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Abstract

Pesticides are a vital component of modern agriculture. So, these chemical compounds could play a crucial role in
maintaining high agricultural productivity. However, high-input intensive agricultural production systems in which
more effective and widespread use of pesticides could harm human health and the environment. As we know, most of
the farmers in developing countries used pesticides without taking the necessary precautions. The present study aims
to assess farmers' knowledge and understand the pattern of use of pesticides in Oriental Morocco. We based our
approach on a standardized questionnaire with 140 farmers to evaluate their knowledge, attitude, and awareness about
the pictograms used on pesticide labels. The results show that the farmer had a low level of education; only 14% were
in university. More than 65% overuse pesticides and 60% did not respect the pre-harvest interval. Many farmers did not
know the standard pictograms used on pesticide labels, 90% acknowledged only the crossbones and the fire sign, and
33% gave false interpretation or misunderstood these pictograms. These results show that the farmers in Eastern
Morocco seem to be ignorant of pesticide danger and lack of safety education. They have no idea how to deal with the
pictogram on the pesticide label. Pesticide safety education is necessary to induce protective behavior among farmers
and prevent the residue of pesticides in foodstuff. The comprehension of pictograms on pesticide labels is crucial to
reduce the risk of poisoning.
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Introduction

Pesticides are widely used in agriculture to control a broad spectrum of devastating pests that spoil the crop [1].
These chemicals are crucial for warranting economic development and food security and their unsafe and heavy use could
be a significant threat to human and environmental health [2]. The statistics from the Food and Agriculture Organization
(FAO) show that developing countries used about 30% of the pesticides in the world [4-7]. In this case, farmers are the first
exposed to this kind of poisoning; the farmers are at a greater risk of pesticide exposure than others are[10]. Several studies
confirmed these observations: the pesticides poison yearly more than 25 million farmers. Moreover, approximately three
million farmers suffer from severe poisoning due to pesticides, particularly in the rural areas of developing countries [8].

Additionally, 180,000 deaths every year are registered [9]. We found in the literature that the first causes of this

high incidence rate are the shortage of knowledge about the pesticides, low educational level, and insufficiency safety
attitude, especially not using personal protective equipment by farmers before, during, and after pesticide application [10—
15]. Since 1988, the FAO, with the International Association of Agrochemical Manufacturers (Crop Life International), began
promoting the pictogram to avoid contamination by pesticides [16, 17].
The FAO planned to implement the United Nations Globally Harmonized System for the Classification and Labeling of
Chemicals (GHS) in 2008 [18]. The goal of the GHS was to use nine pictograms for communicating chemical hazards to
encourage global recognition and prevention of potential environmental contamination and health hazard. These
pictograms are a mechanism for communicating technical risk assessment data for specific pesticides in a perceived simple
format, without words, and easy to understand universally by semi- and illiterate populations [18].

In Morocco, the adoption of the GHS had started in 2012 to become mandatory in 2015 [19] and the amount of
pesticide used in Morocco is about 17,000 tons every year [19]. The agricultural sector contributes to gross domestic product
(GDP) by 17% [20] and this makes pesticides unavoidable. The organization of phytochemicals in Morocco started early by
the Decree of 1922. Since 2010, the office of food security (ONSSA) is the establishment that controls the homologation of
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pesticides and their uses. However, government control and law enforcement are still weak, and Morocco's illiteracy is
about 45% [21].

Furthermore, Oriental Morocco has the second highest joblessness rate in the country, up to 17% [21] and the
vicinity of the Algerian border makes Oriental Morocco a fertile place for smuggled products. All these facts explain our
choice of area of study in Oriental Morocco to investigate the pattern of pesticide use and assess the farmers' knowledge
about the pictograms on pesticide labels. Our study evaluated farmers' behavior and set an understanding of the current
pictograms on the pesticide label in this scope.

Materials and methods

Study area

The majority of agriculture within Eastern Morocco areas concentrates on the lower Moulouya irrigated perimeter,
which extends on 160,000 ha of arable land, including irrigated 80,000 ha. The province of Berkane only contains 60,000 ha
(red box) of arable land with irrigated 40,000 ha

Study design

Berkane is divided into nine communes and we took a random sample of 140 farmers from five communes:
Laatamna, Madagh, Boughriba, Reggada, and Chouihia, Morocco. They were chosen because they contain the principal
agricultural activity in the Province of Berkane. We began the query from August 2010 to June 2011 and it took us nine-
month and ten field trips to complete our investigation. Subjects gave their oral informed consent to participate in the study
after hearing the explanation of his objective. It was a face-to-face query with 20 min to perform the interview. During each
field trip, a technician from the ORMVAM (Office of Agriculture in the Lower Moulouya) was our guide to approach the
farmers.
The questionnaire was designed in French, translated into Arabic (the mother tongue of the farmers), and administered on-
farm in Arabic. We elaborated on the questionnaire by identifying information gathered from the existing literature on
pesticide use, and we took the lead from the discussions with farmers and ORMVAM technicians. Some questions were
open-ended and others were closed questions in a multiple-choice format so that respondents had to select only the
appropriate answer(s) that they thought best described their opinion or attitude on a particular issue. Some questions
demanded multiple answers. The questionnaire contained three main sections. The first section was designed to collect
information on the farmers' characteristics, including age, educational level, farm size, and the phytosanitary product. The
second included their level of satisfaction regarding the origin of pesticides used (approved or smuggled), the knowledge
about the PHI (pre-harvest interval), and the overuse of pesticides regarding the manufacturer's dose prescript The third
and the last section was dedicated to assessing their knowledge about the standard pictogram used in pesticides label by
the manufacturer in Morocco. We analyzed the data obtained from the questionnaire using Statistical Package for Social
Sciences (SPSS; Chicago, IL, USA) program, version 22. We tested the significance of the difference between categories by
using the chi-square test (X2). P values of less than 0.05 were accepted as statistically significant.

Results

Demographic of study from farmers

Age and level of education are measured using well-defined ordinal scale categories. Table 1 shows that the
highest percentage of respondents (45%) belonged to the 40-60 age group, followed by 32.8% in the 2040 group. The
smallest number of respondents (22.2%) is in the above 60-age group. Regarding educational level, about 26% of the
sampling population was illiterate; people with less than six years in school and with more than six years in school followed
with 26.4% and 22.1%, respectively. Respondents with a high level of education account for only 14.3%.

The size of the farm and pesticides used

The results show that we can distinguish three classes of farm: farms with less than 5 ha called small parcel;
between 5 to 20 ha medium parcel; and with more than 20 ha oversized parcel. The majority of the parcel was under 20 ha
and the small parcel represents 31%, and the remaining 14% was the oversized parcel with superficies up to 120 ha (Figure
1).

The farmers used the insecticide (95%) the most, followed by the fungicide (80%) and the herbicide (60%). We
must mention that one farmer may use more than one class of pesticides. They used mineral fertilizer by more than 98%,
and the manure was used only by 43%.
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Table 1. Demographic of study from farmers

S Women Men Total Frequency
ex
1 (1%) 139 (99%) 140
20-40 years 1 45 46 32.8%
40-60 years - 63 63 45.0%
Age
> 60 years - 31 31 22.2%
Average age 39 45 44
Illiterate 1 35 37 26.4%
Less than 6years
. v - 31 31 22.1%
in school
More than 6 years
Level of education . 4 - 52 52 37.1%
in school
University - 12 12 8.6%
Specialists
P ; 8 8 5.7%

(Technician engineer)

SIZE(ha)

55.00%

31.00%

<5 ha 5-20 ha 20ha =

Figure 1. Size of the farm (ha)

The satisfaction of users

The smuggling activity is well known in the area of study because of the region's vicinity to the Morocco-Algerian
frontier, so we asked the farmers if they are satisfied with the pesticides used. The level of satisfaction was on a scale of 1 to
3. The result shows that the farmers using approved pesticides were highly satisfied than those who use smuggled one
(Table 2).

Pesticides knowledge

We found that most farmers do not respect the PHI: indeed, 60% of the farmers affirmed that they harvest their
product (fruits, vegetables...) before the adequate time when they apply pesticides; only 40% of the farmers affirmed that
they respect the PHI. More than 66% do not use the proper safety measure in terms of security of use and do not wear any
protective cloth (glove, mask, shoes). More than 65% overuse pesticides effectively and they do not respect the
manufacturer's dose. We conducted a Chi-squared test to assess the relationship between education and knowledge about
pesticides. The illiterate people or the ones with lower educational levels show a shortage of experience about pesticides,
and they do not take any preventive measure of security (p<10-®). The farmer with a higher level of education, such as
academic level or specialist (technician, engineer), are the most with good knowledge about those chemicals, and they took
the correct measure of security when applying the pesticides (p<10-).
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Table 2. level of satisfaction of farmer

Rate of satisfaction

(on a scale of 1 to 3)

Approved pesticides 2.6

Smuggled pesticides 14

Table 3. Behavior of farmers with direct contact with pesticides.

. Total
Variable Frequency
(n=140)
Respect the PHI (pre-harvest interval)
Yes 53 37.8%
No 87 62.2%
Prevention measure
Wear special cloth 10 7.1%
Wear a mask 55 39.2%
Does not manipulate with bare hand 78 55.7%
Does not eat during application 100 71.4%
Does not smoke during application 62 44.2%
Respecting the dose prescribed
Yes 44 31.4%
No 96 68.6%

Comprehension of pictograms used on pesticides labels

To understand how the label plays a role in farmworker's analysis of pesticide's potential risk, we asked them if
they can identify the standard pictogram on the brands of pesticides (Figure 3). Indeed the skull and crossbones symbol and
the flame label were by far the most frequently identified component. The oxidizer pictogram was the least identified by the
farmers (Figure 4). Only 2% acknowledged the corrosive label. However, 33% gave a false interpretation of the pictograms,
and 2.5% affirms they did not know any of the pictograms on pesticide labels. Moreover, the same as for the knowledge
about pesticides, the farmers with better recognition of the pictograms were the ones who had a higher level of education
(p<10), a low level of education was associate with making mistakes on the interpretation of those pictograms (p<10-).

Comparative analysis

To assess the relationship between farmers' educational level and knowledge and the role of pictograms in danger
perception. We conducted a correspondence analysis. The mapping of this correspondence shows a positive impact on the
level of education on farmers' behavior. Indeed the high level of education was in conjunction with the good agricultural
practice and in the same logic, the illiterate and the low education farmers were more likely not to follow the safety attitude

when using pesticides.
1: Corrosive
: Flammable
3: Toxic
- . . e

Figure 2. Commons pictograms used on pesticides labels in Morocco

]

5: Nocif

6: Harmful to
the environment
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False response or interpretation _ 46

Corrosive . 6

Harmful | 5
Toxic |, 127
Flammable | 120

Oxidizer | 1

Harmful to the environment _ 30

Non response I 3

0 20 40 60 80 100 120 140

Figure 3. Pictograms knowledge of the farmers. (n=140).

Discussion

Several studies supposed that farmers with increased perceptions of pesticides as hazards to human health and
the environment would lower their use of pesticides [22-24]. The majority of farmers in the area of study considered
pesticides a toxic product; That may have harmful effects on the environment and human health [25]. Still, this did not have
a positive potency on their pesticide use in the opposite of expectations. It is plausible to state that most farmers in this
survey do not give great weight to environmental and human health factors when applying pesticides. The study area is
well known for using smuggled pesticides [26] and in our case, the farmers using the smuggled product are less satisfied
with the result than the one who uses the approved one. These findings are not particularly surprising; the farmers' primary
concern is to guarantee high yields and so for them, the overuse of pesticides or a low-cost smuggled product is the only
way [27, 28].

More than half of the farmers in our study do not respect the PHI, which may hurt human health [29], and may
occur to exceeding of the MRL (Maximum Residue Limit) in foodstuff [29, 30]. Furthermore, the farmers used incorrect and
high-risk methods for handling and applying pesticides. Their prevention measures are useless by knowing that if the
applicator uses the protection equipment we can decrease the chance of poisoning by 44% [22].

The level of education was a determining factor. Indeed, the higher the level of education was, the better the
knowledge of pesticides and the handling of this dangerous chemical were. Several studies in other developing countries
showed the same result [31-33]. According to that, there is a pressing need for pesticide education as a risk communication
tool. The primary objectives of education are to ensure that farmers understand pesticides' health hazards and adopt proper
work practices. They must become familiar with protective measures, and use equipment properly, practice personal
hygiene measures. For their safety, they must recognize early symptoms of overexposure or poisoning and obtain first aid
at the most initial time possible; The World Health Organization (WHO) recommends using pesticides only by trained
people [34, 35]. In Morocco, the manufacturer's standard pictograms do not play their role as intended. Besides, the labeling
on pesticides does not give sensitive information on how to handle this phytosanitary product. Our work shows an essential
percentage of the farmers do not recognize these pictograms, and they misunderstand almost a third of the subject.
Furthermore, in the time we conduct, our investigation the pictograms used on the packing of pesticides were not the GHS.
However, the success of the GHS to prevent the misuse of pesticides and lower the risk from these chemicals on the health
has been controversial, especially in developing countries [36]. In South Africa, the farmworkers not only misunderstood
the pictograms but also they often confuse interpretations, leading to inducing even riskier behaviors [37]. Pictograms are
less likely to fall victim to misinterpretations if the target audience is involved in the process of developing these pictograms
and are context-specific [39]. In some countries (e.g., the USA, Italy, and Japan), there are attempts to develop risk
communication tools through a participatory process of engaging the target population in designing them [43—45].

Findings in our study will enable authorities to make more wise decisions and policy recommendations to prevent
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or reduce the threat of pesticides for health and the environment. They could also use the knowledge gaps identified in this
study to design training programs for farmers more accurately. Participation in training programs leads to increased
knowledge about safety precautions while handling pesticides [38,39]. Some developing countries, such as Nicaragua and
Puerto Rico, undertake an action-oriented approach to farmworkers' education: teaching farm workers about the hazards
and safe use of pesticides and empowering them to take preventive and protective actions gave a positive result [37]. In
China, a safety education program decreased pesticide poisoning prevalence from 1.05% to 0.25% in one village taken as a
leading experience [43]. The government must develop adequate training programs on pesticide safety, and the hazards of
pesticide exposure must address gaps in farmers' knowledge. The extension service of the Ministry of Agriculture in
Morocco should play a crucial role in the training of farmers, and the information they provide should be up-to-date,
accurate, and easy to understand to inspire confidence and trust among the farmers. A trustworthy relationship with the
informant may shape the perception of the risk of pesticides and the endorsement of preventive measures [40].

According to our result, the illiteracy rates (26%) among farmers are high. They cannot write and read, and this is
a challenge in designing appropriate training programs, for example, pictograms. They should be unambiguous and easy
to understand to prevent misinterpretations of the risk information. Using pictograms is a critical element for overcoming
literacy challenges in transmitting pesticide risk information [36]. Field demonstration can reinforce the knowledge of the
farmers. Such capacity-enhancement activities will allow farmers to learn and understand how to handle pesticides safely
and incrust in their behavior the preventative measures to minimize the risk from occupational exposure. It is also vital to
train farmers about alternative cropping systems that are less dependent on pesticides and friendly to the environment
while at the same time promoting integrated pest management practices. Ideally, the developing countries should adopt
this process, especially with pesticide label development and farmers. In most developing countries, we can identify several
significant obstacles to agrochemical safety. There is insufficient legislation for pesticide use and registration, in addition to
a lack of regulatory research facilities to monitor pesticide residues and effects [35, 37].

Besides the farmers' training to reduce the risk of pesticides, the authorities must adopt other strategies —the
enforcement of existing pesticide laws and regulations by monitoring the use of pesticides. The use of these chemicals must
be only for trained people with a pesticide safety certification. It is also crucial to raise awareness about the risk of pesticides
among the general public because exposure to harmful residues in foodstuff is the most common [45].

A limitation of this study is relying on the honesty of respondents. The query is based mainly on self-reported
data, which is subjected to bias. As a self-report, there may be some inaccurate information, such as respondents wanting to
report socially desirable behaviors. When we asked them if they wear protective gear when applying the pesticides or if
they adopted other safety practices may be influenced by the respondents' desire to show that they adhere to the Good
Agricultural Practices. Considering the number of farmers (n=140), we cannot claim that our results represent all Moroccans
Farmers. It's practically impossible to interview all farmers in Morroco. We aimed to explore and highlight pesticide safety
issues for farmers, regardless of its limitation. This study provides an overview of pesticide safety knowledge and practices
among farmers in Morocco and may play a part in educational and policy suggestions to prevent and reduce the hazards
associated with pesticides.

Conclusions

Our study reveals a lack of adequate knowledge among farmers in Morocco and includes an insufficient use of
protective equipment, the overuse of pesticides, and a misunderstanding of pictogram labels on pesticides. We recommend
that the authorities prioritize developing and implementing educational pesticide safety and certification programs for
farmers. This training must focus on the health and environmental effects of pesticides, improvements in the pictograms'
clarity on pesticide labels, and understanding of the pesticide regulatory system in Morocco. Also, the use of the smuggled
product is a real problem that must be severely restricted. Lastly, the Ministry of Agriculture's intervention strategies must
tighten the enforcement mechanism of current pesticide laws, regular trough surveillance, and monitoring pesticide safety
conformity at both retailer and farm levels to minimize the impact of the phytosanitary product on the environment and
public health.
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