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A B S T R A C T

Pesticides are extensively used in agriculture to improve crop yields and protect against pests. However, the
excessive and indiscriminate application of highly hazardous pesticides (HHPs) poses serious threats to farm-
ers, the environment, and consumer health—risks that are particularly acute in developing countries where
awareness of pesticide hazards is limited. Using farm household-level survey data, this study investigates
the factors that drive the use of HHP and farmers’ beliefs about crop contamination in Punjab, Pakistan.
Ordered logistic regression models were applied for analysis. Results show that media exposure, participation
in Farmer Field Schools (FFS), perceived effectiveness, and yield-maximization intent significantly increase the
likelihood of HHP use. Retailer recommendations also have a positive influence (β = 0.495, p < 0.05), while
farmers’ awareness of pesticide risks reduces usage (β = −0.432, p < 0.05). Beliefs about crop contamination
are positively influenced by education level, media exposure, FFS participation, and label reading, whereas
retailer advice exerted a strong negative influence (β=−0.850, p<0.01). Overall, farmers demonstrated lim-
ited knowledge of pesticide hazards, with 76% and 71% of farmers citing yield gains and economic necessity,
respectively, as their primary motivations for HHP use. These findings highlight the need for targeted policy
interventions and institutional support to raise awareness of pesticide-related health risks and to promote safer,
more sustainable agricultural practices.
Farmers’ use of hazardous pesticides has been a long-standing con-
cern, due to negative impacts on human health, biodiversity, and the
environment (Ahmad et al., 2024; Asefa et al., 2024; Arshad et al.,
2025). Excessive pesticide use can pose serious health risks to the
farmers who directly apply them, to communities living near agricul-
tural farms, and to consumers who ingest pesticide-contaminated food.
Over recent decades, pesticide use has significantly increased world-
wide (Shattuck et al., 2023). The Food and Agricultural Organization
(FAO) documented that approximately 3.70 million tons of pesticides
were used globally in 2022—constituting a 4% increase from 2021,
and a nearly 94% increase in pesticide use per cropland area since
1990 (FAO, 2025). In Asian countries, the problem is not limited to
increased pesticide use per cropland area but also includes the use of
highly hazardous pesticides (HHPs)‡ (Saeed et al., 2017;
Karunarathne et al., 2021; Liang et al., 2022). The Pesticide Action
Network (PAN) reported that in the Asia Pacific region—including
Bangladesh, India, Laos, and Vietnam—close to 75% of responding
farmers apply HHP or pesticide that are banned in one or more countries
(PAN, 2023). Most farmers, particularly in resource-constrained coun-
tries, have poor knowledge of pesticide hazards and apply HHP without
regard for their negative repercussions (Boateng et al., 2023). Farmers
heavily rely on potent agrochemicals because their use is associated with
economic benefits, including reduced crop loss due to insect pests,
which contribute to higher income levels. However, the consequences
of hazardous pesticide use outweigh the immediate economic gains.

Pesticide residues can remain in grains, fruits, vegetables, and
other crops, entering the human body through consumption and pos-
ing potential significant toxicity risks to consumer health (Syed
et al., 2014). Washing, cleaning, and peeling may reduce exposure
to pesticide residues but cannot eliminate their risk. Numerous studies
ment.on
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§ The FFS is an interactive, season-long training program that provides participants with
hands-on experience and opportunities to share knowledge with farmers. It primarily
focuses on promoting safer agricultural practices such as integrated pest management,
judicious use of chemicals, and sustainable production methods. The sessions are
conducted at regular intervals throughout the cropping season to help prevent major crop
failures, reduce costs, and enhance farm efficiency and productivity.
** Phytotoxicity refers to the harmful effects that chemical substances, such as pesticides,

can have on plant growth and development (Hasanuzzaman et al., 2020).
have noted that prolonged exposure to even low levels of hazardous
pesticides can cause severe health complications, including endocrine
disruption, carcinogenic effects, neurotoxicity, and reproductive
health disorders, etc., (Pan et al., 2021; Parra-Arroyo et al., 2022; Li
et al., 2023; Priyadarshanee et al., 2022). Elderly individuals, pregnant
women, and children are particularly vulnerable to pesticide exposure
as their immune systems are highly sensitive (Lee et al. 2018; Ramírez-
Guerrero et al. 2025; Furlong et al., 2024; Liu et al., 2024). The residue
level in crops depends upon the category of pesticides applied, farm-
ers’ overuse behavior, their knowledge of pesticide hazards, and their
adherence to safety guidelines (Mehmood et al., 2021a). These risks
are further exacerbated in regions with limited monitoring capabili-
ties, particularly in low- and middle-income countries. There is grow-
ing recognition that heavy reliance on HHP, particularly those
categorized in IA and IB (According to the WHO, IA indicates extre-
mely hazardous and IB highly hazardous pesticides), is unsustainable.
National and international nongovernment organizations advocate for
a shift towards safer and more sustainable alternatives, but the scope
of these efforts and programs remains limited.

Agriculture is regarded as the backbone of Pakistan’s economy,
contributing approximately 19% to the country’s national gross
domestic product (GDP) and serving as the primary source of income
for nearly 38% of the country’s total labor force (Government of
Pakistan, 2024). This sector also provides raw materials for industries,
contributes to the national GDP through a significant share of exports
(Mehmood et al., 2023). Punjab Province is also known as the bread-
basket of the country, producing varieties of crops, such as rice, wheat,
cotton, sugarcane, and maize (Mehmood et al., 2012). The province’s
agriculture is primarily irrigated by a system connected to the Indus
River, considered one of the best and largest in the world. This irriga-
tion infrastructure has transformed the semi-arid areas of Punjab into
fertile farmlands, irrigating millions of hectares of agricultural land.
Agriculture in the province also provides significant employment
opportunities for millions of people and ensures national and regional
food security.

Enhancing crop production using modern and sustainable practices
is critical to improving farmers’ livelihoods, reducing poverty, and
boosting economic growth in the country. The use of HHP in the coun-
try is an exigent issue due to their widespread application in agricul-
ture without regard for their health and environmental consequences
(Tariq et al., 2007; Rashid et al., 2022). To combat pest infestations
and increase crop yields, farmers in Pakistan heavily rely on hazardous
pesticides, even to the point of applying counterfeit and unregistered
pesticides, which exacerbates the problems associated with them
(Saeed et al., 2017). Farmers, especially in resource-constrained coun-
tries such as Pakistan, often use HHP due to their high effectiveness
and easy access at low costs compared to safer alternatives (Khan
et al., 2015). Intensive agricultural practices in the Punjab province
have also led to farmers heavily relying on insecticides, pesticides,
and herbicides to boost crop yields, posing a potential hazard. The pro-
vince accounts for approximately 88.3% of the country's pesticide
applications (Khan et al., 2020). Unregistered pesticides sometimes
enter the market illegally undermining the regulatory frameworks
(Mehmood et al., 2021b). Poor implementation of pesticide regula-
tions and farmers’ lack of awareness have contributed to the continued
use of illegal pesticides in the country. Although farmers can imple-
ment alternative pest control strategies, adoption rates remain low
due to financial constraints and lack of government support (Akter
et al., 2018; Sharafi et al., 2018). Addressing this issue requires a mul-
tifaceted approach that involves promoting awareness campaigns,
guiding farmers about affordable alternatives and – most importantly
– strengthening regulatory authorities.

While a large number of studies have been conducted on this issue,
they have predominantly focused on the impacts of pesticide exposure
on farmers’ health, knowledge of pesticide hazardousness, and overuse
behavior. Thus, significant gaps still remain in understanding the
2

factors driving farmers to continue using HHP (Akter et al., 2018;
Sharafi et al., 2018). Specifically, studies that investigate farmer
beliefs about crop toxicity–related risks and analyze the factors driving
them to continue using HHP are limited in number. Studies on similar
topics have various methodological shortcomings and lack rigorous
empirical examination. For instance, Wang et al. (2015) investigated
the determinants of farmers’ choices of restricted pesticides in China
using the Poisson regression model but ignored some important
explanatory factors, including farmers’ participation in FFS§,
government-sponsored training on integrated pest management (IPM)
practices, and access to institutional credit. Kapeleka (2024) used a data-
set of Tanzanian households to investigate the factors influencing farm-
ers’ increased pesticide use; however, drivers of farmers’ use of HHP
were not explored. Addressing these gaps is essential for drafting suit-
able policies and designing targeted interventions that help reduce farm-
ers’ use of HHP. Two policy questions are addressed in this study: (1)
What factors affect farmers’ use of HHP? (2) What drives farmers’ beliefs
about food toxicity–related risks arising from the use of HHP? By
addressing these concerns, this study contributes to existing studies by
guiding farmers and policymakers on safe and sustainable agricultural
practices, such as by minimizing farmers’ heavy reliance on harmful
chemicals and by promoting organic farming and IPM practices.
Materials and methods

Study area and population. This study was conducted in three
randomly selected districts of Punjab, Pakistan: Jhelum, Sheikhupura,
and Vehari. These districts provide diverse agro-ecological and crop-
ping patterns within the province. District Jhelum, located in the
northern part of the province, is a semi-arid zone with mixed farming
practices. District Sheikhupura, situated in central Punjab, is known
for its intensive agriculture and nearness to industrial areas. Vehari,
in southern Punjab, located in the cotton-wheat zone is characterized
by extensive pesticide application due to intensive cotton production.
The population of the study comprised smallholder and medium-scale
farmers actively engaged in farming practices. The study population
provides valuable insight into types of pesticide use by the farmers,
their handling practices, and the risk of phytotoxicity**.

Sampling and data collection. In 2024, a primary survey was
conducted using data collected from farmers in rural areas of Punjab,
Pakistan employing a multistage sampling technique. This sampling
method was used to ensure representation from all over the province
based on harvesting patterns, different farm sizes, and pesticide use
and application. Data collected using a multistage sampling technique
are considered more appropriate and representative of a larger popu-
lation than analysis derived from a single sampling technique
(Taherdoost, 2016). Thus, taking cost-effectiveness and precision into
account, a multistage sampling technique was adopted. Initially, Pun-
jab province was divided into three strata, and then, one district from
each stratum was chosen randomly; the three randomly selected dis-
tricts were Jhelum, Shiekhupura, and Vehari. Next, respondents were
recruited for the collection of desired information using the systematic
random sampling technique. A list of 5,743 registered vegetable grow-
ers was obtained from the local agricultural offices of each district,
then, using an online sample size calculator; a sample size of 361
respondents was calculated. The percentage of farmers who responded
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was 84.76%, and the remaining 15.24% were either unavailable or
provided insufficient information. Thus, the actual sample size was
306. To address the issue of nonresponse bias, a follow-up survey
was also conducted to approach those respondents who were initially
not available at their farm or home. The inclusion criteria comprised
farmers who were actively engaged in vegetable production during
the survey period, whereas the exclusion criteria included farmers
not directly involved in farming, those practicing organic farming
methods, or those unwilling to participate.

Face-to-face information was collected from respondents using a
well-structured questionnaire. The questionnaire was categorized into
three main sections, including demographics and farming characteris-
tics (e.g., age, formal education, household size, monthly income,
number of workers, farm size, and farming experience, among others),
determinants of use of HHP together with determinants of farmers’
belief of crop contamination (for instance, media influence, role of
institutions, retailer recommendations, and perceived effectiveness).
The questions included in the questionnaires were based on somewhat
similar studies conducted in Bangladesh, China, Iran, India, and Pak-
istan (Ali et al., 2020; Hashemi et al., 2012; Sharifzadeh et al., 2019;
Wang et al., 2015). To refine the questionnaire, pretesting was done
on 10 farmers (their information was not included in the main sam-
ple). For relevance and comprehensiveness, the content validity of
the questionnaire was also assessed by experts in agricultural eco-
nomics, health economics, and environmental science. Internal consis-
tency was measured using Cronbach's alpha, and a coefficient value
greater than 0.7 was accepted. The original questionnaire was initially
developed in English, but an Urdu translation was also performed for
respondents’ ease of understanding in order to ensure data quality.
Prior to collecting the information, a verbal consent was obtained from
participants after explaining the purpose, methods, and benefits of the
study. The participants were assured of confidentiality of the informa-
tion they provided, and those who declined to take part were not inter-
viewed. The institutional review board of the university oversaw the
protocol and ethics and gave consent to conduct the study.

Theoretical framework and empirical model. To understand the
concept of the farmers’ decision to use HHP despite risks of crop con-
tamination and environmental harm, Kurt Lewin's Field Theory
(Lewin, 1943) was utilized. The framework of this theory explains
Table 1
List of commonly used pesticides by vegetable farmers in Pakistan, per active ingred

Active ingredient Chemical group WHO class Crop

Parathion (ethyl) Organophosphate Ia Phyto
Methyl parathion Organophosphate Ia Crop
Phorate Organophosphate Ia Prima
Carbofuran Carbamate Ib Phyto
Methomyl Carbamate Ib Can in
Dichlorvos (DDVP) Organophosphate Ib Poten
Methamidophos Organophosphate Ib Crop
Omethoate Organophosphate Ib Phyto
Monocrotophos Organophosphate Ib Can c
Triazophos Organophosphate Ib Repor
Imidacloprid Neonicotinoid II System
Cypermethrin Pyrethroid II Can c
Dimethoate Organophosphate II Can c
Deltamethrin Pyrethroid II Misus
Profenofos Organophosphate II Overu

Avermectin (macrocyclic
lactone)

Gener
lepido

Emamectin benzoate II

Diazinon Organophosphate II Can fl

Lambda-cyhalothrin Pyrethroid II Can d
Chlorpyrifos Organophosphate II At hig

secon
Bifenthrin Pyrethroid II Poten
Endosulfan Organochlorine cyclodiene II Can c

Ia: Extremely hazardous; Ib: Highly hazardous; II: Moderately hazardous, accordin

3

This theory operates under the following four principles: (1) life-space,
(2) force field analysis (includes driving forces and restraining forces),
(3) equilibrium and change, and (4) situational influence. Life-space
explains farmers’ decision-making as being operated by a complex sys-
tem that includes social, economic, and regulatory pressures. Force
field analysis includes driving forces that encourage the use of HHP
with the intention to maximize crop yield, the influence of agrochemi-
cal companies or pressure from suppliers, market demand, lack of
awareness or limited access to safer alternatives, and related socioeco-
nomic factors, on the other hand restraining forces discourage the use
of HHP due to, variables such as consumer demand for organic prod-
ucts, environmental regulations, farmers’ experience with pesticide-
related harm. Equilibrium and change explain that farmers may con-
tinue using HHP if the driving forces outweigh the restraining forces.
To promote safer practices, interventions must reduce driving forces
(e.g., stricter regulations, incentives for organic farming) and
strengthen restraining forces (e.g., education, subsidies for biopesti-
cides). Situational influences explain that instead of blaming farmers
themselves, some systemic factors that influence farmers’ choices such
as lack of availability or farmer’s financial constraints that affect farm-
ers’ affordability to purchase alternatives should also be considered.
List of commonly used pesticides by vegetable farmers in Pakistan,
per active ingredient, chemical group, WHO classification, and their
impact on crop is presented in Table 1.

human behavior as a function of an individual's environment and
behavior (B) which is determined by the interaction between a person
(P) and their environment (E). This can be expressed as:

B f P E

For empirical estimation, two separate Ordered logistic regression
models were used. The first model was used to examine factors deter-
mining farmers’ use of HHP. According to internationally accepted
classification systems introduced by the WHO, hazardous pesticides
are acknowledged as presenting high levels of acute or chronic hazards
to the environment as well as to human health. For this study, farmers'
uses of pesticides were categorized into four ordered levels. This
model considers the ordinal nature of the dataset or the intervals
between the different hazardousness levels, as categorized by the
WHO (2019).
ient, chemical group, WHO classification, and their impact on crop

impact

toxicity risk with misapplication; residues pose an acute dietary risk.
injury at high rates; residues easily exceed MRLs if misused.
rily soil-applied; misuse can cause crop injury and residues.
toxicity at high rates; residue and preharvest interval violations are dangerous.
jure foliage if overdosed; strong selection pressure for resistance.
tial phytotoxicity in enclosed environments; rapid residues dissipate but misuse risky.
injury is possible at high concentrations; residue persistence concerns.
toxic at high doses; residues in leafy vegetables if PHI is ignored.
ause phytotoxicity; residues are problematic; banned/restricted in many countries.
ts of phytotoxicity on some vegetables if misused; residue issues are possible.
ic residues can appear in edible parts; resistance in sucking pests.

ause mite/pest resurgence and resistance; possible leaf burn if misused.
ause leaf burn on tender crops if overdosed; residues are common if PHI is ignored.
e may scorch tender foliage; resistance selection pressure.
se is linked with residues on produce and reduced natural enemies.
ally safe to crops at label rates, but overdosing can cause leaf scorch; resistance risk in
pterans.
are secondary pests; residue concerns if PHI not observed.
isrupt biological control and induce resistance.
h doses can cause phytotoxicity; residue exceedances are reported; it can trigger
dary pest outbreaks.
tial residue issues on leafy vegetables; resistance risk.
ause phytotoxic symptoms in sensitive crops; long-term residues in soils.

g to WHO hazard classification.
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Ki

1 whenever ki ≤ α1
2 whenever α1≤ ki ≤ α2
3 whenever α2≤ ki ≤ α3
4 whenever ki ≤ α3

2

Let be a categorical variable representing pesticides’ hazardousness
levels. = 1 represents “not hazardous, = 2 represents “slightly
hazardous,” = 3 represents “moderately hazardous,” and = 4
represents “extremely and highly hazardous.” The parameter αi indi-
cates the threshold points for pesticides’ hazardousness levels, and Xi

is a vector of explanatory factors, e.g., farmers’ socioeconomic charac-
teristics, farming characteristics, etc., included in the model. In Eq.
(1), denotes the vector of coefficients to be estimated and shows
the error term.

ki Xiβi Yi 1

The second Ordered Logistic Regression model was used to esti-
mate farmers’ beliefs about the crop contamination due to pesticide
use. Farmers' beliefs were also categorized into four ordered levels.
This model considers the ordinal nature of the dataset or the intervals
that provide a clear understanding of farmers’ beliefs.

ki Xiβi Yi 3

Ki

1 whenever ki ≤ α1
2 whenever α1≤ ki ≤ α2
3 whenever α2≤ ki ≤ α3
4 whenever ki ≤ α3

4

Ki

Ki ”Ki

Ki Ki

βi Yi
Table 2
Description and measurement of variables used for quantitative analysis

Variables Description and measurement

Use of HHPs Farmers’ use of hazardous pesticides as per the W
i.e., 1 for the use of unhazardous pesticide (WH
moderately hazardous (WHO class-III), and 4 o

Farmers’ beliefs Farmer’s belief about crop contamination−rela
unhazardous to highly hazardous

Farmer age Measured in years
Education Farmer’s education (formal years of schooling)
Monthly incomea Farmer’s monthly income measured in US$
Farming experience Measured in years
Farm size Measured in hectare
Use of hybrid seed If a farmer applied hybrid seed for crop predic
Use of PPEb If a farmer uses PPE, the value is set to 1; else,
Owned land If a farmer grows a crop on their own field, the
Media influence If a farmer receives information about pesticide

If a farmer experienced short-term health effect
0

Health effectsc

Participation in FFSd If a farmer participated in the FFS, the value is
Member of a farming society If a farmer was a member of farming society, t
Access to extension If a farmer is guided by the agricultural field o

else, 0
Access to credit If a farmer received a loan from a formal finan
Access to market A farmer’s access to the market was measured
IPM training The value is set to 1 if a farmer adopts IPM pra
Yield maximization intent The value is set to 1 if a farmer applies pesticid
Easy availability If hazardous pesticides are easily available in t
Cost-effectiveness If a farmer perceives that a hazardous pesticide

is set to 1, else 0
Perceived effectiveness If a farmer perceives that a highly hazardous pe

value is set to 1, else 0
Label reading If a farmer reads the bottle label before applyin
Retailer recommendations If a farmer applied a hazardous pesticide as pe

SD: Standard deviation.
Average exchange rate in February 2024: 1 US$ = 279/- PKR.

a For smooth estimation, Farmer’s monthly income was analyzed in the log form
b PPE includes the use facemask, respirator, protective glasses, gloves, rubber sh
c Short-term health effects include dizziness, skin irritation, nausea, headache, et
d A FFS is a participatory, group-based approach to agricultural education in wh

4

Let be a categorical variable representing farmers’ beliefs of crop
contamination due to pesticide use. = 1 represents “not hazardous,”
Ki = 2 represents “slightly hazardous,” = 3 represents “moderately
hazardous,” Ki = 4 represents, and “extremely and highly hazardous”.
The parameter αi indicates the threshold points for farmers’ belief
response categories, while Xi is a vector of explanatory factors included
in the model. In Eq. (3), denotes the vector of coefficients to be esti-
mated and shows the error term. Table 2 presents the description
and measurement of variables used for quantitative analysis.

Other statistical analysis. Descriptive statistics was used to sum-
marize farmers’ socioeconomic and farming characteristics, under-
standing about pesticide hazardousness, and the explanatory
variables. Additional test of the variance inflation factor (VIF) was also
used to investigate the multicollinearity in the regression analysis. All
statistical analyses were performed using Stata version 13.

Results

Socio-economic and farming characteristics. Table 3 presents
the socio-demographic and farming characteristics of farmers. The sur-
veyed farmers had a mean age of 45 years and an average of 4.78 years
of formal schooling. The mean of gender of respondent farmers was
0.96 indicating that the majority of the farmers were male. A greater
percentage of respondent farmers were married (70%), with an aver-
age 3.98 number of children, while the mean household size was
7.37 family members. The mean monthly income (household) was
US$ 239 (PKR 66,681), and the mean earning hands per household
were 2.16 family members, with a majority of them engaged in

Ki

Ki

Ki

βi
Yi
Mean SD

HO classification measured in a four points Likert scale
O class-U), 2 for slightly hazardous (WHO class-II), 3 for
f highly hazardous (WHO class-IA and-IB)

2.83 0.90

ted risk was measured in a four−points Likert scale i.e., 2.09 1.04

44.93 10.74
measured in years 4.78 5.02

239 119
12.83 5.55
6.80 4.59

tion, the value is set to be one; else, zero 0.32 0.46
0 0.45 0.49
value is set to be one; else zero 0.75 0.43
hazardousness, the value is set to 1; else, 0 0.30 0.46

s due to exposure to pesticides, the value is set to 1; else, 0.29 0.31

set to 1; else, 0 0.27 0.44
he value is set to 1; else, 0 0.33 0.47
fficers about agricultural practices, the value is set to 1; 0.29 0.45

cial institution, the value is set to 1; else, 0 0.24 0.43
in kilometers 15.28 5.32
ctices, else 0 0.20 0.40
es with an intention to maximize crop yield, else 0 0.53 0.49
he market, the value is set to 1, else 0 0.52 0.50
achieves a desired outcome at the lowest cost, the value 0.30 0.45

sticide is highly effective to control insects or pests, the 0.50 0.50

g the pesticide, the value is set to 1, else 0 0.39 0.49
r the advice of retailers, the value is set to 1, else 0 0.46 0.49

in the Ordered Logistic Regression model.
oes, etc.
c., reported by the respondent farmers within 24 h after exposure to pesticides.
ich farmers learn by doing, experimenting, and observing in their own fields.
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Table 3
Socio-demographic and farming characteristics of respondent farmers

Variable Unit/Description Mean SD

Farmer age Years 44.93 10.74
Education Years 4.78 5.04
Gender Dummy (1 = male, 0 = female) 0.96 0.19
Marital status Dummy (1 = married, 0 = else) 0.70 0.45
Number of children Number 3.98 1.86
Household size Number 7.37 3.61
Monthly income US Dollars (USD) 239 119
Off-farm employment Dummy (1 = yes, 0 = no) 0.31 0.46
Earning hands Number 2.16 1.34
Farm size Hectares 6.80 4.59
Family labor Number 1.46 0.70
Land ownership Dummy (1 = owner, 0 = else) 0.75 0.43
Livestock holding Dummy (1 = yes, 0 = no) 0.33 0.47
Farming experience Years 12.83 5.55

SD: Standard deviation.

Table 4
Estimated coefficients of the Ordered Logistic Regression model for the use of
HHPs

Variable Coefficient z-score VIF

Farmer age 0.016 1.45 1.12
Education −0.062** −2.60 1.12
Monthly income 0.817 1.36 1.10
Farming experience 0.009 0.48 1.07
Farm size 0.015 0.59 1.09
Use of hybrid seed 0.207 0.79 1.18
Use of PPE −0.538** −2.18 1.19
Owned land 0.254 0.94 1.06
Media influence −0.730** −2.86 1.12
Health effects −0.537** −2.13 1.11
Participation in FFS −0.782** −2.70 1.28
Member of a farming society −0.002 −0.01 1.17
Access to extension −0.220 −0.85 1.14
Access to credit −1.08** −3.04 1.77
Access to market 0.001 0.09 1.06
IPM training 0.098 0.33 1.15
Yield maximization intent 1.261*** 4.40 1.48
Easy availability 0.730** 2.84 1.27
Cost-effectiveness 0.871** 2.63 1.77
Perceived effectiveness 0.670** 0.28 1.14
Label reading −0.150 −0.53 1.55
Retailer recommendations 0.495** 2.09 1.10
Farmer’s belief −0.432** −3.85 1.08
Log-likelihood –322
Pseudo 0.171

133

*p < 0.10, **p < 0.05, and ***p < 0.01.

R2

LR χ2
agricultural activities. The mean farm size was 6.80 ha, and the major-
ity of them were small landholders, whereas a greater percentage
(about 75%) of farmers were landowners. About one−third of the
respondent farmers held livestock at their farm. Considering farming
experience, the respondent farmers had 12.83 average years of
experience.

Determinants of farmer’s use of hazardous pesticides. A small
percentage of farmers (9.15%) in the area surveyed applied nonhaz-
ardous pesticides, while 23.52% of the farmers used slightly hazardous
pesticides. A greater percentage (42.15%) reported the use of moder-
ately hazardous pesticides, whereas about one quarter (25.16%) of the
farmers applied highly hazardous pesticides. Figure 1 presents the cat-
egories of pesticides applied by farmers as per the WHO classification.

The results of the Ordered Logistic Regression model employed to
analyze the determinants of farmers’ use of HHP are presented in
Table 4. The coefficients of the negative and significant association
were found between farmers’ use of HHP and the independent factors
Figure 1. Categories of pesticides applied by

5

are farmer’s education (β = −0.062), use of PPE (β = −0.538),
media influence (β = −0.730), health effects (β = −0.537), partici-
pation in FFS (β = −0.782), and access to credit (β = −1.083). Most
importantly, the prime variable of this study- farmers’ belief- was also
found to be negative and significant. The coefficients of the positive
and significant relationships between farmers’ use of HHP and the
independent factors are yield maximization intent (β = 1.261), easy
farmers as per the WHO classification.
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Figure 2. Farmers’ beliefs about the use of hazardous pesticides and crop
contamination (%).

Table 6
Estimated coefficients of the Ordered Logistic Regression model for farmer’s
belief about the use of HHPs and crop contamination

Variables Coefficient z-score

Farmer age 0.006 0.61
Education 0.053** 2.23
Monthly income −0.278 −0.46
Farming experience 0.042** 1.95
Farm size −0.001 −0.06
Use of hybrid seed −0.336 −1.31
Use of PPE 0.603** 2.45
Owned land 0.100 0.37
Media influence 0.632** 2.33
Health effects 1.081** 4.12
Participation in FFS 0.606** 2.01
Member of a farming society −0.388 −1.51
Access to extension 0.273 1.04
Access to credit −0.417 −1.29
Access to market 0.012 0.58
IPM training 0.783** 2.52
Yield maximization intent 0.654** 2.55
Easy availability −0.288 −1.15
Cost-effectiveness −0.259 −0.90
Perceived effectiveness 0.705** 2.99
Label reading 0.694** 2.61
Retailer recommendations −0.850*** −3.57
Log-likelihood −328 −

Pseudo 0.186 −

150 −

*p < 0.10, **p < 0.05, and ***p < 0.01.

R2

LR χ2
availability (β = 0.042), cost-effectiveness (β = 0.871), perceived
effectiveness (β = 0.670), and retailer recommendations
(β = 0.495). Farmer age, monthly income, farming experience, farm
size, owned land, member of a farming society, access to extension ser-
vices, access to market, IPM training, and label reading did not have
any significant influence on farmers’ use of HHP. Other statistics,
including Pseudo (0.166), the Log-likelihood (–323), and the

(129) show goodness-of-fit statistics for the Ordered Logistic
Regression model. The mean of VIF was 1.22, and the lowest value
of VIF was estimated for the coefficient of owned land, i.e., 1.06.

Determinants of farmers’ beliefs about crop contamination.
Table 5 presents the farmers’ knowledge about the use of HHP and
crop contamination. The findings show that 38.56% of the respondent
farmers maintained that they knew the potential risks of using HHP on
crops. Almost 29% of the respondents stated that pesticide residues
remain on crops after application. A lower percentage of the farmers,
namely 15.68%, stated that they were aware of the chemical composi-
tion of the pesticides they used. Around 34% of the respondents
reported that they were aware of the waiting period (preharvest inter-
val) before harvesting crops after pesticide use. Almost 39% of the
respondents observed changes in pest resistance due to repeated pesti-
cide use on crops.

Around 37% of farmers believe that the use of pesticides is nonphy-
totoxic for crops, while 28.76% say it is slightly phytotoxic for crops.
About 21% of the farmers stated that pesticides are moderately phyto-
toxic for crops, and 12.75% said pesticides are highly phytotoxic for
crops. Figure 2 presents farmers’ beliefs about the use of HHP and crop
contamination.

The results of the Ordered Logistic Regression model employed to
analyze the determinants of farmers’ belief about the use of HHP
and crop contamination are presented in Table 6. The coefficient of
the negative and significant relationships between farmers’ beliefs
and the independent factor is retailer recommendations
(β = −0.850). The coefficients of the positive and significant associ-
ation were found between farmers’ beliefs and the independent factors
are farmer’s education (β = 0.053), farming experience (β = 0.042),
use of PPE (β = 0.603), media influence (β = 0.632), health effects
(β = 1.081), participation in FFS (β = 0.606), IPM training
(β = 0.783), yield maximization intent (β = 0.654), and perceived
effectiveness (β = 0.705). Farmer age, monthly income, farm size,
use of hybrid seed, owned land, member of a farming society, access
to extension services, access to credit, access to market, easy availabil-
ity, and cost-effectiveness did not have any significant influence on
farmers’ beliefs. Other statistics, including Pseudo (0.186), the
Log-likelihood (−328), and the (150), show goodness-of-fit
statistics for the Ordered Logistic Regression model.

Reasons for applying highly hazardous pesticides. The respon-
dents were also asked about the reasons for applying HHP beyond the
main reason of killing insects/pests (Table 7). Around 76% reported
that yield maximization intent was one of the main reasons for apply-

R2

LR χ2

R2

LR χ2
Table 5
Farmers’ knowledge about the use of HHPs and crop contamination

Sr. No. Questions Yes %

1 Do you know the potential risks of using
hazardous pesticides on crops?

118 38.56

2 Do you know pesticide residues remain on crops
after application?

89 29.08

3 Do you know the chemical composition of the
pesticides you used?

48 15.68

Do you know the waiting period (preharvest
interval) before harvesting crops after pesticide
use?

4 105 34.31

5 Have you observed changes in pest resistance due
to repeated pesticide use on crops?

122 39.86

6

ing HHP. Almost 71% of the respondents stated that applying HHP is
an economic necessity as pest-related losses can be financially devas-
tating. About 64% of the respondents stated that the reason was a lack
of effective alternatives. Three out of ten highlighted climate and envi-
ronmental factors; for example, warm, humid, or rainy conditions
often promote rapid pest reproduction, making hazardous pesticide
application necessary. A significant percentage, namely 59.15%, stated
that agro-chemical companies influenced them to use HHP, while
39.54% stated that buyers often demand high-quality crops i.e., free
from pest damage; hence, they applied HHP. Furthermore, 21.89%
and 17.97% of respondents respectively reported monoculture farming
and pest resistance management as reasons for applying HHP. Limited
knowledge and a lack of training about pesticide use were highlighted
by almost 66.99% of the respondents. The question “Are government
policies and subsidies on pesticides promoting the usage of HHP?”
was also posed to the respondents, and a low percentage, 5.55% of
the respondents, answered yes.
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Table 7
Reasons for applying HHPs

Sr. No. Reasons Yes %

1 Yield maximization intent 233 76.14
2 Economic necessity 218 71.24
3 Lack of effective alternatives 197 64.37
4 Climate and environmental factors 106 34.64

Influence of agro-chemical companies 181 59.15
6 Regulatory and market pressures 121 39.54
7 Monoculture farming 67 21.89
8 Resistance management 55 17.97
9 Limited knowledge or training 205 66.99
10 Government policies and subsidies 17 5.55
Discussion

Rapid urbanization, rising food demand, poor knowledge about
hazardous pesticides, lack of effective alternatives, and farmers’ inten-
tion to increase yield, among other factors, influence farmers’ injudi-
cious use of pesticides. Many countries have set standards for
maximum residue limits of pesticides in crops and imposed strict reg-
ulations on applying certain hazardous pesticides, but these limits are
not always harmonized globally (Gunnell et al. 2017). Especially in
developing countries, regulatory authorities and testing infrastructure
are inadequate and farmers frequently apply HHP disregarding the
regulations (Matthews et al., 2011; Kubiak-Hardiman et al., 2023).
The findings of this study show that farmers in the area surveyed
had poor knowledge about the use of pesticides and its negative reper-
cussions. Only 38% of the farmers were aware of the potential risks of
using hazardous pesticides, while 29.08% knew that pesticide residues
remain in crops after application. Farmers’ poor knowledge about pes-
ticide use and related risks has also been reported by several studies
from developing countries such as Bangladesh (Akter et al., 2018),
China (Fan et al., 2015), Indonesia (Dewi et al., 2022), Iran (Abadi,
2018; Sharafi et al., 2018), and Tanzania (Lekei et al., 2014).

The results of the first Ordered Logistic Regression model showed
that the coefficient of farmers’ education had a significant negative
impact on the use of HHP (Table 4). This signifies that educated farm-
ers are more likely to understand the risks associated with harmful
agrochemicals, are determined to adopt alternative pest control prac-
tices, and are likely to apply less hazardous pesticides. This finding
is concurrent with the study by Miyittah et al. (2022), who stated that
enhancing farmers’ education through training programs and aware-
ness campaigns can promote the adoption of safer practices and reduce
farmers’ reliance on hazardous chemicals. The coefficient of the use of
PPE was also found to be significant at a 5% level. This demonstrates
that those farmers who use PPE are more responsible in handling haz-
ardous pesticides, are aware of associated risks, and try to avoid their
exposure. This finding is in line with that of Iranian farmers studied by
Abdollahzadeh and Sharifzadeh (2021). In contrast, Oyekale (2018)
state that each unit increases in pesticide contact corresponded to a
0.0942 decrease in the log number of PPE items used by farmers. As
expected, the coefficient of media influence was found to be negative
and significant. Media shapes farmers’ perceptions and influences the
use of less hazardous pesticides (Bondori et al., 2021). Evidence pro-
vided by Qiao et al. (2023) stated that each additional point in social
learning of farmers corresponds to a 3.41% increase in the probability
of farmers practicing six safe pesticide use behaviors. Sometimes,
advertisements and promotional campaigns by pesticide companies
emphasize pesticide effectiveness and encourage farmers to apply haz-
ardous pesticides, disregarding negative externalities. Balanced aware-
ness campaigns educate farmers about proper handling, disposal of
pesticide residues, and promotion of safer alternatives. Another impor-
tant variable, farmers’ participation in FFS, was found to be significant,
indicating that FFS motivates the reduced use of hazardous pesticides;
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emphasizes natural pest control, IPM techniques, and safe pesticide
practices; and reduces farmers’ dependency on highly toxic chemicals,
safeguarding farmers' health and the environment, improving farming
practices, and promoting long-term agricultural productivity. Using a
dataset of cotton growers in Mali, Settle et al. (2014) reported that
farmers trained through FFS reduced their use of HHP by 92.5%.

Farmers’ yield maximization intent had a significant positive
impact on the use of HHP. The coefficient value indicates that a 1%
increase in farmers’ intention to maximize crop yield increases the
use of highly hazardous pesticides by 0.031%. This result is concurrent
with the previous studies by Bagheri et al., 2019; Damalas, 2021.
Moreover, the coefficients of the easy availability of hazardous pesti-
cides and the coefficient of cost-effectiveness significantly contribute
to their widespread use by farmers. Khan and Damalas (2015) stated
that when hazardous chemicals are readily accessible and affordable,
farmers may choose them over safer but costlier alternatives, prioritiz-
ing short-term pest control over long-term safety. The coefficient of
retailer recommendations was significant at a 5% level of significance,
indicating that retailers significantly influence farmers’ decisions and
encourage them to use hazardous chemicals. The findings are backing
up the earlier studies by Yang et al. (2014); Jin et al. (2015). The coef-
ficient of perceived effectiveness had a significant positive effect on
the use of HHP, signifying that those farmers who believe that haz-
ardous pesticides have quick and effective control over insects or pests
prioritize their usage despite potential health and environmental risks.
The coefficient of retailer recommendations was found to be positive
and significant, indicating that farmers’ decisions to use HHP are sig-
nificantly influenced by retailers’ advice, who, often driven by profit
motives, promote these products as immediate and effective solutions.
Sun et al. (2023) find that retailers’ recommendations significantly
increase the probability of farmers overusing pesticides. Farmers tend
to trust these recommendations and follow retailers’ advice without
considering safer alternatives (Wang et al., 2015; Rother, 2018).
Importantly, the prime variable included in this study—farmers’
beliefs—was also found to be negative and significant. Mehmood
et al. (2021b) reported that when farmers understand health and envi-
ronmental risks, they are more likely to use these chemicals carefully.
Conversely, limited knowledge or visible short-term benefits may
overshadow concerns about toxicity.

The second Ordered logistic regression model, which aimed to
determine farmers’ beliefs about crop contamination due to the use
of HHP, showed that education had a significant positive effect on
farmers’ beliefs (Table 6). Farmer education appears to play a crucial
role in shaping farmers’ beliefs and recognizing potential risks of
HHP. The coefficient of farming experiences was also significant at a
5% level, which suggests that experienced farmers develop strong
beliefs in crop protection and thereby reduce reliance on hazardous
chemicals. Farmers’ use of PPE explains their perception, attitude,
and action towards risk prevention. Farmers who adequately use
PPE perceive pesticides as hazardous for crops, human health, and bio-
diversity Arshad et al. (2025).

As expected, the coefficient of media influence helps in shaping
farmers’ beliefs about crop contamination. Although pesticide−formu-
lating companies invest much in advertisement and promotion for pro-
duct sales, balanced and accurate reporting improves farmers’ beliefs.
The coefficient of health effects was found to be positive and signifi-
cant at a 5% level, which indicates that farmers who faced health
issues from exposure to pesticides avoid using hazardous pesticides.
The coefficient of participation in FFS and the coefficient of IPM train-
ing had significant positive impacts on farmers’ beliefs about crop con-
tamination. Farmers with better access to these services are more
likely to understand the dangers of pesticide residues on crops and
adopt safer practices. Waddington et al. (2014) reported that participa-
tion in FFS changed farmers’ beliefs and led to a 23% reduction in pes-
ticide use. This is also concurrent with the studies by Abdollahzadeh
and Sharifzadeh (2024); Asante et al. (2025). The coefficient of a
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farmer’s yield maximization intent was found to be positive and signif-
icant. Although some farmers perceive hazardous pesticides as harmful
for their crops, their yield maximization intent pressures them to apply
these chemicals anyway. The findings further show the significant and
positive impact of a farmer’s label reading of pesticide bottles. This
explains that those farmers who read pesticide labels are better
informed about the safe use of hazardous chemicals, leading to a
heightened awareness of potential crop contamination. Another
important variable—retailer recommendations—had a significant neg-
ative effect on farmers’ beliefs. This signifies that pesticide retailers
influence farmers’ decisions, ultimately leading to excessive or inap-
propriate application, increasing crop contamination risks.

Addressing the issue of the use of HHP through changing farmers’
beliefs requires a multifaceted approach, including better pest man-
agement practices, promotion of safer alternatives, improving farmer
education, and implementing stricter regulation. Augmenting farmers’
knowledge and improving awareness through media campaigns and
conducting seminars at a village level is essential to educate farmers
about the risks associated with HHP and crop contamination. Besides
developing farmers' training and capacity building about the judicious
use of pesticides, awareness sessions for pesticide retailers should also
be conducted by those who are considered the most trustworthy
sources to advise farming practices in rural areas. Concerned govern-
ment departments may consider designing mechanisms to strictly
monitor the use of unregistered or banned pesticides. This could be
done by rigorous food safety testing and imposing heavy penalties
on farmers who use HHP. HHPs also pose significant ecological chal-
lenges, including contamination of soil, water, and nontarget organ-
isms, which can disrupt ecosystems, and reduce biodiversity.
Ensuring stricter controls, promoting eco-friendly alternatives, and
educating farmers and pesticide retailers about human health and
environmental risks are crucial to reduce dependency on toxic
pesticides.

This study has some limitations to be considered when interpreting
the findings. First, recall bias or social desirability bias may have
occurred as the study relied on self-reported data from farmers. Farm-
ers might have underreported the use of HHP to align with regulatory
requirements. Second, the generalizability of the findings may be lim-
ited, as the study was conducted only in one province. The results may
not fully represent farmers’ beliefs in other regions or countries with
different socioeconomic and environmental contexts. Third, the prime
focus of the study was to analyze the determinants of HHP usage,
potentially overlooking the role of external factors such as the avail-
ability of safer pesticide alternatives, regulatory enforcement, and
growing food demand. Future studies could delve deeper into how
external factors could influence farmers to use HHP despite their
known risks. Finally, while the study estimated farmers’ beliefs about
crop contamination, laboratory testing of the use of pesticide residues
on crops was not explored. Moreover, the long-term health or environ-
mental consequences of pesticide use were not analyzed. Such data
could provide further valuable insights into the actual consequences
of these practices and inform targeted interventions. Addressing these
limitations in future research would strengthen the understanding of
the complex dynamics between pesticide use and farmers’ beliefs, ulti-
mately contributing to safer and more sustainable agricultural
practices.
Conclusion

The injudicious use of HHP is commonly practiced in farming com-
munities, particularly in countries whose economies are significantly
dependent on agriculture. Farmers in such countries are often unaware
of the negative repercussions of using HHP pesticides due to a lack of
knowledge. The estimation of the first Ordered Logistic Regression
model shows that a significant percentage of farmers in the study area
8

rely on the use of HHP pesticides as a primary means of pest control.
Such reliance on the HHP use is influenced by education, media influ-
ence, participation in FFS, the yield maximization intent, easy avail-
ability, retailer recommendations, cost-effectiveness, perceived
effectiveness, and farmers’ beliefs. The findings further show that
farmers have a low knowledge level about pesticide hazards and crop
contamination, as only 38.56% of them indicated that they knew
about the potential risks of using HHP pesticides on crops, while a
mere 29% stated that pesticide residues remain on crops after applica-
tion. This lack of knowledge may be attributed to inadequate access to
training, lack of information about alternatives, and weak enforcement
of safety regulations. Importantly, farmers in the area surveyed are sig-
nificantly influenced by pesticide retailers, which affects their
decision-making and often leads to over-reliance on chemicals or the
use of HHP. Thus, in addition to educating farmers about pesticide
use, the study finds that pesticide retailers should be informed about
the negative repercussions of pesticide use so that they can guide farm-
ers toward judicious use. Strengthening regulatory frameworks and
ensuring the accountability of pesticide retailers are also crucial steps
toward promoting safe and sustainable farming practices. The findings
of the second Ordered logistic regression model further show that
farmer education, media influence, participation in FFS, access to
extension services, and IPM training significantly influence farmers'
beliefs about crop contamination due to pesticide use. Expanding
access to agricultural extension services and encouraging their partic-
ipation in FFS and IPM training programs can shape farmers' beliefs
and equip them with the knowledge and tools to reduce their depen-
dence on pesticides. Balanced, informative media can also reduce
farmer’s reliance on harmful pesticides while promoting sustainable
practices. Furthermore, public awareness campaigns about the toxicity
risks of pesticide use can help bridge the gap between farmers' beliefs
and actions, ultimately safeguarding food safety and public health.
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