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Abstract 
The inappropriate use of pesticides affects the entire functioning of the ecosystem, 
Indeed, the absence of data on the use of pesticides in the province of Meknes, led us to 
conduct surveys of farmers, the objective of our study is to present an overview on the 
use of pesticides in the province of Meknes (Morocco). The Investigations in the 
province show that the majority of farmers practice arboriculture, cereals and legumes, 
the remainder is partitioned between market gardening and olive growing. Most of these 
crops are grown in the field. Herbicides are the most frequently used pesticides, with 
57.74% of the products used, followed by fungicide with 27.03%, and insecticides with 
13.91% of the total pesticides used. Organophosphorus pesticides have a percentage of 
17%, followed by the bipyridia family with 15%, and 12% represented by the 
pyrethroids. Glyphosate is the most widely used herbicide, ranking first with 15.22%, 
followed successively by paraquat (14.96%) and copper metal-copper sulphate (13. 
65%). The investigations revealed mismanagement of pesticides, the ninety farmers 
questioned treated unprotected, applied overdoses and lived adjacent to the treated plots. 

1. Introduction 

The vital needs satisfaction begins with agriculture, Morocco is an agricultural 
country, and the agriculture is a backbone of the Moroccan socio-economic fabric, the 
country presents agro-ecological conditions favorable to agriculture, the continuous 
increase of the area cultivated under modern and solidary agriculture, calls for the use 
of pesticides. 

Pesticides, also called phytosanitary product, are chemical substances contribute so 
necessary and often indispensable to safeguard, regularity and quality of agricultural 
production [2]. The term pesticide covers a wide range of compounds, Including 
insecticides, fungicides, herbicides, rodenticides, molluscicides, nematicides, plant 
growth regulators and others [4]. 

The use of pesticides in agriculture dates back to antiquity. Indeed, plants known for 
their toxic properties were used as pesticides (such as aconite, in the Middle Ages 
against rodents) and arsenic products are known in China in the sixteenth century [16], 
[7]. The 1960s marked by the birth and introduction of organophosphorus insecticides.  
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The carbamates in the 1970s and pyrethroids in the 1980s, 
and the introduction of herbicides and fungicides in the 
1970s and 1980s contributed significantly to the control of 
pests of agricultural production [4]. From they appear, 
pesticides have undergone an important evolution, today the 
range of active molecules of pesticides is very diversified. 
According to UIPP [33] the world market for pesticides, 
represents about 40 billion dollars. Europe remains the leader 
with 27.7% of the market shares, followed by Asia at 26.4%, 
Latin America at 22.9%, North America at 19.1%, and 
finally Africa to 4%. 

According to the Office of National Health and Food 
Safety (ONSSA), the Moroccan market for pesticides is 
mainly based on imports; it is around 600 million dhs, or 
about 0.2% of the world market. Moreover, the area of 
treated agricultural Morocco accounts for more than 
9200000 hectares. Morocco imports about 90,000 tons of 
pesticides, the majority of which is used in agriculture: 55% 
are insecticides and anti-rodents, 30% of fungicides, 15% of 
herbicides, and a germination inhibitor and growth 
regulator [30]. The use of pesticides is subject to intense 
controversy because of two considerations, both undeniable 
but contradictory. On the one hand, pesticides are very 
effective as a means of pest control. This makes it crucial 
instruments of modern agriculture. On the other hand, 
pesticides can have very negative consequences for the 
environment and human health, even if the consequences 
are unintended. According to several studies [23], 
pesticides are a global concern. During application and 
following the development stage of the vegetation cover, 10 
to 70% of the products can be lost in the soil [22], [5], [6], 
and 30 to 50% of the products can be lost in the air in the 
form of droplets, or gases [34], [5]. Indeed, the number of 
diseases and deaths related to pesticides is increasing. 
According to the Food and Agriculture Organization of the 
United Nations (FAO), about 750,000 people contract 
diseases every year, such as cancers. More than 20 000 
accidental deaths and 3 million pesticide poisonings are 
recorded annually [27], the most chronic effects observed in 
farmers are neurological diseases, fertility disorders, 
malformations, effects on the immune system, disruption of 
the endocrine system and especially cancerous diseases [19], 
[10]. 

According to the Moroccan Antipoison Center [8], 
pesticides are the second leading cause of poisoning on a 
national scale and still carry a potential risk to the consumer 
and the environment. 

Faced with these Risks, the irrational use of pesticides is a 
matter of concern. It is becoming urgent to develop a 
reference framework on the issue to attract the attention of 
decision-makers. The objective of our study is to present a 
status report on the use of pesticides in the province of 
Meknes, which is one of the most important agricultural 
areas in Morocco. 

 

2. Material and Methods 

2.1. Study Area 

The province of Meknes (34° 02 '00 " N, 5° 00' 00" W) is a 
subdivision of the Fes-Meknes region according to the 
administrative division 2015, extending over an area of 1786 
km2. Its prefectural territory is divided into 21 municipalities, 
including 15 rural towns[18]. 

2.2. Temperature 

The climate of the province of Meknes is characterized by 
a mild and fairly rainy winter, a hot and dry summer, with an 
average annual temperature around 19 C° (Figure 1). 

 

Figure 1. Temperature variation (C°) in Meknes region. 

2.3. Rainfall 

Annual precipitation in the Meknes region ranges from 
400 mm to 600 mm, with an annual average of 500 mm /year 
(Figure 2). 

 

Figure 2. Annual precipitation (mm) in Meknes region. 
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2.4. Types of Soil 

The plateau of Meknes, whose framework is constituted by 
hard and / or soft lake limestones, is covered mainly by soils 
whose chemistry is dominated by the presence of more or 
less of alkaline earth [12]. 

Soil cover consists of a more or less complex assemblage 
of four classes of soils: Calcimagnesic, Isohumic, Vertisols 
and Fersialitic (Figure 3). 

 

Figure 3. Map of different soils in Meknes region. 

2.5. Hydraulic Networks, Ground Water and 

Dams 

The province's groundwater plays a key role in the socio-
economic development of the province [1]. The province is 
an agricultural area par excellence. Several rivers cross the 
province of Meknes in addition to the dams (Figure 4). 

 

Figure 4. Distribution of different water resources in Meknes region. 

2.6. Irrigated Areas 

The area of irrigated crops is located in a strip of 
groundwater, which offers the area more advantages (Figure 
5). 

 

Figure 5. Map of irrigated areas in Meknes region. 

2.7. Investigation 

Surveys were carried out involving 90 farmers, and 25 
resellers and distributors of plant protection products, 
sampled at randomly, in collaboration with the National 
Board of the Agricultural Council of Meknes, which divides 
the province of Meknes into three Center of the Agricultural 
Council (CAC). Which are CAC of Ain Jemaa, CAC of 
Moulay Idriss and CAC of Dkhissa. The survey conducted 
from resellers and distributors of plant protection products 
included three areas: the city of Meknes, the industrial area 
of Meknes Sidi Slimane Moul Al Kifane, and the city of 
Boufekrane. The questionnaires concerned qualitative and 
quantitative aspects such as occupational activity, type of 
farming, type of crop, area, yield, active substances, plant 
origin, type of fertilization, duration of pesticide application 
and the conditions of the safe use of pesticides (Figure 6). 

 

Figure 6. Areas studied. 

2.8. Data Treatment 

Data collected were analysed using Excel®, the treatment 
of the data was performed according to the variables noted in 
the field. 
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3. Results and Discussion 

3.1. Results of Farmer’s Survey 

3.1.1. Agricultural Sector 

 

Figure 7. Area in hectare (ha) according to agricultural sectors. 

The data presented in Figure 7, show that 48% of the area 
studied is occupied by arboriculture, followed by cereals 
occupying 25.73%, whereas vegetables come in third with 
12.05%, the remaining area is occupied by the olive, legumes 
and other crops such as sunflower. The yield of each crop 
depends on precipitation and varies from year to year. 
According to our survey for the same crop, the yield varies 
from one farm to another; depending on the technical 
management of each farm, according to the Agency for 

Agricultural Development (AAD), the main constraints 
limiting the development of agricultural sectors in the region 
are technical, socio-economic and environmental [3]. 

3.1.2. The Pesticides Used 

All farmers surveyed reported their uses of pesticides. The 
analysis of the results presented in Table 1 and Figure 8 
indicates that 57.74% of the products used are herbicides, 
followed by fungicides with 27.03%, while insecticides 
occupy the third place with 13.91%. In Europe, the use of 
herbicides reaches up to 80% of the total amount of 
pesticides [29]. Meanwhile, in the US where crops 
predominate widely, herbicides are the main category of 
pesticides [21]. 

 

Figure 8. Distribution of pesticides by class. 

Table 1. Description of the various pesticides. 

Number Pesticide 

Registration 
Trade name Active ingredient Class Chemical family Content 

E02-9-015 
HUSSAR 
EVOLUTION 

Fenoxaprop-P-ethyl + Diclofop-methyl 
+ Mefenpyr-diethyl (Safener) 

Herbicide 
Pyridyl phenylethers + 
Aryloxy phenoxy-
propionates + Pyrazoles 

(64 + 8 + 24) g/l 

F11-2-028 OTHELLO 
Diflufenican + Iodosulfuron-methyl-
sodium + Mefenpyr-diethyl (Safener) + 
Mesosulfuron-methyl 

Herbicide 
Phenoxynicotinanilide + 
sulfonylureas + Pyrazoles + 
sulfonylureas 

(50 + 2,5 + 22,5 
+ 7,5) g/l 

E08-4-002 FUSILADE FORTE Fluazifop-P-butyl Herbicide Aryloxyphenoxy-propionates 1,25-2,5 l/ha 
A03-6-030 GRAMOXONE Paraquat Herbicide Bipyridiliums 200g/l 
0735 ALFAHD MIX 2,4-D + MCPA-dimethylamine (DMA) Herbicide Phenoxyherbicides (330 + 285) g/l 
B09-7-002 GRANSTAR 75 DF Tribenuron-methyl Herbicide sulfonylureas 75% 
E11-2-001 TOYOTO 24 EC Oxyfluorfene Herbicide Diphenyl-ethers 240 g/l 
F06-1-025 MEGA 2,4-D 2,4-D -sel d'amine Herbicide Phenoxyherbicides 860 g/l 
F06-0-031 
A07-8-020 

GLYFO TDI 
ROUND UP 

Glyphosate Herbicide organophosphorous 360g/l 

E02-7-008 PIKTO 080 EC 
Clodinafop-propargyl + Cloquintocet-
mexyl (Safener) 

Herbicide Aryloxyphenoxy-propionates (80 + 20) g/l 

D01-1-002 PUNCH C Flusilazole +Carbendazime Fungicide Triazoles + Benzimidazoles (250 + 125) g/l 
E02-9-005 BACHLOR 125 SC Epoxiconazole Fungicide Triazole 125 g/l 

E07-6-005 FALCON 460 EC 
Spiroxamine + Tebuconazole + 
Triadimenol 

Fungicide 
Spirocetalamines + Triazoles 
+ Triazoles 

(250 + 167 + 
43) g/l 

E12-9-014 MATIZ 430 SC Tebuconazole Fungicide Triazole 430 g/l 
D12-6-003 CARAMBA 60 SL Metconazole Fungicide Triazole 60 g/l 
972 BASAFORT Ziram Fungicide Dithiocarbamate 90% 
D04-6-001 PARCOS Cuivre -sulfate de cuivre Fungicide Inorganic substance 20% 
0974 MALATHION 50 Malathion Insecticide organophosphorous 500 g/l 

E07-5-005 
DECIS PROTECH 
015 EW 

Deltamethrine Insecticide pyrethroids 15g/l 

D10-5-001 DIMETHON Dimethoate Insecticide organophosphorous 400g/l 
B07-1-005 OMITE 30 WP Propargite Acaricide Sulfites esters 30% 

A wide variety of pesticides was noted in the study area, represented by the majority of existing chemical families 
(Organophosphates, Bipyrides and Pyrethroids). Organophosphates in first place with 16.54%, followed by the family of 
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Bipyridiums in second with 14.96% and 12.34% represented by Pyrethroids (Figure 9). In 2015 CAMP, showed that the most 
common group of pesticides in Morocco is organophosphorus with 58%. 

 

Figure 9. Distribution of pesticides by family. 

Our results show that the glyphosate is most used with 
15.22%, followed by paraquat (14.96%) and copper metal-
copper sulfate (13.65%) (Figure 10). Comparing these results 
with other studies, for example, in Germany 39% of arable 
land is treated with glyphosate [15], also, it is the most 
widely used herbicide in the United Kingdom for the 
production of arable land [14], In Denmark, it accounts for 
35% of all pesticides used in agricultural production. 
Moreover, between 50% and 60% of sunflower crops in 
France, Romania and Hungary are treated before harvest with 

glyphosate [32]. 
Glyphosate [N- (phosphonomethyl) glycine] is a systemic, 

post-emergent, broad-spectrum herbicide. The Glyphosate is 
an inhibitor of amino acid synthesis by the inhibition of the 
enzyme leading to the synthesis of aromatic amino acids [7]. 
Introduced in agriculture in the 1970s [25], he won great 
popularity due to their efficiency in protecting crops against 
weeds [9], And today, the glyphosate represent about a 
quarter of the world's herbicide sales [25]. 

 

Figure 10. Active substance of pesticides used in the province of Meknes. 
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In 2015, IARC, an organization affiliated with the World 

Health Organization (WHO), has classified five carcinogenic 
pesticides for humans, the glyphosate is among these 
pesticides [20], this pesticide is used in Morocco and 
approved by ONSSA under the accreditation number A07-8-
020, According to the phytosanitary index for authorized 
substances published in 2017 [30]. 

According to our survey, the paraquat is ranked second; this 
ranking also holds the internationally after glyphosate [31]. 
Paraquat is an herbicide affecting photosynthesis by diverting 
electrons at the exit of photosystem II [7], It has been used on 
more than 50 crop varieties in more than 120 countries and has 
been marketed as an herbicide for over sixty years [31]. 
Moreover, in Morocco, it has authorized and homologated by 
ONSSA under the approval number: A03-6-030. 

According to Daniel Marzin, research chair at the Institute 
Pasteur France, paraquat is the cause of hundreds of deaths 
due to accidental ingestion, especially in developing 
countries, where pesticide storage conditions are not taken 
into account. Is very irritating to the eyes and lungs, it is a 
violent poison for man [31]. According to the WHO, 
paraquat is banned in Austria, Denmark, Finland, Sweden, 

Hungary, Slovenia and Switzerland. Its use is subject to 
conditions in Germany and Hungary, and reserved for users 
licensed in the United States. 

3.1.3. Pesticides and Safety 

The results of the survey showed the lack of 
professionalism in farms, according to the data collected all 
the farmers did not undergo any agricultural training (Figure 
11). All farmers do not protect themselves during the 
operations of preparation and application of pesticides, and 
do not respect the doses recommended by the manufacturer 
and agricultural advisors, thus they overdose the quantities, 
and use some persistent pesticides and mix between non-
compatible active substances. Generally, good agricultural 
practices in the use of pesticides are practically never 
respected. Our survey also shows that farmers buy pesticides 
in the black market, or distributors not approved by ONSSA, 
and taking into account the price, which determines the 
choice of the pesticide, without taking into consideration 
their negative effects on their health or that of the consumer, 
and on the environment especially the microbial communities 
of the soil. 

 

Figure 11. Agricultural training for farmers. 

Although Morocco has put in place the foundations for 
sustainable development in the country, through a number of 
political, institutional, legal and socio-economic reforms [30], 
farmers use mixtures of active substances to have immediate 
results, without considering the environmental side. 

The ignorance of good practice, especially the use of 
pesticides (hygiene, time of application, applied doses, 
frequency of treatments, duration before production, etc.), is 
the consequence of unconsciousness and illiteracy of almost 

all farmers, they only focus on the productivity logic with the 
frequent use of chemicals to improve yields. Hayo & Van der 
Werf in 1997 have shown that the risk to the farmers are 
especially during the preparation of the pesticide [17], but 
also when applied to crops, the risk is even greater when the 
farmers does not wear protective equipment. 

Our results also show that the majority of farmers live 
close to their farms (Figure 12). 
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Figure 12. Distance between the treated field and the farmer's residence. 

According to the IARC (International Agency for 
Research on Cancer) population is exposed to poisoning 
when they lived nearby areas treated, this is confirmed by 
studies showing the air pollution, water and food by 
pesticides in agricultural areas. FAO and WHO [13] and 
Ndao [26] Declare that persons who are accidentally present 
at the treatment site may be exposed directly to pesticides 
through persistent particles in the atmosphere; this exposure 
is manifested by the phenomenon of drift at the time of 
spraying either dermally or by inhalation. Thus, the pesticide 
may enter the body through several entry routes, which may 
be the source of acute or chronic poisoning, [10]. In several 
epidemiological studies, a significant association between the 
use of pesticides and certain tumors, such as cancers of the 
lips, brain, stomach, prostate, kidneys, and most cancers of 

the hematopoietic system (leukemia, Multiple myelomas and 
especially non-Hodgkin's lymphomas) colorectal cancer, 
allergies, parkinson [11]. 

In Sweden, a survey of 54 men with hairy cell leukemia 
suggests that this disease may be correlated with exposure to 
pesticides in the organochlorine family [28], [24]. The 
CAMP has confirmed similar results at the national level [8]. 

3.1.4. Management of Pesticide Packaging 

Used 

Incineration of packaging is the most frequent destination 
for the majority of farmers (95%), while 5% of farmers do 
not hesitate to dispose of packaging randomly without 
considering environmental pollution (Figure 13). 

 

Figure 13. Packaging of pesticides. 

3.2. Results of Surveys of Retailers 

3.2.1. Level of Education and Training on Pesticides 

The level of education resellers is generally quite high. The majority are either graduate technicians (56%) or university 
(44%) (Figure 14). Analysis of the results shows that 89% of retailers have undergone training on pesticides (Figure 15). 
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Figure 14. Study level of the survey. 

 

Figure 15. Pesticide Education. 

 

Figure 16. Customer awareness level on pesticides. 
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The majority of respondents confirmed that 80% of 

customers have no level of knowledge on pesticides (Figure 
16). 

3.2.2. Types of Suppliers, and Pesticide 

Supply System 

The investigation reveals that 56% of suppliers are 
retailers, while 44% are wholesalers (Figure 17). The supply 
of pesticide products from resellers is usually done by 
phytosanitary companies, and complementarily by import 
from the parent company. The storage is usually done in the 
stores. 

 

Figure 17. Different types of providers. 

The survey results show that different types of pesticides 
sold in the study area: herbicides, fungicides, insecticides, the 
quantity sold depends on the season, with a dominance in 
spring and winter with 53% and 41% sequentially (Figure 
18). 

 

Figure 18. Period of top selling of pesticide. 

Analysis of the results shows that the top selling herbicide 
is glyphosate (67%) followed by successively paraquat (25%) 
and oxyluorlene (8%) (Figure 19). 

 

Figure 19. Top-selling herbicides. 

 

Figure 20. Top-selling fungicides. 

While for fungicides, carbendazine comes first with 56% 
followed by mancozebe and thiophanate-methyl with 22% 
(Figure 20), and chlorpyriphos-ethyl is the top-selling 
insecticide with a percentage of 35% followed by Malathion 
and Deltamethrin with 25% (Figure 21). 

 

Figure 21. Top-selling insecticides. 

4. Conclusion 

This study showed that farmers in the province of Meknes 
improperly use pesticides to protect crops ignoring their 
impact on the environment and health of citizens. They are 
generally uninformed about current legislation, and the risks 
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of using pesticides. The survey of farmers showed the 
absence of a pesticide management policy. Farmers seem 
concerned mainly the guarantee of improved yields, while 
the impact of pesticides on their health had less interest. This 
work has provided information on the most commonly used 
active substances including glyphosate and paraquat many 
efforts are still needed for better management of pesticides. 
However, this work should continue in order to provide a 
better knowledge base on the pesticide problem and 
especially on their biodegradation in the soil. 
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