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ABSTRACT. Stored grains are threatened by several insects, leading to losses in quality and
quantity. Several studies have revealed the risks of using chemicals that can cause serious health
problems for humans. It is in this perspective that the objective of our work should be seen: It was
to assess the effect of the essential oil and leaf powder of Mentha pulegium against Sitophilus
oryzae and Tribolium castaneum adults attacking post-harvest cereals. The insecticidal activity of
the essential oil against these two insects was evaluated by three methods: contact, inhalation and
ingestion. The ingestion method was used in the case of the leaf powder. The essential oil and leaf
powder of Mentha pulegium exhibited insecticidal activity against Sitophilus oryzae and Tribolium
castaneum adults (Mentha pulegium essential oil caused up to 100% mortality of both insects).
Both insects were influenced affected by the dose, exposure time and the method by which the
insecticidal activity of the essential oil was demonstrated. Adults of Sitophilus oryzae were more
sensitive to different concentrations of essential oil and leaf powder than those of Tribolium
castaneum. The essential oil has no effect on the germination rate of soft wheat grains (Triticum
aestivum). On the contrary, it acts positively by reducing the damage caused by these major stock
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pests. The data from this study could present an alternative solution for replacing synthetic
insecticides for the protection of stored commodities.

KEY WORDS: Insecticidal effect, Essential oil, Leaf powder, Sitophilus oryzae, Tribolium
castaneum, Germination rate.

INTRODUCTION

Cereals and pulses are the main agricultural crops in Morocco. In Africa, insects infesting
stored commodities are numerous and highly diverse (DANHO et al. 2000). These stored
product pests can be very damaging to grain and grain-based commodities for a variety of
reasons; they can cause direct losses in product weight and also indirect losses (PIESIK
& WENDA-PIESIK 2015). A significant part of the grains and seeds is lost a short time after
their storageas a result of various depredations inflicted by beetles and lepidopteran insects
(CissokHo et al. 2015).

Sitophilus oryzae (LINNAEUS, 1763) (Coleoptera: Curculionidae) and Tribolium
castaneum (HERBST, 1797) (Coleoptera: Tenebrionidae) are considered major pests of
stored grains, inflicting serious losses in stored commodities. Insects can cause substantial
losses, often with significant consequences for the economy and food supplies in particular,
when they grow at the expense of grain in a storage system, they can destroy a whole crop
in just a few months (HUIGNARD et al. 2011).

Control of these insects relies heavily on the use of synthetic insecticides and fumigants.
But their widespread use has led to some serious problems, including the development of
insect strains resistant to insecticides (ZETTLER & CUPERUS 1990, WHITE 1995, RIBEIRO et
al. 2003). For example, the first case of resistance of Tribolium castaneum appeared in
1961 in London as a result of the intensive use of malathion for the protection of grains
(PARKIN et al. 1962, LINDGREN & VINCENT 1965, ARNAUD et al. 2001, HAUBRUGE et al.
2002).

However, chemical insecticides are dangerous to humans and domestic animals because
of residues that can pollute the grains to a greater or lesser extent, depending on the doses
that are applied (CHANTEREAU et al. 2013). Indeed, the delayed effects of pesticides on
health can occur either following a single, usually intense, exposure, or as a result of
repeated, usually less intense, exposure. The latter is by far more frequent and concerns the
whole population, whether exposed professionally or from the environment (air, water,
food) (MULTIGNER 2005). Therefore, there is an urgent need to develop safe alternatives
that are of low cost and environmentally friendly.
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Considerable effort has focused on plant-derived materials, potentially useful as
commercial insecticides (ARNAUD et al. 2001, TAPONDJOU et al. 2002, PARK et al. 2003,
Hou et al. 2004). Several studies have shown that plant essential oils have an insecticidal
effect on some pests of stored products, either by direct contact or by inhalation (PERRUCCI
1995, CopPPEN 2003).

RAJENDRAN & SPIRANJINI (2008) highlighted the insecticidal activity of the essential
oils of some plants (Apiaceae, Lamiaceae, Myrtaceae) resulting from the presence of
monoterpenol, their principal component, which exhibited fumigant toxicity against pests
of stored commodities, including Sitophilus zeamais and Tribolium castaneum. That study
subsequently enabled investigations of the insecticidal power of Mentha pulegium L.,
a plant belonging to the Lamiaceae family known for its therapeutic properties and
insecticidal efficacy, attributed to its chemical composition in general, particularly to
monoterpenes (HAILAOUI et al. 2009, SARDASHTI & ADHAMI 2013, ABDELGALEIL et al.
2009).

The purpose of these biotests was to determine the lethal doses of the essential oil and
leaf powder of Mentha pulegium against Sitophilus oryzae and Tribolium castaneum to find
the most effective method (contact/fumigation) for achieving the highest insecticidal
activity against both insects, as well as testing the effect of EO of Mentha pulegium on the
germination of wheat seeds. These experiments were combined so as to optimize the use of
M. pulegium extracts and improve the control of stored grain pests.

MATERIAL AND METHODS

Plant material

Samples of M. pulegium were collected during the flowering period in May and July
2015 in the Gharb region of north-western Morocco. The plants were identified in the
laboratory of Kenitra University, Morocco, where the leaves were air-dried for one month
in the absence of light at room temperature, after which they were stored in plastic bags in
a refrigerator at 4°C until required.

Insects

Biological bioassays were performed to study the insecticidal effect of EO and leaf
powder of M. pulegium on adults of Sitophilus oryzae and Tribolium castaneum. Both
insects were reared in laboratory conditions (27 = 1°C, 70 = 5% RH) during a one-year
period and respectively reared on whole wheat and barley (a blend of 50% soft wheat and
50% barley).
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Preparation of plant extract

Essential oil (EO) was extracted from Mentha pulegium using a Clevenger-type
apparatus in which the plant material was subjected to hydrodistillation for three hours. The
extracted oil was stored away from air and light at a temperature of 4 °C.

Leaf powder
Once the leaves are dry, they are ground to a powder. This is stored in the shade and
protected from dust in a plastic bag at a temperature of 4 °C.

Bioassays

The present work aimed to demonstrate the insecticidal effect of M. pulegium against
Sitophilus oryzae and Tribolium castaneum. Three EO toxicity tests were performed using
three different methods: contact, inhalation and ingestion. The efficacy of EO was
compared with positive controls using malathion for contact toxicity (Malathion Insecticide
Powder Insecticide with Marketing Authorization No. B 06-6-002) Malyphos Grain (2%
Malathion), and a fumigant tablet of aluminium phosphide to test fumigation toxicity
against Sitophilus oryzae and Tribolium castaneum.

EQ toxicity by contact using filter paper

Different dilutions of the essential oil were prepared with acetone, four concentrations
being tested: 2, 5, 10 and 20 pl/mL of acetone, corresponding to concentrations of 0.031,
0.079, 0.157 and 0.314 plL/cm? respectively. One millilitre of each concentration was
spread uniformly with a micropipette over a filter paper disc (9 cm diameter, Whatman No.
1). The control was treated with acetone only. After complete evaporation of the solvent
(5 minutes), the treated filter papers were carefully placed in Petri dishes of the same size.
Three replications were performed for each essential oil. Then, 10 insects each of Sitophilus
oryzae and Tribolium castaneum species were introduced into each Petri dish, which was
then closed immediately. Dead insects were counted daily for a period of 6 days.

EQ toxicity by fumigation

Fumigation with the essential oil of Mentha pulegium was carried out in transparent,
hermetic 1L plastic boxes as exposure chambers to test the toxicity of the essential oil
against adults of Sitophilus oryzae and Tribolium castaneum. The essential oil was spread
over a 9 cm Whatman type filter paper, which was immediately placed inside the exposure
chamber containing five Petri dishes (ensuring five replications). The following doses were
applied: 2 uL, 5 uL, 10 pL, 20 puL (EL IDRISSI et al. 2014). Ten insects were introduced to
each Petri dish and one untreated chamber served as the control. Dead insects were counted
daily for a period of 6 days.
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EO toxicity by contact in grains

The soft wheat seeds used in this test were not treated chemically and were stored in
controlled conditions (T: 25°C, H: 75%).

For each test, 1 ml of each concentration, i.e. 2, 5, 10 and 20 uL. EO/mL of acetone, was
applied to 20 g of seeds, corresponding to the following concentrations: 0.1, 0.25, 0, 5 and
1 uL/g respectively. These treated seeds were placed in Petri dishes and thoroughly mixed.
The trials were repeated three times for each dose. After 5 minutes, the time necessary to
allow the solvent to evaporate, 10 adult insects of each species were placed in all the Petri
dishes. The blank obtained only 1 ml of acetone. Dead insects were counted daily for
a period of 6 days.

Contact toxicity of seeds treated with leaf powders

The powders obtained from dry leaves of Mentha pulegium were mixed with 20 g of
seeds contained in Petri dishes in doses of 1%, 2.5% and 5% (m/m). The trials were
repeated four times for each dose. 10 adults of both species were introduced into each Petri
dish, which was immediately closed. Dead insects were counted after a period of 7 days.

Germination tests
These tests were performed to assess the effect of M. pulegium essential oil on the
germination of soft wheat seeds (Triticum aestivum L.).

In the laboratory

In the germination test, the wheat seeds already applied in the EO contact test were used
to assess the effect of essential oils on the germination of soft wheat seeds (Triticum
aestivum). The germination test was conducted in 1L boxes, the bottoms of which were
covered with two substrate papers (or solid absorbent paper) impregnated with distilled
water. One hundred wheat seeds were collected at random and were spread evenly over the
substrate papers. The boxes were placed in climate chambers at temperature of 20 °C and
a 16:8 hour light-dark regime.

Under greenhouse conditions

Soft wheat seeds were treated with essential oil at the different concentrations
mentioned above. After seven days of treatment, the wheat grains were transferred to sand-
wetted containers with water to make their seeds (EL IDRISSI et al. 2014). Germination
percentages were recorded by counting the number of sprouting grains in all batches.
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RESULTS

EO toxicity by contact using filter paper

The effect of essential oil by contact on filter paper is shown in Fig 1. As expected, the
essential oil of Mentha pulegium was active against Sitophilus oryzae and Tribolium
castaneum in the different concentrations used. The mortality rate rose when the test doses
were increased.

For Sitophilus oryzae, the lowest dose of 0.031 pL/cm? caused total insect mortality
after 6 days of exposure, whereas in the case of Tribolium castaneum, mortality reached
100% only after 9 days and with a higher concentration of 0.079uL/cm?. We also noticed
that the 10 and 20 pL doses were very effective against T. castaneum, as happened with
Sitophilus oryzae, and recorded 100% mortality after 24 hours.

For both insects, the mortality recorded in the positive control boxes treated with
malathion is similar to that after 24 h exposure to 10 pLL and 20 uL. EO.

EO toxicity by contact using filter paper

The essential oil of Mentha pulegium induced insecticidal activity against adults of
Sitophilus oryzae and Tribolium castaneum (Fig. 2).

The concentration of 20 puL/L of air led to 100% mortality in both insects, but with
different exposure times: after 24 h for Sitophilus oryzae and 48 h for Tribolium castaneum.
The concentration of 10 pL/L led to a 100% mortality of Sitophilus oryzae after 3 days’
exposure, but to 80% mortality, of Tribolium castaneum after 7 days. The doses of 2 and
5 uL/L of air achieved 100% mortality of Sitophilus oryzae after 7 days, but they were not
as effective Killers of T. castaneum with 42.30% and 73.07% mortality, respectively.

The mortality recorded in the positive controls was <50% after the entire duration of the
treatment for both species. For Sitophilus oryzae and Tribolium castaneum, we observed
that all doses tested yielded better results than the positive controls (fumigant tablet of
aluminium phosphide), except for the dose of 2 uL/L of air for T. castaneum.

Toxicity by contact with essential oil in grains

The effect of EO toxicity by direct contact in the grains is illustrated in Fig 3.

The corrected mortalities recorded for Sitophilus oryzae and Tribolium castaneum were
very high, exceeding 50% for all the doses after 6 days. The lowest dose of 0.1uL/g
induced 100% mortality of Sitophilus oryzae in 6 days and caused 73.08% mortality of
Tribolium castaneum during the same period. In this bioassay, we noted a high sensitivity
of the two insects at doses of 5, 10 and 20 pL and a rapid response to the EO of Mentha
pulegium compared to the positive control.
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Fig. 1. Mortality of Sitophilus oryzae and Tribolium castaneum relative to the doses of
essential oil of Mentha pulegium on filter paper.
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Fig. 2. Mortality of Sitophilus oryzae and Tribolium castaneum relative to the doses of
essential oil of Mentha pulegium by fumigation.
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Fig. 3. Mortality of Sitophilus oryzae and Tribolium castaneum with respect to the duration
of exposure to doses of essential oil of Mentha pulegium in soft wheat grains.
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Fig. 4. Mortality of Sitophilus oryzae and Tribolium castaneum with respect to the duration
of exposure to doses of leaf powders Mentha pulegium in soft wheat grains.
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Contact toxicity of seeds treated with leaf powders

The susceptibility of the adults of both species increased over time with different doses
of Mentha pulegium powders (Fig 4).

The experiments carried out for Sitophilus oryzae and Tribolium castaneum achieved
a mortality of about 76.92% and 57.69% (at the 5% dose), respectively, after 6 days of

exposure. The positive control was more effective against adults of both insects 100%
mortality recorded in 2 days.

Evaluation of the toxicity of essential oil of Mentha pulegium on the germination of
wheat seeds (Triticum aestivum)

The percentages of sprouted seeds (already treated with EO) as a function of the
concentration of essential oil are shown in Fig 5.
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Fig. 5. Evaluation of the germination rate of wheat seeds in the laboratory and under
greenhouse conditions.

There are no significant differences in the percentages of germination for the different
EO concentrations of tested. The results show a slight difference in the percentage of seed
germination in all treated groups compared to the control group, both in vitro and in the
greenhouse.
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DISCUSSION

The adult populations of Sitophilus oryzae and Tribolium castaneum in the present
study were significantly reduced by the use of the essential oil and leaf powder of Mentha
pulegium. In some cases, the results were similar or better than the positive controls owing
to their faster response and shorter exposure time. In our experimental conditions, the two
insects were influenced by the dose, the time of exposure and the method by which the
insecticidal activity of the essential oil was demonstrated. Adults of Sitophilus oryzae were
more sensitive to different concentrations of essential oil and leaf powder than Tribolium
castaneum adults.

In fact, in the test where the adult insects were in direct contact with EO (using filter
paper), the doses of 0.157 pl/cm? and 0.314 pL/cm? were as effective against both insects
as treatment with malathion. These results correspond to several studies highlighting the
insecticidal activity of Mentha pulegium against various pests of grain stocks (GEORGE et
al. 2009, BOURARACH et al. 2011).

Another study showed that Mentha microphylla oil as a contact product was highly
effective against Sitophilus oryzae and Tribolium castaneum with an LC50 of 0.01
mg/cm2; in the fumigant toxicity test, too, the Mentha microphylla essential oil exhibited
strong insecticidal activity against these two insects with LC50 = 0.21 uL/L and LC50 =
4.51 uL/L, respectively (MOHAMED et al. 2008). The similar results obtained with the
present fumigation test using Mentha pulegium essential oil exhibited an interesting
insecticidal power against both insects compared to the positive controls. The 20 pL dose of
EO recorded up to 100% mortality: it was fully lethal against Sitophilus oryzae after 24
hours and against Tribolium castaneum after 48 hours of treatment. However, the results
obtained with the positive control could have been due either to the development of forms
of resistance by Sitophilus oryzae and Tribolium castaneum to aluminium phosphide
(because this is intensively used under Moroccan conditions), or to the experimental
conditions, which differ from those of grain stocks.

Results similar to ours were reported by LAMIRI et al. (2001), who demonstrated that the
oil of Mentha pulegium L. led to 100% mortality of Mayetiola destructor (SAY, 1817), one
of the main pests in Morocco. Another study, by BENAYAD et al. (2008), showed that
a concentration of 3 pl Mentha pulegium oil (73.33% pulegone) killed all Sitophilus oryzae
weevils after one day of treatment. The fumigation activity of Mentha oil against several
storage pests has been widely investigated (KUMAR et al. 2011). Indeed, according to ZEKRI
et al. (2013), the fumigation toxicity of the essential oil of this plant has an insecticidal
effect against Sitophilus oryzae adults, causing 100% mortality after four days of treatment
at a concentration of 2 pL/ L. In our experiments, we achieved only 51.02% mortality for S.
oryzae and 3.44% for Tribolium castaneum after the same exposure period. This may be
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due to the different populations of Sitophilus oryzae and Tribolium castaneum or to the
different composition of the Mentha pulegium oil used in this study.

According to ABDELLI et al. (2016), the essential oil of M. pulegium caused 100%
contact mortality against the food pest Sitophilus granarius (LINNAEUS, 1758) with a dose
of 20 pL EO/ml of acetone after 4 days. This inhaled oil led to a mortality of 100% within
24 hours. In contrast, use of the wheat grain ingestion method resulted in complete
mortality after 3 days with a dose of 5 uL. EO/ml of acetone. In our study the high
sensitivity of Tribolium castaneum and Sitophilus oryzae adults to ingestion of Mentha
pulegium essential oil caused the total mortality of both insects at doses of 10 and 20 pL,
and the response was faster than that caused by the positive control. On the other hand, the
positive control remains more effective than the leaf powder, with which 100% mortality
was unattainable, even at its highest concentration of 5%. Our results are in agreement with
those of several authors who have evidence of the insecticidal activity of the powders of
aromatic plants on the pests of stored seeds while preserving their germinability (AIBOUD et
al. 2011). The essential oil of M. pulegium greatly reduced the survival of adults of
Sitophilus oryzae and Tribolium castaneum using the different methods tested in this work
without affecting the germinability of the treated wheat seeds.

These experiments show that at low EO doses, the EO contact method is the most
effective; this is followed by the ingestion method and then EO inhalation, while ingestion
of the leaf powder is effective only at higher doses. Hence, the direct contact method is to
be preferred: it is the most toxic towards both insects and requires only low EO
concentrations.

The most interesting finding in this study is the potent toxicity of Mentha pulegium
essential oil relative to the powder made from those leaves against Sitophilus oryzae and
Tribolium castaneum.

We can conclude that the use of the powder and the essential oil of Mentha pulegium by
fumigation or direct contact or ingestion demonstrate insecticidal properties against adults
of Sitophilus oryzae and Tribolium castaneum. On the basis of these results, this method is
strongly recommended as an alternative to chemical control for preserving the quality of
stored seeds.
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