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Abstract | Original Research Article

The use of pesticides is a critical aspect of modern agriculture, with significant implications for both human health and
the environment. Farm workers, in particular, are among the high-risk groups exposed to these chemicals. This study
aimed to assess the knowledge, attitudes, and practices of farmers regarding pesticide use in the Souss Massa region. To
gather comprehensive data, face-to-face interviews were conducted with 132 farmers using a structured questionnaire.
The findings revealed that farmers had a moderate level of knowledge, with 65.9% of participants acknowledging the
serious health risks associated with pesticides. However, 12.1% were uncertain and unaware of the symptoms that could
result from pesticide poisoning. Only 16% of participants recognized the environmental impacts of pesticides.
Furthermore, practices varied significantly, with some farmers engaging in risky behaviors. For example, 21% of
workers did not use any personal protective equipment (PPE), and 32% reported working in the fields during pesticide
spraying, failing to respect the pre-harvest interval. Our study also highlighted how sociodemographic factors influenced
farmers' practices. Women, older farmers, more experienced farmers, and those with higher education levels were more
likely to prioritize PPE usage and adopt protective measures. Additionally, men and farmers with higher education levels
demonstrated a greater understanding of pesticide use and its risks. This study underscores the need for targeted
educational programs to improve pesticide safety practices among farmers, contributing to healthier agricultural
practices in the region.
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6]. A report from the Anti-Poison and
Pharmacovigilance Center (CAPM) in Morocco found
that pesticides ranked as the fourth leading cause of
poisoning, responsible for 13.4% of all cases.
Contributing factors include a lack of proper knowledge
about pesticide handling and the overuse of these
chemicals [7].

INTRODUCTION

Pesticides are essential agricultural tools that
protect crops from unwanted plants, insects, bacteria,
fungi, and rodents. Over the past decade, global pesticide
usage has increased by nearly 50% [1]. While designed
to target pests, these chemicals can also harm ecosystems
and pose serious health risks to humans. Growing

evidence suggests that many pesticides present
significant risks not only to human health but also to
other life forms and the environment [2]. The health
consequences are alarming, with an estimated 3 million
cases of pesticide poisoning annually worldwide, leading
to more than 250,000 deaths [3].

Despite the known dangers, unsafe pesticide
handling persists in both developed and developing
nations [4]. In fact, the majority of pesticide poisonings
occur in developing regions, where health and safety
standards are often inadequate, or even nonexistent [5,

Farmers and farm workers are among the
highest-risk groups exposed to pesticides, making
awareness and knowledge of the associated risks crucial
for improving safety practices [8]. Insufficient
understanding of safe application methods, combined
with a low perception of risks, contributes to the high
incidence of pesticide exposure. Pesticide-related health
issues can generally be classified into three categories:
occupational, accidental, and intentional (suicidal)
exposures, with occupational exposure being the most
significant route for farmers in low- and middle-income
countries [3]. However, the general population is also at
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risk, mainly through consumption of contaminated water
and food, as well as living near pesticide-treated areas

[9].

In recent decades, Morocco has expanded its
agricultural areas, establishing greenhouses for intensive
cultivation. The agricultural sector now spans 76,000
hectares, with Souss Massa being the primary region for
vegetable production [10]. Despite the importance of
pesticides for agricultural productivity, there is a notable
gap in understanding the knowledge, attitudes, and
practices (KAP) of farmers in the Souss Massa region
regarding their use.

Previous studies worldwide have shown that
while some farmers are aware of the hazards associated
with pesticides, their practices often fail to align with
recommended safety protocols [3, 4]. To address this
gap, we conducted this study to explore the KAP of
farmers in Souss Massa concerning pesticide use. The
study aims to assess farmers' understanding of pesticide
risks, evaluate their safety practices, and identify the
factors influencing their attitudes toward pesticide use.
Ultimately, this research will provide valuable insights
into the current state of pesticide practices in the region.

PARTICIPANTS AND METHOD

1. Study Design and Population

A cross-sectional descriptive study was
conducted using an anonymous and confidential
questionnaire to assess farmers' knowledge, attitudes,
and practices regarding pesticide use. Data collection
took place over a period of four months, from May 2024
to August 2024.

The study included farm workers from the
Souss Massa region who were exposed to pesticides and
matched the inclusion criteria for participation. The
present study included individuals who fulfilled the
following criteria:
e  Adults, regardless of sex
e Working on a farm and exposed to pesticides
directly or indirectly
e Consent to participate in this study

2. Sampling methods
The sample size was calculated using the following
formula:
_Za*xp(1—p)
"t

Where:
n = required sample size
z = confidence level according to the standard
normal distribution (z = 1.96 for a 95% confidence
level)
p = estimated proportion of the population with the
characteristic (p = 0.912) based on the literature) [3].
d = margin of error (d = 0.05)

By substituting these values into the formula:
1,962 x0.912(1 — 0.912)

0.052

n =124

We added 6% to the minimum sample size to
avoid missing data problems.

Therefore, the study targeted a population of
132 farm workers in the Souss Massa Region of
Morocco. This statistical approach ensures a
representative and adequately powered sample to draw
meaningful conclusions. The survey was conducted by
approaching farm workers who agreed to complete the
survey, in different farms of the region.

3. Data collection tools
3.1 Questionnaire description

The questionnaire [Annexe 1,2,3] was
formulated based on findings from the literature.

It is composed of four parts: socio-demographic
data, knowledge of farmers regarding pesticide use, their
attitudes towards it, and their practices and the protection
used during their work.

This questionnaire contains 44 questions divided into 4
parts:
— 1st part (11 Questions): demographic
characteristics of the target population:
- Age
- Educational status
- Marital status
- Farming experience in years
- Region of origin
- Monthly income
- Crops
- Region of farming

— 2" part (10 Questions): focuses on the
participants’ knowledge on pesticides
- Attending a training related to
pesticide use
- Possible symptoms of pesticide
poisoning
- Routes of pesticide poisoning
- Otherways for pest control rather than
chemical pesticides use
- Knowledge of pesticide health risks
- Recognition of pesticide pictogram
labels
- Reading and understanding pesticide
labels
- Recognizing symptoms of acute
pesticide poisoning

— 3™ part (15 Questions): attitudes of
participants regarding pesticide use

- Believing the body developing
immunity against pesticide
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- Importance of taking a shower after
pesticide use

- Believing that pesticides create pests
resistance

- Attitudes towards pesticides risks on
human health, environment, and on
animals

- Difference in the amount of pesticides
present in the air versus on clothes

- Believing that most farmers are tough
enough to take the exposure without
harm

- Amount of concern over the harmful
effects of pesticides

— 4™ part (8 Questions): practices of the
participants

- Methods of spraying

- Duration and frequency of spraying

- Respecting pre-harvest intervals

- Importance of personal
equipment (PPE) use

- Types of PPE use

protective

3.2 Data collection

To minimize response bias, participants were
not informed about the study’s objectives in advance.
The survey was conducted in the local language, with
French or English used for non-Moroccan participants
who did not speak the local language. Data collection
was carried out through face-to-face interviews.

4. Judgment criteria
4.1 knowledge

Question Response options

Correct/ldeal Justification

answer

What are the possible
pesticide poisoning
symptoms?

No symptoms, uncertain,
headache, dizziness,
nausea, vomiting,
respiratory distress,
conjunctivitis, skin
rashes, convulsion.

headache, dizziness,
nausea, vomiting,
respiratory distress,
conjunctivitis, skin
rashes, convulsion.

There’s a wide range of symptoms
organized by organs affected, varying
depending on the pesticide used [16].

What are the routes of Nose/Skin/Mouth/Eyes/

None

Nose and skin and Pesticides can enter the body through

pesticide poisoning

mouth and eyes

three main pathways: skin contact,
ingestion, and inhalation [17].

What are non-chemical ways
of pesticide control?

Uncertain, non-chemical

ways don’t exist, glue

tapes, biological control,

trap cropping, cultural
control.

Glue tapes,
biological control,
trap cropping,
cultural control.

Non-chemical methods include
biological control (using natural
predators), crop rotation, trap cropping,
mechanical control (e.g., hand weeding),
using resistant plant varieties, and using
sticky traps [18].

Do you know pesticides can
cause ill health or even death?

Yes/No

Yes

pesticides can cause serious health
effects, including poisoning, long-term
illnesses like cancer, and even death if
safety precautions are not followed [19].

Can you recognize and

Yes, | can recognize all

Yes, | can recognize

workers should be trained to recognize

understand the meaning of of them/I can only all of them and understand hazard pictograms [20].
the pictogram commonly recognize a few/ No

found on pesticide labels?

Have you ever attended Yes/No Yes Workers who handle pesticides should
training related to pesticide undergo formal training on safe use
use? [20].

Can you read and understand | Yes/No Yes Reading and understanding pesticide
the information on pesticide labels is essential for safe use [21].
labels?

I can recognize the symptoms | Yes/No Yes Recognizing symptoms like nausea,

of acute poisoning with
pesticides.

dizziness, and respiratory problems is
crucial, and immediate medical attention
should be sought in case of acute
exposure [22].

For the question, "What are the possible
symptoms of pesticide poisoning?" we considered an
answer correct if the respondent could mention one or
more recognized symptoms. If the respondent failed to
identify any symptoms, the answer was deemed
incorrect.

For the question, "What are the routes of
pesticide poisoning?" the answer was considered correct
only if all four routes of pesticide poisoning were listed.
If the respondent identified fewer than four routes, the
answer was regarded as incorrect.
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4.2 Attitudes
Question Response options Correct/Ideal Criteria/Justification
answer
As a farm-worker, do you Yes/No No Prolonged exposure increases health
believe that your body has risks [16].
developed immunity against
pesticides over time?
Do you think you need to take | Yes/No Yes Bathing after pesticide use is crucial
a bath after pesticide use? to remove residues from the skin and
prevent further exposure [23].
I think that overuse of Yes/No Yes Overuse of pesticides can lead to
pesticides promotes the resistance in pests, making them
development of resistance in harder to control over time [24].
pests
Pesticides have negative Agree/strongly Agree/strongly pesticides can cause serious health
consequences on human agree/neutral/disagree/strongly | agree effects, including poisoning, long-
health disagree term illnesses like cancer, and even
death if safety precautions are not
followed [25].
Pesticides have negative effe | Agree/strongly Agree/strongly Pesticides present major
cts on the environment agree/neutral/disagree/strongly | agree environmental risks [26].
disagree
Pesticides have negative Agree/strongly Agree/strongly Pesticides affect non-target plants
effects on livestock agree/neutral/disagree/strongly | agree and animals and disrupts ecosystem
disagree [2].
Pesticides produce toxic Agree/strongly Agree/strongly Some pesticides and their breakdown
waste products agree/neutral/disagree/strongly | agree products are highly toxic, tend to
disagree accumulate in organisms, and persist
in natural environments as residues
in soil and water [27].
Continued use of pesticides Agree/strongly Agree/strongly Research has shown higher
will likely produce cancer and | agree/neutral/disagree/strongly | agree incidences of leukemia, non-

leukemia in humans

disagree

Hodgkin lymphoma, multiple
myeloma, prostate cancer as well as
other cancers among farmers [28].

Most farmers are tough
enough to take exposure to
pesticides without harm

Agree/strongly
agree/neutral/disagree/strongly
disagree

Disagree/strongly
disagree

All individuals are at risk of health
effects from pesticide exposure
without proper precautions [17].

There is too much concern
over the harmful effects of
pesticides

Agree/strongly
agree/neutral/disagree/strongly
disagree

Disagree/strongly
disagree

The concerns are well-founded, as
pesticides pose serious health and
environmental risks [19].

Risks are just part of the job
in pesticide application

Agree/strongly
agree/neutral/disagree/strongly
disagree

Disagree/strongly
disagree

While risks exist, they can be
minimized with proper safety
measures and protective equipment
[23].

A careful farmer can Agree/strongly Agree/strongly Proper use of PPE, following label
minimize dangers associated | agree/neutral/disagree/strongly | agree instructions, and applying safety
with pesticides disagree practices can reduce dangers [29].
Most farmers | know follow Agree/strongly Agree/strongly Compliance with label instructions is
label instructions very closely | agree/neutral/disagree/strongly | agree essential and ensures safe practices

disagree

[30].

The amount of pesticides that
gets on clothing is nothing
compared to the amount of
pollution in the air

Agree/strongly
agree/neutral/disagree/strongly
disagree

Disagree/strongly
disagree

Workers can bring pesticides home
on their clothes, creating a localized
contamination risk [31].

The work clothing | wear is
effective in reducing my
exposure to pesticides

Agree/strongly
agree/neutral/disagree/strongly
disagree

Agree/strongly
agree

When properly designed and
maintained, work clothing can
reduce exposure to pesticides [23].
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4.3 Practices

Question Response Correct/ldeal | Criteria/Justification
options answer
After applying pesticides, how | Less than >24h The r e-entry interval used: is 24h for a
long does it take you to re-enter | 24h/More than slightly toxic pesticide and 48 hours for
the plot to work? 24h/ no time moderately or very toxic pesticides [32].
limit
Wearing PPE important Yes/No Yes Wearing personal protective equipment (PPE)
is critical to minimize exposure to harmful
pesticides [22].
Do you use PPE Yes/No Yes PPE includes gloves, goggles, boots,
coveralls, masks [29].
Do you eat/drink/smoke/talk Yes/No No it is strongly advised to avoid eating,
during pesticide use drinking, smoking, or talking during pesticide
application to prevent ingestion or inhalation
of chemicals [22].

5. Ethical considerations

This study was carried out in accordance with
the ethical guidelines set by the institutional research
committee, as well as the principles outlined in the 1964
Declaration of Helsinki and its subsequent revisions [33].

Verbal consent was obtained from all
participants after they were fully informed about the
study's  objectives.  Participants’  confidentiality,
autonomy, and rights were fully respected throughout the
study.

6. Statistical analysis
The statistical analysis was performed using
Jamovi 2.6.2 version.

The qualitative variables were described
numbers and percentages, then compared using the Chi2
test or fisher exact.

The quantitative variables were described as
mean = standard deviation, then compared by Student's
T test for independent samples when distribution is
Gaussian.

Quantitative variables with a non-Gaussian
distribution are described as median and IQR inter-
quartile range, then compared by non-parametric Mann-
Whitney test.

RESULTS

1. Demographic information

The participants in this study ranged in age from
18 to 64 years, with an average age of 35.8 + 10.64 years.
The majority were women (75%, n = 99), while men
accounted for 25% (n = 33). Most participants were
married (47.7%, n = 63), followed by those who were
divorced (30.3%, n = 40). Participants hailed from
various regions, with the largest group from Béni Mellal-
Khenifra (40.2%, n = 53). The Souss-Massa region

contributed 5.3% (n = 7), and Guelmim-Oued Noun had
0.8% (n = 1). International participants included
individuals from Ivory Coast and Mali (0.8%, n = 1
each), as well as Senegal (8.3%, n = 11). In terms of
residence, most participants lived in Khmis Ait Amira
(70.5%, n = 93), while 3.8% (n = 5) resided in Agadir.

Regarding education, the majority of
participants (67.4%, n = 89) were illiterate. A smaller
percentage (8.3%, n = 11) had attended Quranic school,
while 9.8% (n = 13) had completed primary school.
Additionally, 7.6% (n = 10) reached middle school, 4.5%
(n=6) completed high school, and only 2.3% (n = 3) had
a university education. The median farming experience
was four years [2.00; 10.00], with most participants
having less than five years of experience. However,
18.8% had more than 10 years of experience. Monthly
income was calculated based on a daily wage, assuming
30 working days, resulting in a median salary of 2,400
MAD (approximately 250 USD). Tomato was the most
commonly grown crop among participants, accounting
for 43.9% of the total. Raspberries and blueberries
followed as the second most common crops, representing
27.3%.

2. Knowledge
1.1 Training programs

The majority of participants (97.7%, n=129),
have not attended any training related to pesticide use,
while only 2.3% (n=3) have received such training.

1.2 Identified symptoms of pesticide poisoning

When asked to identify symptoms of pesticide
poisoning, participants most frequently mentioned
suffocation (50.7%, n = 67), followed by skin irritation
(35.6%, n = 47) and pruritus (34.1%, n = 45).
Additionally, 11.3% (n = 15) believed that coughing
could result from exposure. No other symptoms were
reported. Notably, 12.1% (n = 16) of participants
expressed uncertainty, indicating they were unaware of
any possible symptoms associated with pesticide
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poisoning.

Table 1: Possible symptoms of pesticide poisoning according to participants

Symptoms Frequency | Percentage %
Suffocation 67 50.7

Skin irritation 47 35.6
Pruritis 45 34.1
Coughing 15 11.3
Don’t know any symptoms 16 12

1.3 Possible routes of pesticide poisoning

The most common response was through the
nose (99.2%, n=131), while mouth exposure was noted
by 78% (n=103) of participants. Fewer recognized skin
contact (34.8%, n=46) and eyes (26.7%, n=35) as
possible routes.

1.4 Recognition of acute pesticide poisoning
symptoms

When asked, only 14.4% (n=19) of participants
said they would be able to recognize the symptoms of
acute pesticide poisoning, while the majority (85.6%, n=
113), stated they could not.

1.5 Awareness of pesticide risks

In our study, 65.9% (n=87) of participants were
aware that pesticides can cause illness or even death. In
contrast, 34.1% (n=45) indicated they did not believe
pesticides could lead to such serious health issues.

1.6 Other ways for pest controls other than chemical
pesticide use

When asked about other possible ways to
control pests, other than chemical pesticides, all

participants (100%) cited Glue bands as a way used in
the farms to catch flies and other flying pests.

1.7 Recognition of pictograms on pesticide labels

15.9% (n=21) acknowledged recognizing one
pictogram, and 24.2% (n=32) identified two, 5.3% (n=7)
identified three pictograms, while only 1.5% (n=2)
recognized four. Lastly, only 2.3% (n=3) indicated that
they recognized all the five pictograms.

3. Attitudes

A majority of participants (67.4%, n = 89)
believed that their bodies had developed immunity to
pesticides over time, while 32.6% (n = 43) disagreed. In
contrast, only 15.2% (n = 20) recognized that overusing
pesticides could lead to resistance in pests, with a
significant 84.8% (n = 112) disagreeing with this
concept. Interestingly, all participants (100%, n = 132)
unanimously agreed on the importance of taking a bath
after pesticide use.

Table 2: Participants attitudes to pesticide use

Attitudes Frequency | Percentage %
Overtime, the body develops immunity against pesticides 89 67.4
Pests can’t develop resistance against pesticides 112 84.4
It is essential to take a bath after pesticide use 132 100

Among the participants, 38.6% (n = 51)
strongly agreed that pesticides have negative
consequences on human health, while 25% (n = 33)
disagreed. Perceptions regarding the risks of pesticide
exposure varied: only 6.8% (n = 9) strongly believed that
prolonged pesticide use could lead to cancer or leukemia,
while a significant 72.7% (n = 96) disagreed with the
notion that most farmers could withstand pesticide
exposure without harm. Additionally, 25.8% (n = 34) felt
there was excessive concern over the harmful effects of
pesticides, though 84% (n = 101) acknowledged that
risks were simply part of the job. Nearly all participants
(97%, n = 128) believed that a careful farmer could
minimize the dangers of pesticide use, reflecting a
proactive attitude toward safety. Regarding protective
measures, 68.1% (n = 90) asserted that their work
clothing effectively reduced pesticide exposure.
However, 66% (n = 87) believed the amount of pesticide

residue on clothing was negligible compared to air
pollution.

4. Practices
4.1 Application methods

All participants (100%) reported using a
motorized sprayer with a knapsack for pesticide
application on their farms. To spray the entire field,
47.7% (n = 63) stated it took less than an hour, 44% (n =
58) reported it took between one and three hours, while
8% (n =11) indicated it required more than three hours.
The frequency of pesticide application varied among
participants: 60% (n = 80) reported spraying multiple
times a week, 31% (n = 41) sprayed once a week, and
8.3% (n = 11) applied pesticides daily. Regarding re-
entry to the field after pesticide application, 56% (n =74)
waited more than 24 hours before resuming work, 12%
(n = 16) waited less than 24 hours, and an alarming 32%
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(n = 42) reported that pesticides were being sprayed
while others were actively harvesting.

4.2 Personal protective equipment

The majority of participants (96.2%, n = 127)
recognized the importance of wearing personal
protective equipment (PPE), while only 3.8% (n = 5)
disagreed. Among those who acknowledged the
importance of PPE, 80.3% (n = 106) were unaware of the
specific reasons for its use. A small proportion (6.8%, n
= 9) believed PPE protects against workplace air
pollution, 3.8% (n = 5) associated it with general
protection against hazards, 2% (n = 3) cited clothing
protection, and 3.8% (n = 5) mentioned protecting crops
from contamination.

Regarding the protective equipment used, 78%
(n = 103) of participants reported wearing nose masks,

Smoking 0

often improvised from clothing or scarves. Additionally,
46% (n = 61) used gloves, 19% (n = 25) wore wide-
brimmed hats, 31% (n = 41) had overalls, 7.6% (n = 10)
used special boots, and only 5% (n = 7) wore goggles.
Alarmingly, 21% (n = 28) reported using no protective
equipment at all.

4.3 Practices during pesticide use

Among the 26 participants surveyed about their
practices during pesticide application, 53% (n = 14)
reported eating, 80% (n = 21) reported drinking water,
none reported smoking (0%), and all (100%, n = 26)
reported engaging in conversation with each other.

Taiking | 100%

oo | '

0% 20% 40%

60% 80% 100% 120%

Figure 1: Practices during pesticide

5. Sociodemographic factors influencing the
knowledge attitudes and practices of farmers:
Analytical study
5.1 Age’sinfluence

Our statistical analysis revealed that age does
not significantly influence farm workers’ overall
knowledge regarding pesticide use. However, certain
age-related differences in beliefs and perceptions were
observed:

e Older farm workers (mean age: 38.0 + 11.0
years) were more likely to believe that their
bodies had developed immunity to pesticides
over time, compared to younger workers who
did not share this belief (mean age: 31.4 + 8.49
years) (p < 0.001).

e Farmers who strongly agreed or agreed that
pesticides negatively affect livestock were older
(mean age: 37.9 + 10.8 years) than those who
disagreed or remained neutral (mean age: 33.2
+9.94 years) (p < 0.012).

e Younger farmers (mean age: 31.1 £ 7.77 years)
were more likely to believe that farmers are

“tough enough” to withstand pesticide exposure
without harm, whereas older farmers were more
likely to disagree or remain neutral on this
statement (mean age: 37.2 £ 11.0 years) (p <
0.006).

e Farmers who agreed that the amount of
pesticide residue on clothing is minimal
compared to air pollution were older (mean age:
37.7 + 10.6 years) than those who disagreed or
were neutral (mean age: 32.3 + 9.81 years) (p <
0.005).

e Farmers who believed in the importance of
wearing PPE were older (mean age: 36.4 £10.5
years) compared to those who did not consider
PPE necessary (mean age: 22.6 + 4.44 years) (p
<0.003).

e Similarly, farmers who actively wore PPE were
older (mean age: 37.1 + 9.87 years) than those
who did not wear PPE (mean age: 31.3 + 12.3
years) (p <0.010).
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5.2 Gender’s influence

Men (30.3%) were more likely than women
(12.1%) to be aware of all routes of pesticide entry into
the body (mouth, nose, eyes, skin), while 87.9% of
women and 69.7% of men were unaware of all possible
routes (p = 0.015). A higher percentage of men (97%)
could cite at least one symptom of pesticide poisoning,
compared to 82.8% of women. Conversely, 17.2% of
women and only 3% of men could not identify any
symptoms (p = 0.040).

A significant gender disparity was observed in
reading and understanding pesticide labels: none of the
women (0%) could comprehend labels, while 15.2% of
men were able to read and understand them. This
suggests that label literacy is generally low, with a
particularly stark difference for women (p < 0.001). Men
(54.5%) were more likely than women (33.3%) to
strongly agree or agree that pesticides have negative
effects on the environment. In contrast, 66.7% of women
and 45.5% of men disagreed or were neutral on this issue
(p = 0.030).

Men (36.4%) were more likely than women
(17.2%) to agree that the continued use of pesticides
could lead to cancer and leukemia in humans. On the
other hand, 82.8% of women and 63.6% of men
disagreed or were neutral on this point (p = 0.021).

All women (100%) believed that wearing PPE
is important, compared to 84.8% of men (p < 0.001). A
higher percentage of women (89.9%) reported wearing
PPE, compared to 45.5% of men. Conversely, only
10.1% of women and 54.5% of men did not wear PPE (p
<0.001).

5.3 Farming experience’s influence

Farmers who reported the ability to read and
understand pesticide labels had significantly less farming
experience (median = 1.00 year) compared to those who
could not (median = 4.00 years, p = 0.032). Conversely,
farmers capable of recognizing acute poisoning
symptoms demonstrated significantly more farming
experience (median = 7.00 years) than those unable to do
so (median = 4.00 years, p = 0.022). Acknowledging the
negative health impacts of pesticides was also associated
with slightly greater farming experience (median = 5.00
years) compared to those who disagreed or were neutral
on this issue (median = 4.00 years, p = 0.042).

Farmers with greater experience (median = 10.0
years) were significantly more likely to recognize the
environmental harms of pesticide use compared to those
with less experience (median = 4.00 years, p < 0.001).
Similarly, recognition of the harmful effects of pesticides
on livestock was higher among more experienced
farmers (median = 9.00 years) than among less
experienced ones (median = 2.00 years, p < 0.001).
Agreement that pesticides generate toxic waste products
was also correlated with greater farming experience

(median = 7.00 years) compared to those with less
experience (median = 3.50 years, p < 0.001), reflecting
an increased awareness of environmental hazards over
time.

Additionally, farmers who rejected the notion
that pesticide risks are an unavoidable part of the job had
more farming experience (median = 8.00 years) than
those who accepted this fatalistic view (median = 4.00
years, p = 0.018). A similar trend was observed regarding
clothing exposure risks, with more experienced farmers
(median = 5.00 years) challenging the perception that
clothing exposure is negligible compared to air pollution,
in contrast to those who agreed with this view (median =
4.00 years, p = 0.031). Furthermore, farmers who
disagreed that work clothing offers sufficient protection
against pesticides had significantly greater farming
experience (median = 6.50 years) than those who
believed otherwise (median = 4.00 years, p = 0.005).

Experience also appeared to influence personal
protective equipment (PPE) practices. Farmers who
recognized the importance of PPE had significantly more
farming experience (median = 5.00 years) than those
who did not (median = 1.00 year, p = 0.006), suggesting
that experience fosters awareness of PPE's protective
role. Similarly, farmers who reported wearing PPE had
greater experience (median = 5.00 years) compared to
those who did not (median = 2.00 years, p = 0.023),
indicating that experience promotes safer practices.

5.4 Educational level’s influence

Farmers with higher education levels
demonstrated greater knowledge of pesticide entry routes
(mouth, nose, eyes, skin). Only 10% of those with no
formal education or Quranic schooling recognized all
routes, compared to 37.9% of farmers with primary,
middle, or high school education. This knowledge
slightly decreased among university-educated farmers to
33.3% (p = 0.001). Education level also significantly
influenced the ability to read and understand pesticide
labels. None of the farmers with Quranic or no formal
education (0%) reported being able to read labels, while
this capability increased to 13.8% among primary,
middle, and high school graduates, and to 33.3% among
those with university education (p < 0.001). Belief in
being “tough enough” to endure pesticide exposure
without harm decreased as education level rose. Among
Quranic or illiterate farmers, 19% agreed with this belief,
whereas all university-educated farmers (100%)
disagreed or remained neutral (p = 0.027).

Attitudes regarding pesticide risks as an
unavoidable aspect of application also varied by
education level. Agreement with this belief was highest
among Quranic or illiterate farmers (69%), decreased to
55.2% among primary, middle, and high school
graduates, and slightly rose to 66.7% among university
graduates (p = 0.036). However, no statistically
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significant relationship was observed between education
level and the use ofpersonal protective equipment (PPE).

DiscussIiON

In our study, participants’ ages ranged from 18
to 64 years, with a mean age of 35.8 = 10.64 years. This
is notably younger than the average age of 45 years
reported by Ben Khadda et al., (2021) in Fez Meknes,
Morocco [42]. Comparable studies found the median age
of farming populations to be approximately 40 years,
with age ranges spanning 18 to 80 years in Southern
India [4] and 20 to 81 years in Indonesia [48]. The
relatively younger age distribution of our sample
contrasts with these findings, suggesting a distinct
demographic profile in our study area.

Women comprised 75% of our participants,
resulting in a male-to-female ratio of 0.33. This starkly
contrasts with similar studies where male participants
predominated. For instance, Ben Khadda et al., (2021)
reported an entirely male sample in Fez Meknes,
Morocco [42], and other studies have noted male
representation ranging from 69% to 95% [3, 4, 48, 51,
52]. This divergence highlights potentially unique
gender dynamics in our study area, with significantly
higher female involvement in farming compared to other
regions.

The illiteracy rate among our participants was
high, with 67.4% lacking formal education, 9.8% having
attended primary school, and only 2.3% attaining
university education. This is higher than the 43.3%
illiteracy rate reported by Ben Khadda et al., (2021)
among Moroccan farmers, where 29.1% had received
primary education [42]. Similarly, Benaboud et al.,
(2020) found a lower illiteracy rate of 26% in Oriental
Morocco, with comparable primary education levels
[50]. By contrast, studies from Nigeria, Indonesia, and
Malaysia reported literacy rates exceeding 85%, with
most farmers having completed secondary or tertiary
education [3, 48, 51]. These findings suggest
significantly lower educational attainment among our
participants relative to other regions.

The median farming experience in our sample
was 4 years, with most participants having fewer than 5
years of experience, though 18.8% had over a decade of
experience. This contrasts with Ben Khadda et al.,
(2021), who reported an average farming experience of
11.5 years [42], and even longer experience among
Indonesian farmers, averaging 18.7 years [48]. In
Malaysia, 41.1% of farmers reported 11 to 19 years of
farming experience, while only 29.2% had less than 5
years [51]. These findings indicate that our sample
predominantly comprises relatively newer entrants to
farming compared to these other regions.

In our study, 97.7% of participants reported no
prior training on pesticide use, with only 2.3% having

received any form of training. This aligns with findings
by Ben Khadda et al., (2021), where 88% of farmers
similarly lacked formal training on pesticide use [42],
underscoring a widespread deficiency in education on
safe pesticide practices across regions.

When asked to identify symptoms of pesticide
poisoning, participants most frequently cited suffocation
(50.7%, n = 67), followed by skin irritation (35.6%, n =
47) and pruritus (34.1%, n = 45). A smaller proportion
(11.3%, n = 15) associated coughing with pesticide
exposure. However, no other symptoms were mentioned,
and 12.1% (n = 16) of participants expressed uncertainty,
being unable to identify any potential symptoms of
pesticide poisoning. This contrasts with the broader
spectrum of symptoms described in the literature,
including dizziness, headache, body aches, diarrhea,
nausea, chills, stomach cramps, salivation, pupil
constriction, increased pulse, loss of consciousness, and
convulsions [48].

Our study revealed that 99.2% of participants
recognized inhalation as a primary route of pesticide
exposure, followed by oral ingestion (78%). However,
fewer participants identified skin contact (34.8%) or eye
contact (26.7%) as exposure routes. These findings are
consistent with a study in Nigeria, where inhalation
(58.8%) and ingestion (54.5%) were also the most
recognized routes of pesticide exposure among farmers
[3]. This suggests a consistent understanding of key
exposure routes, although awareness of skin and eye
contact remains limited.

Furthermore, 65.9% of participants in our study
acknowledged the severe health risks associated with
pesticide use, including potential fatality, while 34.1%
were unaware of such dangers. This contrasts with
findings from Southern India, where 75.43% of farmers
reported full awareness of pesticide-related risks [4].

When assessing label comprehension, 49.2% of
participants reported the ability to recognize and
understand pesticide pictograms, while 50.8% could not.
This contrasts sharply with data from Oriental Morocco,
where only 2.5% of respondents reported an inability to
understand pictograms [50]. The lower familiarity with
pictograms among participants in our study highlights a
critical gap in label comprehension and points to the need
for targeted educational interventions for local farmers.

In our study, 75% of participants acknowledged
the adverse health effects of pesticides. This finding
aligns with studies from Malaysia and Nigeria, where
90.3% and 94.6% of farmers, respectively, recognized
the health risks associated with pesticide use [3, 51].
Similarly, research conducted in Southern India reported
75.43% awareness of pesticide-related health hazards
[4]. These consistently high levels of awareness across
diverse regions indicate a widespread understanding of
the health implications of pesticide use.
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In contrast, only 16% of participants in our
study recognized the environmental impacts of
pesticides. This is markedly lower than the awareness
levels reported in Malaysia (76.4%) and Nigeria (85.6%)
[3, 51], highlighting a significant gap in environmental
awareness within our study area. This discrepancy
underscores the need for educational initiatives to
emphasize the ecological consequences of pesticide
usage.

All participants in our study (100%) agreed on
the importance of bathing after pesticide application, a
finding consistent with Fez Meknes, where 97.7% of
farmers reported similar hygiene practices [42].
However, this contrasts sharply with data from Saudi
Arabia, where only 45.6% of farmers consistently bathed
after using pesticides [53]. These differences suggest
variability in hygiene practices across regions, with our
sample exhibiting notably high adherence to post-
application hygiene.

Our study reveals that older farmers are more
inclined to use personal protective equipment (PPE),
possibly due to increased awareness of pesticide risks
with age. This contrasts with Nwadike et al., (2021), who
found that older farmers were less consistent in using
PPE, such as masks and gloves, often citing a perceived
immunity to pesticides as a reason [3].

In terms of gender, men in our study exhibited
greater knowledge of pesticide exposure routes and
poisoning symptoms compared to women, indicating a
gender disparity in risk awareness. Men were also more
likely to acknowledge that prolonged pesticide use could
lead to serious illnesses like cancer and leukemia,
suggesting a higher awareness of long-term health risks.
However, women, while less informed about pesticide
labels, consistently prioritized PPE usage more than
men.

Our results indicate a strong correlation
between farming experience and PPE awareness, as well
as recognition of pesticide risks to health and the
environment. Experienced farmers were more likely to
perceive pesticides as harmful, likely due to prolonged
exposure and cumulative observations over time. This
aligns with Ben Khadda et al., (2021), who found that
farming experience enhances farmers' understanding of
pesticide impacts and improves proper PPE usage [42].

Additionally, higher educational levels were
associated with improved understanding of pesticide
exposure risks and greater adoption of PPE. Farmers
with university education demonstrated a better ability to
read and comprehend pesticide labels, which was linked
to fewer misconceptions about resilience to pesticide
risks. These findings are consistent with Benaboud et al.,
(2021), Nwadike et al., (2021), and Lu (2022) [3, 50, 52],
who reported that advanced education promotes safety
practices and accurate identification of pesticide

symbols. This underscores the critical role of education
in fostering risk awareness and encouraging safe
pesticide handling practices.

This study highlights several key avenues for
future research. Conducting similar KAP studies in other
agricultural regions of Morocco would yield valuable
comparative data, helping to identify regional variations
in pesticide knowledge and practices. Moreover,
implementing targeted training programs based on the
findings of this research could significantly enhance
farm workers' understanding of safe pesticide handling.
Such initiatives would not only improve health outcomes
for workers but also contribute to creating a safer
agricultural environment. Future research should assess
the effectiveness of these educational interventions, with
a focus on their impact on safety practices among farm
workers and their role in reducing the risks associated
with pesticide exposure. By identifying gaps in
knowledge and safety practices, the study's findings can
provide valuable insights for policymakers, aiding in the
creation of safer workplaces and the establishment of
necessary safety standards.

This study had several limitations that warrant
acknowledgment. One significant challenge was the
timing of data collection, which coincided with the end
of the harvest season. This resulted in a reduced number
of workers on the farms, thereby limiting the pool of
potential participants. Additionally, many prospective
participants faced literacy challenges, which not only
impeded their ability to complete the questionnaire but
also precluded the use of online survey distribution.
Despite these challenges, the findings of this research
remain impactful. By emphasizing the need for education
and safe farming practices, this study has the potential to
promote healthier working environments that benefit not
only farm workers but also the surrounding ecosystems
and communities.

In conclusion, this study highlights that while
farmers in the Souss Massa region demonstrate a
moderate understanding of pesticide safety, unsafe
practices remain prevalent, with many neglecting critical
safety measures. Sociodemographic factors—including
age, gender, farming experience, and education level—
significantly influence farmers’ knowledge, attitudes,
and practices related to pesticide use.

The findings align with existing research, which
underscores a persistent gap between knowledge and
practice in agricultural settings. Addressing this gap
requires the implementation of targeted training
programs designed to improve knowledge and promote
adherence to protective measures.

However, the study’s limitations, such as the
relatively small sample size, call for further research
involving larger and more diverse populations to validate
these results. Strengthening farmers’ knowledge and
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practices in pesticide use is essential to fostering
sustainable agricultural practices while protecting human
health and the environment.
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