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ABSTRACT

The present study was carried out to evaluate the toxic and the repellent effects of four essential plant oils Coconut oil (Cocus
nucifera L.), Ginger oil (Zingiber officinale Rosc.), Jojoba oil (Simmondsia chinensis L.) and spearmint oil (Mentha spicata L.) against
the adult of red flour beetle. Three concentrations of each plant oils were used, 0.5, 1 and 2%. The LCsy, LCyy values were also
calculated using Probit analysis technique. LCsy LCyy values of coconut, ginger, jojoba and spearmint oils after 24, 48, 72 and 96 hrs
intervals were determined. Results revealed that ginger oil was more effective against 7ribolium castaneum. Data of 96 hrs showed that
ginger still the most effective oil against the pest (LCso = 0.37 and LCy = 0.86%). The LCs, values were 0.56, 0.66 and 1.17% and LCq,
values werel.09, 1.19 and 2.76% for coconut, spearmint and jojoba, respectively. Repellency test was conducted at 2% concentration for
each oil. Data were recorded at 1, 3, 6, 12 and 24 hrs after insect release. The results showed that the highest repellent rate (45.08) was
recorded for ginger and spearmint oil, while the lowest repellent rate (15.01) was recorded for jojoba oil after 24 hrs.
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INTRODUCTION

The red flour beetle, Tribolium castaneum Herbst
(Coleoptera Tenebrionidae) is a main pest of stored nutrition
grains and is global in distribution (Good, 1933). It is a
prevalent and the most injurious pest between the important
stored product insect pests all over the world (Pranoto et al.,
1991). Its existence in the stored products results in both
pollution and economic damage causing loss of the
product’s market value and lower food value (Burkholder
and Faustini, 1991). These insects are linked to stored goods
that people feed, but grain products such as flour is the food
of their choice., It has been found to infect a wide range of
nutrients including cereals, flour, peas, beans, cocoa, nuts,
fruits dried (Okonkwo and Okoye, 1996; Weston and
Rattlingourd, 2000; Rahman et al, 2011; Sagheer et al.,
2011 and Mishra et al., 2012a; 2012b ).

Due to the problems associated with the
indiscriminate use of synthetic insecticides, many scientists
have given an extra impetus to search alternative ways to
control this pest (Dyte and Blackman, 1972). It is needful to
keep the stored food grains reserves so that the food stay all
time available and the prices of nutriment grains and
products stay stable (Talukder, 2006; Nadeem et al., 2012;
Ukeh et al., 2012 and Jahromi et al., 2014). It has been
proposed that the plant essential oils are less dangerous than
artificial compounds, quickly degraded in the environment
and they do not persist in soil and water and easily
extractable (Isman, 2000, 2006 and Moretti ef al., 2002).

Repellents from plant sources are considered safe
in pest control operations as they minimize pesticide
residues in environment and wildlife, and provide safety
for people (Khan, 1982; Talukder and Howse, 1995;
Talukder et al., 2004). Abundant plant products have
been evaluated for their repellent and insecticidal
activities against various stored grain pest insects
(Ahmed et al., 1988; Su, 1990; Mukherjee and Joseph,
2000) especially in the form of plant oils, which have
newly received much interest due to their multi-
functions as insecticidal and antimicrobial agents (De
Souza et al., 2005 and Shaaya et al., 1991).

Therefore, the aim of the present study is to evaluate
the toxicity and repellency of some plant oils (coconut,
ginger, jojoba and spearmint) against the red flour beetle, 7.
castaneum, under the laboratory conditions.

MATERIALS AND METHODS

1. Insect collection

The adults of red flour beetle, 7. castaneum, used in
this study were obtained from naturally infested wheat flour
in the market in Assuit Governorate and reared in the
laboratory to develop a homogenous population.

2. Insect rearing

This study carried in the Laboratory of the
Department of Plant Protection, Faculty of Agriculture, Al-
Azhar University, Assiut Governorate during 2018, the red
flour beetle were reared on the sterilized wheat flour kept in
500 ml plastic jars. Adult beetles were released for laid of
eggs and after 5 days beetles were removed from the wheat
flour through their sieving. The eggs were allowed to hatch
and develop under uniform conditions in incubator at a
constant temperature of 27 + 3°C and 70 + 5% R.H. The
plastic jars were covered with muslin cloth tightened with
rubber bands to avoid the escape of beetles. The
homogenous population was achieved after 28-35 days as
given by Islam and Talukder (2005).

3. Plant essential oil

Four plant oils (Coconut, ginger, jojoba, and
spearmint) were used in the experiments. Plant oils were
purchased from local market, and tested at the rate of
0.5, 1 and 2 % against the red flour beetle.

Mortality Bioassay:

The insecticidal efficacies of different plant oils
(Table 1) were tested by residual film technique against the
T. castaneum beetle. The residual film was done directly on
petri dish (9 cm) without any food medium according to Qi
and Burkholder (1981). Oil concentrations were 0.5, 1 and
2%, which were prepared in acetone. One ml of each
concentration was pipetted in petri dish. The petri dishes
were then kept open for sometimes to evaporate the solvents
fully. After evaporation of acetone, twenty adults were
placed in each petri dish. Only acetone solvent was used for
the control treatment. Three replications were made for each
concentration of all the treatments. The treatments were then
incubated at 27 + 3°C and 70 + 5% R.H. Adult mortality
was recorded at 24, 48, 72 and 96 hours after treatments
(HAT). The Percentage of mortality was corrected according
to Abbott's formula (1925).

% test mortality — % control mortaliy

% Corrected Mortality = x 100

100 — % control mortality
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Repellency Bioassay:

Repellency test was conducted following the
method described by Conti et al. (2010). Half of filter
paper disk (12 cm diameter, Whatman No. 1) was
treated with 0.5 ml of 2% concentration for each tested
oil (v:v) in acetone and dried under a fan. Half the
bottom of a Petri dish was covered with treated filter
paper, while the other half was covered with a half filter
paper disk treated with acetone only. Twenty mixed-sex
adults were released at the center of each Petri dish. The
test was carried out in incubator at temperature of 27 +
3°C and 70 £ 5% R.H. Three replicates were used for
each tested oil. The observations were started after 1, 3,
6, 12 and 24 hrs. On each half of the filter paper, the
number of insects was recorded, also the Kay square test
(with Yates correction) was performed to compare the
number of adults according to Sokal and Rohlf (1981).
The following is Yates' corrected version of Pearson's
chi-squared statistic:

N -y
2 (10: — Ei| —0.5)
Xvates = Z E

=1
Where:

Oi = an observed frequency
Ei = an expected (theoretical) frequency, asserted by the null hypothesis
N = number of distinct events

4- Statistical analysis:

Probit analysis was done to reckon either LCs or
LCy, and confidence limits using SPSS V. 10 system
software (SPSS Inc., 1999).

RESULTS AND DISCUSSION

Evaluation of four plant oils against the red flour
beetle, T. castaneum:
Direct toxicity:

Data in Table (1) show the LCsy and LCy, and
their confidence limit values and slope values of LCP
lines of four plant oils applied against red flour beetle
adults at three concentrations.

Results after 24 hrs exposure showed the LCsg
values of the tested oils in an ascending order as
following ginger (0.72%) > spearmint (0.93%) >
coconut (1.08%) > jojoba (3.14%). The order of the
efficacy of plant oils against adult beetle on the basis of
LCyy took the same trend. Comparing the slope values
of the LCP lines of the tested plant oils, the adults of the
red flour beetles showed relatively high homogeneity
response to spearmint oil (5.25) and coconut (4.62),
followed by ginger (4.15) then jojoba (2.81) (Table 2).

Results of 48 hrs after application of the plant oils
against the red flour beetle (Table 3) showed that the values
of LCso and LCy were less than that obtained after 24 hrs.
Ginger oil was the highest effective one (LCsy and LCy
were 0.53 and 1.17%) followed by coconut oil (0.77 and
1.55%), whereas spearmint (0.80 and 1.55%) and jojoba
(1.97 and 3.23%) were less effective.

According to the slope values of LCP line of the four
plant oils, adult of red flour beetle showed relatively high
homogeneity response to spearmint (5.42) followed by
coconut and ginger (4.40 and 4.40), then jojoba (3.74).

After 72 hrs exposure of red flour beetle to the four
plant oils, the LCs, values of ginger and coconut were
comparable to that obtained after 48 hrs (0.45 and 0.64%)
but for spearmint and jojoba, the values decreased to be 0.75
and 1.32%, respectively For LCy, the values decreased for
all tested oils. The homogeneity response of the adult beetle
according to slope value may be arranged as follows
spearmint (5.84) > coconut (4.71) > jojoba (3.91) > ginger
(2.93) (Table 4).

Data of 96 hrs (Table 5) show that ginger still the
most effective oil against the insect pest (LCso = 0.37 and
LCyy = 0.86%). Other oils were comparable, the LCs, values
were 0.56, 0.66 and 1.17% and LCy, values were 1.09, 1.19
and 2.76% for coconut, spearmint and jojoba, respectively.

The homogeneity response of the adult beetles was
comparable for spearmint, coconut, ginger and jojoba as the
slope values were 5.56, 4.51, 3.68 and 3.51, respectively.

Table 1. List of plant common and scientific names, family name and the plant parts used for extraction of oil

Common name Scientific name Family The plant parts used for extraction of oil
Coconut Cocus nucifera Arecaceae Fruits

Ginger Zingiber officinale Zingiberaceae Rhizomes

Jojoba Simmondsia chinensis Simmondsiaceae Seeds

Spearmint Mentha spicata Lamiaceae Leaves

Table 2. LCsy, LCy , their confidence limit values and the slope of LCP lines for four plant oils tested against 7.

castaneum after 24 hours.

Mean + SE
Plant oils Slone LCs Confidence Limits LCy, Confidence Limits
P % Lower Upper % Lower Upper
Coconut 4.62£0.50 1.08+0.08 0.87+0.07 1.36+0.11 2.08+021 1.58+0.12 3.71+£0.66
Ginger 415+£048 0.72+0.02 0.53+0.04 0.90+0.01 1.51+£0.10 1.15+£0.04 2.83+0.57
Jojoba 2814057 3.14+044 191+0.09 66.10+1.89 721+135 3.84+0.53 76.93+3.72
Spearmint 5.25+1.37 0.93+0.02 0.73+£0.06 1.19+0.05 1.98+049 143+021 2.77+0.53

Table 3. LCsy, LCy, their confidence limit values and the slope of LCP lines for four plant oils tested against 7.

castaneum after 48 hours.

Mean + SE

Plant oils Slone LCs Confidence Limits LCy, Confidence Limits

P % Lower Upper % Lower Upper
Coconut 440041 0.77+£0.06 0.60£0.05 0.96+0.08 1.55+0.21 1.18+0.13 2.84+0.57
Ginger 440+1.34 0.53+£0.05 0.31+0.12 0.69+0.04 1.17+0.09 0.88+0.02 2.74+0.77
Jojoba 3.74+1.41 197+050 135+021 2.31+025 323+046 2.54+035 30.02+3.69
Spearmint 542+151 0.80+0.01 0.63+0.02 099+0.04 155+0.28 1.20+0.15 2.38+0.46
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Generally, regardless the exposure period,
Comparing the four plant oils on the basis of LCsy and LCy
values, ginger oil was comparatively the highest effective
one, whereas coconut, spearmint and jojoba were of lowest
effectiveness, respectively .

Rpellency rate:

According to results obtained in Table (6) the highest
repellency rate of ginger oil had the most repellent effect on
T. castaneum where the repellency rate ranged from 13.08 to
45.08 through the time of exposure, 1 to 24 hrs, respectively.
Also, results showed that the repellent effect increased after
24 hrs time of exposure. The repellency rates were 38.41,
45.08, 15.01 and 45.08 for coconut, ginger, jojoba and
spearmint oils, respectively.

The essential oils of different spices like mint
(Mentha piperita L.) have fumigant toxicity to 7. castaneum
(Shaaya et al., 1991). Also, Magdy and Abdelgaleil (2008)
reported that the essential oils of eight plant species :
Achillea santolina L., Artemisia judaica L., Citrus reticulate
Balanco, Schinus  terebenthifolius  Raddi, Mentha
microphylla Koch., Lantana camara L., Majorana hortensis
Moench and Eucalyptus camaldulensis Dehnh. showed a
promising insecticidal activity against 7. castaneum. Ngamo
et al. (2007) used three oils of aromatic plants (Hyptis
spicigera L. (Lamiaceae), Annona senegalensis Pers.

(Annonaceae) and Lippia rugosa L. (Verbenaceae)) and
found that their natural chemicals caused significant
mortality against four major of stored grain pests, 7.
castaneum,  Sitophilus oryzae L., Sitophilus zeamais
Motsch., and Callosobruchus maculatus F. Mundal and
Khalgzaman (20006) tested three essential oils (cardamom
(Elletaria  cardamomum  Maton), Clove (Syzygium
aromaticum L.) and cinnamon (Cinnamomum aromaticum
nees) against the red beetle, 7. castaneum larvae and adults.
Tapondjou et al. (2005) stated that the oils from the
Eucalyptus saligna and the Cupressus sempervirens showed
a significant proportion of mortality against S. zeamais and
Tribolium confusum Duval. Ajayi and Olonisakin (2011)
evaluated essential oils extracted from black pepper in West
Africa, Piper guineense (Schum and Thonn), cloves, S.
aromaticum and Ethiopian pepper, Xylopia aethiopica
(Dunal) as an repellent and toxic compounds against 7
Castanem. The results of Manzoor ef al. (2011) showed
repellent and lethal effects of the ethanolic extract of plant
leaves viz., bakain, Melia azedaracha L., datura, Datura
stramonium L.; lemongrass, Cymbopogon citratus; habulas,
Myrtus communis and mint, M. longifolia compared to
untreated against 7. castaneum, Callosobruchus chinensis L.
and Oryzaephilus surinamensis L. .

Table 4. LCsy, LCy, their confidence limit values and the slope of LCP lines for four plant oils tested against 7.

castaneum after 72 hours.

Mean + SE
Plant oils Slope LCs Confidence Limits LCy, Confidence Limits
P % Lower Upper % Lower Upper
Coconut 471£042 0.64+004 048+004 0.79+0.05 1.22+0.13 0.95+0.09 2.19+0.31
Ginger 293+£098 045+0.04 020+£0.08 0.59+0.02 098+0.09 0.74+0.04 2.63+0.77
Jojoba 391+£0.77 132+0.05 1.04+005 1.84+0.13 3.01+0.37 2.07+0.13 1098+1.42
Spearmint 5.84+094 0.75+0.01 0.61£0.00 0.91+0.02 1.29+0.11 1.03+£0.06 1.99+0.25

Table 5. LCsg, LCy, their confidence limit values and the slope of LCP lines for four plant oils tested against 7.

castaneum after 96 hours.

Mean + SE

Plant oils Slope LCs Confidence Limits LCy, Confidence Limits

P % Lower Upper % Lower Upper
Coconut 451£043 0.56+0.06 0.37+0.09 0.70+0.07 1.09+0.08 0.85+0.06 2.08+0.16
Ginger 3.68+0.72 037+£0.05 0.09+0.02 0.52+0.02 0.86+0.01 0.62+0.03 2.26=+0.39
Jojoba 3.51+034 1.17+£0.07 091+£0.07 1.59+0.09 2.76+0.13 1.92+0.06 6.97+1.01
Spearmint 556+1.11 0.66+0.01 0.52+0.03 0.81+0.01 1.19+0.10 0.95+0.05 1.95+0.29

Table 6. Repellency assay using four plant oils at 2 % treatment after different exposure times against 7. castaneum

N. of beetles on each half after each exposure time

R ih 3h 6h 12h 24h
Tr Un o Yr TrUn ¢ Yr TrUn o Yr TrUn Yr Tr Un o rr
1 6 14 325 3 17 9.85 4 16 7.25 13.08* 16 4 725 0 20 20.05
Coconut 2 6 14 325 961** 5 15 505 21.61** 5 15 5.05 7~ 18 2 12.852941** 4 16 725 38.41**
3 6 14 325 4 16 7.25 7 13 1.85 17 3 9.85 2 18 12.85
1 4 16 7.25 1 19 16.25 3 17 9.85 15.01% 3 17 9.85 0 20 20.05
Ginger 2 3 17 9.8513.08** 5 15 5.05 19.28** 2 18 12.85 "7 2 18 12.8524.08** 1 19 16.25 45.08**
3 9 11 025 7 13 1.85 10 10 0.05 6 14 3.25 3 17 985
I 7 13 1.85 2 18 12.85 4 16 7.25 8 12 0.85 4 16 725
Jojoba 2 7 13 185 428 3 17 9.852L61** 7 13 1.85 8.08** 7 13 1.85 1.68ns. 8 12 0.85 15.01**
3 8 12 0.85 7 13 1.85 8 12 0.85 10 10 0.05 3 17 985
1 6 14 325 3 17 9.85 5 15 5.05 13.08* 4 16 7.25 0 20 20.05
Spearmint 2 6 14 3.25 11.28* 5 15 5.05 19.28** 5 15 5.05 "% 3 17 9.85 21.61*% 2 18 12.85 45.08**
5 15 5.05 5 15 5.05 6 14 325 5 15 5.05 2 18 12.85

2

Tr = treated half Un = untreated half 1’ r =overall

Abid and Butt (2015) reported a repellent activity for
three plant extracts, ginger (Z. officinale), cardamom (E.
cardamomum), and nutmeg (Myristica fragrans) against the
red flour beetle, 7. castaneum. Al-Jabr (2006) found that

¥ = significant

** = highly significant n.s. = not significant
Cinnamomum  camphora, ~ Cymbopogon  winterianus,
Matricaria chamomilla, Mentha varidis, Prunus amygdalus
var amara, Rosmarinus afficinalis L. and Simmondsia

chinensis essential oils possess different toxicities and
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repellent effects against the adults of saw toothed grain beetle,
O. surinamensis and the red flour beetle, 7. castaneum in the
laboratory. Rahdari and Hamzei (2017) reported the
repellency effect of some essential oils such as M. piperita, R.
officinalis and Coriandrum sativum against T. confusum. The
results showed that essential oil of R. officinalis and M.
piperita were more repellent than C. sativum. Khanzada et al.
(2015) evaluated the repellency of plant oils such as Mustard
(Brassica campestris), Coconut (C. nucifera), Sesame
(Sesamum indicum L.) and Rocket seed oil (Eurica sativa)
against red flour beetle, 7. castaneum in wheat. Caballero-
Gallardo er al. (2012) indicated that adult beetles of 7.
castaneum were repelled significantly by essential oils of
Cymbopogon martini, C. flexoisus and Lippia origanoides.
Mahmoodavand and Shakarami (2014) evaluated the
repellent effect of four plant essential oils including Artemisa
haussknechtii, M. longifolia, Thymus daenensis and Achillea
wilhelmisii against T. confusum and T. castaneum and found
that the essential oil of M. longifolia exhibited a significant
strong repellent effect.

REFERENCES

Abbott, W.S. (1925) A method of computing the
effectiveness of an insecticide. J. Econ. Entomol., 18:
266-267.

Abid, R. and S. Butt (2015) Repellents activity of
cardamom, ginger and nutmeg against certain insect
pests.Int. J. Zool., 5 (6): 1-6.

Ahmed, K.; F. Khalique; M. Afzal; B.A. Malik and M.R.
Malik (1988) Public sector storage of wheat in
Pakistan and the associated, problems of insect pests.
Proc. FAO Workshop on “Warehouse management
of bag storage of grains” New Delhi, Ind., 8-17.

Ajayi, F.A. and A. Olonisakin (2011) Bio-Activity of three
essential oils extracted from edible seeds on the rust-
red flour beetle, Tribolium castaneum (Herbst)
infesting stored pearl millet. Trakia J. Sci., 9, (1): 28-36.

Al-Jabr, A.M. (2006) Toxicity and repellency of seven plant
essential oils to  Oryzaephilus  surinamensis
(Coleoptera: Silvanidae) and Tribolium castaneum
(Coleoptera: Tenebrioidae). Scientific J. King Faisal
Univ., (Basic and Applied Sciences) 7 (1): 1-12.

Burkholder, W.E. and D.L. Faustini (1991) Biological
methods of servey and control. In: Ecology and
management of food industry pests. AOAC
press.361-372.

Caballero-Gallardo, K.; J. Olivero-Verbel and E.E. Stashenko
(2012) Repellency and toxicity of essential oils from
Cymbopogon martinii, Cymbopogon flexuosus and
Lippi aoriganoides cultivated in Colombia against
Tribolium castaneum. J. Stored Prod. Res., 50: 62-65.

Conti, B.; A. Canale; P. Luigi and G. Flamini ( 2010)
Repellence of essential oils from tropical and
Mediterranean Lamiaceae against Sitophilus zeamais.
Bull. Insectol., 63 (2): 197-202.

De Souza, E.O.; K.R. De Luna; K.R.L. Freire and C.P. De
Souza (2005) Inhibitory action of some essential oils
and phytochemicals on the growth of various moulds
isolated from foods. Brazilian Arch. Biol. Technol.,
48: 245-250.

Dyte, CE. and D.G. Blackman (1972) Laboratory

evaluation of organophosphorus insecticides against

susceptible and malathion-resistant strains of

Tribolium  castaneum  (Herbst)  (Coleoptera,

Tenebrionidae). J. Stored Prod. Res., 8: 103-109.

Good, N.E. (1933) Biology of the flour beetles, Tribolium
confusum Duv. and T. ferruginaeum. Fab. J. Agric.
Res., 46: 327-334.

Islam, M.S. and F.A. Talukder (2005) Toxic and residual
effects of Azadirachta indica, Tagetes erecta and
Cynodon dactylon seed extracts and leaf powders
towards Tribolium castaneum. J. Plant Diseases and
Prot., 112: 594-601.

Isman, M.B. (2000) Plant essential oils for pest and disease
management. Crop Prot., 19: 603-608.

Isman, M.B. (2006) Botanical insecticides, deterrents, and
repellents in modern agriculture and an increasingly
regulated world. Ann. Rev. Entomol., 51: 45-66.

Jahromi, M.G.; A.A. Pourmirza and M.H. Safaralizadeh
(2014) Repellent effect of sirinol (garlic emulsion)
against  Lasioderma  serricorne  (Coleoptera:
Anobiidae) and Tribolium castaneum (Coleoptera:
Tenebrionidae) by three laboratory methods. Afric. J.
Biotechnol., 11: 280-288.

Khan, M.A. (1982) Repellency of chemical compounds to
stored product Insect Pest. A review of literature.
Herausgegeben von der Biologischen Bundesanstalt
fur Landund Forstwirtschaft, Berlin. 33 Pp.

Khanzada, HH.; M. Sarwar and MK. Lohar (2015)
Repellence activity of plant oils against red Flour
beetle Tribolium castaneum (Herbst) (Coleoptera:
Tenebrionidae) in Wheat. Int. J. Animal Biol., 1 (3):
86-92.

Magdy, LE.M. and S.AM. Abdelgaleil (2008) Chemical
composition and insecticidal potential of essential
oils from Egyptian plants against Sitophilus oryzae
(L.) (Coleoptera: Curculionidae) and Tribolium
castaneum (Herbst) (Coleoptera: Tenebrionidae).
Appl. Entomol. Zool., 43: 599-607.

Mahmoodavand, S. and J. Shakarami (2014) Repellency
effects of essential oils and powders of four plant
species on Tribolium castaneum (Herbst) and
Tribolium confusum (Du Val) (Col: Tenebrionidae).
Int. J. Agric. Biosci., 3 (2): 49-54.

Manzoor, F.; G. Nasim; S. Saif and S.A Malik (2011) Effect of
ethanolic plant extracts on three storage grain pests of
economic importance. Pak. J. Bot., 43 (6): 2941-2946.

Mishra, B.B.; S.P. Tripathi and C.P.M. Tripathi (2012a)
Response of Tribolium Castaneum (Coleoptera:
Tenebrionidae) and Sitophilus Oryzae (Coleoptera:
Curculionidae) to Potential insecticide derived from
essential oil of Mentha arvensis leaves. Biol. Agric.
Hort., 28: 34-40.

Mishra, B.B.; S.P. Tripathi and C.P.M. Tripathi (2012b)
Repellent effect of leaves essential oils from
Eucalyptus  Globulus  (Mirtaceae) and  Ocimum
Basilicum (Lamiaceae) against two major stored grain
insect pests of Coleopterans. J. Nat. Sci., 10 (2): 50-54.

Mondal, M.and M. Khalequzzaman (2006) Toxicity of
essential oils against red flour beetle, 7ribolium
castaneum (Coleoptera: Tenebrionidae). J. Boil. Sci.,
14: 43-48.

280



J. Plant Prot. and Path., Mansoura Univ., Vol.9 (4), April, 2018

Moretti, M.D.; G. Sanna-Passino; S. Demontis and E.
Bazzoni (2002) Essential oil formulations useful as
a new tool for insect pest control. Am. Assoc.
Pharm. Scientists, 3: 1-4.

Mukherjee, S.N. and M. Joseph (2000) Evaluation of
extracts of neem (Azadirachta indica A. Juss) for
the control of some stored product pests. J. Stored
Prod. Res., 25: 231-237.

Nadeem, M.; J. Igbal; M.K. Khattak and M.A. Shahzad
(2012) Management of Tribolium castaneum
(Herbst) (Coleoptera: Tenebrionidae) using Neem
(Azadirachta indica A. Juss) and Tumha (Citrullus
colocynthis L.). Pak. J. Zool., 44: 325-1331.

Ngamo, T.S.L.; I Ngatanko, M.B. Ngassoum; P.M.
Mapongmestsem and T. Hance (2007) Persistence of
insecticidal activities of crude essential oils of three
aromatic plants towards four major stored product
insect pests. Afric. J. Agric. Res., 2: 173-177.

Okonkwo, E.U. and W.I. Okoye (1996) The efficacy of
four seed powders and the essential oils as
protectants of cowpea and maize grains against
infestation by Callosobruchus maculatus (F.)
(Coleoptera: Bruchidae) and Sitophilus zeamais
(Motsch.) (Coleoptera: Curculionidae) in Nigeria.
Int. J. Pest Manag. 42: 143-6.

Pranoto, R.I.; M.S. SIM; A.M.E. Howie and S.H. Ho
(1991) Grain storage and control practices in
Singapore. In: Current trends in integrated pest
management for grain storage in the ASEAN
Region. (Ed., Frio, A.S.). ASEAN Grain
Postharvest Programme. Thailand. 67-80.

Qi, Y. and W.E. Burkholder (1981) Protection of stored
wheat from the granary weevil by vegetable oils.
J. Econ. Entomol.; 74: 502-505.

Rahdari, T. and M. Hamzei (2017) Repellency effect of
essential oils of Mentha piperita, Rosmarinus
officinalis and Coriandrum sativum on Tribolium
confusum duval (Coleoptera: Tenebrionidae).
Chem. Res. J., 2 (2): 107-112.

Rahman, ML.F.; M.R. Karim; M.J. Alam; M.F. Islam; M.R.
Habib; M.B. Uddin and M.T. Hossain (2011)
Insecticidal effect of oyster mushroom (Pleurotus
ostreatus) against Tribolium castaneum (Herbst),
Nat. Products. Ann. Ind. J., 7: 187-190.

Sagheer, M., M. UL-Hasan; M.A. Latif and J. Igbal (2011)
Evaluation of some indigenous medicinal plants as a
source of toxicant, repellent and growth inhibitors
against  Tribolium  castaneum  (Coleoptera:
Tenebrionidae). Pak. J. Entomol., 33: 87-91.

Shaaya, E.; U. Ravid; N. Paster; B. Juven; U. Zisman
and V. Pistarev (1991) Fumigant toxicity of
essential oils against four major stored product
insects. J. Chem. Ecol., 17: 499 452.

Sokal, R.R. and F.J. Rohlf (1981) Biometry - Freeman
and Company, New York, USA.

SPSS Inc. (1999) SPSS Base 10.0 for Windows User’s
Guide. SPSS Inc., Chicago IL.

Su, HF.C. (1990) Comparative toxicity of three
Peppercorn extracts to four spices of stored
product insects under laboratory conditions. J.
Entomol. Soc., 19: 190-199.

Talukder, F.A. (2006) Plant products as potential stored-
product insect management agents -A mini Rev.
Emir. J. Agric. Sci., Available online at:
http://www.cfa.uaeu.ac.ae/research/ejas.htm. 18:
17-32.

Talukder, F.A. and P.E. Howse (1995) Evaluation of
Aphanamixis polystachya as a source of
repellents, antifeedants, toxicants and protectants
storage against Tribolium castaneum (Herbst). J.
Stored Prod. Res., 31: 55-61.

Talukder, F.A.; M.S. Islam; M.S. Hossain; M.A.
Rahman and M.N. Alarn (2004) Toxicity effects
of botanicals and synthetic insecticides on
Tribolium castaneum (Herbst) and Rhyzopertha
dominica (F.). Bangladesh J. Environ. Sci., 10:
365-371.

Tapondjou, A.; C. Adler; D. Fontem; H. Bouda and C.
Reichmuth (2005) Bioactivities of cymol and
essential oils of Cupressus sempervirens and
Eucalyptus saligna against Sitophilus zeamais
Motsch. and Tribolium confusum du Val. J.
Stored Prod. Res., 41: 91-102.

Ukeh, D.A.; E.E. Oku; I.A. Udo; A.L. Nta and J.A. Ukeh
(2012) Insecticidal effect of fruit extracts from
Xylopia aethiopica and Dennettia tripetala
(Annonaceae)  against  Sitophilus  oryzae
(Coleoptera: Curculionidae). Chilean J. Agric.
Res., 72: 195-200.

Weston, P.A. and P.A. Rattlingourd (2000) Progeny
Production by Tribolium castaneum (Coleoptera:
Tenebrionidae) and Oryzaephilus Surinamensis
(Coleoptera: Silvanidae) on Maize Previously
infested by Sitotroga cerealella (Lepidoptera:
Gelechiidae). J. Econ. Entomol., 93: 533-535.

(S ) a5l a gl g 5 cAisall (g8l pludid o Al cugy) dag ¥ 3 Ul g alead) LAY

dgana Baall 18 Jgana g Cpaallae Fllllae ey
raa da gy a ) deala de 3l A4S el A8 g aid

d;u;.:)l\ Cu) ¢(Cocus nuc!f‘era L) _\.LQJ\ B ¥ M:u\.u\ 4:33\_3.: G ) MJY '&A)Uaﬂ} Al C'_l\):f:\_ﬂ\ H"uﬂ M\)ﬂ\ XYY ‘L‘f);‘

Apvall 383 cludid s (Mentha spicata L) gl Sy s « (Simmondsia chinensis L.) Lss sl <o) «(Zingiber officinale Rosc.)
5 LCyy af 23 &3 Probit Jilad aladiuly sl LCs05 LCoo af lua a3 (2 51 50.5) Sl oda (e ) JSI ) 38 55 DG aladial o3
da Alels ST S Jaai 3y o il ekl delu 96 5 72 ¢« 48 24 2 gliaills Lsasalls Jusills il s Cu) e JSU LGy
. 37/LCgp=0.86 ) dbaall e Aelis 96 55 30 222 A8Y) aia Ayllad JSYI 311 g8 I Lo Jaomd 3 5 o il & pelal Lyl 5aliadS o 5 5y 55
gl 3517276 51.19 ¢« 109 LCo a8 ik Laias Z1.17 5 0.66 ¢ 0.56 Liss salls g linill cxighl 55 <3l LCsg a il (LCsg = 0.37
A pial) D) Gedela 24 512 56 53 51 2 Sl Jasad 2 G 3 JSUZ 2 58 i sl laal goal sl e L sall s pliail)

Aelu 24 2 Lsa al) a3 (15.01) 2k Jae (B3 S o ¢ (45.08) 2k Jane el Ja g liaill s Qs 31 <y o il oyl

281



