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Abstract

The study surveyed 11 phytosanitary boxes and 37 strawberry growers in Gharb and Loukkos, North-
West Morocco, to understand strawberry crop management issues, practices, and farmers' knowledge.
Chemical pest management is achieved using a variety of pesticides, with fungicides being the most
common. However, less than 30% of growers have adequate education on pesticide use. Integrated
pest and disease management is shared by 56% of farmers in Loukkos and 42% in Gharb. Over 70%
are willing to introduce biological control as a new phytosanitary approach. Thus, the phytosanitary
statue of strawberry cropping fields seemd disquieting, even potential hazards for the environment,
farmers and consumers in Gharb-Loukkos perimeter are expected.

Keywords: Variety, North-west Morocco, Loukkos, Gharb, Strawberry, Phytosanitary, Management.

1. INTRODUCTION

The use of plant protection products in agriculture dates back to antiquity: the use of
sulfur appears to date back to ancient Greece (1000 BC) and arsenic was
recommended by Pliny, a Roman naturalist, as an insecticide. Plants known for their
toxic properties were used as PPPs (e.g., aconites, in the Middle Ages, against
rodents) [1]. With the advent of synthetic pesticides about 50 years ago, some sought
that crop pests would be defeated and eradicated [2]. This has not happened. In fact,
increasing pesticide use has resulted in outbreaks of secondary pests and pest
resurgence following the development of pesticide resistance has cropped up. But,
that doesn't discount the fact production increase in the quantity and quality of
agricultural commodities is continuously dependent on pesticide usage which
attenuates the impact of the devastating infestation [3]. Pesticides are chemical
substances that control organisms considered harmful to human activities. They are
mainly intended to protect crops and have allowed the development of a model of
agriculture known as "modern”. Conventional agriculture based on an intensive
production model is entirely based on the use of these chemical products [4, 5, 6].

Although the use of pesticides increases production yields by eliminating or reducing
crop predators, it causes hazardous issues to the population health, the environment,
the quality of agricultural products, and the ecological environment as a result of the
disappearance of a large number of wild animal and plant species as well as the
contamination of water, soil and air [5, 7, 8, 9, 10]. According to the Poison Control
Centre of Morocco, acute pesticide poisoning is frequent in Morocco and pesticides
are the second most common cause of intoxication in the country over19 years (1989
and 2007). Moreover, during the period in question (2008-2016), CAPM recorded
11,196 cases of acute pesticide intoxication, i.e., 10.7% of all cases collected during
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the same period (all causes combined); and an average annual incidence of 3.57
cases per 100,000 inhabitants [11]. Accidental pesticide poisonings are most often
related to agricultural pesticides (54%) [12, 13, 14, 15]. The World Health Organization
(1992) reports that roughly three million pesticide poisonings occur annually, resulting
in 220,000 deaths worldwide. Both economically and in terms of human life, these
poisonings represent an enormous cost to society. This study covered two irrigated
areas, among the most important in Morocco viz, the Loukkos perimeter and the Gharb
region, both of which are known for their intense and diversified agricultural activity.

Vegetable production in winter and spring is concentrated on five essential
speculations: potatoes, melons, watermelons, tomatoes, and strawberries [12, 16].
The latter occupies a total area of 3140 ha in both areas, of which about two-thirds are
located in the Loukkos perimeter [13, 15]. Currently, strawberry cultivation occupies,
in terms of area, the third position among irrigated vegetable crops after melon and
potato, and in terms of tonnage, the strawberry sector provides 17% of the vegetable
production in Loukkos [12, 13, 15]. Many diseases caused by fungal pathogens are
responsible for heavy quantitative and qualitative losses occurring in the strawberry
fields of both zones [17, 18, 19, 20, 21,22, 23] in addition to bacteria [24], weeds [24,
25, 26], and pests (Nematodes, Mites, Aphids) [23, 24, 25]. Farmers use pesticides as
the only means of control against these enemies of strawberry plants in Gharb and
Loukkos [24, 26]. A previous survey has noted the massive use of pesticides for crop
protection as well as a lack of information among farmers about adequate
phytosanitary practices to adopt [27]. The investigating questionnaire aimed to assess
the level of knowledge, perceptions regarding the introduction of new disease control
methods, farm practices adopted along strawberry growing season by managers of
phytosanitary companies and farmers in Gharb and Loukkos perimeter.

2. MATERIAL AND METHODS

The Gharb plain and the Loukkos perimeter are located in northwestern Morocco
(Figure 3). The Gharb region is located on the Rabat-Tangier axis. It covers an area
of 893,860 ha, 68% of which is useful agricultural area (Harbouze et al., 2019;
Anonymous, 2005). The Loukkos perimeter is located between the Tangier region and
the Gharb. It covers 256,000 ha, 57% of which is useful agricultural land. Before
starting the study, the questionnaire was administered with a face-to-face interview
method between October and December of the strawberry season 2013-2014, after
the informed consent of the participants was obtained.

The target respondent on a farm was often either the farm manager responsible for
making agricultural decisions or farmer. Farmer participatory in study were randomly
chosen from 7 localities in Gharb province (Ouelad Mesbah, Grafda, Ouled Aguil,
Dlalha, Aanabsa, Gnafda and Lalla Mimouna) with 21 farmers in Gharb and 16 farmers
in 6 localities of Loukkos (Boucharen, Ouelad Hamou, Legdira, Zlaouza, Laouamra
and Drader road) (Figure 1). The managers of 4 phytosanitary boxes in Laouamra
(Loukkos perimeter) and in 7 phytosanitary boxes in Dlalha (Gharb region) were also
included in this survey.
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Fig 1: Location of the study areas in Gharb and Loukkos

3. RESULTS AND DISCUSSION

The questionnaire was created by the researchers. It consists of two parts questioning
the farmer's age, educational level, occupational characteristics, and knowledge about
the typology of the different agrochemicals applied, the most diagnostic methods, the
main phytosanitary problems encountered in the field, and the different control
measures adopted. At the end of the study, all of the 44 targeted farmers and
managers were reached. The data were analyzed using the Excel for Windows
program. All 44 farmers and managers included in the study were male. Four out of
seven gharb manager’s, are agricultural technicians, two have a scientific degree, and
one is an agricultural engineer. In Loukkos, three dealers are agricultural technicians,
and one is an agricultural engineer (Figure 2). As a key driver of commercial activity
and economic recovery in the two perimeters of Gharb and Loukkous, the expansion
of strawberry production has revived the installation of multiple phytosanitary boxes
very close to strawberry farms to meet growing demands for the chemical products,
irrigation equipment, fertilizers and certified plant material adopted by the producers
(Figure 3).

Fig 2: Distribution by education level of phytosanitary boxes managers
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Fig 3: Distribution by sale activites in Gharb and loukkos phytosanitary boxes

At the same time, cultural and chemical measures are needed to lessen the negative
impacts of phytosanitary issues. As a result, the availability of a wide range of
strawberry varieties can help to lengthen the offer period and avoid those who are
most susceptible to bacterial and fungal species. In this context, for sale, the variety
profile is composed with three varieties according to gharb retailers. Camarosa and
Festival varieties represents the tendency of all farmers- or 90% of them. Splendor
and Sabrina are less requested; hence, the cultivation of Splendor is confirmed by
42.85% and 28.57% of the whole Gharb manager’s. In the Loukkos perimeter,
camarosa and festival are equally requested (Figure 4).
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Figure 4: Distribution by requested variety in Gharb and loukkos exploitations
according to phytosanitary boxes managers

Farm-level protection practices of strawberry pests and diseases in Morocco involve
exclusively chemical synthetic products in both areas. Farmers' resort to these
chemicals, the most formulation and nature have been detailed below. On these
issues, two opinions were moved forward by the managers of phytosanitary boxes,
the first one, liquid formulation is the only option for the farmers while the opinion of
the 2nd group is shared betweenliquid and solid formulation (Figure 5).
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Fig 5: Perceptions of sellers Pesticide about used formulations used

Regarding pest and disease management, phytosanitary boxes respondents
indicated that farm-managers in Gharb use fungicides (38.4%) more than insecticides
(33.3%), both more popular than herbicides (27.7%). In contrast, farmers in Loukkos
bought fungicides and insecticides instead of herbicides (11.1%) (Figure 6).
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Fig 6: Estimations on sold products according to phytosanitary

Among these chemicals, nitrogenous heterocycles and dithiocarbamates are of the
most sales in Gharb while in Loukkos, they are in favour of dithiocarbamates (Table
1).

Table 1: The registered fungicides with best sales by the agents of the
phytosanitary boxes in the region of Gharb and Loukkos

Active Ingredients Chemical Family Formulation | Gharb |Loukkos
Bupirimate Nitrogenousheterocycles EC 1 0
Mancozeb Dithiocarbamate WP 3 2
Azoxystrobin Nitrogenousheterocycles SC 1 2
Maneb Dithiocarbamate WP 2 1
Penconazole Nitrogenousheterocycles EC 2 0
Hexaconazole Nitrogenousheterocycles SC 1 2
fenhexamid Amides WG 0 2
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Best sales of registered insecticides were for synthetic pyrethroides followed by
avermectines in the Gharb and Loukkos pesticide boxes (Table 2). For weeds control,
three chemicals sales offering, among which the Amino-phosphonates are largely
bought (Table 3).

Table 2: The registered insecticides with best sales by the agents of the
phytosanitary boxes in the region of Gharb and Loukkos

Active Ingredients Chemical Family Formulation Gharb Loukkos
Abamectin Avermectine EC 2 1
Deltamethtine Synthetic pyrethroides EC 2 2
Dicofol Carbinols WP 1 0
Cyperethrine Synthetic pyrethroides EC 5 2

Table 3: The registered herbicides with best sales by theagents of the
phytosanitary boxes in the region of Gharband Loukkos

Active Ingredients Chemical Family Formulation | Gharb |Loukkos
24D Aryloxy- acetic acid derivatives EC 0 1
Linuron Substitutes utreas WP 0 1
Glyphosate Amino- phosphonates SL 4 1
Paraquat dipyridiles SL 2 0

And used by farmers (Table 4), while the second choice is for dipyridiles found to be
the favourite by farmers (Table 4).

Table 4: The registered herbicides with best sales by farmers in the
region of Gharb and Loukkos

Active Ingredients Chemical Family Formulation | Gharb Loukkos
Glyphosate Amino- phosphonates SL 5 7
Paraquat dipyridiles SL 16 9

According to sellers’ opinions high costs are registered due to fungal diseases, more
frequent with the predominance of oidium (100%) at the level of the two perimeters
followed by grey rot whose occurrence not exceed 71% at the level of Gharb (Figure
7).

Fig 7: Prevalence of fungal diseases in both areas according to dealers
estimations

COMMUNITY PRACTITIONER 2478 JULY Volume 21 Issue 07


http://www.commprac.com/

WWw.commprac.com
ISSN 1462 2815

Weeds are also a serious problem in strawberries farming, where perennial and
biennial weeds occur either in Loukkos perimeter (63%) or the Gharb exploitations
(54%) (Figure 8)

A Gharb

B Loukkos

Fig 8: Frequency appearance of weeds in strawberry plots Gharb (A) and
Loukkos (B)

However, the above percentage of fungal disease occurrence depend on decisions
formally based on diagnosis method adopted. It was noted that the majority of growers
draws out onvisual observation and physical examination of the diseased strawberry
plants when being brought to phytosanitary boxes, which even influences the choice
of appropriate ingredient active and its rate that should be applied to cope with disease
development at right time.

Besides, phytosanitary managers, farmers represents a main component of this
farming system, their characteristics, perceptions, agricultural knowledge’s play
decisive role in cropping production success. 100% of the surveyed farmers who were
included in the study were male and were over 18 years.

Of the 21 farmers in Gharb, 7 are illiterate, one has Koranic schooling, 4 were primary
school graduates, 3 have attended college, 2 have non-agricultural higher education,
2 have agricultural higher education and 2 are agricultural technicians. Of the 16
farmers in Loukkos, 5 are illiterate, 1 have attended college, 2 are agricultural
technicians, and 8 have achieved a higher agricultural education (Figure 9).
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Fig 9: Number of strawberry farmers in gharb and loukkous exploitations per
each level of education

The results show that there was difference between farmers for cropping system acre
varying between 1 and 32 ha and type either open field, tunnel nantais or under high
plastic tunnel.100% of strawberry fields are under tunnel nantais in Loukkos perimeter
but in Gharb, 67% of cultivated areas are in tunnel nantais and 33% are under high
plastic tunnel (Figure 10).
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Fig 10: Cropping systems used by growers in Gharb and Loukkos areas

Among strawberry varieties cultivated in the region Gharb-Loukkos, Festival, San
Andrea, Fortuna, Splendor, Venicia, Camarosa, Sabrina with a dominance of
Camarosa 34% in Gharb production fields, 25% in those of Loukkos followed by
Festival almost 23% in both regions (Figure 11).
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Fig 11: Percentage of the most cultivated varieties by growers of Gharb (A)
and Loukkos (B)

On the control of key strawberry pests and fungal diseases, farmers underlined many
pest organisms in the Gharb exploitation such as aphids 71.42% and Thrips 57%,
mites and aphids represent 75% in Loukkos, while noctuids represent 14.28% (Gharb)
and 50% (Loukkos) and nematodes 28.57% (Gharb) (Figure 12).
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Fig 12: Dealers' perceptions regarding the occurrence frequencies of
strawberry pests
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Against nematode threats, 90% of growers in the Gharb region proceed to soil
disinfection while 10% did not see the necessity of it. In the perimeter of Loukkos, 96%
of strawberry growers disinfect the soil (Figure 13).

Gharb

0

= Yes = No

Loukkos

® Yes ® No

Fig 13: Percentage of farmer-operators of soil disinfection at Gharb (A) et
Loukkos strawberry's plantations (B)

Moreover, weeds are a permanent concern for farmers in Gharb and Loukkos fields
where 7% and 24% are faced with perennial weeds respectively compared with 39%
from biennial weeds in Loukkos and 47% in Gharb. While annual weeds occurred at
37% and 46% of strawberry fields in Loukkos and Gharb respectively (Figure 14).

Vivaces

Gharb Farmers
7%

Loukkos farmers

Fig 14: Weed’s prevalence in the Gharb (A) and Loukkos (B) strawberry fields
according to farmers

COMMUNITY PRACTITIONER 2482 JULY Volume 21 Issue 07


http://www.commprac.com/

RESEARCH

WWW.Commprac.com
ISSN 1462 2815

According to farmers, three control methods are commonly achieved in Gharb and
loukkos plots when it is necessary.

Cultural practices:

Not expensive practices are adopted by farmers to avoid weeds. The majority of ghrab
farmers (80%) proceed by not planting strawberries in fields that are already infested
against 100% of Loukkos ones. When they have been asked about applying a safe
control measure, between 95% (Gharb) and 100% (Loukkos) of them believe that plant
spacing by leaving a good distance between plants and rows is profitable for
strawberry production. Additionally, 67% of growers in Gharb and 94% in loukkos use
adequate fertilization in a timely manner and 100% of farmers in both regions irrigate
at the right time (Figure 15).
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Fig 15: Distribution of Farmer's number by cultural practice applied in Gharb
and Loukkos strawberry fields

Preventive approach: the measures mostly used by farmers in Gharb (57%) and
Loukkos (19%) is the cleaning of farm equipment before moving to another field, while
only farmers in Gharb (5%) use weed-free straw (Figure 16).
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Fig 16: Farmers' number opting for applying preventive methods in strawberry
exploitations of Gharb and Loukkos
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Mechanical weed management: 93% of farmers in Loukkos and 81% in the Gharb
region tilled the soil. The harrowing is done by 100% of farmers in Loukkos and 33%
in Gharb, and hand weeding is done by 100% of farmers in both regions these are the
most methods used by farmers and in a periodic way. On the Loukkos perimeter,
62.5% of the surveyed farmers used hoeing, 56.57% used mowing while 29% of
farmers in the Gharb region used hoeing (Figure 17).
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Fig 17: Farmers's number by mecanical practice in use in Gharb and loukkos
exploitat

Chemical control

The management of key strawberry pests and fungal diseases begins by applying
fumigation and soil disinfection with chemical methods by using Metam sodium at 95%
of Gharb exploitations while dichloropropene is used by 70% of farmers in the loukkos
exploitations (Figure 18).
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Fig 18: Percentage of farmer-operators of fumigation by metam-sodium and
dichloropropen in Gharb and Loukkos exploitations
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Against weeds, the current survey confirmed that 68% of farmers in Gharb and 60%
in Loukkos treat chemically at pre-planting period as compared to 32% of the farmers
in Gharb and 40% in Loukkos who applied post-planting treatments (Figure 19).

A Gharb

= pre-planting application

® post-plantating application

B Loukkos

® pre-planting application

® post-plantating application

Fig 19: Percentage of farmers operators pre and post- planting treatment in
strawberry fields of Gharb (A) and Loukkos (B)

During cropping season, Paraquat and Glyphosate are the two most used active
ingredients for weed control in both regions by farmers (Table 4).

Farmers and phytosanitary boxes’ managers shared the same statement concerning
the most common fungal diseases in these two study areas. Powdery mildew and gray
mold occurred at percentage of 100% followed by anthracnose 80% at the level of
Gharb, 69% at the level of the Loukkos perimeter and crown rot 62% (Gharb) 31%
(Loukkos). By contrast to these, mildew has a weak percentage appearance (Figure
7).

A total of 23 and 19 fungicides belonging to 14 families, are inventoried in strawberry
farms of Gharb and loukkos respectively. Among them, 2 chemical families viz,
Carboxamides followed by Hydroxy-anilides had the wide use against the causal agent
of gray mold disease (14%) and (10%) in Gharb farms as do the Loukkos farmers
(24.56%). To overcome the serious problems of Oidium, Loukkos farmers treat with
fungicides from Triazinones (21.05%) and Strobulirines (14.03%) families (Table 5).
Regarding the choice of plant protection products to control of the major pests
encountered in both regions Thrips 95% (Gharb) and 13% (Loukkos), Mites 10%
(Gharb) and 50% (Loukkos), Aphids 52% (Gharb) and 81% (Loukkos), Noctuidae 10%
(Gharb) and 62.5% (Loukkos), nematodes 14% (Gharb) and 50% (Loukkos) (Table
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6), the 21 farmers surveyed in Gharb, pointed out 19 available commercial products
from 12 chemical families. The most used are chloronicotiniles (11.1%) or their
derivatives (16,67%) for controlling whitefly and aphids, furthermore, Carbamates
(9,72%) that attack pucerons, Codling moth, leafminer, or Hydroxyd- 4-coumarine
(9.72%) against rodents in Gharb plots. While in the 16 farms of Loukkos,11
commercial products were used, they belong chemical families of which the most used
are propene derivative (19.56 %) or Organo-phosphate (15.22%) trageting nematodes
and insects of soil respectively (Table 6) In Gharb plots, it was shown that 90% of
farmers have an atomizer tank needed to spray pesticides on crop while in loukkos,
farmers used sprayers (62%) and atomizers (38%) (Figure 20).
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Fig 20: Atomizer and sprayer use among Gharb and Loukkos farmers

The results of the study showed that 100% of farmers in both regions respect the pre-
harvest interval treatment. This means that most farmers are aware of the health risk
of pesticides to consumers. 56% of farmers in the Loukkos perimeter and 42% in the
Gharb region use integrated pest and disease management. However biological
control of strawberry pests has not been well implemented among the respondents.
The study showed that more than 70% of farmers in both regions are willing to use
biological control. The growing of strawberry’s farming has increased the demand for
phytosanitary products and strawberry varieties diversification. In this regard, the
participants in the current survey argued that they opted for large variety array to cover
the entire cycle and better meet market requirements. The intensive strawberry
cultivation in Gharb and loukkos areas also implies the massive use of phytosanitary
products noted by almost farmers in our survey. In Loukkos, Abbou et al. (2021) [29],
stated an intensive use of pesticides, justified by high number of products used and
by high average frequency of pesticide treatments per production cycle. But according
to Bouterfas et al. (2020) [30], crop protection products can be used irrationally by
farmers. Naamane et al. (2020) [31] have found that 75% of farmers in the
Casablanca-Settat region do not know how to use pesticides.

A wide range of active ingredients has been reported by interviewed farmers for the
management of various phytosanitary problems. Chemical families such as
pyrethroids, avermectin, and our results do not corroborate those reported earlier
which indicate that herbicides account for more than 50% of the pesticides used
worldwide, followed by fungicides and insecticides [32].
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Table 5: Characteristics of registered fungicides and use frequencies among the total surveyed farmers in the Gharb
region and the Loukkos

Targeted Mode of Use percent/ | Use percent/
Specialty Active ingredients Chemical Family Formulation Usages mechanisms action Action > Gharb's > Loukkos
farmer farmers
Teldor Fenhexamid Amine (hydroxy-anilides) WG Gray mold Contact Preventive 10% 24,56%
N . ) - Oidium, gray mold, Preventive, o
Thiogri 70 Thiophanate-méthyl H.A (Benzimidazoles) WP Fusarium disease Qs}:lgrr: gﬁlcli curative 5.38% 0
Benlate Benomyl H.A (Benzimidazoles) WP oomycetes microtubule Systemic P::euvrggs\ée, 4.62% 0
formation -
Laskor 50 Carbendazime H.A (Benzimidazoles) EC oomycetes Pfu"r‘;’t‘is‘ée' 2.31% 0
H.A Inhibition of . .
. - . . o A o Systemic Preventive, 0
Switch Cyprodinil+Fludioxonil | Anilinopyrimidines+phenyl WG Gray mold germination, + contact curative 2.31% 0
- pyrrols elongation of a
) - . germ tube, and Preventive, 0 0
Aliette Phosétyl-aluminium O. Ph Phosphonates WP mildew mycelial hyphae Systemc curative 8.46% 8,72%
Turbo ZM WP Alternaria disease, Multi-siteinhibitors 5.38% 0
Agrithane DG Mancozébe WG pourriture grise u _c')sfse ore 0 3.84% 0
Manébe 80 N Dithiocarbamates WP pore 0,77% 0
Manéfol 80 Manebe WP germination _ > 31% )
Propamocarbe Affecting lipid Contact Preventive .
i - 0
Previcur N hydrochloride Carbamates SL Crown rot biosynthesis 0,77% 0
] . . Preventive, 70 0
Systhane Myclobutanil Triazinones EC Sterols Systemic curative 10;76% 21,05%
HA oidium Biosynthesis (IBS Preventive,
Rubigan Fénarimol M EC of group I) Contact curative, 3,07% 0
Pyrimidines .
eradicant
Hexa 5% SC Hexaconazole SC Preventive, 3,84% 0
Bayfidan 250EC | Triadiménol EC ecr“z;;t(':‘;it 5.38% 3,51%
Olymp Flusilazole ?Egzoles EW oidium /;‘;f;sc“r:‘tﬁé'gf Systemic 0% 1.57%
Topas 100EC Penconazole EC y Preventive, 2 .,31% 3,51%
Score 250EC | Difénoconazole EC A'ter”griﬁ‘ifrfease’ curative 6,92% 3,51%
uncoupling of
oxidative Preventive
. .. | Amines (Phenol phosphorylation Contact + N o
Sabithane Dinocap+Myclobutanil derivatives)+Triazinones EC oidium +sterol Systemic curative, 1,53% 0
. X eradicant
biosynthesis (IBS
of group |)
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. . +Inhibition of . .
FIl_Jopyram+_ Benza_lml_de pyramide+H.A mitochondrial Systemic + Preven_tlve, 1,54% 14,,03%
Luna Trifloxystrobine (strobilurins) WG Gray mold complex Ill Penetrant curative
Acts on respiratory
processes, Preventive
Stroby WG Krésoxium-méthyl H.A (strobilurins) WG oidium Ir_1h|b|t|on qf Contact eradicant 6,92% 1,57%
mitochondrial
complex Il
. Carboxamides . . Preventive,
Signum Esrsgjggaobin (Nicotinamides) + WP Botrytis s'\t/l(;tr(())ll;)i)(r)i(;tr:?t?ec;?s nggéﬁit; curative, 10,77% 3,5%
H.A(Morpholines) Eradicante
Mitochondrial Preventive,
Ortiva azoxystrobin Strobilurins SC Oidium L systemic curative, 0,77% 14,03%
complex Il Inhibitor Eradicant
Table 6: Registered insecticides used by farmers in the Gharb region and the Loukkos perimeter
. Number of | Number of
N Active . . . Parts Mode of .
Specialties . Chemical Family | Formulation Uses Targests . Action farmers [farmers(Loukk
Ingredients treated action
(Gharb) 0S)
Karaté Lambda- , , o 4,3
5EC cyhalothrine EC Aphids, noctuids leaves Contact 9,72 % 1%
Orytis Acrinathrine EW Thrips leaves | Modulation at the Contact Ina/ 1,39% 0%
Decis Deltamethrine | Pyrethroids of EC Nematodes of soil | leaves | level of thesodium contact n-gs St 5,56% 0%
Talstar synthesis whitefly, aphids, channel y
10EC Bifenthrine EC acariens, Codling leaves contact 1,39% 0%
moth
Acts on the synapse
Actara and
2B WG Thiamethoxam | Neonicotinoids WG whitefly, aphids leaves | neurotransmitters contact [syst 5,56% 0%
(acetylcholine
receptor
Acts on the synapse
and
Confidor Imidaclopride Der|vat|_V es_of SL whitefly, aphids leaves neurotrans_mltters contact Ing/ 16,67% 21
chloronicotinile (acetylcholine syst 7%
receptor
antagonist)
Calypso Thiacloprid chloronicotinyls SC aphids leaves | Acts on synapses contact | Ing/ 11,1% 19,
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480SC and syst 56
neurotransmitters %
whitefly, aphids Inhibitors of Ina /
Salvador Méthomyl Carbamates WP Pucerons, Codling| leaves | acetylcholine contact S %t 9,72%
moth, leafminer esterase Y
Ghlala (MO) | Metaldehyde Metaldehyde GB Snalils, contact | Ing 4,17% 6.5
Slugs ' 2%
Causing a
Klerat pellets : Hydroxyd-4- hemorrhage in the i o 21
(RA) Brodifacoum coumarine RB Rodents rodent's body, death A-cog 9.712% 7%
by
— . . - 19
1,3- Derivatives of Nematodes Soil Fumigant, nematicide Ing / o '
Condor F (N) Dichloropropén | propene EC Of soil treatme | action contact n-syst 0% E/f
Reldan 40EC Ch]orpynphos EC Aphids, noctuids Stored | Acts on the synapse contact Ing / 2,78% 0%
méthyl commo | and n-syst
. neuromediators 15,
Dursban Sér;:]orlpyrlphos EC Inosfesc;ﬁs leaves | (inhibitionof contact Ir?-gs/st 4,17% 22
y achesterase) y %
Némacur Organo- Nematodes, Treatm Nematicide,
240CS Phenamiphos | phosphorés CS insectes, fungi ent of Inhibition of contact | Syst, 417% 0
(N) weeds soil cholinesterase
Avaunt 150 Indoxacarbe Oxadiazines EC noctuids Thrips leaves Action on _axonal contact Ing / 2,78% 0
EC transmission n-syst
Vertico o 8,6
018EC Activation of the 1,39% 9%
chlorideion Ing/ o 6,5
Abamec Abamectin Avermectines EC Acariens leaves channel (GAB Contact | n-syst 2,78% 2%
vertimec Aergicsynapses) 5.56% 8,6
9%
Acts through Ina/ 65
Tracer 480SC | Spinosade Spinozines SC thrips leaves | inhibition of Contact n-gs ot 1,39% 2;)/
cholinergic receptor Y 0

Ingestion: Ing; systemic: Syst; non-systemic: n-syst; Anticoagulant: A-cog
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In agreement with Betnan et al., (2015) [24], the results showed that the majority of
farmers in the Gharb and Loukkos regions used metam sodium as a good fumigant
for soil disinfestation followed by dichloropropene.

Indeed, strawberry growers in the exploitations of this region suffer from several fungal
diseases, weeds, and pests.

Farmers confirmed the problem posed by perennial and biennial weeds which is
difficult to control because they have a network of roots that can emit new shoots. The
active ingredients of the most used herbicides against weeds in strawberry plots are
Paraquat which acts by inhibiting of photosynthesis, and Glyphosate which as a
contact herbicide disrupts the synthesis of aromatic amino acids, these two herbicides
act by foliar penetration and migration [33, 34, 35]. The factor risks of resistance
development can be increased if the treatments are poorly done or are successions
of doses too low to properly control the older plants [35].

In addition, the strawberry crop is heavily aggressed by thrips, mites, aphids, noctuids,
nematodes, drosophila, snails, and rats encountered in the two regions studied, which
allows farmers to use synthetic chemicals belonging to different families, of which
pyrethroids, derivatives of chloronicotiniles and nitrogen heterocycles. These chemical
families act by contact and ingestion on physiological functions (block of nerve impulse
transmission) [34]. They have a limited efficacy to control thrips [36, 37, 38]. In
agreement with Al betnan et al, (2015) [24], the farmers in Gharb and Loukkos
strawberry fields used derivate of propene as a fumigant for reducing the damages
caused by nematodes.

The occurring fungal diseases reported by interviewed farmers included oidium, gray
mold and anthracnose. However, many diseases caused by fungal species have been
previously cited as affecting strawberry production such as powdery mildew caused
by Sphaerotheca macularis, and crown rot caused by Phytophthora cactorum [38, 39],
telluric infections caused by a complex of soilborne pathogens including Phytophthora.
Sp., Verticillium dahlia, and Rhizoctonia solani [18, 21, 22, 24, 40]. The farmer
respondents are unfortunately unaware of the emergence of resistance cases after
pesticides application. The repeated use of the most used fungicides against gray
mold and anthracnose causal agents as well as oidium leads to resistant strains
development [19, 41, 42, 43, 44, 45, 47, 48, 49, 51, 52].

In this study, a screening of the applied phytosanitary products is carried out at the
level of the perimeter of Gharb and Loukkos, allowed to show that the chemical control
in the cultivation of strawberry trees is ensured by 38 chemical products belonging to
18 chemical families among which 50% are insecticides, 38.88% are fungicides and
11.11% are herbicides. These data are identical to those represented in the survey of
pesticide use by suppliers and farmers in Gharb and Loukkos [27]. The diagnosis
methods practiced by the dealers do not allow for a proper assessment of the different
constraints, which plague the environment and consumer health.

The presented study indicates that strawberry growers in the Gharb-loukkos area use
a large array of pesticides for pests, weeds, and fungal disease management.
However, due to the low levels of education of the majority of participants in this
investigation, and restricted knowledge towards appropriate practices, they will adopt
bad attitudes and not use pesticide in accordance with regulation laws.
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The negligence of the growers to exploit product label information constrained them
to use any non- graduated materials. In this situation, no correct dose could ever be
used can lead to high treatment costs, inefficient disease or pest control and
resistance issue.

The bad diagnosis, lack of training on the correct amount of chemicals that should be
used. can explain the high occurrence of fungal attacks and pests on strawberry fields
which results in overuse of chemical and accentuate risk factors for the consumer.
These considerations show that the use of pesticides in both areas must be taken
more seriously.

It will be paramount for farmers and managers of phytosanitary boxes to receive
training on crop pest characteristics and the use of the main phytosanitary products,
to establish contacts with research institutes and technical services of the ministry in
charge of agriculture, and to read the phytosanitary index published by the Moroccan
Association of Plant Protection (AMPP).

It is recommended that ONSSA (National Office for the Sanitary Safety of Food
Products) and ONCA (National Agricultural Council Office) strengthen the system of
supervision of producers through the generalization of good agricultural practices.
Education, training, and information on the use of pesticides and their residues should
be made available to farmers in the agricultural perimeter. In addition, more
investigations are needed to evaluate the potentially toxic effects of the most common
pesticides used to control strawberry pests. The diagnosis methods practiced by the
dealers do not allow for a proper assessment of the different constraints, which plague
the environment and consumer health.

The presented study indicates that strawberry growers in the Gharb-loukkos area use
a large array of pesticides for pests, weeds and fungal disease management.
However, due to low levels of education of the majority of participants in this
investigation, and restricted knowledge towards appropriate practices, they will adopt
bad attitudes and not use pesticide in accordance with regulation laws.

The negligence of the growers to exploit product label information constrained them
to use any non- graduated materials. In this situation, no correct dose could ever be
used can lead to high treatment costs, inefficient disease or pest control and
resistance issue.

The bad diagnosis and the non-respect for the used doses constitute risk factors for
the consumer. These considerations show that the use of pesticides in both areas
must be taken more seriously.

It will be paramount for farmers and managers of phytosanitary boxes to receive
training on crop pest characteristics and the use of the main phytosanitary products,
to establish contacts with research institutes and technical services of the ministry in
charge of agriculture, and to read the phytosanitary index published by the Moroccan
Association of Plant Protection (AMPP).

It is recommended that ONSSA (Office National de la Sécurité Sanitaire des Produits
Alimentaires) and ONCA (Office National des Conseil Agricole) strengthen the system
of supervision of producers through the generalization of good agricultural practices.
Education, training and information on the use of pesticides and their residues should
be made available to farmers in agricultural perimeter. In addition, more investigations
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are needed to evaluate potential toxic effects of the most common pesticides used to
control strawberry pests.

References

1)

2)

3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

15)

Batsch D. L'impact des pesticides sur la santé humaine, Thése de Doctorat, Université Henri
Poincaré, Nancy 1, Faculté de pharmacie, 185 p, 2011.

Metcalf RL, Luckman WH. Introduction to Insect Pest Management, 3e éd., Wiley Interscience,
New York 1994; 650 p.https://doi.org/10.2134/jeq1995.00472425002400030025x

Hislop EC. "Application Technology for Crop Protection: An Introduction,” in Matthews, G.A.,
Hislop, E.C. (éditeurs), Application Technology for Crop Protection, CAB International, Royaume-
Uni, pp, 1993; 3-11.

Isenring, R. Les pesticides et la perte de biodiversité, Rapport PAN Europe (Pesticide Action
Network), Bruxelles, Belgique, 31 p, 2010.

Cissé, I., Fall, S.T., Badiane, M., Diop, Y.M., Diouf, A. Horticulture et usage des pesticides dans la
zone des Niayes au Sénégal, Institut Sénégalais de recherches agricoles, Ecocité - Document de
travail n°8, 14 p, 2006.

Aubertot, J.N., Barbier, J.M., Carpentier, A., Gril, J.J., Guichard, L., Lucas, P., Savary, S., Savini,
., Voltz, M. Pesticides, agriculture et environnement. Réduire I'utilisation des pesticides et limiter
leurs impacts environnementaux. Expertise scientifique collective, Synthése du rapport, INRA et
Cemagref, France, 64 p, 2005.

Anonyme b. Classification OMS recommandée des pesticides en fonction des dangers qu'ils
présentent et lignes directrices pour la classification, édition 2019 (WHO recommended
classification of pesticides by hazard and guidelines to classification, 2019 edition), 104 p, 2019.

Widenfalk, A., Bertilsson, S., Sundh, |., Goedkoop, W. "Effects of pesticides on community
composition and activity of sediment microbes responses at various levels of microbial community
organization," Environmental Pollution, 152, pp. 576-584, 2008.
https://doi.org/10.1016/j.envpol.2007.07.003

Pimentel, D., Culliney, T.W., Bashore, T. "Public health risks associated with pesticides and natural
toxins in foods" (1997).

Harry. "Intoxications humaines par produits phytosanitaires,” Conférence séminaire européen
COMETT, Angers, 11-14 octobre 1993, « Pesticides agricoles et environnement » (1993).

[Windy, M., Jalal, G., Hmimou, R., Rhalem, N., Soulaymani-Bencheikh, R. "Intoxication aigué par
les pesticides au Maroc données du centre antipoison et de pharmacovigilance du Maroc (2008-
2016)," Centre Anti poison et de Pharmacovigilance du Maroc, Toxicologie Maroc - N° 39 - 4éme
trimestre 2018, pp. 6-8, 2018. https://doi.org/10.11604/pam;j.2021.38.42.27450

Harbouze, R., Pellissier, J.-P., Rolland, J.-P., Khechimi, W. "Rapport de synthése sur 'agriculture
au Maroc," CIHEAM-IAMM, 104 p, 2019.

Bensalk, S. "Les modes d'organisation de la production chez les firmes étrangéres et leurs impacts
sur les économies agricoles locales: le cas du secteur maraicher au Maroc," Thése de doctorat en
Sciences économiques, Ecole Doctorale d’Economie et de Gestion de Montpellier (EDEG),
Laboratoire;: UMR 1110 MOISA, MONTPELLIER SUPAGRO Centre International d’Etudes
Supérieures en Sciences Agronomiques, 343 p, 2013.

Rebgui, H., Hami, H., Ouammi, L., Hadrya, F., Soulaymani, A., Soulaymani, B.-R., Mokhtari, A.
"Caractéristiques socio-épidémiologiques et évolutives des intoxications aigués au Maroc: cas de
la région de l'oriental," Européen Scientifique Journal, vol. 9, N°. 23, pp. 24-37, 2013.

Anonyme a. "Développement de la filiere fraise et petits fruits rouges,” Royaume du Maroc
Ministére de I'Agriculture du Développement Rural et des Péches Maritimes et Agence Américaine
pour le Développement International. Il a été élaboré par Chemonics International, Inc., 52 p, 2005.

2492 JULY Volume 21 Issue 07


http://www.commprac.com/

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

WWw.commprac.com
ISSN 1462 2815

Ayadi-Hajji, H. "Outils de gestion de la pollution phytosanitaire diffuse au niveau d’un territoire: cas
d'application a la zone humide Ramsar de la Merja Zerga au Maroc," These de Doctorat, délivrée
par I'Université Paul-Valéry Montpellier 3 - France et I'Institut Agronomique Et Vétérinaire Hassan
Il Rabat-Maroc, 364 p, 2013.

Tellier, S., Breton, A.-M., Van der Heyden, H., Fortier, E. "Anthracnose dans la fraise, réseau
d’avertissement phytosanitaire (RAP) Fraise," Partenariat canadien pour I'agriculture, Canada
Québec, pp. 1-9, 2021.

El Kaissoumi, H., Khirallah, W., Ouazzani Touhami, A., Chliyeh, M., Benkirane, R., Selmaoui, K.,
Douira, A. "Pathogénie comparée de Verticillium dahliae vis—a—vis de deux variétés de fraisier
largement cultivées au Maroc [Comparative pathogenicity of Verticilium dahliae against two
strawberry plant varieties widely cultivated in Moroccol," International Journal of Innovation and
Scientific Research, ISSN 2351-8014, Vol. 21 No. 2, Avr., pp. 255-264, 2016.

Mouden, N., Benkirane, R., Ouazzani Touhami, A., Douira, A. "Mycoflore de quelques variétés du
fraisier (Fragariaxananassa L.), cultivées dans la région du Gharb et le Loukkos (Maroc)," J. Appl.
Biosciences 61, pp. 4490-4514, 2013. https://doi.org/10.4314/jab.v61i0.85597

Mouden, N. "Etude de la situation phytosanitaire du fraisier (Fragariaxananassa L.) au Maroc.
Diversité fongique, pouvoir pathogéne et recherche des moyens de lutte," Thése de Doctorat,
Université lbn Tofail, Faculté des Sciences, Kenitra, Maroc, 305 p, 2015.

Mouden, N., Al Batnan, A., Benkirane, R., Ouazzani Touhami, A., Douira, A. "Fungal species
associated with collapsed strawberry plants cultivated in strawberries plantations in Morocco,"
International Journal of Current Research, 8(4), pp. 29108-29117, 2016b.

Mouden, N., Al Batnan, A., Benkirane, R., Ouazzani Touhami, A., Douira, A. "Diversity and
distribution of fungi from strawberry plants grown in Gharb-Loukkos (Morocco)," International
Journal of Recent Scientific Research, 7(10), pp. 13630-13641, 2016a.

Walali Loudyi, D.E.M., Skiredj, A. "Fiches techniques: Le cognassier, le néflier, le fraisier, le pécher
et le figuier de barbarie," Transfert de Technologie en Agriculture, ADER/DERD_PNTTA (Ed.),
Ministére de |’ Agriculture et du Développement Rural, Bulletin Mensuel d’information et de liaison
du PNTTA. n°110 (Arboriculture), 4 pp, 2003.

Al batnan, A., Oudebiji, S., Chliyeh, M., Ouazzani Touhami, A., Douira, A. "Study of current status
and future prospects of soil disinfection in Sous-Massa and Gharb-Loukkos (Morocco),"
International Journal of Recent Scientific Research, Vol. 6, Issue 12, ISSN: 0976-3031, pp. 7895-
7903, 2015.

Anonyme c. "Guide de lutte intégrée contre les mauvaises herbes dans les cultures de fraises,"
New Brunswick Canada, 1-31, 2021.

Tanji, A., Benicha, M., Mamdouh, M. "Techniques de production du fraisier (Résultats d’enquétes
au Loukkos)," Bulletin Mensuel D’information et de Liaison. MAPM /Institut Agronomique et
vétérinaire Hassan Il Rabat- Maroc n°201, 9 p, 2014.
https://www.agrimaroc.net/bulletins/btta_201.pdf

Oudebiji, S., Ouazzani Touhami, A., Dahmani, J., Benkirane, R., Badoc, A., Douira, A. "Utilisation
des pesticides par les fournisseurs et agriculteurs du Gharb et du Loukkos," Bulletin de la Société
de Pharmacie de Bordeaux 151(1-4), pp. 105-122, 2012.

Damalas, C.A., Georgiou, E.B., Theodorou, M.G. "Pesticide use and safety practices among Greek
tobacco farmers: A survey," International Journal of Environmental Health Research 16, pp. 339—
48, 2006. https://doi.org/10.1080/09603120600869190

Abbou, M., Chabbi, M., Benicha, M. "Evaluation de la pression d’utilisation phytosanitaire sur I
environnement: Cas du fraisier de Loukkos nord-ouest du Maroc," AFRIMED AJ — Al AWAMIA
(130), pp. 54-72, 2021. https://doi.org/10.34874/IMIST.PRSM/afrimed-i130.31379

Bouterfas, M., Fadlaoui, S., Chafik, Z., El Halouani, H., Mohammed Melhaoui, M., Chafi, A.
"Evaluation of farmers' phytosanitary practices in the plain of Triffa (Eastern Morocco),
identification and evaluation of sanitary and environmental risks," Moroccan Journal of Chemistry,
8(2), pp. 345-358, 2020.

2493 JULY Volume 21 Issue 07


http://www.commprac.com/

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

43)

44)

45)

46)

WWw.commprac.com
ISSN 1462 2815

Naamane, A., Sadiq, A., Belhouari, A., lounes, N., El Amrani, S. "Enquéte sur l'utilisation des
engrais et pesticides chez les agriculteurs de la région de Casablanca-Settat,” Rev. Mar. Sci.
Agron. Vét. 8(3), pp. 279-285, 2020.

Bocquet, J.C., My, I, Michal, P. "Données économiques sur le marché des produits
phytosanitaires," In: Regnault Roger Enjeux phytosanitaires pour I'agriculture et I'environnement,
Ed. Lavoisier, Tec et Doc, 979 pp, 2005.

Ben Kaab, S. "Etude du potentiel herbicide des extraits végétaux des espéces xéro-halophytes
Tunisiennes et détermination de leurs modes d’action," Thése de Doctorat en Sciences
agronomiques et ingénierie biologique, Communauté frangaise de Belgique Université de Liege -
Gembloux Agro-Bio Tech, 201 p, 2020.

Ezzahiri, B., Bouhache, M., Mihi, M. "Index phytosanitaire (Maroc)," Association Marocaine de
Protection des Plantes, 13éme édition, 304 p, 2016.

Laville, J., Barnat, S., Periquet, A., Boisset, M., Casse, F., Catteau, M., Lecerf, J.M., Leguille, C.
"Pesticides, risques et sécurité alimentaire," Agence pour la recherche et l'information en fruit et
Iégumes frais, France, 216 p, 2004.

Lemaire, E. "Les thrips et le bronzage sur fraises: état des connaissances," Direction régionale de
la Capitale-Nationale MAPAQ, Agriculture, pécheries et alimentation Québec, 22 p, 2011.

Shakya, S., Coll, M., Weintraub, P.G. "Incorporation of Intraguild Predation into a Pest
Management Decision-Making Tool: The Case of Thrips and Two Pollen-Feeding Predators in
Strawberry,”  Journal of Economic  Entomology, 4, pp. 1086-1093, 2010.
https://doi.org/10.1603/ec09373

Anonyme d. "Toutes les Directives de 'OEPP sur la bonne pratique phytosanitaire se référent a la
Directive générale suivante: OEPP/EPPO Norme OEPP PP 2/1(1) Directive sur la bonne pratique
phytosanitaire: principes de bonne pratique phytosanitaire," Bulletin OEPP/EPPO Bulletin 24, pp.
233-240, 1994.

Madden, L.V., Wilson, L.L., Yang, X., Ellis, M.A. "Splash dispersal of Colletotrichum acutatum and
Phytophthora cactorum by short-duration simulated rains," Plant Pathol. 41 (4), pp. 427-436, 1992.
https://doi.org/10.1111/j.1365-3059.1992.tb02437.x

Errifi, A., Ouazzani Touhami, A., Mouden, N., El Batnan, A. M., El Hazzat, N., Selmaoui, K.,
Benkirane, R., Douira, A. "Pathogenicity of Rhizoctonia solani towards distinct varieties of
cultivated strawberry plants in Morocco," Plant Cell Biotechnology and Molecular Biology,
20(23&24), pp. 1086—-1099, 2019.

Hamdache, A., Lamarti, A., Badoc, A. "Résistance in vitro de Botrytis cinerea a trois fongicides,"
Bulletin de la Société de Pharmacie de Bordeaux, 149, pp. 103-114, 2010.

Leroux, P., Moncomble, D. "Lutte chimique contre la pourriture grise de la vigne. Passé, présent,
futur (2éme partie)," Phytoma, (451), pp. 23-27, 1993.

Couvreux, A. "Etudes structurales de nouvelles cibles thérapeutiques du CMVH révélées par les
dérivés benzimidazolés ribonucléosides," These de Doctorat, Université Paris Descartes, Faculté
Des Sciences Pharmaceutiques et Biologiques, Sciences de la vie et de la santé, école doctorale
du médicament, 280 p, 2009.

Yarden, O., Katan, T. "Mutations leading to substitutions at amino acids 198 and 200 of beta-
tubulin that correlate with benomyl resistance phenotypes of field strains of Botrytis cinerea,”
Phytopathology, 83(12), pp. 1478-1483, 1993. https://doi.org/10.1094/phyto-83-1478

Daami-Remadi, M., El Mahjoub, M. "Présence en Tunisie d’isolats de Fusarium sambucinum
résistants aux benzimidazoles: développement in vitro et agressivité sur tubercules de pomme de
terre," Biotechnol. Agron. Soc. Environ., 10(1), pp. 7-16, 2006.

Kim, Y.-S., Dixon, E. W., Vincelli, P., Farman, M. L. "Field Resistance to Strobilurin (Qol)
Fungicides in Pyricularia grisea caused by mutations in the mitochondrial cytochrome b Gene,"
Phytopathology, 93, pp. 891-900, 2003. https://doi.org/10.1094/phyt0.2003.93.7.891

2494 JULY Volume 21 Issue 07


http://www.commprac.com/

47)

48)

49)

50)

51)

52)

WWw.commprac.com
ISSN 1462 2815

Vincelli, P., Dixon, E. "Resistance to Qol (Strobilurin-like) Fungicides in Isolates of Pyricularia
grisea  from Perennial Ryegrass," Plant  Dis., 86, pp. 235-240, 2002.
https://doi.org/10.1094/pdis.2002.86.3.235

Lamondia, J.A., Douglas, S.M. "Sensitivity of Botrytis cinerea from Connecticut greenhouses to
benzimidazole and dicarboximide fungicides,” Plant Dis., 81(7), pp. 729-732, 1997.
https://doi.org/10.1094/pdis.1997.81.7.729

Vali, R.J., Moorman, G.W. "Influence of selected fungicide regimes on frequency of dicarboximide-
resistant and dicarboximide-sensitive strains of Botrytis cinerea," Plant Dis., 76(9), pp. 919-924,
1992. https://doi.org/10.1094/pd-76-0919

Azeddine, S. "Résistance au fenhexamid dans le complexe d’espéeces Botrytis cinerea/Botrytis
pseudocinerea,” Theése de Doctorat, Université Paris-Sud, Ecole Doctorale Sciences du Végétal,
Laboratoire INRA UMR1290 BIOGER, CPP, 231 p, 2014.

Metcalf, R.L. "Changing role of insecticides in crop protection,” Annu. Rev. Entomol., 25, pp. 219-
256, 1980. https://doi.org/10.1146/annurev.en.25.010180.001251

Ragsdale, N.N., Sisler, H.D. "The nature, modes of action and toxicity of fungicides," in Pimentel
(D.) (Ed.), Handbook of pest management in agriculture, vol. 2. Boca Raton, FL.: CRC Press, pp.
461-496, 1991.

2495 JULY Volume 21 Issue 07


http://www.commprac.com/

