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ABSTRACT

For stored cereals, pest protection methods are mainly based on the use of synthetic insecticides. However, in the face of the pollution
and toxicity problems associated with these insecticides, the search for other alternative solutions is essential. It is within this framework
that local natural products collected in the region of Gharb, Morocco have been used to: evaluate their insecticidal effect on Sitophilus
granarius (L.) and Tribolium castaneum (Herbst) the main pests of the stored cereals, and test the effect of these natural products on the
germination of soft wheat seeds. Before bioassays, a survey was conducted in three representative areas in the region of Gharb to
advance our understanding on the type of methods commonly used by farmers to protect the stored cereals against different pest. During
our investigation, we found that 91% of respondents favor the use of synthetic insecticides and only cereals intended for self-
consumption are treated with natural products. The results of the insecticidal effect of different natural products indicated that the
highest mortality percentage was recorded with a concentration of 5% of Mentha pulegium powder and Capsicum frutescens. The
former product induced 69 % and 57 % while the latter caused 36 % and 22 % mortality on the adults of S. granarius and T. castaneum,
respectively. The germination test showed that these natural products have no effect on the germination rate of soft wheat grains.

Therefore, these products can be potential alternative the synthetic insecticides for the protection of stored against pest infestation.
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INTRODUCTION

Nowadays, food security becomes a challenging issue for many countries
worldwide (Obeng-Ofori, 2011). This is not surprising given that the global
population increased four fold during the last century, with current estimates
placing it around 9.2 billion by 2050 and 11.5 billion by 2100. Over 87% of this
population lives in the developing countries of Africa, Asia, and Latin America
(De Vries, 2001). As many other countries, Morocco is also required to meet
food needs and significantly increase the food production by increasing the area
cultivated, the introduction of new varieties, as well as the reduction of post-
harvest losses. Post-harvest losses in Africa are often estimated to be between 20
and 40% (World Bank, 2011). Post-harvest losses in the developed countries are
lower than in the developing countries because of the presence of high efficient
farming systems and, better transport infrastructure, better good farm
management, and effective storage and processing facilities that ensure a larger
proportion of the harvested foods is delivered to the market in the most desired
quality and safety (Abass et al., 2014). Seed storage, is a critical issue that needs
special attention in order to meet the safety requirements of seeds after harvest
and to ensure food security (Adjalian et al., 2014). In Morocco, the storage of
cereals and legumes is increasingly exposed to pest damage. The insect
infestations result in a drastic income loss of farmers who store their harvested
produce in different structures that may be unsuitable for seed storage. Hodges
(2012) also estimated quantitative grain losses to be in the range of 10 to 20%,
but losses of over 50% in cereals and up to 100% in pulses have been reported by
other investigators (Obeng-Ofori, 2011; Abass, 2014).

The different actors (peasants, farmers, wholesalers, millers, etc.) favor the use of
synthetic insecticides. The use of synthetic insecticides or fumigants are for the
most part effective in optimal conditions against pests, but their intensive and
uncontrolled use presents enormous disadvantages (Relinger et al., 1988;
Haubruge et al., 1988). Many studies have exposed the problem of resistance of
insect strains mainly due to the uncontrolled use of peasants (Benhalima et al.,
2004; Ngamo & Hance , 2007; Huignard et al., 2011). In addition, several reports
have shown that cancerous pathologies were associated with the chronic exposure
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of different pesticides (Multigner, 2005; Gatignol & Etienne, 2010). To
overcome these problems, the search for alternative methods of pest control
which are environment ally friendly are essential (Ouedraogo et al., 2016). Many
studies are currently being developed to identify components extracted from
plants that have insecticidal activity against stored product pests (Ngamo &
Hance, 2007 ; Gueye et al., 2011; Hedjal, 2014).

Botanical insecticides are natural compounds with insecticidal properties
commonly used for crop protection (Grdisa & Grsi¢, 2013). The first insecticide
application of quassia date from 1880 and, it was successfully used against
aphids (Pluke et al., 1999). These pesticide plants have been used for millennia
and were widely promoted in commercial farming until the 1940s, when
synthetic pesticides have been developed (Anjarwalla et al., 2016). The use of
naturel products as insecticides is of most importance in nowadays farming
because they are generally less harmful to beneficial insects and to environment
(Amoabeng et al., 2013; Mkenda et al., 2015).

The overall goal of this study was to identify the appropriate methods to control
the grains stored against different pests. In this study, a survey was conducted
among farmers in the Gharb zone (north-west of Morocco), in order to quantify
the rate of synthetic chemicals as well as to identify the natural protection
methods used by the farmers, for storing local products. Specific objectives of
this study were to: i) evaluate the effectiveness of selected naturel products
against Sitophilus granarius (L.) and Tribolium castaneum (Herbst), and ii) Test
their effect on the germination of wheat seeds.

MATERIAL AND METHODS
Study area and data collection

The study area is localed in the north-west part of Morocco with latitude between
34°N and 35°N and longitude between 5.5°W and 6.7°W and elevation until 26
m above the sea level. This area occupies a special place as the main producer of
cereals and pulses nationwide. The survey prepared was composed of many
questions related to different modes and natural products used by the peasants for
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storing their produce. For a better representation of the region, 300 people were
selected in the three provinces of the study area namely: Kenitra, Sidi Slimane,
Sidi Kacem.

Collection and preparation of natural products

Samples of both plants: Mentha pulegium and Glycyrriza foetida were collected
between May and July 2013 in northwestern Morocco (the Gharb area). The
plants were identified at the Biodiversity and Natural Substances Laboratory of
the University Ibn Tofail of Kenitra-Morocco. In addition, Capsicum frutescens,
Allium sativum, Urginea maritima and rock salt were purchased at the local
market (Gharb Souk Had). Once these products were air-dried, protected from
heat and light for four weeks, they were stored in plastic bags at a temperature of
4 ° C. Before each test, these products were milled using a coffee grinder to
obtain a powder.

Insects tested

Bioassays were conducted to study the insecticidal effect of various natural
products against adults of Sitophilus granarius (L.) and Tribolium castaneum
(Herbst). Both insects were reared in laboratory conditions (27 + 1°C, 70 + 5%
RH) during a one-year period and respectively reared on whole wheat.

Contact toxicity of seeds treated with natural products

Concentrations of 1%, 2% and 5% (w/w) of the powders obtained from different
natural products were mixed with 20 g of wheat seeds which did not receive any
post-harvest treatment. Trials were repeated four times for each dose. Ten adults
of Sitophilus granarius (L.) and Tribolium castaneum (Herbst) were introduced
into each Petri dish and immediately closed. Dead insects were counted 7 days
post-treatment.

Germination tests of treated wheat seeds

These tests were carried out to evaluate the effect of natural products on the
germination of wheat seeds (Triticum aestivum) after 3, 6 and 12 month’s period.
A 200 g sample of seeds from each treatment was collected using a grain probe,
labeled and placed in a small bag. 100 wheat seeds were collected at random and
homogeneously deposited on paper impregnated with distilled water. These
boxes were placed in climatic chambers regulated at a temperature of 20 ° C.

Data Analysis

Statistical analyses were performed using analysis of variance ANOVA test
followed by the Dunnett multiple comparison at the threshold of p = 0.05.

RESULTS AND DISCUSSION

The rate of chemicals used by respondents in the Gharb area

During the survey, it was found that nearly 56% of farmers produce and store
their own seeds for planting in the next growing season. All surveyed producers

keep their products in homes, stores and warehouses for a period ranging from

Table 1 Different plant used in this area study.

three months to one year. The results obtained in this study revealed that
respondents favor the use of synthetic insecticides compared to natural products
with a proportion of 91% and 9%, respectively. The reason behind this is to have
better protection without losing quintals of harvested seeds (Figure 1).

Chemicals
procucts
91%

Figure 1: Rate of chemicals used by respondents.

The farmers interviewed during the survey agreed on the need to rely on
traditional techniques and good practices rather than on chemical treatments that
are dangerous to human health. A study was carried out at toxicology Unit of the
Anti-Poison Center of Morocco and showed that the acute poisoning with
pesticides represents 11,3 % of all the cases of acute intoxication’s (Rhalem et
al., 2009). The use of pesticidal plants that are available to farmers, and that can
normally be used and handled safely, more than synthetic pesticides, has the dual
benefit of being environmentally friendly and effective in pest control. (Rother,
2010; Stevenson et al., 2014; Mkenda et al., 2015).

The conservation of seeds using the natural products

In our survey, the treatments previously used by farmers, are very diverse; only
cereals for self-consumption are treated with plants, allowing the seeds to retain
their initial qualities for several months (Table 1). However, respondents'
expectations seem to vary according to the capacity of their stock, small farmers
are attentive to the use of naturel products in ordre to reduce the loads, because
the yields of cereal corps are moderate.

Part of the plant

Scientific name . Targeted pests Efficiency Availability
of the plant used Preparation
Mentha Aerial part Apply dried leaves Several Very effective Wild or farmed on
pulegium on cereals farms
Glycyrriza . Apply dried leaves . Average -
foetida Aerial part on cereals weevils efficiency wild

. . Crush and mix Aphids, Weevils, - Purchased from local
Allium sativum Bulb with the cereals Tribulium Effective markets
Urg{n_ea Bulb CUt.m half and put Weevils, flies Aye_rage Limited knowledge
maritima inside bags efficiency
Capsicum Peels of fruits and Weevils, - Purchased from local
frutescens seeds Apply powder Tribulium Effective markets

This study showed that farmers in the three provinces: Kenitra, Sidi Kacem, Sidi
Slimane use different traditional methods (ash, sand, aromatic plants) for the
conservation of cereals and legumes (Figure 2). Some products such as rock salt
are used to fill the inter-granular space. The use of salt is a traditional method to
remove oxygen at a concentration of 1% (v/v), Salt has the ability to scratch the
cuticle insects, especially the primary pests that damage the seeds intact, allowing
the larvae to develop inside the seeds (De Groot, 2004).
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Figure 2 Percentage used of natural products for storing cereals and legumes by
surveys

In the three provinces studied, some products used by farmers are the same
throughout the area, such as rock salt, Capsicum frutescens and Mentha
pulegium, with the exception of cinder, Urginea maritima and Glycyrriza foetida,
which are used only by few people. Ashes act first and, if the infestation has
already started, the effectiveness will be less (De Groot, 2004). In western Kenya,
a study by Wambugu et al., (2009) found that cow dung ash, which is available
for free on most farms, is a good protective agent for stored seeds.

Several preventive measures for a very long time have been tried by farmers to
minimize the losses caused by pests of grains stocks. In tropical Africa and the
South Pacific, papaya, banana, taro, ginger, breadfruit and heliconia leaves are
used to store and preserve crops (Finau, & Goodwillie, 1990). Mexico, Panama
and Honduras small farmers have used the plant Gliricidia sepium to control pre-
and post-harvest pests (Banoun, 1993).

Farmers in our study area also use plants (M. Pulegium, C. frutescens and G.
foetida) to preserve seeds for their own consumption. These plants, which are
locally available to farmers, cheaper and easier to use, have a strong odor that
probably kills insects and inhibits their penetration into stocks. Some of the plant
species produce compounds that negatively affect the growth and maturation of
insects species (Grdisa & Grsi¢, 2013).

Mushambanyi (2003) mentioned that farmers in Kivu (Democratic Republic of
the Congo) felt that plant powders have few disadvantages for the seed that
remains acceptable to taste, or for sale on the local market. A survey was carried
out by other researchers in nine villages in the Hauts-Bassins of Burkina Faso, to
diagnose farmers' perceptions of the post-harvest conservation of cowpea and
groundnut, the results showed that producers keep their products with inert
materials ash and sand (two volumes of ash for a volume of grains), as well as the
use of pepper fruit (Capsicum frutenscens) and dry leaves of neem (Azadirachta
indica) (Sankara et al., 2016).

Toxicity by contact with natural products in grains

In the course of our survey, the farmers estimated that insects are responsible for
most of the post-harvest losses of cereals and legumes, especially the weevils,
which is the most abundant species. The results illustrated in figure 3 and 4
showed the insecticidal effect of different natural products against adults of S.
granarius and T. castaneum and indicated that the highest mortality percentage
was recorded by M. pulegium powder compared with other natural products used.
The difference in the responses of these products could be attributed to the
influence of each product on the treated insects.

Mortality rate of S. granarius
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Figure 3 Mortality of Sitophilus granarius according to the natural products
used.

After 7 days of exposure, the 5% dose of M. pulegium powder induces 69% and
57% mortality in S. granarius and in T. castaneum adults respectively. The
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adults of S. granarius were more sensitive to different concentrations of natural
products used than T. castaneum adults. De Groot (2004) showed that dried mint
green leaf powder protects chickpeas against colgrass, and 5g of powder mixed
with 1 kg of pea sufficient to kill + 90% of bruch’s in 48 hours. For rock salt and
Glycyrrhiza foetida, none of the doses effectively controls weevils and
triboliums. Mushambanyi (2003) who carried out a control test with insect
repellant / insecticide-resistant Kivu plant powders, namely Maeasa lanceolata,
Agava americana, and Tagetes minuta, and showed no dose of the plants used
effectively controls weevils in sorghum stocks. Sorghum weight losses in stock
were still in the order of 56-85%.

Mortality rate of T. castaneum
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Figure 4 Mortality of Tribolium castaneum according to the natural products
used.

In the present study, we chose the most used plants as insecticides against
beetles’ pests stock, and among the very old methods practiced even before the
appearance of synthetic insecticides such as Capsicum frutescens. The most
effective parts of the red pepper against insects are the peel of the fruit and the
seeds used by the respondents as a preventive pest control.

Our results showed that Capsicum frutescens at a concentration of 5% induced 22
% and 36 % mortality on T. castaneum and S. granarius adults respectively. This
plant was also used by the farmers of the Boukoko Commune (Central African
Republic) for the protection of maize, groundnut and cowpea (Toumnou et al.,
2012).

Evaluation of the toxicity of natural products on the germination of wheat
seeds (Triticum aestivum)

A germination test was performed to determine the percentage of seeds that will

germinate under favorable conditions and produce normal seedlings. Figure 5

shows the percentage of seeds sprouted as a function of different natural products

was evaluated after 3, 6 and 12 months.
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Figure 5 Evaluation of the germination rate of wheat seeds in the laboratory
conditions.

The results showed there were no significant differences in germination
percentages in all groups treated with natural products compared to the control
group. These natural products used by farmers for the protection of cereals
against insect infestation have no effect on the germination of wheat seeds.
Results similar to ours have been reported by El idrissi et al. (2014), The essential
oil of Dysphania ambrosioides strongly abolished the survival of adults of
Sitophilus oryzae by fumigation without altering the germinability of treated
durum wheat seeds.

CONCLUSION

We conclude that the results indicate a scientific justification for the use of these
plants in the protection of cereals and legumes by farmers in the Gharb area of
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Morocco. But these alternative solutions remain well in place. These results
should be disseminated to various actors who would need to accompany and
advise them to use natural methods to preserve the quality of stored seeds.
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