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Abstract: This study was conducted to determine the insecticidal activity of five essential oils (celery, garlic,
clove, anise and matricaria oils) and two insecticides (deltamethrin and malathion) against the wheat weevil,
Sitophilus granarius (Coleoptera: Curculionidae), through laboratory tests by treating wheat grains with such
essential oils and insecticides. The calculated LC ’s, LC ’s and LC ’s after 1, 3 and 7 days of adult exposure50 95 99

indicated that celery oil is the most effective, while the garlic oil was the second effective oil. The five oils can
be arranged according to LC concentrations in the following ascending order: celery oil > garlic oil > clove oil50

> anise oil > matricaria oil. The LC  values decreased with increasing the duration of exposure to the essential50

oil concentrations. In all cases, responses varied according to essential oils, concentrations and exposure times.
The tested essential oils at LC 's concentration caused a significant decrease in the mean number of offspring50

after 7 weeks. The relative toxicity of deltamethrin and malathion was evaluated and the LC  values indicated50

that  the  deltamethrin  exhibited  greater  toxicity  than  malathion to S. granaries. No significant differences
were observed in germination rates of wheat seeds among treatments and control except in case of garlic oil.
These  results  indicated  that  essential  oils  could  be  applicable  to  the  management  of the wheat weevil,
S. granarius to decrease the side effects of the using of synthetic insecticides.
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INTRODUCTION produced from using insecticides in control the pests of

The wheat weevil, Sitophilus granarius (L.) chemicals such as plant oils. The plant oils are renewable,
(Coleoptera: Curculionidae), also known as grain weevil or non-persistent in the environment and relatively safe to
granary weevil, is a common economic pest all over the natural enemies, non-target organisms and human beings.
world. This insect significantly decreases the post- The oils also can be integrated with other pest
harvested grain yield at storage [1]. In Egypt, the annual management measures and eliminate the risk associated
loss in wheat due to stored insects such as the wheat with hand mixing of insecticides [5, 6]. Essential oils are
weevil, S. granarius, is estimated as equivalent to half a defined as any volatile oil(s) that have strong aromatic
million tons [2]. Wheat weevil, S. granarius, are classified components and that give distinctive odour, flavor or
in the most important primary pest of stored wheat, the scent to a plant. These are the by-products of plant
adults feed on whole seeds or flour. metabolism and are commonly referred to as volatile plant

Larvae develop inside seeds or pieces of seed or secondary metabolites [7]. The mortality percentages of
cereal products large enough to house larvae, but will not one-week-old adults of S. granaries after subjected it to
develop in flour unless it has been compacted. In high pure plant volatile oils of thuja, eucalyptus and
densities, weevils can achieve almost complete peppermint were increased with increases in
destruction. concentration and exposure periods [8]. Because of the

Feeding contributes to heating and due to moisture intensity of plant-insect interactions, the plants there
added by the insects’ metabolic processes the infested have well-developed defense mechanisms against pests
grain is often damp [3, 4]. The serious drawbacks that and are excellent sources of new insecticidal substances.

stored products led to search for more save alternative
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Seed viability are some of the important qualities used in Fecundity: For evaluating the effect of essential oils on
evaluating the planting value of seeds. A standard fecundity of the wheat weevils, ten unsexed individuals
method to assess seed viability is through germination were introduced into glass jars containing grains treated
testing, whereby the ability of seeds to produce normal with LC  of each oil and, covered with muslin and kept in
seedlings are tested [9]. It is important that the pesticides controlled conditions at 25 ± 1 °C, 65 ± 5 % RH and 12: 12
that are used to protect seeds do not interfere with the h (L : D) [12]. After two weeks the introduced insects were
viability or vigour of the seeds, no matter under what removed and seven weeks later adult offspring were
stress conditions the seeds are grown. This study counted [13].
evaluates the efficiency of five essential oils and two
insecticides as possible protecting agents of wheat grains Seed Viability: Three replicates, with 30 seeds per
against infestation by wheat weevils, S. granarius. Also replicate, were set up for each of oil concentration, placed
this study aims to evaluate the effects of these oils and on moistened cotton in Petri plates sealed with parafilm.
insecticides on the seed viability of wheat. The seeds were allowed to germinate for seven days. The

MATERIALS AND METHODS of seed that produced normal seedlings after seven days

Experimental Design: The wheat weevil, Sitophilus the ISTA rules [9].
granarius adults that used in these experiments (1-2 week Analysis of Variance (ANOVA) was performed to
old) were obtained from a laboratory colony, established determine any significant differences between the
and maintained on wheat grains under constant essential oils or insecticides treatments and the control.
laboratory conditions of 25 ± 1°C and 65 ± 5% RH in the Differences with p<0.05 values were considered as
laboratory of faculty of agriculture, Damanhour significantly  different.  Least   significant  differences (L.
University. Five locally available oils namely clove S. D.) was thereafter performed.
essential oil (Syzygium aromaticum), Anise (Pimpinella
Anisum), Matricaria (Matricaria chamomilla), Garlic RESULTS AND DISCUSSION
(Allium sativum) and Celery (Apium graveolens) were
tested in this study. Also two insecticides malathion and Tables (1-3) shows the percentage of mortalities of
deltamethrin were evaluated. . Samples of disinfested wheat  weevil  Sitophilus  granarius adults after 1, 3 and
wheat grains of thirty grams each were separately placed 7 days of exposure to essential oils and two insecticides.
in a plastic tubes (2 inch dia × 3 inch depth) and mixed Table 1 indicates that mortality of S. granarius is directly
with different oil concentrations to achieve the desired related to oil concentrations (0.5, 0.8, 1, 2, 3, 4, 6 ml/Kg)
test concentrations in ml/Kg (0.5, 0.8, 1, 2, 3, 4 and 6 ml/kg) and   exposure   periods   (1,  3,   7   days).  Significantly
and part per million (1, 5, 10, 15 and 20 ppm) for (F= 37.28, P<0.05), it was observed that a strong effect of
insecticides. The tubes were covered with muslin cloth limiting the population of grain weevil was found for
secured with elastic bands and kept in the laboratory after celery  and  garlic  oils  compared with clove, matricaria
introducing the adults into the tubes containing the and anise oils. In consistence with such results,
treated grains (30 adults were introduced into each tube Arannilewa et al. [14] reported an increase in adult
containing treated grains). The treatment by malathion mortality with increasing the days of exposure in all
and deltamethrin was carried out by dry film residue. In concentrations of four medicinal plant oils (gaping
this method 1 ml of test solution of each concentration dutchman’s pipe, garlic, sandpaper leaf and bitter kola)
was taken and spread uniformly to the tubes bottom in a against the maize weevil, Sitophilus zeamais in the
thin layer. The tubes was allowed to dry at room laboratory. Also, Arabi et al. [14, 15] reported that
temperature and then the wheat and insects were mortality of Sitophilus oryzae was increased with the
introduced. Control tubes contained non treated grains increase of the concentrations of oils of a Iranian wild
and adults were also included. The control and treatments growing plant, Perovskia abrotanoides Karel that contain
were replicated three times. Insect mortality percentages camphor and 1, 8-cineole and increased the time of
were calculated after 1, 3 and 7 days post exposure. exposure. Similar findings were also obtained by Ahmed
Mortality percentages were corrected by the Abbott [16] who observed complete mortality of Oryzaephilus
formula [10] and probit analysis [11] was used to estimate surinamensis by camphor oil at concentration of 0.5% and
the LC , LC  and LC  after 1, 3 and 7 days of exposure. increase  of mortality with increasing the time of exposure.50 95 99

50

germination percentage was determined as the percentage

of germination. Seeds were visually assessed based on
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Table 1: Percentages of corrected mortality of S. granarius adults after exposure for 1, 3 and 7 days on wheat grains treated with different concentrations of
five essential oils:

Corrected Mortality % ± SD
------------------------------------------------------------------------------------------------------------------------------

Day post treatment Oil concentration (ml/Kg) Clove Anise Matricaria Garlic Celery L.S.D.
1 6 100±0a 12.22±5.09b 15.56±5.09b 93.33±5.77a 100±0a 7.5092st

4 97.8±1.92a 7.78±7.7b 10±0b 96.67±5.77a 100±0a 9.2633
3 92.22±7.7a 6.67±5.78b 10±5.78b 93.33±5.77a 83.33±15.27a 16.121
2 41.11±1.92b 0c 2.22±1.92c 56.67±20.81b 80±10a 18.919
1 44.44±10.18a 1.11±1.92b 0b 70±34.64a 43.33±25.16a 35.842
0.8 4.44±5.09a 0a 0a 26.67±30.56a 16.67±15.27a 28.097
0.5 2.22±3.84b 0b 0b 21.11±6.93a 13.33±8.81a 9.65

3 6 100±0b 55.55±21.43b 66.67±17.32b 98.89±1.92a 100±0a 22.473rd

4 100±0a 47.78±22.68b 61.11±10.18b 100±0a 100±0a 20.233
3 97.8±3.84a 45.56±5.09c 55.56±7.7b 100±0a 100±0a 8.136
2 72.22±5.09b 14.44±5.09c 13.33±3.33c 100±0a 96.67±5.77a 7.983
1 82.22±19.53a 2.22±3.84b 3.33±0b 100±0a 90±17.32a 21.469
0.8 17.8±25.23b 0b 1.11±1.92b 36.67±50.14b 93.33±11.54a 49.39
0.5 10±3.33c 0c 0c 32.22±3.84b 55.56±10.18a 12.911

7 6 100±0a 100±0a 100±0a 100±0a 100±0ath

4 100±0a 96.67±3.33a 100±0a 100±0a 100±0a 3.33
3 100±0a 92.22±5.09b 90±3.33b 100±0a 100±0a 4.951
2 94.44±1.92b 76.67±11.54c 81.11±3.84c 100±0a 100±0a 10.0258
1 90±14.5a 30±6.67b 27.8±8.38b 100±0a 100±0a 14.6883
0.8 57.8±37.16ab 6.67±8.81b 8.89±3.84b 67.78±50.14a 97.78±3.84a 51.48
0.5 45.56±47.88a 0b 3.33±0b 53.57±7.02a 82.69±9.9a 40.195

General Mean 69.05±37.76b 28.36±35.92c 30.95±36.66c 78.47±32.65a 83.49±28.11a 6.918
Means followed by the same letters, within a row, do not significantly differ at the 5% level according to the LSD test

Table 2: Lethal concentrations (LC , LC  and LC ) of the five plant oils against S. granarius adults exposed to treated wheat grains for 1, 3 and 7 days:50 95 99

After 1 day After 3 days After 7 days
--------------------------------------------------- ------------------------------------------------ --------------------------------------------
LC LC LC LC LC LC LC LC LC50 95 99 50 95 99 50 95 99

Clove 1.625 4.438 6.729 1.02 2.978 4.639 0.596 1.777 2.796
Anise 40.88 635.48 1980.24 4.422 18.59 33.705 1.437 3.3 4.668
Matricaria 22.69 217.618 555.104 3.582 11.72 19.152 1.4 3.27 4.648
Garlic 1.53 5.144 9.923 0.677 1.316 1.733 0.509 1.127 1.567
Celery 1.224 3.76 5.98 0.404 1.26 2.013 0.348 0.661 0.862

Table 3: Percentages of corrected mortality of S. granarius adults after exposure for 1, 3 and 7 days on wheat grains treated with deltamethrin and malathion:
Day post treatment Concentration (ppm) Deltamethrin Malathion
1 20 92.22±6.93 75.56±15.75st

15 83.33±12.01 72.22±7.7
10 74.44±10.18 63.33±12.02
5 61.11±11.7 50±8.81
1 36.67±8.81 35.56±1.92

3 20 100 100rd

15 100 91.11±5.1
10 92.22±5.01 75.56±15.03
5 77.78±12.61 64.44±8.38
1 63.33±14.52 44.44±1.92

7 20 100 100th

15 100 100
10 100 97.78±1.92
5 96.67±5.78 84.44±5.1
1 75.56±16.44 57.78±5.09

General Mean±SD 61.85±33.66 67.63±30.97
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Table 4: Lethal concentrations (LC , LC  and LC ) of malathion and deltamethrin against S. granarius adults exposed to treated wheat grains for 1, 3 and50 95 99

7 days:
After 1 day After 3 days After 7 days
---------------------------------------------- ----------------------------------------------- ---------------------------------------------
LC LC LC LC LC LC LC LC LC50 95 99 50 95 99 50 95 99

Malathion 3.43 344.5 2325.5 1.6 58.75 261.27 0.84 7.97 20.27
Deltamethrin 2.26 53.76 199.56 0.605 16.87 66.97 0.444 3.21 7.3

Table 5:  Progeny of S. granarius developed from wheat treated with five essential oils and two insecticides:
Essential oils- insecticide Number of offspring after 7 weeks (mean ± S.D.)
Control 99.25±13.7a

Garlic 8±3.65d

Matricaria 29.5±9.18c

Anise 39.5±7.14b

Clove 10.25±2.22d

Celery 3.75±1.71d

Malathion 2±0.82d

Deltamethrin 0.75±0.96d

L.S. D. 9.5919
F 103.246
Means followed by the same letter are not significantly different by least significant differences test (P = 0.05)

Table 6: Germination test for wheat seeds treated with five plant oils and untreated wheat seeds (Mean ± SD):
Concentration (ml/Kg) Clove Anise Matricaria Garlic Celery
0 87.78±9.62 92.22±1.92 88.89±5.1 91.1±5.1 83.33±3.33a a ab a b

0.5 88.89±6.93 88.89±6.93 92.22±5.1 86.67±3.33 88.89±6.93a a ab ab ab

0.8 85.56±10.71 85.56±10.74 94.44±1.92 80±11.54 85.56±10.71a a a ab ab

1 88.89±5.1 85.56±5.1 91.11±6.93 81.11±5.1 87.78±6.93a a ab ab ab

2 93.33±3.33 80±6.67 83.33±8.81 64.44±5.1 97.78±3.84a a b c a

3 90±10 83.33±10 95.56±3.84 77.78±7.69 96.67±3.33a a a b a

4 93.3±3.33 84.44±9.62 96.67±0 74.44±9.62 96.67±5.77a a a b a

6 94.44±5.1 82.22±3.84 95.56±5.1 73.33±8.81 90±12.02a a a bc ab

L.S.D. 12.6845 12.90135 9.12265 13.0084 12.6297
F 0.547 0.795 2.133 3.611 1.724
General Mean 90.28±6.8 85.28±7.22 92.22±6.11 78.61±10.07 90.83±8.06a b a c a

L.S.D=4.4696 F=12.42
Means followed by the same letters, within a row, do not significantly differ at the 5% level according to the LSD test

Table 7: Germination test for wheat seeds treated with malathion and deltamethrin and untreated wheat seeds (Mean ± SD):
Concentrations (ppm) Malathion Deltamethrin
0 90±3.33 88.89±10.71a a

1 88.89±6.93 90±3.33a a

5 90±6.67 93.33±5.77a a

10 88.89±3.84 91.11±5.09a a

15 87.78±6.93 93.33±8.82a a

20 85.56±1.92 95.56±1.92a a

L.S.D. 9.4797 11.8599
F 0.296 0.414
Means followed by the same letters, within a row, do not significantly differ at the 5% level according to the LSD test

Hamed et al. [6], found that mortality of S. oryzae Huang, et al. [18] studied the effect of garlic against the
increased with increasing of both concentrations of same insects (S. zeamais and T. castaneum), they found
camphor, celery and garlic and exposure period. Liu and that, the difference observed among the mortality
Ho [17] studied bioactivity of the essential oils extracted percentages may be due to the differences in the oil
from Evodia rutaecarpa against storage insects, volatilities, mostly monoterpenes are very active on
Sitophilus zeamais and Tribolium castaneum, also insects due to their active volatiles.
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The LC  values based on bioassay studies indicated did not lose their viability, also Ibrahim, [26] didn’t find50

that celery exhibited greater toxicity at 1, 3 and 7 days of significant effect on the seed germination rate of the
exposure, followed by garlic oil, clove oil and matricaria chickpea  seeds  treated  with  plant  oil  from sunflower.
while the anise oil was the least effective On the other hand, in agreement with Tantengco et al.

Evaluation of Two Insecticides as Seed Protectants none of the kilabot and malathione negatively affected
Against  the  Wheat  Weevil:  This  experiment  was standard germination of corn (Zea mays); percent
carried out to evaluate the relative toxicity of two emergence of pesticide treated seeds equaled or was
insecticides, deltamethrin and malathion to S. granarius greater than that of control seeds, in this study the effect
adults. In general mortality of S. granarius was directly of the two insecticides; Malathion and Deltamethrin on
related to insecticides concentrations (1, 5, 10, 15, 20 ppm) wheat seed germination wasn’t significant from the
and exposure  periods. Data shown in Table (3) refer that control (Table 7).
20 ppm recorded the hieghest mortality (92.22%) in
deltamethrin after the first day, while, it exhibited 75.56% REFERENCES
in malathion at the same time. Whereas, the two
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