to use more resources for
crop production [37]. Land area in this study is expressed in
hectares.

3. RESULTS AND DISCUSSION
3.1 The statistical description of the study variable

The statistics summary of this study variable is presented in
Table 2.

Table 2 shows that study variables had a smaller standard
deviation value from the average value, suggesting that
populations tended to be homogeneous and the data distributed
normal, such that data analyses were more suitable to a
parametric approach (double-hurdle model). The average of
land area of lowland rice farming is 1.93 ha per farming. The
main costs in lowland rice farming were seeds, chemical
fertilizers, labors, pesticides, and post-harvest chargers. 86%
of farmers adopted pesticides; the frequency of application
ranged from 3 to 12 times with an average of 8. Lowland rice
farming managers were mostly male (74%); this suggests that
males had greater access to agricultural land than females. On
average, lowland rice farmers were age 44; this indicated a
good quality of work in lowland rice production because
young farmers were more energetic and tended to adopt new
technologies. The education level of respondents was
elementary school and access to extension was an average of
6 times per year; this tended to make farmers hesitant to adopt
new technology. The average length of farming experience
was 15 years; this meant that people involved in the production
of lowland rice were experienced. Access to credit for lowland
farmers was 55%, which allowed farmers to prepare pesticides
to control pests and diseases.
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Table 2. Statistics summary of study variable

Variables Units Mean Std. Dev.
Use of pesticides dummy 0.86 0.35
Application Frequency number 7.64 2.68
Gender dummy 0.74 0.44
Age year 44.49 9.83
Education Likert scale  1.91 0.76
Access to extension number 6.10 2.89
Farming experience year 14.67 5.06
Access to credit dummy 0.57 0.50
Land area ha/farm 1.93 0.61

Source: processed data result of 2021
3.2 Types and sources of pesticides

Most (86%) of the respondents adopted pesticides to control
weeds, pests, and diseases at lowland rice farms; 14% did not
use them. Lowland rice farmers (86%) adopted approved and
recommended pesticides in Indonesia to control weeds, pests,
and diseases. Table 3 presents a list of herbicides, fungicides,
and insecticides used by respondent farmers.

Lowland rice farmers obtained pesticides from
agrochemical shops in villages, sub-districts, districts, and
provinces. Table 3 shows that farmers use three types of
pesticides, namely insecticides, herbicides, and fungicides.
Insecticides were used to control insects, herbicides to control
weeds, and fungicides to control fungi [38]. The use of
pesticides was very important for farmers to control pests and
diseases so that their use has increased over time [39].

3.3 Factors that affected the adoption and frequency of
pesticides application

Results of the statistical analysis of double hurdle model
against the factors that affected the adoption and frequency of
pesticides application at lowland rice are presented in Table 4.

Table 4 shows that six independent variables had a
significant effect on the decisions of farmers in the adoption
and frequency of pesticide applications, except for lowland
rice land area. Gender was positively correlated with pesticide
adoption and statistically significant at a 5%, which means that
male farmers were more likely to adopt pesticides. This might
be because male farmers adopted new technologies more
quickly, or because women had a higher health risk when they
came into contact with pesticides [26, 40, 41]. Gender was also
positively correlated with the frequency of pesticide
application and was statistically significant at a 1%, implying
that male farmers were more likely to apply pesticides
repeatedly. This could occur because male farmers played a
greater role in agricultural land [25], so that they often saw
pests and diseases in lowland rice.

Age had a positive and statistically significant effect as o
1% on decisions of farmers in adoption and frequency of
pesticide application in lowland rice. This shows that older
farmers often applied pesticides to lowland rice attacked by
pests and diseases. These results are consistent with those of
Denkyirah [29], which stated that older farmers are more
likely to use pesticides than young farmers. Older farmers in
the study area have been using pesticides for years, so they
paid more attention to the impact of pesticides on lowland rice
rather than health, in contrast to younger farmers [42]. These
results are consistent with the findings of Effendy [27], which
state that older farmers who were more experienced in farming
and they were more worried about pests and diseases, so they
used pesticides more often.



Table 3. Herbicides, fungicides, and insecticides used by respondent farmers

No. Trade name Active ingredient Main use
1 Basagran Bentazon, MCPA Herbicide
2 Roundup Powermax Glifosat Herbicide
3 Tetris Profoxydim Herbicide
4 Ally metil metsulfuron Herbicide
5 Tabas Natrium bispribak Herbicide
6 Abolisi 2,4-D Dimetil Amina Herbicide
7 DMA 2-4-D dimetil amina Herbicide
8 Clipper Penoksulam Herbicide
9 Amistar Top difenokonazol and azoksistrobin  Fungicide
10 Filia Propikonazol Fungicide
11 Antracol Propineb Fungicide
12 Score Difenokozanol Fungicide
13 Danvil Heksakonazol Fungicide
14 Nativo Tebukonazol, Trifloksistrobin Fungicide
15 Regent Fipronil Insecticide
16 Virtako Klorantraniliprol, tiametoksam  Insecticide
17 Laser Permethryn Insecticide
18 Fostin klorpirifos Insecticide
19 Dangke metomil Insecticide
20 Ares nitenpyram Insecticide
21 Ayuna Klorfluazuron Insecticide
22 Plenum pimetrozin Insecticide

Source: processed data result of 2021.

Table 4. Double hurdle model estimation against the decision of farmers to adopt pesticides

Probability of adopting

Frequency of pesticides application (Hurdle 2)

Variables Pesticide (Hurdle 1)
Coefficient Std. Err. P value Coefficient Std. Err. P value
X1 0.657** 0.287 0.022 0.871*** 0.310 0.005
X2 0.095*** 0.016 0.000 0.103*** 0.034 0.002
X3 -0.515%** 0.155 0.001 -0.583*** 0.202 0.004
X4 -0.463*** 0.045 0.000 -0.307*** 0.055 0.000
X5 0.060* 0.031 0.054 -0.112** 0.048 0.019
X6 1.547*** 0.236 0.000 0.984*** 0.328 0.003
X7 -0.069m 0.181 0.705 0.165" 0.267 0.536
Constant 4.469%** 0.789 0.000 0.863" 1.216 0.478
Sigma constant 0.596*** 0.043 0.000
Chi? 387.000
Log likelihood -618.39831
Prob > chi? 0.000
N 329 281

Note: *** significant at a 1%, ** significant at o 5%, * significant at o 10%, ns = non- significant.
Source: processed data result of 2021

Table 5. Harvest yield, income, and feasibility of lowland rice farming

Household Rice (kg/ha) Income (IDR/ha) R/C
Mean Std. Deviation Mean Std. Deviation Mean Std. Deviation
Non-Adoption of Pesticides  3,056° 119 13,557,5412 1,103,501 2.092 0.10
Adoption of Pesticide 3,296° 93 12,136,867° 1,665,148 1.78P 0.18

Note: the different letters in one column means significantly different in o = 5% two-tailed test.
Source: processed data result of 2021.

Decisions to adopt and how frequently to apply pesticide
application were negatively associated with farmer education
level and statistically significant at a. 1%. This finding is in line
with those of Anang and Amikuzuno [18], which indicated
that education tended to reduce the probability of pesticide
adoption in lowland rice crops. Farmers with higher education
did not only think about the impact of pesticides on lowland
rice but also the impact of pesticides on health. Farmers with
higher education might choose other alternatives in controlling
pests and diseases of lowland rice. However, these results are
not consistent with the findings of Denkyirah [29] which stated
that education had a positive effect on the frequency of
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pesticide application. Our findings show that education tended
to reduce the frequency of pesticide application to lowland rice
crops. Farmers who had higher education would consider the
impact of pesticides on health so that they would use pesticides
effectively and efficiently.

Access to extension services had a negative and statistically
significant effect at a 1% on decisions of lowland rice farmers
in the adoption and frequency of pesticide application. This
suggests that access to agricultural extension services tended
to reduce the probability of adoption and frequency of
pesticide application. This agrees with the findings of Anang
and Amikuzuno [18] and Denkyirah [29], which emphasize



that access to extension services affected farmers to tend not
to adopt pesticides to control pests and diseases. Denkyirah
[29] also emphasize that access to extension services caused

farmers to tend to reduce the frequency of pesticide application.

The extension was an effective method to promote rational
pesticide application [43]. This was because extension
workers could introduce new technologies other than
pesticides to farmers in controlling pests and diseases. Access
to the extension would increase the adoption of a more
effective technology [27]; extension services could therefore
be used as an effective tool to reduce pesticide application
among farmers.

Farming experience was positively correlated with pesticide
adoption and significant at a 10%; this means that higher
farming experience tended to increase the probability of
pesticide adoption. However, farming experience had a
significant negative effect at a 10% on the frequency of
pesticide application. This finding is in line with Denkyirah
[29], which means that as farming experience increased, the
frequency of pesticide application tended to decrease. This
suggests that experienced farmers would be effective and
efficient in using pesticides on lowland rice farms. In addition,
experienced farmers did not apply pesticides excessively
because they knew it tended to cause health and environmental
hazards. According to Hashemi [42], farmers who experienced
health problems due to the use of pesticides paid more
attention to the impact of pesticides on health. Years of
farming experience would increase the adoption of a more
effective technology [27]. Many years of farming experience
would ensure farmers had better skills in their fields and could
access new information about available environmentally-
friendly technologies.

Access to credit had a positive correlation with the adoption
and frequency of pesticide application and was significant at a
1%; this means that access to credit tended to increase the
probability for farmers to adopt pesticides in lowland rice.
Farmers who got credit tended to buy production inputs for
their farming needs [25, 36, 44]. Access to credit tended to
increase the frequency of pesticide application in lowland rice
farming. This occurred because farmers had more purchasing
power [36]; however, it could be due to pests and diseases that
developed in farming [10].

3.4 Harvest yield and feasibility of lowland rice farming

The average harvest yield, income, and R/C of lowland rice
farming are listed in Table 5.

Independent t-test analysis shows that the harvest yield,
income, and R/C of lowland rice farming were significantly
different between farmers who adopted pesticides and those
who did not. The harvest yield of lowland rice that used
pesticides was significantly higher than the harvest yield of
lowland rice that did not use pesticides. This implies that
pesticides could reduce crop failure in lowland rice. In organic
farming, harvest yields were generally lower than the harvest
yield of inorganic farming. Klima and Labza [45] examined
wheat harvest yields in both farming systems, harvest yields in
the organic system were found to be lower by 12% compared
to the inorganic system, but on the other hand, the product
quality of the organic system was better. The income and
feasibility of lowland rice farming that did not use pesticides
were significantly higher than lowland rice farming that used
pesticides. This implies that lowland rice farming that did not
use pesticides had lower production costs. With reduced
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production costs, it would increase lowland rice farming
income. Mustamin [46] shows that pesticides were one of the
factors that had a positive and significant effect on the cost of
lowland rice farming.

4. CONCLUSION

Most (86% of) farmers used pesticides to control weeds,
pests, and diseases in lowland rice farms in Indonesia. The
average frequency of pesticide application was 8 times per
planting season. Independent variables including farmer
gender, age, experience, education level, as well as access to
extension and credit had a significant effect on the decision of
farmers to adopt pesticides in controlling weeds, pests, and
diseases. These variables also had a significant effect on the
frequency of pesticide application in lowland rice farming.
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