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Abstract

Pesticides are agricultural technologies that farmers use to control pests and weeds and remain an
important modern input for crop production including vegetable farming. There are many types
of pesticides, such as insecticides, fungicides, rodenticides and herbicides, that target different
threats to crops. While the potential production benefits of chemical pesticides are undeniable,
people are becoming more aware of their risks. There is an array of dangers associated with
inappropriate pesticide use. As pesticides are a poison, they pose inherent health risks to the
farmers exposed to them. Inappropriate pesticide use has been linked with pesticide residues
in or on food above maximum residue levels (MRLs), the safe amount of residue allowed,
which can cause a number of health effects in those who consume the products. Our survey
data reveals that pests and diseases are the biggest challenge Cambodian vegetable farmers
face. Pesticides/herbicides account for the largest share in vegetable production costs in our
study areas, suggesting that chemical pesticides are commonly used in vegetable farming in
Cambodia, particularly our study areas which are the main producers of vegetables in the
country. Additionally, it is common that farmers mix various types of pesticides per spray
which is not good practice.

Applying ordinary least squares regression and probit model, we investigated the factors that
facilitate or impede pesticide use practices. The results show that lower use of pesticide is
associated with age of farmers in charge of pesticide spraying, educational attainment, female
farmer, and varied by locations. At the same time, there is a significant link between the use
of large quantities of pesticide and farmers’ misperception of pesticide use practices and the
proportion of pesticide spending in total input costs. Apart from this, knowledge/advice about
pest management/control farmers receive from their peers and pesticide stores, household
participation in social groups such as agricultural cooperatives, and farm size are positively
correlated with the probability that a farmer will comply with recommended pesticide doses.
These results imply that modifying farmers’ attitudes towards pesticide use and promoting the
role of women in vegetable pest management are among the important interventions to reduce
pesticide dependence.

Pesticide Use Practices in Cambodia s Vegetable Farming



1. Introduction

Green revolution technologies, which include fertilisers, improved crop varieties and pesticides,
have transformed agricultural production since the late 1960s through productivity improvement
(Ogada, Mwabu and Muchai 2014). To maximise crop yield, pesticides are considered an
important component of these technologies for effective and reliable crop protection against
pests and diseases (Mengistie, Mol and Oosterveer 2017). The use of pesticides in agriculture
has markedly increased in developing countries, especially in Southeast Asia. Cambodia is no
exception, with annual growth in pesticide use in 2003—12 of about 61 percent (Schreinemachers
et al. 2015). This significant increase implies unsafe pesticide use or misuse which poses health
risks to pesticide applicators and consumers. For instance, a 2017 study on pesticide use among
smallholder vegetable farmers in Southeast Asia found that residue levels on 33 percent of
vegetable and fruit exports from Vietnam to four European countries exceeded maximum
residue limits (MRLs) (Schreinemachers et al. 2017).

Although agriculture is one of the important driving forces for the country’s economic resilience
and development, approximately 70 percent of fresh fruits and vegetables in Cambodia are
imported. This is largely because domestic commercial production of vegetable crops has
been consistently inadequate (USAID 2015). Vegetable farming accounts for only 2 percent
of the temporary crop' area, and the domestic supply of vegetables is so seasonal and limited
that consumers turn to produce imported mainly from Vietnam and Thailand to address the
local supply shortfall. The demand for locally grown vegetables would be higher and domestic
production could even substitute for imports from Vietnam and Thailand if Cambodia’s fresh
vegetables met food safety and quality assurance standards.

Chemical pesticides, since their invention nearly a century ago, have had a profound impact
on global agriculture. There are now many different types of pesticides, including insecticides,
fungicides, rodenticides and herbicides, that target different threats to crops. While the potential
production benefits of chemical pesticides are undeniable, people are becoming more aware
of their risks. A wide array of potential hazards has been associated with the inappropriate
use of pesticides. Pesticides are poisons, and they pose inherent health risks for farmers and
farmworkers who are exposed to them. These range from headaches, excessive sweating and
dizziness to vomiting, muscle twitching and even unconsciousness (Schreinemachers et al.
2017). Inappropriate pesticide use is often linked with residue levels in or on food exceeding
the MRLs, the safe amount of residue allowed, which can cause illness in those who consume
the products. MRL exceedances are commonly cited as the reason why few farmers are able
to export their produce, as most importing countries have stringent MRL requirements (NIER
2015). Pesticide misuse can take many forms but the most common are over-spraying, failure
to use protective equipment, non-compliance with the minimum time interval between the
last spray and harvest, mixing different types of pesticides in the same spray tank without
checking compatibility, and incorrect use of yellow (highly toxic) and red (extremely toxic)
coded pesticides.

Pesticides are agricultural technologies that farmers use to control pests and weeds and constitute
an important modern input for crop production including vegetable farming (Kateregga 2012).
The common determinants of farmers’ decision to apply pesticides include availability of
complementary inputs, access to agricultural extension services, social networking, household

1 Crop with a less than one-year growing cycle.
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wealth, credit and market accessibilities, land rights, off-farm income, socio-demographic
characteristics and agro-ecological location of farm households (Feder, Just and Zilberman
1985; Nkonya, Schroeder and Norman 1997; Matuschke and Qaim 2008).

Little is known about pesticide use practices in Cambodia. For example, Jensen et al. (2011)
studied pesticide handling practices and self-perceived poisoning among 89 pesticide sprayers
in Boeung Cheung Ek, Phnom Penh. Two results stand out: 50 percent of the pesticides
sprayed are in the harmful category of the WHO Recommended Classification of Pesticides by
Hazard, and sprayers’ education is positively associated with reduction in the risk of poisoning.
A recent study by Schreinemachers et al. (2017) investigated the determinants of pesticide
application practices among 900 farm households producing leaf mustard and yard-long beans
in Cambodia, Laos and Vietnam. They used the amount of pesticide applied per hectare per
week as the proxy for pesticide handling practices. Their empirical evidence shows that farmers
have poor knowledge about pesticide use; advice from friends and neighbours is negatively
associated with lower pesticide use, but advice from pesticide stores encouraged farmers to use
more pesticides; and women’s participation in pest management decisions can significantly
reduce the amount of pesticide used.

So far, no extensive research has been done on vegetable farming in Cambodia. Previous
empirical studies neither specifically addressed on-farm food safety risks in the vegetable
subsector nor used rigorous econometric modelling and analysis (see, for example, NIER
2015; USAID 2015; CPS 2016; Jensen et al. 2011). To the best of our knowledge, only one
empirical study — Schreinemachers et al. (2017) — has investigated the determinants pesticide
use practices among Cambodian farm households, specifically those growing leaf mustard and
yard-long beans. However, because that study used a non-representative sample, the results
cannot be generalised to the situation of vegetable farming throughout Cambodia. Essentially
there have been no studies documenting detailed records on pesticide use by Cambodian
vegetable farmers.

Albeit scant, research evidence points to the importance of ensuring on-farm food safety in
Cambodia’s vegetable production. This study on the pesticide use practices of vegetable farmers
intends to build on previous research and contribute to filling the knowledge gap in this field
by using survey data collected from Cambodia’s four main vegetable producing provinces. The
study findings can inform the design of agricultural policy for commercial-scale production
and import substitution strategy, thereby contributing to broader agricultural development.

With the aim of contributing to agricultural development through the promotion of safe vegetable
farming, our study uses empirical methodology and cross-sectional survey data to understand
pesticide use practices in Cambodia’s vegetable production. Specifically, we (1) apply ordinary
least squares (OLS) regression to estimate the determinants of average pesticide use per hectare,
and (2) use probit model to examine the factors significantly associated with the probability of
compliance with pesticide dosage regimes. The survey was conducted in 2018 and administered
to 600 vegetable farming households across 33 villages (25 communes) in the four main vegetable
growing provinces of Battambang, Kandal, Kampong Cham and Tboung Khmum.

The rest of this paper is organised as follows. Pesticide use in Cambodia’s vegetable farming is
presented in Section 2, followed by a review of the literature in Section 3 evaluates empirical
research studies on pesticide use practices, particularly in vegetable production. The conceptual
framework and empirical specification including data and descriptive statistics are detailed in
Section 4. Section 5 presents and discusses the empirical findings, and Section 6 concludes and
provides some policy implications.

Pesticide Use Practices in Cambodia s Vegetable Farming



2. Pesticide use in Cambodia’s vegetable farming

Vegetables are a key part of the Cambodian diet, with more than 96 percent of the population
eating vegetables 4.8 days per week. Yet vegetable farming accounts for only 1.3 percent of
total agricultural land (NIS 2015; FAO 2014), which is partly because the vast majority of
vegetable farmers are smallholders with an average landholding of 0.41 ha (Schreinemachers
etal. 2017).

The vegetable sector is still dominated by fruit-bearing and leafy vegetables (NIER 2015),
though the specific vegetables that are grown and consumed have changed dramatically in the
last two decades. The most commonly grown vegetables by cultivation area, according to the
Census of Agriculture 2013 (NIS 2015), are cucumber (7,000 ha, chilli (5,000 ha) and pumpkin
(5,000 ha). A different study (CPS 2016) found that the most commonly sold vegetables
by retailer are cucumber (32 percent), Chinese cabbage (16 percent), tomato (13 percent),
cauliflower (11 percent) and Chinese radish (11 percent).

Vegetable markets in Phnom Penh predominately rely on local produce from Phnom Penh,
Kandal, Kampong Speu, Takao, Kampong Cham and Kampong Chhnang as well as substantial
amounts of imports. Neak Meas, Deumkor, Suong and Samaki markets together absorb as
much as 278 tonnes of vegetables a day (CPS 2016), However, domestic vegetable supply is
only able to meet 40 percent of domestic vegetable demand. The annual national vegetable
supply amounts to 0.42 million tonnes, less than half of the 0.93 million tonnes demanded
every year (NIER 2015), leaving a huge supply gap for vegetable importers to exploit. Vietnam
is the main supplier of vegetables to Cambodia as its vegetable crops are more reliable and
therefore cheaper than Cambodia’s, though it is unlikely that Vietnamese vegetables are any
safer than Cambodian vegetables as they rarely undergo food safety inspections.

Different countries have different classification systems for pesticide toxicity, but all are based
on the WHO Hazard Classification system. Table 1 shows a truncated version of the WHO
Classification of Pesticides by Hazard, published by the Royal University of Agriculture (RUA
2003). Some countries distinguish between Class 1a and Class 1b, where Class 1a represents
the most toxic pesticides, but this distinction is omitted as Cambodia does not differentiate
between the two.

Table 1: WHO Classification of Pesticides by Hazard

WHO Hazard mg/kg dose
lassification Hazard category Colour code o .
Classificatio (Liquid, solid)

Class 1 Toxic Red 1-50
Class 2 Harmful Yellow 50-200
Class 3 Caution Blue 200-5000
Class 4 Unlikely to present a Green 5000+

hazard in normal use
Source: RUA 2003

There is a wide array of dangers associated with inappropriate use of pesticides. Pesticides are
poisons and they pose inherent health risks to the farmers and farm workers who are exposed
to them. Health effects range from headaches, excessive sweating and dizziness to vomiting,
muscle twitching and even unconsciousness (Schreinemachers et al. 2017). Inappropriate
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pesticide use is often linked with residues on or in food that exceed the MRL, which can
cause illness in those who consume the products. MRL exceedances are commonly cited as
the reason why few farmers are able to export their produce, as most importing countries have
strict MRL (NIER 2015). Pesticide misuse can take many forms, but the most common are
over-spraying, failure to use protective equipment, non-compliance with the minimum time
interval between the last spray and harvest, mixing different types of pesticide in the same
spray tank without checking compatibility, and incorrect use of yellow (highly toxic) and red
(extremely toxic) coded pesticides.

Cambodia does not manufacture its own pesticides. Chemical pesticides are mainly imported
from Vietnam and Thailand along with some from China and the EU. Cambodia’s pesticide
imports are growing at an estimated annual rate of 61 percent compared to 55 percent for
Laos and 10 percent for Vietnam (Schreinemachers et al. 2017). Pesticides that are imported
legally must follow Cambodia’s quality and labelling laws and are therefore typically less
hazardous and have packaging translated into Khmer. Illegally imported pesticides, on the
other hand, are typically more dangerous and have labels written entirely in the language of the
country of origin. To ensure that farmers are better aware of these risks, the government has
organised training on pesticide best practices and has implemented a Khmer labelling system
for pesticides so that farmers can be better informed of the recommended dosage and associated
risks of the pesticides they purchase.

A crucial aspect of pest management is knowledge. This is especially true for chemical
pesticides given the health risks they pose. Unfortunately, there is a lack of knowledge on how
to use these products safely and correctly. Farmers have developed a number of dangerous
habits when using pesticides. These include over-spraying and spraying unnecessarily toxic
pesticides in the mistaken belief that good pesticides are those that kill all insects immediately
(Schreinemachers et al. 2017). These practices increase farmers’ exposure to pesticides and
also increase pesticide residue levels on the produce and the land itself. The most dangerous
habit that farmers have formed, however, is mixing different types of pesticide in the same
applicator. These so-called pesticide “cocktails”, which average 3.7 pesticides in a single
spray, are mixed and sold in local pest control shops based on farmers’ description of the
problem. These shop owners are rarely trained professionals, contrary to the requirements of
Cambodia’s Good Agricultural Practices (CamGAP), so are unable to mitigate the dangers of
mixing pesticide types. These chemical cocktails not only increase the risk to farmers’ health,
but also increase pests’ resistance to chemical fertilisers, forcing farmers to use more pesticides
and more dangerous pesticides to kill the same number of pests (Schreinemachers et al. 2017).
Even though farmers typically have general knowledge of harmful arthropods, they struggle to
identify beneficial species, meaning they waste pesticides on killing helpful arthropods. Finally,
a commonly held mistaken belief among vegetable farmers is that illegally imported pesticides
are more effective and genuine as they look more foreign than their registered counterparts
(Schreinemachers et al. 2017).

Regarding information about pest management practices and pesticide use, farmers seek
advice from local pesticide shops, friends and neighbours, as well as from government
extension workers. However, the most influential and common source of information is their
local pesticide shop (Schreinemachers et al. 2017). In addition, those who seek advice from
local pesticide shops tend to use more pesticides than those who seek advice from friends and
neighbours.

Pesticide Use Practices in Cambodia s Vegetable Farming



2.1. Perceived effects of pests and diseases

It has been well documented that pests and diseases are the biggest challenge that Cambodian
smallholder vegetable farmers face. As Figure 1 shows, pests and diseases had a severe effect
on vegetables grown in the cycle before the survey was conducted. On average, farmers found
pests or diseases on 95.14 percent of the vegetables grown during the last cycle. All of the 600
farm households found pests or diseases on their cabbage, peas and Chinese kale. Additionally,
the survey found that on average 20 percent of crops grown during the last cycle were damaged
by these pests and diseases, with vegetables such as cauliflower, eggplant and Swatow mustard
suffering losses of more than 30 percent.

Figure 1: Vegetable pests and diseases commonly found by farmers and the damage caused to
crops (percent)
100 93.33 96.55 97.64 9310 98.36 97.56 100.00 9432
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Source: Calculation based on the household survey

2.2. Pesticide dealers and wholesalers

We conducted eight key informant interviews with pesticide wholesalers to gain some insights
into the supply of the pesticides used by the surveyed vegetable farmers. It was found that
farmers have easy access to a wide range of chemical inputs at the local markets in their district
and commune. In some cases, those products are even available at retail stores in their villages.
Vietnam, Thailand and China were the main sources of pesticides sold by these wholesalers.
Most products are imported by registered agricultural input distributors, demonstrated by the
authorisation labels visible on the packages. Pesticides from these sources could help minimise
the risks of pesticide misuse — which is hazardous to humans and the environment —given that
all essential information is translated into Khmer. Presumably, unauthorised pesticides were
also present in these same stores. This assumption is based on the lack of authorisation labels
on the packaging and the lack of Khmer translation for any of the information (Figure 2).

Six of the eight pesticide dealers interviewed in the four provinces had not participated in any
training on pesticides before starting their businesses. Of these eight, only one shop owner in
Battambang had received training from the District Office of Agriculture. He, however, was
not always present at the shop, leaving the trading and consultations to untrained shopkeepers.
This lack of official training among pesticide dealers is worrisome because farmers typically
consult these dealers in lieu of trained personnel about effective pesticide usage.
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Figure 2: Pesticides with Khmer instructions (percentage)

mYes = No

Source: Calculation based on the household survey

There are two groups of pesticide buyers that frequent these shops. The first group includes
farmers who source pesticides based on previous experience. In this case, they ask dealers for
pesticides from specific brands or from familiar companies that have worked well in previous
applications. The second group consists of farmers without prior knowledge of pesticides.
Pesticide dealers play the role of consultant for these farmers, selecting and mixing pesticides
based on information that the farmer provides. These mixtures typically consist of three types
of pesticides; in some cases, pesticide dealers recommend mixtures of five different types. This
practice goes against CamGAP codes, whose standards recommend using only one type of
pesticide in each spray unless advised by trained personnel. Guidance by a trained professional
is critical as they understand the ramifications that inappropriate use of pesticides can have on
farmers and the food system as a whole.

2.3. Toxicity of pesticides available

A total of 372 different types of agrochemical inputs, consisting mainly of insecticides,
fertilisers and disease control substances, were identified throughout the four provinces. Of
these insecticides, 156 are highly toxic, represented by a yellow label, 74 are moderately toxic,
thus labelled blue, and 10 are less harmful, labelled green (Table 2). It is worth mentioning that
not all of the products for sale carried the necessary information written in Khmer. Based on our
observations, up to 39.3 percent of all products identified across the four provinces do not have
information and instructions translated into Khmer. This lack of translation can lead to misuse
of the products, which may result in negative impacts on both humans and the environment.
It was also discovered that a very small number of farmers in Battambang, Kampong Cham
and Tbong Khmum are still using extremely toxic (red label) pesticides, even though these
pesticides have been banned by the Ministry of Agriculture, Forestry and Fisheries.

In Battambang, 62 different pesticides were available, 37 of which are highly toxic, 18
moderately toxic, and four less harmful (Table 2). In Kandal province, 92 different insecticides
were collected, 53 of which are classified as highly toxic, 22 as moderately toxic, and 12 as less
harmful. In Tboung Khmum and Kampong Cham, 121 different insecticides were collected. Of
these, 66 are highly toxic and 34 are moderately toxic. In each province, there was also a small
number of pesticides that could not be identified.

Pesticide Use Practices in Cambodia’s Vegetable Farming



Table 2: Observed pesticides by type in each province
Disease

Insecticide control B Herbicide Total
booster
substances

Battambang 62 7 16 0 87
Kandal 92 7 25 3 130
Kampong Cham and

Mo (R i 121 7 23 0 155
Total by category 275 21 64 3 372

Source: Calculation based on household survey

Table 3: Hazard level of the observed insecticides by province

Kampong Cham
WHO . Battambang Kandal ang Tl%oung
Classification
Khmum

Red 1 0 2 3
Yellow 37 53 66 156
Blue 18 22 34 74
Green 4 12 16 32
Unidentified 2 5 3 10
Total by province 62 92 121 275

Source: Calculation based on household survey

Of the 21 disease control substances discovered in the four provinces, all but one is moderately
toxic or less harmful. In Battambang and Kandal, disease control substances were almost
exclusively moderately toxic, whereas disease control substances in Kampong Cham and
Tboung Khmun were more evenly distributed.

2.4. Use of pesticides

Nearly 99 percent of surveyed farmers used chemical pesticides and fertilisers on some or all
of their vegetables. The remaining 1 percent use non-chemical techniques to grow some or all
of their vegetables.

The cost structure of vegetable farming from our household survey is reported in Table 5. On
average, vegetable farmers spent around 40 percent of total input expenditure on pesticides
and fertilizers (25 percent and 15 percent respectively). This result suggests that pesticides/
herbicides account for the largest share in the input expenditure of vegetable farming in our
study areas.

Table 4: Vegetable production techniques used by the surveyed farmers

Types of vegetable farming

. Number of Cases Percent of total sample
techniques

Normal (chemical pesticides, 599 98.84
fertilisers)
Use of net (net house) 5 0.83
Organic 1 0.17
Natural (no chemical pesticides/

. 1 0.17
fertilisers)
Total 606 100

Source: Calculation based on household survey
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Table 5: Input expenditure per cycle

Ty Avera.ge cost Share of total cost
(riel) (percent)
Pesticides/herbicides 431,721 24.71
Other labour 328,222 18.78
Chemical fertilisers 253,771 14.52
Gasoline 151,816 8.69
Seed/seedlings 145,083 8.30
rS;;ll r{;;ftlr)lirl?zlholrrll z‘g)loughing, harrowing, bed 124,565 713
Land rental 103,138 5.90
Bamboo sticks and ropes (for staking) 93,700 5.36
Plastic bags, trays or containers 70,215 4.02
Labour in pest management (hired) 23,270 1.33
Compost/organic fertiliser 3,403 0.19
Others 2,507 0.14
Lime 1,882 0.11
Irrigation (pump, water purchase, drip system) 852 0.05

Source: Calculation based on household survey

In line with this, our survey data indicates that farmers clearly prefer chemical pesticides over
biopesticides, with the vast majority spraying only chemical pesticides (Figure 3). In addition,
the majority of farmers prefer mixing many pesticides in one application rather than using just
one at a time as recommended (Figure 4). Thirty-five percent of farmers mixed up to three
different types of pesticides in a single spray and another 15 percent mixed up to four types.
Only 11 percent of farmers used one pesticide per spray.

Figure 3: Vegetable farmers using bio and Figure 4: Vegetable farmers mixing different

chemical pesticides (percent) types of pesticides in one spray (percent)
Use of bio and chemical pesticides in Number of pesticides per spray
vegetable farming 51

| N

98

= Biopesticides Chemical pesticides ]l w2 w3 o4 u5 u6 w7

Source: calculation based on household survey

As Table 6 shows, farmers who chose to use pesticides sprayed nearly every crop that they
grew. All farmers using chemical pesticides sprayed their crops of bitter gourd, cabbage,
Chinese mustard, Swatow mustard and kale, and the vast majority of them sprayed their other

Pesticide Use Practices in Cambodia’s Vegetable Farming



vegetable crops, except for lettuce (79 percent). The use of biopesticides is not common among
the surveyed vegetable farmers in the study provinces. In addition, the survey data reveals that
on average farmers mixed three different types of pesticides together in a single spray, which
is not safe for farmers and consumers from a technical perspective.

Table 6: Percentage of crops sprayed by farmers who used pesticides

Vegetable Use O.f ?hemical . U.se' of pesNtilcl?c::!)se :n(;f;ed
pesticide (%) biopesticides (%) e T
Swatow mustard (60 days) 100.00 3.45 3.34
Chinese mustard (40 days) 100.00 4.88 3.05
Cabbage (90 days) 100.00 5.56 2.93
Chinese kale (60 days) 100.00 0.00 3.59
Bitter gourd (150 days) 100.00 6.90 3.24
Cucumber (80 days) 99.21 3.15 2.63
Yard-long bean (90 days) 98.36 1.64 3.05
Cauliflower (90 days) 98.33 3.33 2.29
Eggplant (90 days started from plant) 97.67 4.65 2.88
Bok choy (40 days) 97.14 4.29 3.07
White petiole (40 days) 96.97 6.06 3.31
Mustard green (40 days) 96.59 7.95 2.89
Peas 94.74 0.00 3.17
Lettuce 79.41 0.00 2.04

Source: Calculation based on household survey

Farmers reported a number of reasons for mixing pesticides, but the main reason cited was that
they wanted to target many pests (Table 7). This indicates the perception among farmers that
using various types of pesticide together per spray is an effective way to deal with pests.

Table 7: Farmers’ reasons for mixing pesticides
Percent of total

sieason households
Many pests 87.03
Only one pest but uncertain about pesticide effectiveness 6.09
Following the suggestions of others 4.38
Imitating other applicators 2.03
Other reasons 0.47

Source: Calculation based on household survey

2.5. Farmers’ knowledge of pesticides

Before farmers can spray pesticides on their crops, they first must know which pests and
diseases are affecting their crops. Annex 1 shows the wide array of pests that can be found on
vegetable crops. The most common pest identified across all crops was dangkov yol tong/rom.
This pest accounted for nearly 38 percent of all of the pests identified by the surveyed farmers.
The next most common pests were Teak Ku and Kra plern/sor/inflame, which accounted for 8.3
percent and 6.0 percent of all pests respectively (Annex 1). All other pests represented less than
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5.0 percent of total pests. The quantity of pests present depended on the vegetables that were
being grown. For example, more than half (55 percent) of the pests were found on mustard
greens (17 percent), cucumber (16 percent), cabbage (12 percent) and bak choy (10 percent).

Figure 5: Farmers’ ability to identify beneficial insects
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Our survey data indicates that more than 20 percent of farmers could not differentiate between
harmful and beneficial species. Almost 90 percent of them believed that lacewings are harmful
to their crops and only less than 10 percent thought otherwise. Similarly, higher percentages of
farmers misjudged wolf spiders, parasitic wasps and bees as being harmful rather than beneficial
(Figure 5). When this result was further observed, it was clear that farmers were familiar with
identifying harmful insects and struggled to identify beneficial ones. Also, farmers were not
noticeably better at identifying arthropods common to any specific vegetable, indicating that
the inadequacy of knowledge about that is common among farmers.

Farmers are not only reliant on their own knowledge; there is a wide network that they can
use to gather information and advice on pest management. The data in Table 8 shows that
most of the surveyed farmers received information related to their pest and disease problems
from various important sources such as local pesticide shops (52 percent) and friends and
neighbours (37 percent).

Table 8: Sources of information for pest and disease problems

Pesticide shop 51.83
Friend or neighbour 36.53
Lead farmer 4.09
Extension office or official 3.77
NGO 291
TV program 0.75
Other 0.11

Source: Calculation based on household survey
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Farmers also have had access to training in pest management techniques (Figure 8). Of the
14 alternative techniques that were referenced by farmers, the most commonly adopted are
“regularly scouting plants for pests and diseases” (82 percent), “rotating with non-host crops”
(73 percent), and “picking and destroying insects by hand” (55 percent). These training
programs appear to be highly effective, given that the four most commonly used pesticide-
alternative techniques are also the ones which are most widely taught.

Figure 6: Pest management techniques used and training received (percent)
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When it comes to the reasons why farmers did not apply the improved farm practices that they
learned, our survey data indicates that more than three quarters of them reported the high cost
of raw materials (30 percent), their habits (24 percent) and additional time requirements (22
percent) as barriers to adoption. The main sources of their knowledge about these improved farm
practices are social networking (i.e., neighbours, friends or relatives) and extension services
provided by NGOs and extension officials from the Provincial Department of Agriculture
(Table 9).

Table 9: Reasons why farmers do not implement the techniques taught in training

Reasons Percent
High cost of raw materials 30.29
Habit 23.51
Time consuming 22.46
Other 5.38
Have tried, but unsuccessful 4.21
Instructions are complicated 4.09
Training not useful 3.86
Raw materials not available locally 3.51
Don’t understand about the instructions 2.69

Source: Calculation based on household survey
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3. Literature review

This section provides a literature review of the empirical research on pesticide use practices,
particularly in vegetable production, supporting the empirical specification and analysis of
this study. Pesticides are agricultural technologies that farmers use to control pests and weeds,
and they remain an important modern input for crop production including vegetable farming
(Kateregga 2012). The common determinants of farmers’ decisions to use those agricultural
technologies include availability of complementary inputs, access to agricultural extension
services, social networking, household wealth, credit and market accessibilities, land rights,
off-farm income, socio-demographic characteristics and agro-ecological location of farm
households (Feder, Just and Zilberman 1985; Nkonya, Schroeder and Norman 1997; Matuschke
and Qaim 2008).

A study by Mengistie, Mol and Oosterveer (2017) used a social practice approach through in-
depth interviews and observations from a sample of farmers, pesticide suppliers and relevant
governmental officials to examine pesticide use practices among smallholder vegetable farmers
in the Central Rift Valley of Ethiopia. The results show that farmers did not comply with the
recommendations for safety and storage facilities. For instance, farmers used more than the
recommended dosage in the mistaken belief that a higher dosage means more effective pest
control. The study suggests that to improve the situation of pesticide use practices, there is a
need for additional or new actors such as environmental authorities, private sector agencies
and NGOs along with social and technological innovations. Similarly, Macharia, Mithofer and
Waibel (2013) examined the determinants of pesticide handling practices by vegetable farmers
in Kenya based on a survey of 425 households conducted in 2008. Their econometric results
indicate that pesticide handling practices were significantly determined by record keeping of
pesticide uses, sources of knowledge or information about pesticide use from pesticide traders,
and geographical location.

Schreinemachers et al. (2012), using farm-level survey data on horticultural production in
northern Thailand, examined whether the fruit and vegetable farmers who adopted the GAP
introduced by the government used fewer types or lower amounts of pesticides than the
farmers who did not follow the GAP standards. Their quantitative and qualitative evidence
indicates that GAP had no effect on reducing pesticide use, mainly because of the poor auditing
mechanism of the GAP program and because farmers were not well aware of the logic of the
control points for the application of GAP standards. This study suggests that there is a need for
a greater effort to improve on-farm pest management rather than focusing too much on testing
farm produce for pesticide residues.

Van Hoi et al. (2009) studied pesticide distribution and use in vegetable farming in the Red River
Delta in Vietnam using a survey of 125 farmers. Their findings show that farmers’ decisions
to select and use pesticides were influenced by their technical knowledge, their thoughts about
risks related to pest management and perceptions of pesticide toxicity. This study implies
that to realise the goals of safe vegetable farming programs, the government should consider
removing inexpensive pesticides (the ones with high toxicity) from the market, training farmers
on how to select and use pesticides according to technical standards and encouraging more
participation from other actors.
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Adjrah et al. (2013) studied the attitudes and practices of 150 vegetable farmers in Togo with
a focus on pesticide application. Their survey results indicate that most of the farmers did not
receive training on pesticide use and failed to pay attention to or follow the recommended pre-
harvest interval. And the study suggests that pesticide use practices in the study area are not
safe for farmers and consumers.

Galt (2008) examined the factors that affect pesticide use intensity among vegetable farmers in
Costa Rica using a survey of 148 farmers engaged in potato and squash production. Pesticide use
intensity for this study is defined as the amount of pesticide, in kilograms, that farmers sprayed
per hectare per week. The empirical results from ordinary least squares regression suggest that
farm household characteristics, political-economic networking, and agro-ecological conditions
are the significant determinants of pesticide use intensity.

Little is known about pesticide use practices in Cambodia. For example, Jensen et al. (2011)
studied the pesticide handling practices and self-perceived poisoning among 89 pesticide
sprayers in Boeung Cheung Ek, Phnom Penh. Their results reveal that 50 percent of the pesticides
sprayed are in the harmful category of WHO, and sprayers’ education is positively associated
with reduction in the risk of poisoning. Additionally, a recent study by Schreinemachers et al.
(2017) investigated the determinants of pesticide use practices among 900 farm households
producing leaf mustard and yard-long beans in Cambodia, Laos and Vietnam. The amount of
pesticide used per hectare per week is the proxy for pesticide handling practices. Their empirical
evidence shows that farmers have limited knowledge about pesticide use, and that advice from
friends and neighbours is negatively associated with lower levels of pesticide use, but advice
from pesticide stores encourages the use of more pesticides; and women’s participation in pest
management can significantly reduce the amount of pesticide used.
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4. Conceptual framework and empirical specifications

4.1. Conceptual framework

This subsection briefly conceptualises farm households’ decisions to use pesticides in vegetable
production. Subsequently, we explain the conceptual framework for the factors, including the
adoption of improved farm practices, that are hypothesised to have a significant linkage with
farm households’ decisions to use pesticides. From a theoretical perspective, a farmer chooses
a set of improved farm technologies including pesticides to maximise the expected utility of
profit conditional on the decision to use them (Feder and O’Mara 1981; Ogada, Mwabu and
Muchai 2014). In our study, a vegetable farm household chooses to apply a certain amount of
pesticides if the expected utility of profit with this application is higher than other pesticide
application methods.

Figure 7: Conceptual framework
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- Access to information on pest
management

- Training on pest control

- Social networking or learning mmmmmg  Desticide use practices:
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Source: adopted from Schreinemachers et al. 2017

The conceptual framework for our study is based on the theoretical perspectives and
modification of Schreinemachers et al. (2017) and Mengistie, Mol and Oosterveer (2017),
which applied the framework of knowledge, lifestyle (including attitudes) and practices (Figure
7). That is, knowledge and lifestyle are hypothesised and are the two main categories of factors
that can facilitate or impede pesticide use practices among vegetable farm households. In this
framework, “practices” refers to farmers’ actual pesticide use practices such as amount of
pesticide used, compliance with recommended dosage, and number of pesticides combined in
one spray.

Knowledge draws on farmers’ access to information about improved farm practices for pest
control management in vegetable farming. In this regard, communication — a process in
which farmers generate and share information — is an important component of the diffusion
of innovations through certain channels such as media and interpersonal interactions (Rogers
2003). To deal with that constraint, farmers engage in learning-by-doing, experimenting
with a modern input or agricultural technology to reveal the tacit elements of the technology.
Besides, farmers might learn either from other farmers such as extension agents or friends
and neighbours. Hence, this category of determinants of pesticide use practices implies the
importance of knowledge acquisition, its sources and its application.
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Attitudes is a part of lifestyle, and it refers to how farmers perceive pesticide effectiveness,
including their misperceptions of pesticide use practices (Schreinemachers et al. 2017). For
instance, if farmers believe that mixing various pesticides together is an effective form of
pest management, they will probably use higher amounts of pesticides than those who believe
otherwise. Additionally, farmers’ lifestyles are reflected in the socioeconomic characteristics of
farm households and the person responsible for vegetable farming such as income, education,
age, gender and household size (Mengistie, Mol and Oosterveer 2017). For example, farmers
with good education tend to have the ability to think analytically and use information about
pesticide application more effectively.

Institutional factors such as availability of an agricultural development program, regulatory
framework and monitoring system are also significant determinants of pesticide use practices
in a country. That is, weak regulatory enforcement and the lack of monitoring of pesticide risk
makes it difficult to manage the widespread use of pesticides, as is the case in Cambodia, Laos
and Vietnam (Schreinemachers et al. 2015).

The agro-ecological location of farm households plays an important role in modern input
use and pest management (Kassie et al. 2013), because each location may have different soil
types, rainfall patterns and pest types, which require different pesticide application methods. In
practice, household location, including province or zone, can be used as an alternative indicator
for agro-ecological location.

4.2. Empirical methodology

To examine the determinants of pesticide use practices, which is the main objective of our study,
we first need to define the dependent variables. After reconciling the available information from
survey data and the literature on pesticide use, (e.g., Schreinemachers et al. 2017; Macharia,
Mithofer and Waibel 2013; Mengistie et al. 2017), we choose two dependent variables to
include in the model based on what other researchers have done.

The first dependent variable is defined as the amount of pesticide in kilograms per hectare per
week that a household used for a particular vegetable. To estimate this variable, we asked farmers
to report by each vegetable they grew: (1) the names of all the pesticide products used in a
production cycle; (2) the quantity of each product used per spray; (3) the number of times the
product was sprayed, (4) cultivated land size; and (5) the duration (number of days) of the last
farming cycle. The data is collapsed from pesticide level to make vegetable-level data so that this
dependent variable can capture the number of pesticides that farmers mixed together per spray.

The second dependent variable is defined as 1 if a particular pesticide use was compliant with
the recommended dosage shown on the product label; 0 otherwise. More specifically, it is
defined as 1 if the quantity of a pesticide that a farmer used was equal to or less than the
instructed amount. This dummy variable is estimated at the pesticide level, and products without
recommended dosage are dropped from the empirical analysis for the second regression. The
third dependent variable is also a dummy which is defined as 1 if the pesticide container has a
green label or a blue label, which are lower hazard bands than yellow and red labels. Hence,
the second and third regressions have a binary dependent variable (1 or 0).

When it comes to econometric specification, because our first dependent variables are continuous
and binary, we specify the empirical models based on this. To examine the determinants of the
quantity of pesticide used, we use ordinary least squares (OLS) regression which is expressed
in the following matrix form:
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Y=Xp+u (Equation 1)

where i is the observation running from 1 to n; ¥ represents continuous outcome variables
(for amount of pesticide in kilogram per hectare per week); X, is a set of independent variables
including plot and household characteristics; £ is vector of parameters associated with the
independent variables; and u, is an error term. To control for vegetable heterogeneity (14 types
of vegetables), we also include vegetable dummies in our regression model. Plus, the standard
error in the regression estimation is clustered at village level to ensure that it is robust for
making inference, because there is potential for intra-village correlation of dependent variables
of households in the same village (Saing 2018).

For the second and third regression models, the dependent variables are binary. Wooldridge
(2008) and Baum (2006) suggest that when the dependent variable is binary, either probit or
logit regression is used to predict the probability of the dependent variable being 1. It should
be noted that it is not clear that probit performs better than logit or vice versa. The probit model
for adoption of new technology can be represented in Equation? (2)

P(dummy = 1) = &(h(H)) (Equation 2)
The model can be derived from introducing a latent variable ¥*, which is defined as:
Y*=Xp+e (Equation 3)

In practice, one cannot observe Y*, but instead one observes Y, which takes the values of 1 if
Y*>0,and Y =01if ¥*<0.Also, vegetable dummies and clustered robust standard error are
applied to the second and third regressions models.

4.3. Data

This study used data from the vegetable farming household survey conducted in 2018 in
four provinces. The survey was administered to 600 farm households across 30 villages (26
communes) in 17 districts (Table 10) from Battambang, Kandal, Kampong Cham and Tboung
Khmum provinces which are home to Cambodia’s main vegetable growing areas and have the
potential to expand vegetable production to meet domestic needs.

The four provinces were identified through the market survey of vegetable sellers. Vegetable
growing villages of each province were then identified using the commune database. 30
villages were randomly selected from the identified village list and confirmed by preliminary
field visit. Finally, 20 households were systematically selected per village using the village
household list.

Table 10: Sample size

Province Number of Number of Number of Number of
districts communes villages households
Battambang 9 10 10 200
Kampong Cham 3 6 7 140
Kandal 4 8 10 200
Tboung Khmum 1 2 3 60
Total 17 26 30 600

2 The model is adopted from Barslund and Tarp (2008)
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4.4. Descriptive statistics

The dependent variables vegetable- and pesticide-level are summarised in Table 11. As
mentioned in the empirical specification part, there are two dependent variables. The first one is
the amount of pesticide in kilograms per hectare per week that a household used for a particular
vegetable, and we collapsed the data from pesticide- to vegetable-level to capture the total
quantity of pesticides and the number of different pesticides that farmers mixed together per
spray for a particular vegetable. The second dependent variable is estimated at pesticide level,
and is defined as 1 if the quantity of a pesticide that a farmer used in a spray was equal to or
less than the recommended dose.

Table 11: Summary statistics of dependent variables by vegetable

Dependent variables e gl londy | e ey
Vegetable Mean Std N Mean Std N
Mustard greens (40 days) 3.84 3.64 71 0.42 0.49 166
Swatow mustard (60 days) 2.68 2.40 29 0.47 0.50 77
Chinese mustard (40 days) 2.91 3.45 37 0.38 0.49 85
Bak choy (40 days) 4.02 3.70 61 0.36 0.48 190
White petiole (40 days) 4.71 4.18 29 0.36 0.48 58
Cabbage (90 days) 2.76 2.95 78 0.54 0.50 185
Chinese kale (60 days) 3.74 2.57 15 0.42 0.50 38
Cauliflower (90 days) 1.94 1.86 55 0.45 0.50 99
Bitter gourd (150 days) 3.50 4.05 23 0.64 0.48 70
Cucumber (80 days) 3.00 3.70 113 0.58 0.49 224
Yard-long beans (90 days) 3.16 3.76 44 0.30 0.46 104
Eggplant (90 days) 3.15 3.80 38 0.64 0.48 64
Lettuce 2.20 2.50 27 0.47 0.50 49
Peas 5.11 3.70 14 0.21 0.42 42
Total 3.20 3.44 634 0.46 0.50 1,451

Source: calculation based on household survey data

As Table 11 shows, cucumber, cabbage and mustard greens are the top three vegetables planted
by farm households in our sample. The average quantity of pesticide that farmers sprayed
per hectare per week is 3.84 kg, and the top three vegetables in terms of quantity of pesticide
used are peas (5.11 kg), white petiole (4.71 kg) and bak choy (4.02 kg) (Table 11). It should
be noted that farmers mixed an average of three pesticides together in a single spray, which is
comparable to the findings of a previous study (Schreinemachers et al. 2017).

The average rate of farmer compliance with the recommended pesticide dosage per spray is
46 percent (Table 11). We could not find information about recommended dosage for some
pesticides, so the number of observations (pesticides) for this variable decreased to 1,451.
Further, on average, our data shows that 40 percent of the pesticides used by farmers had either
green or yellow labels (i.e., less hazardous). The rest of section summarises the independent
variables listed in Table 12 that we use in our regression models, which are supported by our
conceptual framework.

Household socioeconomic and demographic characteristics, which include age, gender,
schooling of the person in charge of vegetable production, household size, annual income and
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assets, are a part of lifestyle which is hypothesised to influence pesticide use practices in our
study. The average age (reflecting experience) of persons in charge of farming is 45 years, 18
percent of them are female, and their average years of schooling is around 6 (Table 12). Plus,
household size — which represents the availability of labour supply — is around 5.

Chemical pesticides are modern inputs which are usually purchased, so farmers need capital to
get them. Farm size and household asset index, which are the proxies for household wealth in
our study, are also conceptualised to have significant linkage with farmer pesticide use practices
(Teklewold, Kassie and Shiferaw 2013). Our data indicates that the average planted area for
vegetable farming is 0.27 hectares, and most of the farm households rely on vegetable farming
as the main source of income. In the absence of price information for each pesticide, we use
the proportion of pesticide spending to total input expenditure, and our data shows it accounts
for 24 percent of vegetable production costs.

We also choose a number of independent variables to reflect the means of communication and
knowledge about pest management. As shown in Table 12, our survey data indicates that 15
percent of the vegetable farm households participated in agricultural groups. Regarding sources
of knowledge about pesticide use, most of the farmers acquired knowledge from friends and
relatives (45 percent) followed by pesticide stores (14 percent). Another important independent
variable represents farmers’ attitudes — misperception of pesticide use practices. That is, 76
percent of farm households in our sample believed that mixing various pesticides together is
an effective form of pest management (Table 12).

Table 12: Summary statistics for household characteristics (588 households) by province

Variables Definition Mean SD
age age of the person in charge of vegetable production (years) 45.14 | 10.94
female 1 if the person in charge of vegetable production is female; 0 0.19 0.39
otherwise ' '
schooling years of schooling for the person in charge of vegetable 53 315
production ) '
belief mixedpst |1 if the respondent believes mixing various pesticides per
) . . 0.76 0.43
spray is effective; 0 otherwise
knw_boosting 1 if household received technical knowledge or training
on pest management over the last five years from BFP; 0 0.09 0.28
otherwise
knw_peers 1 if household received technical knowledge or training on
pest management over the last five years from friends or 0.45 0.5
neighbours; 0 otherwise
knw_store 1 if household received technical knowledge or training on
pest management over the last five years from a pesticide 0.14 0.34
store; 0 otherwise
asset index Household asset index estimated by principal component
. 0.01 1.18
analysis in STATA
prop pesticide proportion of pesticide spending to total input expenditure
24.02 | 15.13
(percentage)
prop_veginc proportion of vegetable annual income to total annual income 5338 | 28.89
(percentage)
agr_group 1 if farmer participated in an agricultural group or
. . 0.15 0.36
cooperative; 0 otherwise
veg land Total vegetable production area (hectare) 0.27 0.33

Source: calculations based on household survey data
Note: BFP stands for Boosting Food Production program
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5. Empirical findings

The objective of this study is to analyse the factors that influence pesticide use practices in vegetable
farming, and we have two regression models as explained in the empirical specification part.
The coefficients for the probit regressions in Table 13 are reported in terms of average marginal
(partial) effects for a convenient interpretation. That is, a parameter estimate is the expected
probability that a unit change in variable X will result in the outcome variable Y equalling 1,
with other independent variables held fixed (e.g., Baum, 2006; Mathenge, Smale and Olwande
2014; Olwande et al. 2015). Also, as there are 14 types of vegetables, we control for differences
in vegetable types or heterogeneity by including the vegetable dummies in the regression models,
but we do not report and interpret the coefficients on the vegetable dummies. Additionally,
the F-value for the OLS model and chi-squared statistics for the probit model are statistically
significant at the 1 percent level, suggesting that the null hypothesis that all independent variable
coefficients for the three regression models equal zero is rejected (Table 11).

The results show that a one year increase in the age of the person responsible for vegetable
farming, on average, is statistically associated with a reduction in pesticide use of 0.042 kg per
hectare per week, at the 1 percent significance level, holding other factors in the regression model
fixed. Age can represent farmer experience of farming, as indicated in previous empirical studies
in Cambodia and other countries in the region (Schreinemachers et al. 2017). This implies that
older farmers are more risk averse and have better pesticide-handling practices than their younger
counterparts. This could be because they have more exposure than the younger ones to farm
technologies and have better social capital. On the other hand, age has no significant linkage with
the probability of complying with recommended dosages and using less hazardous pesticides.

On average, around 0.92 kg less pesticide was used when a woman was responsible for vegetable
farming including pest management than when a man was responsible for it. The coefficient is
statistically significant at the 5 percent level. This finding is consistent with that of an empirical study
conducted in Cambodia, Laos and Vietnam by Schreinemachers et al. (2017) and a study on pesticide
handling practices by Kenyan vegetable farmers (Macharia, Mithofer and Waibel 2013). This finding
reinforces the role of women in vegetable pest management in Cambodia, so training on improved
farm practices such as integrated pest management should not overlook gender as an aspect.

Regarding educational attainment, which is an indicator for human capital, pesticide use
was negatively assiciated with the famer’s years of schooling. That is, for each extra year of
schooling, weekly pesticide use per hectare decreased by 0.10 kg, at the signficance level of 5
percent. Usually, farmers with higher education are more aware of how to apply new knowledge
and of the potential costs associated with excessive pesticide use. This result can contribute to
and enrich the findings of recent research by Schreinemachers et al. (2017) because they did not
empirically examine the relationship between farmers’ schooling and pesticide use practices.

Furthermore, farmers’ attitudes and misperceptions about the use of chemical pesticides are
positively associated with the amount of pesticide used and is statistically significant at the 1
percent level. This finding supports what we hypothesised in the conceptual farmework. That
is, pesticide use per hectare is around 0.8 kg higher when a farmer believes that mixing various
pesticides together is an effective form of pest management. This finding is consistent with the
previous studies which indicated that farmers’ misperception of pesticide effectiveness leads to
unsafe pesticide use, and it also reinforces the idea that farmer attitude plays an important role
in pesticide use practices (Schreinemachers et al. 2017; Mengistie, Mol and Oosterveer 2017).
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Table 13: Regression estimation results of the determinants of pesticide use practices

OLS regression Probit regression
(vegetable level) (pesticide level)
Variables Amount_ha week Compliance
Marginal Effects
age -0.0417%%* -0.00104
(0.0136) (0.00153)
female -0.918*** 0.0564
(0.333) (0.0481)
schooling -0.118** -0.00545
(0.0446) (0.00511)
belief mixedpst 0.533%* -0.0207
(0.236) (0.0431)
knw_boosting 0.263 -0.142%%*
(0.449) (0.0651)
knw_peers -0.0476 0.0776**
(0.334) (0.0364)
knw_store -0.230 0.0986*
(0.489) (0.0525)
asset_index 0.0505 0.0180
(0.104) (0.0121)
prop_pesticide 0.0350%** -0.00123
(0.0147) (0.00144)
prop_veginc 5.69¢-05 -0.000443
(0.00552) (0.000538)
agr_group -0.480 0.198%%*%*
(0.330) (0.0547)
veg land 0.115 0.220%**
(0.515) (0.0669)
Battambang -1.368%** -0.0408
(0.315) (0.0568)
Tbk_Kampch -2.7760%** 0.158%**
(0.388) (0.0546)
Constant 6.539%**
(0.920)
F-value 71.32%%*
Observations 634 1,451
R-squared 0.198

Source: Calculation based on household survey data
Note: Robust standard errors in parentheses; *** p<0.01, ** p<0.05, * p<0.1.

It should be noted that sources of knowledge about pest management/control do not have a
significant relationship with the amount of pesticide used. They do, however, have a positive
relationship with the probability that a farmer will comply with recommended pesticide dosages.
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We obtained mixed results for this indicator. That is, the farmers who received training on pest
management through the Boosting Food Production (BFP) program are 14.2 percent less likely
to comply with the recommended dosage, and it is statistically significant at the 5 percent level.
A possible explanation is that BFP does not necessarily focus on coaching the farmers to apply
pesticides in compliance with the recommended dosage. On the other hand, the probability
of compliance was around 7.7 percent higher when farmers acquired knowledge about pest
management or control from their friends or relatives and around 9.9 percent higher when they
acquired it from pesticide stores.

This abovementioned finding can contribute to the study by Schreinemachers et al. (2017)
which did not examine the determiants of farmers’ compliance with recommended pesticide
dose rates. We can explain this finding from the perspective of social learning, that farmers can
learn how to use improved farm technology from others. That is, farmers are more positive
about the application and profitability of new farm technology based on the experience of their
neighbours. Similarly, a seminal empirical study of pineapple production in Ghana by Conley
and Udry (2010) shows that farmers adjust their inputs after observing the harvests of their
neighbours who are using improved inputs. Our finding suggests that social learning is also
important in the adoption of agricultural technology in Cambodia. Hence, promoting local
sharing of knowledge on pest management can help increase compliance with the instructions
for pesticide dose rates.

Household participation in social groups such as agricultural cooperatives or farmer groups has
a positive relationship with the probability of complying with pesticide dose recommendations.
That is, the probability of compliance is 19.8 percent higher if the farm household participates
in a farmer group or agricultural cooperative, and it is statistically significant at the 1 percent
level. This determinant represents farmers’ social networking. This empirical finding supports
the argument that social capital networking allows for the exchange of information among
farmers when they participate in a rural institution or group (Teklewold, Kassie and Shiferaw
2013). This finding also implies that NGOs would have an important role in pesticide use
practices, because most of the support for farmer organisations such as farmer groups and
agricultural cooperatives comes from NGOs usually in the form of technical and financial
assistance (Theng et al. 2014).

Vegetable landholding size has a positive and significant relationship with the probability of a
farm household complying with recommended pesticide dose rates. For each additional hectare
of land, the probability of compliance by farmers with recommended dose rates increases by 22
percent. The previous empirical study by Schreinemachers etal. (2017) found that vegetable plot
size has an inverse linkage with the amount of pestcide used, which suggests that largeholders’
pesticide use is more efficient than smallholders’ pesticide use. In other words, our finding
implies that the larger the cultivated area, the more attention farmers pay to the recommended
pesticide dosage.

Finally, pesticide use practices also vary by province in our study area. Our results show that
the average farm® uses around 1.4 kg less pesticide if a household is located in Battambang and
2.76 kg less if a household is in either Tboung Khmum or Kampong Cham. This finding can be
reinforced by our descriptive statistics in the sense that most leafy vegetables such as mustard
greens, bak choi , Chinese kale and while petoile, which are attractive to pests, are grown in
Kandal province.

3 Kandal is the reference province.
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6. Conclusion and policy implications

Farmers in Southeast Asia, including in Cambodia, rely heavily on chemical pesticides to protect
their vegetable crops from pest damage. At the same time, the domestic contribution to total
vegetable supply in Cambodia is low compared to the contribution of imported vegetables from
Vietnam and Thailand. For this reason, improving the on-farm safety of domestic vegetable
production would contribute significantly to promoting the demand for local vegetables,
which is in line with the Cambodian government’s strategy to diversify the agricultural sector.
However, little is known about pesticide use practices in Cambodia’s vegetable farming. In
this paper, we have used cross-sectional survey data of 600 households, which was collected
in late 2017 and early 2018 from four provinces which are the main domestic sources of many
vegetable crops in Cambodia.

The descriptive statistics obtained from the household survey reveal that pests and diseases
are the biggest challenge facing the smallholder vegetable farmers in our sample. Linked to
this, our data also indicates that pesticides/herbicides account for the largest share in the input
expenditure of vegetable farming in the study areas, suggesting that chemical pesticides are
commonly used in vegetable farming in Cambodia. Additionally, farmers commonly mix
different types of pesticides in a single spray which is not good practice.

In the empirical analysis, we investigated the factors that facilitate or impede pesticide use
practices by applying ordinary least squares regression and probit model and clustering the
standard error in the regression estimation at village level to ensure that it is robust for making
inferences. There is empirical evidence that lower use of pesticides is associated with the age
of farmers responsible for applying pesticides, educational attainment, female farmers, and
household location in Battambang and Kampong Cham. At the same time, higher pesticide
use has a significant linkage with farmers’ misperceptions of pesticide use practices, and the
proportion of pesticide spending to total input expenditure. Apart from this, knowledge/advice
about pest management/control that farmers received from their peers and pesticide stores,
household participation in social groups such as agricultural cooperatives, and farm size have
positive relationships with the probability of farmer compliance with recommended pesticide
doses.

These results imply that interventions aimed at reducing pesticide dependence through
improving farmers’ attitudes towards pesticide use and promoting women’s participation in
pest management remain current. Additionally, this study’s empirical findings contribute to
recent research on pesticide use in Cambodia’s vegetable farming, by showing that farmers’
educational level and geographical location are important entry points to lower pesticide use.
Another important contribution of our study is that improving the dissemination of knowledge
on pesticide use and promoting farmers’ participation in social groups (e.g., agricultural
cooperatives) would increase compliance with the recommended pesticide dose rates.

Finally, it should be noted that our study has some limitations that could be addressed in future
research. First, we did not have information about environmental factors, such as rainfall
patterns and soil conditions, that are likely to affect farmers’ decisions to spray more or to
use more hazardous pesticides. Second, this study used cross-sectional data, so the empirical
results can suffer bias caused by unobserved time-invariant factors that could influence the
dependent variables. This disadvantage could be minimised by using panel data, which would
enable further studies to develop more accurate estimators.
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