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Abstract: Farmers’ knowledge on pesticides and their safe use are critical for implementing
effective pest management program. A household survey was conducted using the semi-structured
questionnaire to evaluate vegetable growers’ knowledge on pesticide safety and pest management
practices in Nepal. Results indicated that chemical pesticides were the primary choice of over 80%
growers for pest management. Notably, 90% growers were aware of adverse effects of pesticides on
human health and to the environment. Over 84% growers used at least one form of personal protection
equipment (PPE) during pesticide spray or handling, although the quality and appropriateness of the
PPE warrants further investigation. Nearly 17% growers received at least one short-term training
on integrated pest management (IPM); however, all of them neither knew the harmful effects of
pesticide residues nor practiced proper pesticide disposal methods. Over 90% of growers rely on local
pesticide retailers (i.e., Agro-vets) for technical know-how about pesticide selection, handling, and use.
This study highlighted a need for immediate implementation of strict pesticide use regulations and
recommended educational programs for pest control professionals, growers, and pesticide retailers.
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1. Introduction

Developing countries have been experiencing a significant shift in food consumption habits in
recent decades. The relative importance of high-value commodities including vegetables is steadily
increasing in South Asia in recent years [1]. Fresh vegetable production in Nepal has increased at an
average annual rate of 6.9% between the year 2000 and 2010, with an increased production area by
5% [2]. Fresh vegetable production in 2014 occupied approximately 254,932 ha area of Nepal with a
total vegetable production of 3,421,035 metric tons [3]. The per capita vegetable consumption of Nepal
increased from 60 kg to 105 kg in last two decades [2]. However, fruit and vegetable consumption in
Nepal is still below the WHO recommended level [4]. Chitwan district is one of the consistent vegetable
suppliers for the major vegetable market of the country including the capital city, Kathmandu. The area
under vegetable production in Chitwan has increased significantly in recent years. Currently, Chitwan
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is ranked third among major vegetable producing districts in Nepal, with an annual production of
87,560 metric tons from a 6369 ha area [3]. With this increase in vegetable production, there is also
an increase in the use of production inputs such as chemical fertilizers and other plant nutrients,
crop seeds, and pesticides.

Commercial vegetable production in Nepal heavily relies on chemical pesticides [5]. However,
there is neither a comprehensive record of the amount of pesticide import and use in agriculture nor the
effect of pesticides on human or environmental health [6]. A study reported an estimated annual import
of 211 metric tons of pesticides, primarily fungicides (51.38%), followed by insecticides (29.19%) and
herbicides (7.4%) [7]. The southern plain region (Terai), also called the ‘food basket” of the country, uses
the highest amount of pesticide per unit area followed by the mid-hills and high-mountains regions [8].
With the increase in pesticide use, the associated potential risk to human health and the environment
is a concern. Repeated use of single or limited pesticide active ingredients (a.i.), use of higher rates
of pesticide than needed, and lack of user knowledge on pesticide type and toxicity are some of the
current major issues associated with the pesticide use in Nepal [9]. Several chemical pesticides used
in agriculture are known to cause health problems in human, livestock, and produce an adverse
impact on plant diversity and environment in both short and long run [6,10,11]. Improper pesticide
handling causes accidental poisoning, and even acute or chronic health effects [7]. In long run, pesticide
exposure can cause long-lasting health issues such as dermatosis, cancer, and genotoxic, neurotoxic,
and respiratory effects [12]. In developing countries, the use of outdated, non-patented, more toxic,
and environmentally persistent pesticide are the leading causes of higher toxicity [13,14]. In addition,
farmers in developing countries are exposed to toxic chemicals due to a lack of technical knowledge on
toxicity levels of pesticides and safety measures to protect themselves from the exposure [6,12,15-17].
The improper handling of pesticide occurs mainly at the time of mixing and application, during storage,
and during pesticide disposal [7,18]

There have been several studies conducted in past decades which have focused on the use
of chemical pesticides in South Asia, and their consequences if handled improperly. One report
in China indicated that majority of farmers were unaware of proper disposal of pesticides, and
habituated to dispose in sensitive areas such as streams and rivers [18]. Many farmers in South Asian
countries—including Pakistan, India, and Thailand—are using WHO-rated highly toxic and, in some
cases, banned pesticides without knowing the consequences to their health and environment [19-21].
In Nepal, few studies have been conducted on pesticide use knowledge and practices. According to
a household survey in Kavre district [6], one of the districts with intensive commercial agriculture
reported that female members of the family were exposed more to pesticides than male because of
their involvement in the vegetable production. In Chitwan, one case study was conducted to test
the farmers’ attitudes and knowledge about vegetable production and pest management, however,
the study was focused only in one vegetable growing community [5]. Thus, a comprehensive work
representing multiple vegetable production areas in the district is lacking. Our study was focused on
evaluating the current status of pesticide use, and to assessing farmer knowledge on safe pesticide
handling at six major commercial vegetable producing areas of the district. Such information will
help in improving awareness to the farmers and related stakeholders such as agricultural technicians,
and extension agents to conduct training or awareness programs for addressing specific needs.

2. Materials and Methods

2.1. Study Area and Selection of Vegetable Growers

The study was conducted in six commercial vegetable growing villages in the western Chitwan,
Nepal in spring 2016. The study area was approximately 120 km southwest of the capital city,
Kathmandu. The six villages are located within the 20-km radius from Rampur (GPS coordinates:
27°39'04.89” N and 84°20'57.47" E), the central location of the study area (Figure 1). The area has
tropical monsoon climate with high relative humidity throughout the year. The monsoon season starts
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in June and ends in September. The average temperatures of the study area during the hottest (May)
and coldest (January) months are 29.2 °C and 15.7 °C, respectively. Chitwan district is spread across
an area of 223,839 ha and has a population of 472,048. A total number of households in the district is
92,863 with an average household size being five people per family [22]. Nearly 35% of the total land is
agricultural that includes pasture land, and ~31% of the total population is engaged in agriculture [23].
Six farmer groups representing the six-major vegetable growing villages in western Chitwan were
selected for the study. These farmer’s groups (30 households in an individual group) were identified
based on grower registration information of District Agriculture Development Office (DADO), Chitwan.
All study areas were identified and listed as a pocket area for fresh vegetable production by DADO
Chitwan. The vegetable production is seasonal, mainly follows the rice-vegetables—corn cropping
rotation. The study area is close to the Agriculture and Forestry University, and highly accessible to all
major cities linked to the central transportation system. Crucifers (cabbage, cauliflower), solanaceous
(potato, tomato, eggplant, sweet pepper), and cucurbitaceous (cucumber, gourd, melons) crops are
major vegetable crops grown in the area.

40 1] 40 80 Kilometers
N N N E—

Figure 1. Study sites representing a major vegetable production pocket in Nepal.

2.2. Survey Approach and Questionnaire Development

This study is a part of an interdisciplinary project to identify pesticide use knowledge and
practices among vegetable grower, and then conduct a training program to address those issues among
selected farmers. Of total 180 farmers selected for training, by the Center for Agricultural Research and
Development (CARD-Nepal), a total 100 farmers (56% of total study population) were administered
with an informed consent questionnaire. The stratified random sampling (16 farmers from each of
the first two groups; and 17 from each of the remaining four groups) was used to select respondent
households. The key informants’ survey was used for a sampling frame, and survey respondents
were selected after a pre-field visit. The majority of respondents had long-standing experience in
vegetable production.
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The semi-structured questionnaire (also referred to as a mixed questionnaire) consists of both
closed and open-ended questions. The closed-ended questions have multiple options as answers
and allow respondents to select a single option. The open-ended questions allow the participants to
provide their answers without using any structured options. The questionnaire was first pretested
with five households, adjusted as needed, and used to understand farmers’ attitudes towards
pesticide use, knowledge, and practices. The questionnaire was divided into three broad sections.
The first section related to the socio-demographic questions to know the age, education level,
income, landholding, purpose of agriculture, source of income, vegetable production experience,
and other related information. The second section included current pest management practices and
pesticide use patterns. The specific topics covered in this section included pest control methods, rates,
and frequencies of pesticide use, decision-making on the selection of pesticide, spray timing, and other
considerations. The third section included the technical know-how of farmers about pesticide safety
and pesticide exposure issues such as understating the pesticide label, pesticide toxicity label, pesticide
mode of action, pesticide residuals, pesticide resistance, and technical knowledge about integrated
pest management (IPM).

2.3. Data Analysis

A descriptive statistics and frequency distribution analysis were conducted among all parameters
obtained. A Chi-square test was used to determine an association between parameters in
socio-demographic characteristics, pesticide use pattern, exposure, and other qualitative variables
(p < 0.05). The software ver. 21 SPSS (IBM Corp., Armonk, NY, USA) and Microsoft Excel
(Microsoft Corp., Redmond, WA, USA) were used in data analysis.

3. Results and Discussion

3.1. Demography and Socioeconomic Status

Majority of the respondent were of age group 41-60 followed by 2140 years, above 60-years,
and below 20-years (Table 1). Involvement of younger farmers (below 40 years old) in vegetable
production provides a strong hope to train new and safer pest management techniques compared
to the older farmers [24]. Of the surveyed farmers, more than 40% had a secondary level education
(10th grade) followed by literate (27%), illiterate (22%), higher secondary (12th grade) (7%), and
university degree (3%). More than 76% of the population considered agriculture as their primary
occupation, of which 19% of them had another occupation besides agriculture. Fifty-eight percent of
farmers responded that agriculture contributed more than 60% of their total annual income, while 11%
responded that agriculture only contributed 20% of their annual income. Only 16% of farmers had a
land holding of at least 1.33 ha, while 84% had less than 1.33 ha (Table 1). Of the farmers surveyed,
about 86% grew vegetables for the commercial market, and the remaining 14% sold fresh vegetables in
the local market or use for the family consumption. About half (40%) of the farmers were growing
vegetables commercially for more than 10 years, and 23% of growers had started recently (less than
four years).
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Table 1. Socio-demographic status of surveyed vegetable growers in Chitwan, Nepal.

Category Frequency (%) Chi Square p-Value
Age (years) 41.36 <0.001
Below 20 1
21-40 34
41-60 44
Above 60 21
Education level 47.6 0.001
Illiterate 22
Literate 27
Secondary (10th
41
grade)
Higher secondary 7
(12th grade)
University degree 3
Income source 146.16 0.001
Agriculture 76
Business 1
Foreign 4
employment
More than one 19
Landholding (ha) 5.28 0.001
<0.33 30
0.33-0.66 24
0.66-1.33 30
>1.33 16
Agriculture share in total income (%) 59.6 0.001
<20 11
20-40 19
40-60 12
>60 58
Purpose of agriculture 28.58 0.001
Consumption 14
Commercial 29
Both 57
Experience of vegetable production (years) 12.72 <0.001
1-3 years 23
4-7 years 20
7-10 years 17
>10 years 40

3.2. Current Pest Management Practices in Commercial Vegetable Production

The majority of the farmers (80%) used chemical pesticides solely to control insect pests in their
vegetable crops. Only 16% of the farmers used other methods (biological, cultural, and mechanical)
for insect pests control. A negligible number of the farmers depend on cultural (1%), biological (1%),
or mechanical methods (2%) as a standalone pest management method (Table 2). High dependency
on chemical pesticides in vegetable production was also reported in the Bara and Dhading districts
of Nepal [25]. Vegetables being a high-value commodity, this trend is developing rapidly in most
vegetable production areas in Nepal [26]. In contrast, only 11% of farmers used chemical pesticides in
cereal crops (Table 2). This difference in pesticide use indicates that the traditional low-input farming
system is still prevalent in staple food crops (rice, corn, wheat) production in Nepal.
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Table 2. Current pest management practices among vegetable growers in Chitwan, Nepal.

Group Frequency (%) Chi-Square p-Value
Pest management methods used 233.1 <0.001
Cultural 1
Biological 1
Mechanical 2
Chemical 80
Combination with
. 16
chemicals
Crop-wise pesticide use 130.82 <0.001
Cereal 11
Vegetable 87
Oilseed 2
Decision for pesticide spray 58.8 <0.001
Before pest 18
appearance
Just after pest 54
appearance
After seeing major 1
damage
Before or after pest o7
appearance

Vegetable growers in the study area did not appear to follow the economic threshold values
in making spray decisions. The majority of the farmers (54%) sprayed pesticides immediately after
the first appearance of insect pests, while 18% farmers used pesticide even before the arrival of the
pest. Some farmers (27%) responded that they make their spray decision (spraying before or after the
pest arrival) based on the nature of the pest and the crop grown (Table 2). These prophylactic sprays
by most of the farmers might be due to the lack of proper knowledge and information about pest
biology and economic threshold. Applications of pesticide even before the appearance of pests in the
field ultimately leads to unnecessary expenses [6,27] and pesticide overuse. A study in Pakistan [17]
reported that the probability of pesticide overuse decreases with increased levels of education and pest
management training. However, no significant relationship (¢ = —0.02; p = 0.828) was found between
education level, and pesticide use frequency in this study.

3.3. Pesticide Use Pattern and Safety Practices to Prevent Pesticide Exposure

About 37% farmers applied pesticides more than six times, 21% applied four to six times, 38%
applied one to three times per season, while 4% did not use pesticide (Table 3). Although the frequency
of pesticide application depends on the targeted pest and crop, the survey intended to obtain general
baseline information and a trend. A similar finding was reported in Bhaktapur, Nepal [26], in which
majority of the farmers apply pesticide four times per season irrespective of the pest infestation status.
Nearly 84% of farmers used Agro-vet (pesticide retailers) recommended pesticide rates instead of
following the label rate (Table 3). The Government of Nepal has an established agricultural extension
system at district and local levels to provide technical service about crop production and protection.
However, the majority of the farmers (55%) were found dependent on Agro-vets for the technical
help for overall pest and disease management (Table 4). A previous study [5] also reported that the
Agro-vets were the primary sources of information regarding selection and other information on
pesticide use. The Agro-vet employees, in general, have no technical background, the information
received from them is misleading in many instances. Also, these are private for-profit companies;
there might be a conflict of interest in teaching the best method of control and sale of their product.
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Table 3. Pesticide use patterns among vegetable growers in Chitwan, Nepal.

Group Frequency (%) Chi-Square p-Value
Frequency of pesticide use per season 30.8 <0.001
No application 4
1-3 times 38
4-6 times 21
>6 times 37
Pesticide use rate 186.96 <0.001
1-2 mL/L water 9
2 mL/L water 6
>2 mL/L water 1
Agro-vet recommendation 84
Personal protective equipment uses 21.68 <0.001
Mask only 34
Combination 52
No use at all 14
Source of technical information 55.44 <0.001
DADO/Extension Service Centers 11
Agro-vets 55
Leader farmers 8
Self 26
Waiting period followed by growers (PHI) 82.64 <0.001
Less than 3 days 25
4-7 days 62
8-12 days 9
13-16 days 4
Disposal of pesticide containers 75.60 <0.001
Collect, bury, and burning 61
Sold to kabadi 22
Canal and water bodies 4
Keep at safe place 13
Protecting bees and pollinators during spray 257.70 <0.001
Spraying after 4 p.m. 9
Spraying before flowering stage 2
Spraying safe pesticides 2
Do not consider 84
Others 3

Table 4. Common practices, strategies to reduce chemical exposure, and technical know-how of
pesticide application among commercial vegetable growers in Chitwan, Nepal.

Frequency (%)
Category Chi-Square p-Value
Yes No
Read and follow pesticide label 66 34 10.24 0.001
Understand toxicity label (color code) 56 44 1.44 0.230
Understand modes of action (MoA) classification 31 69 1.44 0.230
Know potential adverse health effects of pesticide 88 12 57.76 <0.001
Repeated use of same active ingredients 49 51 0.04 0.841
Use of personal protective equipment and clothes 86 14 51.84 <0.001
Knowledge of the preharvest interval (PHI) 92 8 70.56 <0.001
Training received on pest management 17 83 43.56 <0.001
Technical advice before pesticide application 83 17 43.56 <0.001
Knowledge of integrated pest management (IPM) 34 66 10.24 0.001
Know about the beneficial insects and pollinator 46 54 0.64 0.424
Following IPM in crop production 14 86 51.84 <0.001
Follow crop rotation 61 39 4.84 0.028

Pesticide label reading and following instructions during application are important for safe
handling. The majority of farmers (88%) were aware of potential adverse effects of pesticides, while the
remaining 12% were unaware of those risks and harmful effects. Similar results had been reported in a
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previous study [17] in which 12.3% of the surveyed growers in Pakistan responded that pesticides do
not pose any risk at all. About 34% farmers read label before pesticide application. Fifty-six percent of
them understand it and 31% had some knowledge on pesticide mode of action and its importance,
but lacked knowledge on its safe use (Table 3) [25]. Only 16% of farmers in their study correctly know
the pesticide toxicity color codes printed on the label. Poor knowledge of pesticide handling and
pest management had resulted the use of the same pesticide repeatedly without considering pesticide
resistance issues. About half of the respondents (49%) use the same pesticide repeatedly within same
growing season to control target pest (Table 3). Besides, relatively prohibitive costs of new insecticides,
lack of diversity of pesticide active ingredients, and poor understanding of resistance management
might have contributed to the repeated use of the same pesticide, leading pesticide resistance.

Despite poor knowledge on pesticide label and pesticide characteristics, many farmers (86%)
used a form of personal protective equipment (PPE) while handling pesticides. Out of a total survey
population, 34% farmers used a mask, and 52% used facemask along with other PPE like gloves, long
sleeve clothes, shoes, or all of them. However, the quality and suitability of the PPE is unknown.
Different pesticide labels have unique requirements for PPE. Farmers in Chitwan had no access to
any type of PPE that was required for spraying a variety of chemical pesticides. About 14% farmers
did not use any form of PPE (Table 4). A similar study [28] reported that about 30% of vegetable
farmers in Nepal do not use any form of PPE. This issue is common in other developing countries.
More than 50% farmers do not use any form of PPE during pesticide sprays in Iran [29]. Although
consumption of pesticides in developing countries is less than the developed and industrialized
countries, pesticide poisoning cases are more prevalent in developing countries [30]. This scenario is
very serious when it comes to the farmers and field workers” exposure to the pesticides. PPE is the
safety equipment required to reduce pesticide exposure. Pesticide handlers should know all potential
hazards of the chemical pesticides and should wear appropriate, leak-proof, and well-maintained
protective equipment.

Even with a large gap on dissemination of technical information, most of the farmers (92%)
surveyed were aware of the concept of the pre-harvest interval (PHI) (Table 4), although how effectively
they follow PHI from the pesticide label is unknown. The PHI is a legal time to wait before harvesting
a crop after applying a particular pesticide to a particular crop. PHI information should be included
on all pesticide labels. Most farmers (62%) in our survey responded that they follow four to seven
days PHI, while 25% farmers follow three days or less (Table 3). A previous study [31] reported that
majority of farmer surveyed in Chitwan harvested crops in PHI of one to three days. Harvesting
produce without following PHI requirements likely leads to higher pesticide residues on harvested
produce which might have serious health consequences for consumers. An elevated level of pesticide
residues was found in root and leafy vegetables grown for commercial market in Nepal [28]. A separate
study [32] reported that residues of two commonly used active ingredients (dichlorvos and methyl
parathion) exceeded the maximum residue limit (MRL) in 5 out of 33 vegetables evaluated. Further,
estimated average daily intake exceeded the acceptable daily intake in ~54% vegetables tested for
dichlorvos and ~30% vegetables tested for methyl parathion [32], both chemicals are highly toxic and
banned to use in agriculture in many countries.

While more than 60% farmers collected and burned or buried pesticide containers after use or
kept in a safe place (13%), some farmers (22%) sold pesticide containers to recycling centers (“kabadi”),
and less than 5% of farmers dumped those containers in canals and water bodies (Table 3). A study
conducted in two rural farming areas in China reported that farmers dispose remnant pesticides into
sensitive places such as public lands and water sources [18].

3.4. Concept of Integrated Pest Management (IPM)

Concerning knowledge of farmers on integrated pest management (IPM), 34% of farmers knew
about IPM. However, only 14% of the farmers have been adopting some forms of IPM (Table 4).
Beneficial insects, such as predators and parasites, are vital components of IPM. While only 1% farmers
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followed biological pest control measures, 46% responded that they know the importance of beneficial
insects and pollinators in vegetable production (Table 4). Most of the farmers (84%) did not consider
precautions to prevent harmful effects of pesticides to non-target beneficial insects and pollinators
during pesticide spraying. Only 9% of respondents sprayed pesticides after 4 p.m. to reduce pesticide
effects on bees and other non-targets (Table 4). About 61% farmers grew the same crop one after
another, mainly due to small land holding and a lack of knowledge on the importance of crop rotation
in insect pest management (Table 4). Moreover, most farmers (83%) responded that they had never
received an opportunity to participate in any technical seminar or workshops related to the pest
management (Table 4). A similar communication gap on information exchange has been reported
between government extension workers and farmers in Rupendehi district [9], where nearly 98% of
farmers had no training related to agrochemical use.

Despite the implementation of national IPM Training Program (Farmers Field School) since the
mid-1990s in Nepal, low adoption of IPM practices suggests a communication gap among government
extension organizations, related agencies, and farmers. This scenario clearly showed a need for
education and training programs for farmers and government employees through community or other
forms of IPM programs [6,30]. Pesticide education programs such as extension training, workshops,
and community engagements have proven to be effective in elevating farmers” knowledge in adopting
improved pest management practices in other countries [33,34]. The lower adoption of IPM practices
in Nepal could be attributed by several factors such as limited availability of insect monitoring and
control options, lack of sufficient knowledge and confidence in non-chemical pest control measures,
inadequate government pesticide regulation enforcement, and a large gap in information sharing
between extension workers and farmers [21,28-31]. Adoption of agricultural practices not only
depends on a lack of awareness, but also other agronomic and local farm-related factors such as
farm structure, cropping pattern, risk attitudes, and economic burden [35]. Extension agencies
should consider these factors before making plans during launching any extension program [36].
Understanding risks that farmers currently face are critical in implementing a holistic IPM approach
that minimizes farmer” exposure to pesticides, and ultimately improve their agricultural production.

4. Conclusions

Insect, pest, and disease management are primary constraints to commercial vegetable production
in developing countries such as Nepal. Farmers use chemical pesticide as an effective pest control
measure. The current study aimed to assess farmers’ knowledge on pesticide use and handling,
and evaluate their current pest management practices in commercial vegetable production. The study
found that most of the farmers” knowledge on several aspects of a pesticide such as its use, types,
characteristics, selection, and overall handling is very limited. Improper handling and indiscriminate
use of pesticides can increase health-related risks and expenses to both farmers and consumers.
Farmers use chemical pesticides without considering insect pest monitoring and economic thresholds,
pesticide label instructions, pre-harvest interval requirement, proper use of personal protective
equipment and clothing, potential impact on non-targets and the environment, which collectively
form the basis of IPM. The influence of the government agricultural extension program on improving
farmer’s knowledge on pesticide use appears inadequate, and farmers solely depend on local pesticide
retailers for technical guidance. Poor pesticide safety and use situations are attributable to weak
pesticide regulatory and enforcement systems. This study also emphasized the importance of
understanding farmers’ local situations and educating farmers on several aspects of pesticide use,
disposal, and consequences of improper and illegal use. This information will guide policymakers to
prioritize their programs and appropriately enforce the sale and use of chemical pesticides to mitigate
all environment and health-related consequences. Solving such issues requires a coordinated effort of
all stakeholders—farmers, private pesticide retailers, and consultants; government extension agencies
at both national and local levels; and other pesticide enforcement agencies.
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