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A B S T R A C T

Synthetic pesticides are widely applied for pest and disease control in Indonesia. However, a lack of knowledge
and use of Good Agricultural Practices (GAP) for safe pesticide usage among Indonesian farmers remains a
problem. This study aims to investigate the gap between farmers' knowledge of GAP for safe pesticide usage and
their application of it. This research was conducted in 2020 in five Indonesian provinces. Primary data collection
was by means of a survey, in which 298 respondents answered structured questionnaires. The survey also
identified the sources of the information recorded and the respondents’ experience of pesticide exposure. The
analysis tools used were the Wilcoxon Signed Ranked Test and Importance-Performance Analysis (IPA). There
were significant differences in the results of the first analysis. These results appear to confirm the results of further
analysis using IPA, which show that a high level of knowledge does not mean that farmers will apply this
knowledge in practice: this is particularly relevant to wearing gloves and masks, using tools to remove blockages,
never clearing blocked nozzles by blowing into them, and disposing of empty containers properly. Nevertheless, in
some cases high levels of knowledge do result in high levels of application. Cases of pesticide exposure affecting
human health by causing symptoms such as dizziness, nausea, and vomiting confirm that GAP for pesticide usage
are not being implemented properly by some farmers. It is therefore recommended that their knowledge should be
enhanced through the series of technical training programs using participatory approaches, so that farmers
accumulate knowledge which will drive them to adopt GAP for safe pesticide usage.
1. Introduction

The agricultural sector plays an important role in the economic
development and income of the majority of the Indonesian population;
however, efforts to achieve optimal agricultural production are still
challenged by various limiting factors, including water scarcity, climate
change, and plant pests and diseases (Rozaki, 2020). Pesticide remains an
essential production input for the control of pests and diseases (Skevas
et al., 2013), although the ability of farmers to identify and recognize
pests and diseases is also a major barrier to controlling them (Abang
riningsih).
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et al., 2014). Synthetic pesticides are widely applied by farmers to con-
trol pests and diseases in Indonesia. The level of pesticide use in
Indonesia has been increasing over the last few decades (Joko et al.,
2020; Mariyono et al., 2018) and more than 4,000 pesticide brands are
currently registered with the Ministry of Agriculture of Indonesia and
permitted to be marketed in Indonesia (Darwis et al., 2020).

Pesticides are poisonous and dangerous materials (Bagheri et al.,
2018; Polanco, 2012; Saeed et al., 2017). Studies conducted on the
knowledge and usage of pesticides in several developing countries have
shown that farmers’ practices are often unsafe and can result in health
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problems (Atreya, Sitaula, et al., 2012; Bakhsh et al., 2017; Khan and
Damalas, 2015; Kumela et al., 2018; Macharia et al., 2013) and envi-
ronmental hazards (Abang et al., 2013; Karunamoorthi et al., 2012; Khan
and Damalas, 2015; Macharia et al., 2013; Sharma et al., 2019). Improper
use of pesticides is still prevalent in many areas, and this has a number of
negative impacts. Systemic pesticides containing neonicotinoids and
fipronil have a wide range of negative impacts on the ecosystem, such as
poisoning freshwater, reducing biodiversity in freshwater, reducing
numbers of natural predators, interfering with the pollination process,
and threatening food production (Chagnon et al., 2015), as well as
causing various health issues in humans and animals (Abang et al., 2013;
Leong et al., 2020; Macharia et al., 2013; Rahaman et al., 2018). The
effects of synthetic pesticide poisoning cases in humans worldwide are
quite tremendous. Around 385 million cases of unintentional acute
pesticide poisoning (UAPP) of farmers and agricultural workers are found
every year, and in around 11,000 cases this poisoning is lethal (Boedeker
et al., 2020). Several acute physiological health problems caused by
pesticides are commonly discovered in humans, including reproductive
inhibition, hormonal disorder, immune system disorder, and death
(Hassaan and El Nemr, 2020). Health issues due to synthetic pesticide
exposure are frequently found in farmers who apply synthetic pesticides,
including Indonesian farmers (Irnayanti, 2019; Joko et al., 2020;
Suhartono et al., 2018). Symptoms include skin irritation, sore eyes,
dizziness, nausea, shortness of breath, thyroid function, and others.

Lack of knowledge about the harmful effects of pesticide exposure
allegedly has an impact on low rates of adoption of preventive measures
when using pesticides. Studies on the knowledge and application of safe
pesticide usage have been performed by many researchers in recent years
(Macharia et al., 2013; Mubushar et al., 2019; Yuantari et al., 2015).
Interestingly, some scholars indicate that the relationship between
knowledge and practice is not always linear. Many studies indicate that
merely acquiring knowledge might not be enough to change farmers’
behavior with regard to safe pesticide usage. The gap between knowl-
edge and practice, particularly in pesticide usage, has been underlined by
several scholars. Houbraken et al. (2016) state that the importance of
using personal protection equipment (PPE) when handling pesticides is
recognized by agricultural workers. Nevertheless, not all of them wear
safety equipment. A similar finding is described by Lekei et al. (2014).
Poor pesticide usage practices, such as lack of disposal management and
the use of PPE, are common among farmers even when they have a good
level of knowledge about the potential dangers of pesticides. Gesesew
et al. (2016) found that although farmers are aware of the adverse effects
of pesticides on human health, they continue to neglect the use of PPE
when applying them.

The gap between Indonesian farmers' knowledge and practice of good
agricultural practices (GAP) for safe pesticide usage has rarely been
discussed in the scientific literature, and empirical evidence is lacking;
the present study aims to address this. However, an analysis of the gap
between knowledge and practice might not be sufficient to formulate
recommendations for the improvement of GAP implementation at the
farmers’ level. This study therefore employs an Importance-Performance
Analysis (IPA) approach to enrich the discussion. IPA is able to generate
insights into critical aspects that require more attention, and identify
potential resources that could be allocated effectively (Martilla and
James, 1977). The IPA model can help to identify areas where resources
should be allocated appropriately (McLeay et al., 2017).

This study aims to investigate the gap between farmers’ knowledge
and practice of GAP for safe pesticide usage in order to identify potential
problems that should be considered and to formulate appropriate rec-
ommendations. The results of this study are expected to contribute to the
development of regulations related to GAP for safe pesticide usage, which
will help to increase awareness and application of GAP among farmers
and reduce the potential environmental and health-related dangers of
pesticide use.
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2. Research hypothesis

Handling pesticides for farming purposes requires both adequate
knowledge and appropriate practice in order to lessen the adverse effects
of pesticides. Implementing GAP for pesticide use can help to reduce
these harmful effects, and increasing farmers' knowledge of pesticides
may increase the adoption of GAP among farmers. It has been found that
North Carolina farmworkers are more likely to use personal protective
equipment (PPE) when they know the names of the pesticides they are
using, which demonstrates that knowledge significantly influences
behavior (Levesque et al., 2012a). Safe behavior when managing leftover
pesticides and disposing of pesticides is more prevalent among
well-informed farmers (Mohanty et al., 2013). Fan et al. (2015) explain
the causal effect of knowledge on farmers’ behavior in terms of safe
pesticide use in China. Their study found that the existing knowledge
level of farmers significantly influenced their adoption of protective be-
haviors – such as wearing PPE, storing pesticides carefully, and reading
the instructions prior to spraying. This implies that lack of knowledge
potentially drives the improper use of pesticides. Likewise, farmers in
Nepal have been found to handle pesticides more safely when they un-
derstand the color-coding that represents the relative dangers presented
by different pesticides (Khanal and Singh, 2016).

Perception of pesticide harmfulness and experience of pesticides'
adverse effects on health have both been shown to be significant factors
in driving farmers in Northern Greece to wear PPE (Damalas and
Abdollahzadeh, 2016). Perception and experience indicate the accumu-
lation of knowledge; thus, this finding may show that good knowledge
about pesticides increases the likelihood that farmers will adopt protec-
tive behaviors. Meanwhile, failure to follow recommendations about the
safe use and handling of pesticides among vegetable farmers in Ethiopia
has been shown to be driven by the lack of farmers' knowledge about
pesticides (Mengistie et al., 2017). Along with the pursuit of high profits,
a low level of knowledge has been found to cause insufficient imple-
mentation of protective behavior among Bangladeshi farmers (Akter
et al., 2018). Vegetable farmers in Nepal have failed to practice adequate
safety behavior and the proper use of pesticides because of their lack of
knowledge and awareness of the potential negative impacts of this
behavior (Bhandari et al., 2018). Inappropriate knowledge of the risks
associated with pesticides leads farmers in Iran to handle and apply
pesticides improperly. Many farmers have been found to unnecessarily
apply leftover pesticides, and disposal of pesticides is also managed
incorrectly (Sharafi et al., 2018). Mequanint et al. (2019) state that
Ethiopian farmworkers’ handling and storage of pesticides significantly
improved when the farmworkers had more accurate information about
pesticides. In addition, Sapbamrer and Thammachai (2020) summarize
the significant influence of positive attitudes and awareness on the
increasing use of PPE. Furthermore, Kafle et al. (2021) describe how
Nepali farmers who know more about the safe purchasing, mixing,
spraying, and storing of pesticides tend to be more likely to adopt safe
behaviors when handling and using them.

Conversely (Levesque et al., 2012b), state that not all forms of
knowledge sway Hispanic farmworkers to wear PPE while handling
pesticides. For instance, knowledge of the importance of wearing a hat,
showering after direct contact, and laundering work clothes separately,
does not significantly influence PPE use. Awareness of the potentially
harmful impacts of pesticide contamination does not necessarily trigger
vegetable farmers in Nepal to use safety tools adequately. Only 25% of
farmers, for example, wear protectors when in direct contact with pes-
ticides (Atreya, Sitaula, et al., 2012). This finding is in line with a study
by Ricc�o et al. (2018), in which it was found that there is not always a
linear correlation between knowledge of protective actions and the
practice of them by pesticide applicators in Italy: the average percentage
of workers who wear PPE is lower than the average percentage of
workers who know why PPE should be worn. Furthermore, Sharifzadeh



Table 1. Output of the normality Kolmogorov-Smirnov test.

Variables Sig.* Decision

Knowledge of GAP 0.22 Accept null hypothesis

Application of GAP <0.001 Reject null hypothesis

* The significance level is .050.
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et al. (2019) mention that perceived barriers at the farmers' level influ-
ence their non-adoption of protective behaviors such as using PPE,
avoiding health risks, and using pesticides appropriately. A study by
Taghdisi et al. (2019) found that, although knowledge significantly af-
fects the practice of safe pesticide usage, the ‘know-do’ gap is still found
among Iranian farmers; the study found that this gap is caused by the cost
and difficulty of taking protective measures.

On the basis of the research described above, the present study hy-
pothesizes that there is no difference between the mean of knowledge
and practice scores with regard to GAP for safe pesticide usage. The
hypotheses for this study are as follows:

H0: Knowledge of GAP for safe pesticide usage ¼ practice of GAP for
safe pesticide usage
H1: Knowledge of GAP for safe pesticide usage 6¼ practice of GAP for
safe pesticide usage

3. Research methods

3.1. Study area

This study was undertaken from August to December 2020, and
covers five provinces in Indonesia: West Java, Central Java, Banten,
Lampung, and North Sumatra. These sites were purposively selected to
represent the production centers of six commodities: (1) the food crop
sub-sector was represented by rice paddies in West Java, Central Java,
and North Sumatra, as well as by maize in Lampung and Banten; (2) the
horticulture sub-sector was represented by shallots, red chilies, and po-
tatoes in West Java and Central Java; (3) the estate crop sub-sector was
represented by palm oil in North Sumatra and Lampung.

3.2. Sampling and data collection at farm level

Indonesia has 34 provinces, 514 districts/regencies/municipalities,
7,230 sub-districts, and 81,616 villages spread across the nation. Due to
this huge number of administrative units, this study used purposive
sampling of provinces, districts, sub-districts, and villages. The sampling
method took six commodities (rice, maize, shallots, red chili, potato, and
palm oil) into consideration, along with accessibility. The selection of
these six commodities aligns with national priorities, as these commod-
ities are the mainstay of the Ministry of Agriculture's program and
contribute to local economic development. There were 298 respondents,
who represented farmers managing the commodities in the wet season of
2020, were randomly sampled. The respondent sample consisted of: 77
rice paddy farmers (25.8%), 54 maize farmers (18.1%), 56 shallot
farmers (18.8%), 43 red chili farmers (14.4%), 45 potato farmers
(15.1%), and 23 palm oil farmers (7.7%).

3.3. Methods of data analysis

Data were collected by using structured questionnaires to interview
the respondents. The variables relating to knowledge and practice of GAP
for safe pesticide usage were modified from the study of Mubushar et al.
(2019). To measure farmers' knowledge, sixteen questions were asked.
Respondents could choose one from the following potential answers: (1)
not at all, or have no knowledge; (2) slightly, or poor knowledge; (3)
somewhat, or less knowledge; (4) moderately, or good knowledge; and
(5) extremely, or excellent knowledge. Five options were available as
answers to questions relating to farmers’ practices: (1) never doing; (2)
rarely doing; (3) sometimes doing; (4) often doing; and (5) always doing.
The sixteen questions each represented different attributes of GAP for
safe pesticide usage (see Table 5). An average score for each aspect of
GAP knowledge and GAP practice was then calculated.

These scores were then further analysed using a Wilcoxon Signed
Ranked Test and Importance-Performance Analysis (IPA) in the statistical
analysis software IBM SPSS Statistics 28.0. Descriptive statistics
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(primarily frequency distributions and percentages) were used to
examine the demographic characteristics of the respondents. Firstly, a
Wilcoxon Signed Ranked Test was conducted to analyze the differences
between farmers’ knowledge of GAP for safe pesticide usage and their
practice of it. In other words, the Wilcoxon Signed Ranked Test was used
to understand whether knowledge of GAP for safe pesticide usage is in
line with its application; that is, whether a high level of knowledge of
GAP leads to a high level of application of GAP.

An average score calculated for each of the 16 attributes was dis-
played in a Cartesian diagram to enable comparison; this was the result of
IPA. In the diagram, the X-axis represents the level of practice, and the Y-
axis represents the level of knowledge. There are four quadrants (Q): high
knowledge-low practice (Q-1), high knowledge-high practice (Q-2), low
knowledge-low practice (Q-3), and low knowledge-high practice (Q-4).
Plotting each aspect in the diagram was intended to identify and explore
which attributes still require more attention, owing either to low appli-
cation in the field or to low knowledge at the farmers’ level. This was
used as the basis for providing policy recommendations to improve the
implementation of GAP for safe pesticide usage.

The IPA model has been profoundly useful in research on the tourism
sector (see Barbieri, 2010; Boley et al., 2017; Coghlan, 2012; Lai and
Hitchcock, 2015; Sheng et al., 2014; Taplin, 2012). However, the
application of this model in the agricultural sector, especially with regard
to pesticide usage, has been limited (e.g. Gambelli et al., 2021; Habaora
et al., 2020; Han et al., 2016; Lee et al., 2018). Hence, highlighting the
usefulness of IPA in this field will help to address the application gap in
the agricultural sector. To postulate the threshold in the IPA diagram,
some studies use mean values of actual importance and performance,
whilst other researchers choose to use median values if the assumptions
of a true interval scale cannot be justified (Sever, 2015). In this study, the
threshold specification was drawn using mean or average values.

As part of the IPA, a general view of all attributes was taken by
measuring the compatibility rate using a weight factor for the scores of
each attribute. The weight factor represents the value of the average
score of each attribute in GAP knowledge against the total average score
of all attributes, multiplied by the average score in GAP practice of each
aspect accordingly. The compatibility rate could then be identified by
calculating the total weight factor of all attributes divided by the
maximum scale used (this study used five scales), and multiplying by
100%. The values ranged from 0 to 100. The formula is given below
(adapted from Kasnadi and Indrayani (2019)):

Mean of Knowledge Score of the ith attribute (MKSi):

MKSi ¼
P

Ki

n
(1)

Mean of Practice Score of the ith attribute (MPSi)

MPSi ¼
P

Pi

n
(2)

Where:

Ki: Score of knowledge of the ith attribute
Pi: Score of practice of the ith attribute
n: Number of respondents

Weight Factor of the ith attribute (WFi)



Table 2. Related-samples Wilcoxon signed rank test summary.

Total N 298

Test Statistic 4160.500

Standard Error 1042.598

Standardized Test Statistic -9.308

Asymptotic Sig. (2-sided test) .000
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WFi ¼ MKSiP
MKSi

ХMPSi (3)
Figure 1. Related-samples Wilcoxon signed rank test.
Compatibility Rate (CR)

CR¼ΣWFi
HS

Х100% (4)

Where:

HS: the highest scale, the maximum scale used (HS ¼ 5)

4. Results

4.1. Demographic characteristics of the respondents

The age of the respondents ranged from 20 to 81 years old, with an
average of 47.1. This indicated that respondents were in the working age
group (OECD, 2021), with an average of 18.7 years of farming experi-
ence. Most respondents were male (95.6%), whilst 4.4% were female.
The vast majority were literate, with an average period of formal edu-
cation of 8.9 years. The percentages of respondents who had received
primary, junior high, senior high, and higher education were 38.3%,
23.2%, 30.5%, and 6% respectively, and only 2% had never attended
school. Farmer education can play a significant role in promoting safe
pesticide use and in reducing pesticide overuse (Khan et al., 2015). In
addition, according to Ríos-Gonz�alez et al. (2013), literate farmers have a
relatively high level of knowledge of the consequences of pesticide use on
human health and the environment.

There was high variation in the area of farmland managed by each
respondent, from 0.02 to 20 hectares with an average of 1.1 hectares.
Almost half (46.6%) of respondents managed farms of less than 0.5
hectare in size, 29.5% managed between 0.51 and 1 hectare, whilst the
remainder (23.8%) cultivated more than a hectare of farmland. Most of
the respondents were landowners (76.5%), while 23.5% were tenants.
Nearly half of the respondents (45.3%) had never participated in pesti-
cide training, whereas the other 54.7% had.
4.2. Knowledge and practice of GAP for safe pesticide usage

Data must meet normality requirements as a prerequisite for the
Wilcoxon Signed Ranked Test. The Kolmogorov-Smirnov test was used to
determine the normality of the data distribution in this study. The results
of the normality test showed that only data for knowledge of GAP were
normally distributed, while the data for application of GAP presented the
opposite result (Table 1). Consequently, it was necessary to choose a
correlation test which did not assume that the data were normally
distributed, namely by using the non-parametric Wilcoxon test.
Table 3. Hypothesis test summary.

Null Hypothesis Test Sig.a,b Decision

The median of differences between
knowledge gap and application gap
equals to 0

Related-Samples
Wilcoxon Signed
Rank Test

.000 Reject the null
hypothesis

a The significance level is .050.
b Asymptotic significance is displayed.
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The Wilcoxon test results had a significance value of less than the
alpha (α) value (0.05), which can be seen from the two-tail P value
(T<¼t) (Table 2). This result supports the rejection of H0 (Table 3),
meaning that there is a difference between knowledge and application of
GAP for safe pesticide usage. For instance, if farmers' knowledge of the
importance of using personal protective equipment during spraying
pesticides is high, there remains a possibility that farmers will not use
personal protection in their application, even though they know that it is
important to do so.

The results indicate that farmers with high knowledge do not neces-
sarily apply it. It can be seen from Figure 1 that the negative differences
(194) were higher than the positive differences (41), which illustrates
that knowledge of GAP for safe pesticide usage does not necessarily
correlate with application of GAP in the field. This analysis therefore
contributed to the rejection of H0. Furthermore, this research also used
IPA analysis to explore which attributes of GAP for safe pesticide usage
can be used as leveraging points to improve practice.

The average score of farmers' knowledge was higher than that of
farmers’ practice in all provinces (Table 4). This indicates that, in gen-
eral, farmers already have already obtained sufficient knowledge of GAP
for safe pesticide usage from various sources, but implementation of this
knowledge remains sub-optimal.

GAP for safe pesticide usage is explained by 16 attributes, as shown in
Table 5. The three biggest gaps between knowledge and practice
emerged in the attributes of wearing gloves and masks (0.62), applying
pesticides only when pests and disease have occurred (0.41), and reading
the instructions on the label (0.39). On average, the knowledge score was
higher than the practice score (4.08 vs. 3.85). The compatibility rate was
Table 4. Characteristics of farmers’ knowledge and practice regarding GAP for
safe pesticide usage, by province.

No Province Average score of
GAP knowledge

Average score of
GAP Practice

1 Banten (n ¼ 26) 4.11 3.96

2 Central Java (n ¼ 112) 4.06 3.86

3 West Java (n ¼ 76) 4.00 3.59

4 Lampung (n ¼ 41) 4.21 4.11

5 North Sumatra (n ¼ 43) 4.17 3.93



Table 5. Respondents’ knowledge and practices regarding GAP for safe pesticide usage (n ¼ 298).

No Attributes Average score of
GAP knowledge

Average score of
GAP Practice

Weight Factors Practice-
Knowledge Gaps

1 Purchasing sufficient pesticides for one season 4.21 4.19 0.27 (0.02)

2 Never reusing empty pesticide containers for other purposes in the house 4.42 4.33 0.29 (0.09)

3 Keeping pesticides in a separate room at home 4.45 4.49 0.31 0.04

4 Reading the instructions written on the label before use 4.12 3.73 0.24 (0.39)

5 Never mixing with bare hands 4.09 3.79 0.24 (0.30)

6 Wearing a long-sleeved shirt and long pants during application 4.34 4.16 0.28 (0.18)

7 Wearing gloves and mask during application 4.06 3.44 0.21 (0.62)

8 Using a tool to remove blockages 3.83 3.47 0.2 (0.36)

9 Never blowing with mouth to clear blocked nozzles out 3.96 3.61 0.22 (0.35)

10 Never smoking while mixing or applying pesticides 4.42 4.22 0.29 (0.20)

11 Taking a bath after completing the application 4.49 4.39 0.3 (0.10)

12 Washing hands with soap before eating and drinking 4.51 4.39 0.3 (0.12)

13 Disposing of empty containers according to directions on the label 3.95 3.69 0.22 (0.26)

14 Applying pesticides only after the occurrence of pest and disease attack 3.68 3.27 0.18 (0.41)

15 Recognizing the symptoms of pesticide poisoning in humans 3.55 3.26 0.18 (0.29)

16 Recognizing first aid treatments for pesticide poisoning 3.26 3.09 0.15 (0.17)

Average 4.08 3.85 3.88 (0.23)

Compatibility rate 77.60

Note: The weight factor was calculated using Eq. (3).
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77.60%, meaning that there was a gap of around 22% which must be
closed in order to reach maximum compatibility between knowledge and
practice (see equation 4).

On the basis of the IPA results, the average score of each attribute in
Table 5 was then illustrated in a Cartesian diagram (Figure 2). There
were three groups (represented by different colors) scattered mostly in Q-
2 and Q-3, and only one attribute (red color) in Q-1; however, this
attribute was close to Q-3 (attribute number 4: reading the instructions
before using the product). The green color represents attributes that were
as expected in this study, meaning that farmers had good knowledge and
also applied it to their farming activity. These attributes were: 1 (pur-
chasing sufficient pesticides for one season), 2 (never reusing empty
pesticide containers for other purposes in the house), 3 (keeping pesti-
cides in a separate room at home), 6 (wearing a long-sleeved shirt and
long pants during application), 10 (never smoking while mixing or
applying pesticides), 11 (taking a bath after completing the application),
and 12 (washing hands with soap before eating and drinking).

Attributes marked in yellow required more encouragement or stim-
ulation to improve the willingness of farmers to apply best practice.
These attributes were: 7 (wearing gloves and a mask during application),
8 (using a tool to remove blockages), 9 (never blowing with the mouth to
clear blocked nozzles), 13 (disposing of empty containers according to
the directions on the label), 14 (applying pesticides only after the
occurrence of pest and disease attack), 15 (recognizing the symptoms of
pesticide poisoning in humans), and 16 (awareness of first aid treatments
for pesticide poisoning).

Attributes marked in red were closer to Q-3, implying that they
should receive the same attention as those in yellow color. These attri-
butes were 4 (reading the instructions written on the label before use),
and 5 (never mixing with bare hands).

4.3. Farmers’ sources of information regarding pesticides

More than half of the respondents (54.7%) had attended training
related to pesticides organized by the government or by private com-
panies (see Table 6). These training programs aim to educate farmers in
the proper use of pesticides, as pesticides are toxic materials that can
potentially cause health and environmental issues if they are not used
properly and wisely. Although training is a source of information about
pesticides for farmers, they could also access information on pesticides
5

from many other sources. Fellow farmers were the source of information
most often referred to (by 80% of respondents), followed by retailers
(59%), agricultural extension officers (54%), field assistants from pesti-
cide companies (51%), and farmer group leaders (50%) (see Figure 3).
Previous studies have also found that most farmers consider fellow
farmers as their main source of information on pesticide usage (Abang
et al., 2013; Diemer et al., 2020; Mengistie et al., 2017).

Apart from the source of information, this study also identified the
reasons why the respondents used pesticides on their farms. Figure 4
shows that most farmers believed that pesticides could prevent the
occurrence of pest and disease attacks, while others assumed that using
pesticides was a means of controlling these attacks. Similar findings were
observed in studies by Rachmawaty (2016) and Zakiyatunnufus (2015).
Farmers’ anxiety about pest and disease attacks reducing their yields has
driven them to take preventive action by spraying pesticides on a regular
basis (Indiati and Marwoto, 2017). The results demonstrate that more
farmers use pesticides as preventive rather than control measures, and
that most farmers have participated in a pesticide training program (see
Table 6), which indicates that farmers do not always apply the knowl-
edge they have gained from these training programs. Pesticide training
programs are generally aimed at control rather than preventive
measures.

4.4. Health issues due to pesticide exposure

The use of pesticides often results in various health problems for
farmers, and this has been well documented in previous studies (Atreya,
Johnsen, et al., 2012; Bagheri et al., 2018; Bakhsh et al., 2017; Damalas
and Koutroubas, 2017; Jambari et al., 2020; Joko et al., 2020; Kim et al.,
2017; Macharia et al., 2013; Mengistie et al., 2017; Schreinemachers
et al., 2017; Shammi et al., 2020; Sharafi et al., 2018). The results of the
present study show that one in three (35%) of the sampled farmers had
experienced health issues after pesticide application, and 65% of the
sampled farmers had not. Unsafe behaviors during pesticide application –

such as the poor use of personal protective equipment (PPE) – contribute
to pesticide exposure, which is related to various health problems (Jallow
et al., 2017). The impacts of pesticide exposure on human health can be
categorized as: mild acute poisoning (dizziness, headache, mild skin
irritation, body aches, diarrhea); severe acute poisoning (nausea, chills,
stomach cramps, shortness of breath, salivation, shrinking of pupils,



Figure 2. Cartesian diagram of knowledge and practice of GAP for pesticide usage.
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increased pulse); and chronic poisoning (loss of consciousness, convul-
sions, death) (Yuantari et al., 2015). Figure 5 illustrates the health issues
due to pesticide exposure found in the study sites. The most frequently
reported symptom was dizziness (80%), which falls under the mild acute
poisoning category. Similar findings have also been reported in other
studies (Akter et al., 2018; Amilia et al., 2016; Kachaiyaphum et al.,
2010). The second most common symptom reported by farmers after
pesticide spraying was nausea (36%), which falls under the severe acute
poisoning category. The other health issues reported also fell under these
two categories, with the exception of loss of consciousness, which is
included in chronic poisoning. This symptom, however, was reported by
only a very small percentage of farmers (1%). The persistence of health
issues experienced by farmers indicates the great importance of training
on GAP for safe pesticide usage. Abdollahzadeh and Sharifzadeh (2021)
suggest that an education programwhich increases farmers’ awareness of
the severity of pesticide impacts, as well as information on the benefits of
PPE and its effectiveness in reducing health risks associated with pesti-
cides, could encourage farmers to use PPE.

5. Discussion

Improper usage, handling, storage, and disposal of pesticides may
result in unintended adverse impacts on the environment and on human
health. This research has shown that pesticide usage causes health issues,
as has been reported in previous studies (Amilia et al., 2016; Atreya,
Johnsen, et al., 2012; Bagheri et al., 2018; Bakhsh et al., 2017; Damalas
and Koutroubas, 2017; Jambari et al., 2020; Joko et al., 2020; Kim et al.,
2017; Macharia et al., 2013; Mengistie et al., 2017; Schreinemachers
et al., 2017; Sharafi et al., 2018). Analysis of farmers’ knowledge and
practice of GAP using a Wilcoxon Signed Ranked Test produced a
significantly different result. This result appeared to confirm further
analysis using IPA which showed that a high level of knowledge among
farmers does not mean that they intend to apply this knowledge in
practice. This finding is in line with those of other studies (e.g. Gesesew
et al., 2016; Houbraken et al., 2016; Lekei et al., 2014). These cases can
be clearly seen in the Cartesian diagram with reference to attributes 7
(wearing gloves and mask during application), 8 (using a tool to remove
blockages), 9 (never blowing with the mouth to clear blocked nozzles),
and 13 (disposing-off empty containers according to directions on the
6

label). These four aspects of GAP for safe pesticide usage are of major
concern, because farmers have sufficient knowledge but still do not put
this knowledge into practice.

During an interview in the survey, respondents clarified that they
understood the importance of wearing gloves and mask when spraying
pesticides on their farm, but still did not do so. The reason they gave was
that, according to their experience, this practice was complicated;
instead, some of them just used a scarf to cover their faces. This finding is
consistent with prior studies which have found that farmers know and
understand the importance of using masks and gloves during pesticide
handling, nevertheless only a few farmers put this into practice (Jensen
et al., 2011; Kumari and Reddy, 2013; Mengistie et al., 2017; Yuantari
et al., 2015). On the other hand, a study by Mohanty et al. (2013) has
found that farmers in South India with good knowledge used gloves
(66.7%) and masks (78.6%) more often than farmers with poor knowl-
edge (31% and 37.9%, respectively).

Another case covered using a tool to remove blockages and never
blowing with the mouth to clear blocked nozzles out. Many farmers
understood that it was dangerous to be in direct contact with chemical
pesticides, and therefore used tools (of any kind) to clear blockages.
However, when they faced such a problem and did not have any tools to
hand, they then used part of their body, such their mouth, to clear the
blockage. According to Matthews (2008), farmers in Asian countries
commonly use sticks to clear blockages, while a few farmers in Morocco
used their fingers. In addition, a study by Mubushar et al. (2019) in
Pakistan found that 29.2% of farmers used wires to remove nozzle
blockages. This study also revealed that 21.5% of farmers always blew
into nozzles with their mouths to remove blockages, and another 49.7%
sometimes did so. The remainder (28.7%) claimed that they never used
their mouths to clear nozzle blockages. This unsafe practice could put
farmers at higher risk due to the potential for pesticide exposure through
oral routes.

The last case covered disposing of empty containers according to the
directions on the label. Most respondents mentioned that they read the
instructions on how to dispose of the containers. This showed they are
knowledgeable about this issue, nevertheless failed to follow the in-
structions given. They believed that as long as they kept the empty
pesticide containers away from other family members, the containers
were being stored safely. Some of them threw empty pesticide containers



Table 6. Demographic characteristics of the respondents (n ¼ 298).

Variable Frequency
(n)

Percentage
(%)

Min Max Mean

Age (years old) 20 81 47.1

1. < 30 19 6.4

2. 30–50 173 58.0

3. > 50 106 35.6

Farming experience (years) 1 56 18.7

1. < 10 68 22.8

2. 10–30 190 63.8

3. > 30 40 13.4

Education (years of period of
formal education)

0 17 8.9

1. 0 6 2.0

2. < 6 114 38.3

3. 7–9 69 23.2

4. 10–12 91 30.5

5. > 12 18 6.0

Size of farm land (hectare) 0.02 20 1.1

1. < 0.5 139 46.6

2. 0.51–1 88 29.5

3. 1.01–2 39 13.1

4. 2.01–4 20 6.7

5. > 4 12 4.0

Family size (persons) 1 11 3.9

1. 1–2 120 40.3

2. 3–4 69 23.2

3. 5–6 91 30.5

4. > 6 18 6.0

Gender

1. Male 258 95.6

2. Female 13 4.4

Farmer status

1. Landowner 228 76.5

2. Tenant 70 23.5

Participation in pesticide
training

1. Yes 163 54.7

2. No 135 45.3

Figure 4. The purpose of pesticide use (n ¼ 298).
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into the field, then burned them along with other by-products of the farm.
Previous studies have recorded the use of several improper disposal
methods for empty pesticide containers, such as throwing them away on
the farm's field, throwing them away into irrigation canals or rivers,
burying them on the farm, burning them on the farm, reusing them for
various household purposes, collecting and selling them, and reusing
them for the storage of other pesticides (Bagheri et al., 2018; Gaber and
Abdel-Latif, 2012; Jallow et al., 2017; Karunamoorthi et al., 2012;
Figure 3. Source of information re
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Macharia et al., 2013; Mengistie et al., 2017; Mohanty et al., 2013;
Mubushar et al., 2019). These unsafe disposal practices can be an
important source of pesticide exposure (Jallow et al., 2017) and may
have harmful effects on humans, animals, and the environment.

Therefore, the gap between knowledge and practice does not graph
per se on to either knowledge level or application level. Among other
measures, there should be attempts to raise the awareness of farmers
about the consequences of improper and unwise usage of pesticides. It is
inevitable that awareness also relates to the health risks of pesticide
exposure. Some issues with symptoms have been identified in the survey.
It seems that a lack of experience of the issues increases ignorance of the
risk of using pesticides improperly and unwisely. This finding is similar to
the results of the study by Sharafi et al. (2018).

Most farmers mentioned that the application of pesticides was
intended to prevent the occurrence of pest and disease attacks. This
shows that they are aware of the risks of doing nothing to prevent these
attacks. However, the salient issue is their knowledge of how to use
pesticides properly and wisely; and in particular, awareness of the pro-
cedure of spraying pesticides only when there is an attack, and consid-
ering both the Integrated Pest Management (IPM) concept and the impact
of pesticides on humans and the environment. As these farmers have
been practicing their farming activity for their whole lives, their
knowledge is greatly influenced by their peers. The analysis above has
listed sources of information from experienced farmers, and fellow
farmers were a dominant information source which farmers trusted. This
could provide an opportunity to assign fellow farmers to persuade others
garding pesticides (n ¼ 298).



Figure 5. Health issues after pesticide application (n ¼ 103).
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to apply GAP for pesticide usage. According to Bagheri et al. (2019),
farmers’ reference groups are able to play a role in disseminating
comprehensive information regarding the safe use of pesticides to other
farmers.

The results of this study show that farmers have a good level of
knowledge (Table 5) that comes from various sources of information
related to the use of pesticides which are associated with various stake-
holders: agricultural extension officers, the private sector, farmer groups,
and kiosks or pesticide practitioners (see Figure 3). However, this
knowledge per se is not sufficient to motivate farmers to change their
behavior when practicing GAP for safe pesticide usage. Therefore,
appropriately designed training programs focusing on GAP for safe
pesticide usage are still needed. This aligns with the result given in
Table 6 which shows that just over half of the respondents attended
training on pesticide use, meaning that the other farmers did not have a
chance to attend this training. This research therefore has further im-
plications for training providers (government, pesticide companies, and
non-governmental organizations) and inclusive access to the training.

In practice, the training could be provided through a combination of
various methods with hands-on experience, such as lectures, group dis-
cussions, farmer field schools, field visits, and other extension techniques
using information and communication technologies (e.g. videos, smart-
phones, tablets, social media, and podcasts). In addition, participatory
methods are believed to increase the effectiveness of technical training
(Kansanga et al., 2021; Wiedemann et al., 2022), and thus participatory
approaches should also be considered by the service providers and
applied during the technical training to achieve the goal of capacity
building for actors involved in the chain of pesticide usage.

6. Conclusion and recommendations

Pesticides can have negative impacts on human health when applied
improperly and unwisely. The use of pesticides according to GAP aims to
minimize the undesirable effects of pesticides. It can be concluded from
the results of this study that levels of knowledge about pesticides do not
correspond with the implementation of GAP for pesticide use; for
example,: (i) reading the instructions written on the label before use, (ii)
8

never mixing with bare hands, (iii) wearing gloves and a mask during
application, (iv) using a tool to remove blockages, (v) never blowing with
mouth to clear blocked nozzles, and (vi) disposing of empty containers
according to the directions on the label. These attributes require further
intervention, but two attributes in particular (4 and 5) are of paramount
concern due to the high level of knowledge about them among farmers
which is combined with a lack of practice of them. Nonetheless, in some
other cases it can be found that high levels of knowledge do correlate
with high levels of practice: (i) keeping pesticides in a separate room at
home, (ii) taking a bath after completing the application, and (iii)
washing hands with soap before eating and drinking.

Training is recommended as a form of intervention which can narrow
the ‘know-do’ gap and increase the practice of safe behaviors. Increasing
the frequency and intensity of training is crucial to reducing human
health problems related to pesticide exposure. Findings from this study
show that cases of human health problems resulting from poor pesticide
practices are still emerging; this confirms that GAP for pesticide use is
still not being well implemented.

Therefore, it is recommended that a series of training programs, with
easy-to-understand formats and meeting farmers' needs, be carried out to
enhance farmers' knowledge of GAP for safe pesticide usage. The training
should be provided as a series, rather than a one-off event, so that
knowledge accumulates at the farmer's level. Series of training events
with participatory approaches are necessary to enhance and enrich
farmers' knowledge and skills, to change their attitudes, and to encourage
them to put their knowledge into practice. After several training events,
farmers would accumulate knowledge that could increase their aware-
ness of the importance of GAP principles.

As the main source of information, the program could be designed not
only for extension officers but also for innovative farmers, in order to
reach a wider audience of targeted farmers. An effort could be made to
improve personal capacity building, in particular for selected farmers or
peers (as well as pesticide practitioners and extension officers) through
technical training or training of trainers (TOT). Generally, technical
training or TOT could contribute to the process of delivering a set of
knowledge and skills relating to the active ingredients of pesticides, the
importance of reading labels, the positive and negative impacts of using
pesticides, the proper and wise application of pesticides in terms of
dosage and time of application, types of pest and disease attacks, pro-
cedures, and the quality of pesticides. The resulting accumulation of
knowledge could then drive farmers to adopt GAP for using pesticides
safely and wisely. Concerned authorities could provide innovative
farmers with incentive schemes to encourage them to serve as role
models for other farmers by convincing them to follow the practices of
innovative farmers in using pesticides safely and according to GAP.

7. Strengths and limitations of the study

The main strength of this study, which differentiates it from similar
research in the literature, is that it involves respondents who represent
farmers of the six main agricultural commodities across Indonesia.
Furthermore, this study also explains 16 attributes of GAP for safe
pesticide usage that are not widely practiced, so that further intervention
to enhance the implementation of GAP can be planned effectively.

However, due to the sample size and the purposive sampling strategy
used, the results of this study cannot be generalized to describe the
pesticide-related behavior of all Indonesian farmers. Other farmers not
sampled in this study may have different behaviors, depending on their
intention to apply GAP. In addition, memory-related side-holding is a
constraint in this study, because respondents needed to use their mem-
ories to recall the practices they employ when using pesticides in the last
planting season.
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