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Toxic and repellent effect of Citronella essential oil against Sitophilus oryzae |. And
Tribolium castaneum Herbst.
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Abstract: In the present investigation, the toxicity of Citronella essential oil was
tested on two major stored grain pests, Sitophilus oryzae and Tribolium
castaneum adults through contact and repellency bioassay as an alternative
approach to that of the synthetic pesticide. Contact bioassay on S. oryzae showed
LDso values of 0.089, 0.064, and 0.650 pg/cm?, whereas on T. castaneum the LDso
values were calculated as 0.121, 0.097, and 0.070 ug/cm?both after 24, 48, and 72
hours of exposure, respectively. The ANOVA of the repellency data showed no
significant effect of time (P= 0.4962) and doses (P= 0.4505) against rice
weevil, Sitophilus oryzae. In addition, the interaction between exposure time and
doses is also insignificant against the weevil. In case of T. castaneum, repellency
bioassay data showed no significant effect among exposure times (P =0.1008) and
the doses (P = 0.0914) against the red flour beetle. The percent repulsion by the
essential oil was found to be the highest against the doses of 0.157 and 0.062
hg/cm?. Based on the present investigation it can be concluded that the citronella
essential oil may act as a potent source of toxicant to control the red flour beetle, T.
castaneum and rice weevil, S. oryzae which in turn can minimize the uncontrolled
use of synthetic pesticides.

Keywords: Toxicity, Repellency, Citronella oil, Sitophilus oryzae, Tribolium
castaneum.

Introduction repeated and uncontrolled use of these
synthetic  insecticides has  serious
drawbacks such as: developing pesticide-
resistant insect species (Mills, 1983;
Pacheco et al., 1990; Sartori et al., 1990;
Subramanyam, 1995; Tyler et al., 1983),
causing serious health hazards to both
man and animal through factors, such as
direct toxicity to parasites, predators,
pollinators, fish and man (Georghiou,
1990; Irshad & Gillani, 1990; Mahmud et
al., 2002; Zettler, 1991, Zettler & Cuperus,
1990)). As a result, naturally occurring
plant product has been considered a
potential  alternative  to  synthetic
chemicals for controlling stored product
pests (Heyde et al., 1984). They are well
known for having a variety of properties
against insect pests (Arthur, 1996).
Several spices and herbs are found to be

Agriculture is considered to be the prime
source of livelihood for millions of people
around the globe. Each year huge
damage is caused to the stored grains,
such as rice and wheat as a result of the
severe infestation by insect pests. The
most dominant group of storage pests are
insects, the second is other arthropods
like Acari or mites also function as a major
pest to stored commodities (Khan &
Mannan, 1991). The damage occurs as a
result of causing weight loss and a
decrease in the germination ability of
grains. The culture of using synthetic
chemicals for controlling pests has long
been in practice. In the last 50 years, it
has become the most widely used method
for the regulation of pest populations,
killing, and eradication of pests. However,
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well known for possessing anti-insect
activities  (Tripathi et al., 1999),
particularly in the form of essential oils.
Certain botanical oils have been proven
and demonstrated as effective against
stored commodities (Dunkel & Sears,
1998; Su, 1990). Besides, many
researchers have studied the repellent,
deterrent and other biological effects of
some plant materials against stored
product insets (Harish et al., 2000; Kim et
al., 2003a,b; Tripathi et al., 2002). The
toxicity of a large number of essential oils
and their constituents have been
evaluated against a variety of stored
product insects (Bouda et al., 2001;
Huang et al., 2000a,b; Kéita et al., 2001;
Paranagama et al., 2003; Tripathi et al.,
2002). A variety of plant essential oils has
been proven to have some insecticidal
and nematicidal activites and are
reported to be lethal against a wide range
of plant pathogenic fungi (Rice, 1995).
The trend of using essential oils as a pest-
control agent is very common in tropical
countries (Rajapakse & Van Emden,
1997; Singh et al., 1978).

The current investigation was conducted
with the aim of screening citronella
essential oils as repellents and fumigants
against the adults of rice weevil, S.
oryzae and red flour beetle, T.
castaneum. These two pest species were
chosen since they are cosmopolitan in
distribution and easily available, and the
essential oil was because of their
insecticidal and repellent properties
against similar insect species. Our
ultimate goal is to minimize the use of
synthetic insecticides and development of
pesticide resistance wusing different
methods.

Materials and Methods

Insects

The culture of the experimental beetles
i.e., S. oryzaeand T. castaneum was
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conducted in the Crop Protection and
Toxicology laboratory of the Department
of Zoology, University of Rajshahi,
Bangladesh. The stock culture S. oryzae
was maintained in room temperature at
32+5°C in large plastic jars. The room
temperature was maintained at 32+5°C
and 30+5°C for T. castaneum, without
any light and humidity control to ensure
the continuous supply of the beetles. For
the culture of T. castaneum, the ratio of
the wheat flour and Yeast was 19:1 which
had to go through the sterilization process
at 60°C for 24 hours and was kept unused
for 15 days to allow its moisture content to
equilibrate with the environment prior to
being used as a food source. Eggs,
larvae, pupae, and adults were separated
at regular intervals, and the food medium
was replaced after every three days by
fresh food media to avoid contamination.

Essential Oil

Citronella  essential oil from the
plant Cymbopogon nardus was
purchased from a handmade factory,
Kanchan Industrial Estate, Saki Naka,
Andheri (E), Mumbai 400072, India.

Contact bioassay

Series of dilutions of essential oils were
prepared using acetone as solvent.
Aliquots of 1 ml of the dilutions were
applied into 5 cm diameter Petri dishes for
contact bioassay (Busvine, 1971), at the
dose of 0.102, 0.089, 0.076, 0.038 ng/cm?
on S. oryzae, whereas 0.153, 0.127,
0.064, and 0.032 pg/cm? were applied on
T. castaneum. The solvent was allowed to
evaporate for half an hour and the insects
were transferred to the treated Petri
dishes. Control doses were set with
acetone alone. Ten (10) adult beetles
were used for each concentration and Ten
(10) were used for the control. The Petri
dishes were kept at room temperature
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and the mortality was recorded after 24,
48, and 72 hours of exposure.

Repellency bioassay

Repellency bioassay was conducted in
Petri dishes of 9 cm diameter. Whatman
filter paper (9cm diam.) was cut into 2
equal halves and both were set to the
bottom of the Petri dish with the help of
adhesive tape. One-half of the filter paper
was treated with a particular dose of
Citronella oil. This method was applied to
all the concentrations i.e., 0.125, 0.110,
0.094, and 0.047 pug/cm? for S.
oryzae and 0.189, 0.157, 0.079, and
0.039 ug/cm? for T. castaneum and the
other half remained untreated. The
treated (Citronella oil) and non-treated
(control) zone were separated by a thin
stick, attached to the Petri dish by
adhesive tape. Ten (10) beetles were
released in the middle of each of the Petri
dish for this bioassay and the whole
experiments were set in 3 replicates. The
experiment was repeated thrice for each
dose and the taxis of the beetles were
observed. The data i.e., number of
weevils present in treated and non-
treated area of the Petri dish were then
recorded at 1 hour interval up to 5 hours.

Analysis of data

Dose mortality test

The mortality percentage for contact
bioassay was corrected using the
Abbott's formula (Abbot, 1925; Busvine,
1971).

Po=F 100

Pp=—
t loo — P,

Where P; = Corrected mortality (%), Po =
Observed mortality (%) and P, = Control
mortality (%).

The observed data were then subjected to
probit analysis according to Busvine
(1971) and Finney (1952) using software
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developed in the Department of
Agricultural and Environmental Science,
the University of Newcastle Upon Tyne,
United Kingdom. The heterogeneity was
tested by a chi-square test.

Repellency test

A two-way RM (Repeated Measures)
ANOVA was performed to determine the
dose-response and time duration by using
Graph pad prism 6.0 software. Percent
repulsion (PR) was calculated by using
the following formula (Nerio et al., 2009;
Obeng-Ofori, 1995).

g = NC-NT
~ NC+NT

x100

Where, NC = Number of insects in the
non-treated (Control) area after the
exposure interval and NT= Number of
insects in the treated area after the
exposure interval. The percent repulsion
was then categorized by using the Table
1.

Table 1. Repellency scale from less to the
most repellent =0 to V

Category/Class PR (%)

0 <0.1

I 0.1to 20

Il 20.1 to 40

11 40.1 to 60

\Y 60.1 to 80

\Y 80.1 to 100
Results

Contact toxicity of Citronella oil

For S. oryzae, the doses of citronella oil
used in contract treatment were 0.102,
0.089, 0.076, and 0.038 pg/cm?. Dose
mortality, 95% confidence limits, and LDso
values of citronella oils on adult T.
castaneum after 24, 48, and 72 hours of
contact treatment are shown in Tables 2
and 3.
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For T. castaneum the doses of Citronella after 24, 48, and 72 hours respectively.

oil used in contact bioassay were 0.153, Dose mortality, 95% confidence limits,

0.127, 0.064, and 0.032 pg/cm?. The LDso and LDso values of Citronella oil on adult

values has been calculated as 0.121 T. castaneum after 24, 48, and 72 hours

ng/cm?, 0.097 pg/cm?, and 0.069 pg/cm? of contact treatment are shown in Tables
4 and 5.

Table 2. Dose mortality and LDsp values of Citronella oil on adult S. oryzae after different
exposure time.

Exposure time Corrected Mortality

(Hours) Dose (ug/cm?) (%) LDso (ug/cm?)

0.102 60
0.089 50

24 0.076 37 0.089
0.038 23
Control 0
0.102 77
0.089 60

48 0.076 43 0.064
0.038 37
Control 0
0.102 80
0.089 63

72 0.076 53 0.650
0.038 50
Control 0

Table 3. LDsg, 95% confidence limits and regression equation of essential oils against adult
S. oryzae after different exposure time.

£ . LD 95% conf. 2val (
Xposure times 50 limits . x°values (at
(Hours) (ug/cm?) Regression 2df)
Lower Upper
24 0.089 0.068 0.118 y=2.965+2.142x 0.818
48 0.064 0.048 0.084 y=3.365+2.053x 3.930

72 0.650 0.025 0.081 y=3.365+2.053x 2.968
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Table 4. LDsg values of citronella oils on adult T. castaneum after 24, 48, and 72 hours of
contact treatment.

Exp (%SOUJ?S;'me Dose (ug/cm?) M%?tr;ﬁf;e(&) L Dso (ng/cm?)

0.153 63
0.127 43

24 0.064 33 0.121
0.032 10
Control 0
0.153 70
0.127 53

48 0.064 37 0.097
0.032 17
Control 0
0.133 80
0.127 70

72 0.064 47 0.067
0.032 23
Control 0

Table 5. The LDsg, 95% confidence limits and the regression equations of Citronella oil
against adult beetles of T. castaneum after 24, 48, and 72 hours of exposure.

_ 95% conf. ) )
Exposure times L Do limits Regression x> value (at
(Hours) eguation 2df)
Lower Upper
24 0.121 0.089 0.163  y=2.716+2.102x 1.730
48 0.097 0.074 0.129  y=3.023+1.999x 0.555
72 0.067 0.054 0.090  y=3.117+2.229x 0.189

Repellent effect of Citronella oil shown in Figure 1. Category of repulsion

found in S. oryzae is shown in Table 6.
The doses of Citronella oil showed highly Y

significant repellent activity (P<0.0001) The doses of Citronella oil showed no

against the rice weevil S. oryzae. The
exposure time of the beetle in selected
doses have found no significant effect (P=
0.0594). However, ANOVA analysis did
not show any significant interaction
between exposure time and treatment
doses (P= 0.5121). A histogram of dose-
response and exposure time interval are

significant repellent activity (P=0.4505)
against the T. castaneum adults. The
exposure time of the beetle in selected
doses were insignificant (P= 0.4962).
ANOVA analysis showed no significant
interaction between exposure time and
treatment doses (P=0.8773). A histogram
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of dose-response and exposure time
interval are shown in Figure 2.

The category of repulsion against T.
castaneum was found to be class 0, lll, O,
and | in case of the doses of 0.189, 0.157,
0.079, and 0.039 upg/cm?, respectively,
after 4 and 5 hours of exposure. It is

4

3

(i

1h 2h 3h 4h 5h
Exposure Time

-

Fig. 1. Repellency effect of Citronella oil
against S. oryzae in respective doses. Error

bar indicates standard deviation (SD)

0 0.125 pgrem?
0.110 ug/em?
0 0.094 pg/em?
0.047 pg/om?
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interesting to observe that the highest
effect was found in the dose of 0.157
hg/cm? (Table 7). It is also remarkable to
observe that the higher doses (i.e., 0.189
and 0.157) exhibited the highest repulsion
compare to those of lower doses of
Citronella oil.

9 0 0.189 pg/em®

0.157 uglom?
B 0.079 ngicm?
0.039 uglcm?

1h 2h 3h 4h 5h
Exposure Time

Fig. 2. Repellency effect of Citronella oil
against T. castaneum adults in respective
doses.
deviation (SD)

Error bar indicates standard

Table 6. Category of repulsion at different doses of Citronella oil against S. oryzae.

Dose Category of repulsion based on percent repellency
(ng/cm?) 1h 2h 3h 4h 5h
0.125 0 0 0 0 0
0.110 0 0 0 0 0
0.094 0 0 0 0 0
0.047 0 0 0 0 0

Table 7. Category of repulsion at different doses of Citronella oil against T. castaneum

Dose Category of repulsion based on percent repellency
(ng/cm?) 1h 2h 3h 4h 5h
0.189 I Il 0 0 0
0.157 0 0 I 1] Il
0.079 I 0 I 0 0
0.039 I Il I I 0
Discussion losses sustaining in the developing world

Insects are responsible for the physical,
nutritional, and quality deterioration of
stored products which are the most
common reason for the post-harvest

leading to a detrimental impact on food
security. Among the coleopteran pest
beetles, the most damaging ones are
found in the genus Sitophilus and
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Tribolium. According to Tyler (1982), the
amount of loss can vary according to the
geographical distribution. The possible
reasons working behind these variations
are the lack of a standardized
methodology and underlying
environmental as well as climatic change
(Tyler, 1982).

Monoterpenoids and Sesquiterpenoids
which are the principal components of
essential oils work as an alternative to
classical fumigants (Papachristos &
Stamopoulos, 2003). Later, the
effectiveness of essential oils and their
constituents having potentials similar to
the fumigants was proven by the works of
Huang et al., 2000b; Lee et al., 2001a, b;
Tunc et al.,, 2000. These components
have a huge demand in the industrial
markets for having certain potent
biological activities in addition to their
toxicity to insects (Isman, 2000; Kubo et
al., 1994; Weinzierl, 2000).

In this investigation, Citronella essential
oil was applied against S. oryzae and T.
castaneum adults through contact
bioassay to measure its toxic effect and
through repellency assay to find its
repellent potential. The result of contract
treatment shows that the oil was effective
against both the insect pests. However,
no evidence was found about research
carried out to determine the repellent
effect of Citronella oil against S. oryzae.
Nattudurai et al. (2017) reported a toxic
and repellent effect of Atalantia
monophylla  essential oil  against
Callosobruchus maculatus and S. oryzae.
Significant repellent activity of Pimenta
pseudocaryophyllus derivatives and also
Hyptis suaveolens and Hyptis spicigera
(Laminaceae) essential  oils  against
Sitophilus spp were studied recently
(Conti et al., 2011; Ribeiro et al., 2015).
The current investigation on the repellent
effect of Citronella oil on S. oryzae may

43

lead to a potent source of botanical for
controlling the concerned pest.

In the repellency bioassay, Cirtonella oil
showed no significant effect against rice
weevil, S. oryzae but against T.
castaneum, it was highly significant after
4 & 5 hours of exposure. Guo et al. (2016)
reported a highly significant effect of the
essential oil from Juniperus formosana
against T. castaneum which resemblance
with the present repellent efficacy of
Citronella oil. Using the area preference
method, Caballero-Gallardo et al. (2011)
showed highly effective repellent activities
of some constituents of the essential oll
viz. Tagetes  lucida, Lepechinia
betonicifolia. They also reported highly
effective  repulsion by the active
compounds of Citronella essential oil
which is in agreement with the present
work. Al-Jabr (2006) reported the
repellent effect of seven plant essential
oils on T. castaneum. He reported a class
Il repulsion of Citronella oil against T.
castaneum which is in agreement with the
present study. Therefore, it can be
concluded that this potent essential oil
might have some potential use for the
pest management of stored products.

Acknowledgements

The authors would like to thank the
Chairman, Department of Zoology,
University of Rajshahi for providing
necessary laboratory facilities to
accomplish the research work.

References

Abbot, W. 1925. A method for computing the
effectiveness of an insecticide. J. Econ.
Entomol. 18: 265-267.

Al-Jabr, A. M. 2006. Toxicity and repellency of
seven plant essential oils to
Oryzaephilus surinamensis (Coleoptera:
Silvanidae) and Tribolium castaneum
(Coleoptera: Tenebrioidae). Scie. J. of
King Faisal Univ. (Basic and Applied
Sciences). 7: 49-60.



44

Arthur, F. H. 1996. Grain protectants: current
status and prospects for the future. J.
Stored. Prod. Res. 32: 293-302.

Bouda, H., Tapondjou, L. A., Fontem, D. A. &
Gumedzoe, M. Y. 2001. Effect of
essential oils from leaves of Ageratum
conyzoides, Lantana camara and
Chromolaena odorata on the mortality of
Sitophilus zeamais (Coleoptera,
Curculionidae). J. Stored Prod. Res. 37:
103-109.

Busvine, J. R. 1971. A critical review of the
techniques for testing insecticides. A
critical review of the techniques for
testing insecticides 2nd  Edition.
Commonwealth Agricultural Bureaux,
London. pp. 345.

Caballero-Gallardo, K., Olivero-Verbel, J. &
Stashenko, E. E. 2011. Repellent activity
of essential oils and some of their
individual constituents against Tribolium
castaneum Herbst. J. Agric. Food Chem.
59: 1690-1696.

Conti, B., Canale, A., Cioni, P. L., Flamini, G.
& Rifici, A. 2011. Hyptis suaveolens and
Hyptis spicigera (Lamiaceae) essential
oils: qualitative analysis, contact toxicity
and repellent activity against Sitophilus

granarius (L) (Coleoptera:
Dryophthoridae). J. Pest. Sci. 84: 219-
228.

Dunkel, F. V. & Sears, L. J. 1998. Fumigant
properties of physical preparations from
mountain big sagebrush, Artemisia
tridentata Nutt. ssp. vaseyana (Rydb.)
beetle for stored grain insects. J. Stored
Prod. Res. 34: 307-321.

Finney, D. J. 1952. Probit analysis: a
statistical treatment of the sigmoid
response curve. Cambridge University
Press. pp. 318.

Georghiou, G. 1990. Resistance potential to
biopesticides and consideration of
counter measures. Casida, J.E., Ed. in
Pesticides and Alternatives, New York,
NY: Elsevier Science Publishers. pp.
409-420.

Mahfuz et al.

Guo, S., Zhang, W., Liang, J., You, C., Geng,
Z.,Wang, C. & Du, S. 2016. Contact and
repellent activities of the essential oil
from Juniperus formosana against two
stored product insects. Molecules. 21:
504.

Harish, C., Ahuja, D., Nagender, A. & Berry,
S. 2000. Repellency of different plant
extracts and commercial formulations
used as prophylactic sprays to protect
bagged grain against  Tribolium
castaneum-a field study. J. Food Sci.
Technol. 37: 582-585.

Heyde, J. V. D., Saxena, R. C. and
Schmutterer, H. 1984. Neem Oil and
Neem Extract as Potential Insecticides
for Control of Hemipterous Rice Pest.
Proceedings of the 2nd International
Neem Conference, Rauischholzhausen,
25-28 May. pp. 377-390.

Huang, Y., Chen, S. X. & Ho, S. H. 2000a.
Bioactivities of methyl allyl disulfide and
diallyl trisulfide from essential oil of garlic
to two species of stored-product pests,
Sitophilus zeamais (Coleoptera:
Curculionidae) and Tribolium castaneum
(Coleoptera: Tenebrionidae). J. Econ.
Entomol. 93: 537-543.

Huang, Y., Lam, S. & Ho, S. 2000b.
Bioactivities of essential oil from Elletaria
cardamomum (L.) Maton. to Sitophilus
zeamais Motschulsky and: Tribolium
castaneum (Herbst). J. Stored Prod.
Res. 36: 107-117.

Irshad, M. & Gillani, W. 1990. Resistance in
Tribolium castaneum (Herbst)
(Coleoptera: Tenebrionidae) against
malathion. Pakistan J. Zool. 25: 257262.

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

Kéita, S. M., Vincent, C., Schmit, J. P,
Arnason, J.T. & Bélanger, A. 2001.
Efficacy of essential oil of Ocimum
basilicum L. and O. gratissimum L.
applied as an insecticidal fumigant and
powder to control Callosobruchus
maculatus (Fab.) [Coleoptera:



Toxic and repellent effect of citronella essential oil

Bruchidae]. J. Stored Prod. Res. 37: 339-
349.

Khan, A. & Mannan, A. 1991. Stored-products
entomology in the tropics. Agric. Zool.
Rev. 4 : 67-95.

Kim, S. I., Park, C., Ohh, M. H., Cho, H. C. &
Ahn, Y. J. 2003a. Contact and fumigant
activities of aromatic plant extracts and
essential oils against Lasioderma
serricorne (Coleoptera: Anobiidae). J.
Stored Prod. Res. 39: 11-19.

Kim, S. I, Roh, J. Y., Kim, D. H., Lee, H. S. &
Ahn, Y. J. 2003b. Insecticidal activities of
aromatic plant extracts and essential oils
against Sitophilus oryzae and
Callosobruchus chinensis. J. Stored
Prod. Res. 39: 293-303.

Kubo, I., Muroi, H. & Kubo, A. 1994. Naturally
occurring antiacne agents. J. Nat. Prod.
57: 9-17.

Lee, B. H., Choi, W. S., Lee, S. E. & Park, B.
S. 2001a. Fumigant toxicity of essential
oils and their constituent compounds
towards the rice weevil, Sitophilus
oryzae (L.). Crop Prot. 20: 317-320.

Lee, S.E., Lee, B. H., Choi, W. S., Park, B. S,
Kim, J. G. & Campbell, B. C. 2001b.
Fumigant toxicity of volatile natural
products from Korean spices and
medicinal plants towards the rice weevil,
Sitophilus oryzae (L). Pest Manage. Sci.
57: 548-553.

Mahmud, M., Khan, M., Husain, M., Alam, M.
& Afrad, M. 2002. Toxic effects of
different plant oils on pulse beetle
Callosobruchus chinensis
Linn.(Coleoptera: Bruchidae). J. Asiati.
Soci. Bangladesh Sci. 28: 11-18.

Mills, K. 1983. Resistance to the fumigant
hydrogen phosphide in some stored-
product species associated with
repeated inadequate treatments.
Mitteilun.n Deuts. Gesells. fur allgeme.
angewan. Entomol. 4: 98-101.

Nattudurai, G., Baskar, K., Paulraj, M. G.,
Islam, V. I. H., Ignacimuthu, S. &
Duraipandiyan, V. 2017. Toxic effect of

45

Atalantia monophylla essential oil on
Callosobruchus maculatus and
Sitophilus oryzae. Environ. Sci. and
Pollut. Res. 24: 1619-1629.

Nerio, L.S., Olivero-Verbel, J. & Stashenko, E.
E. 2009. Repellent activity of essential
oils from seven aromatic plants grown in
Colombia against Sitophilus zeamais
Motschulsky (Coleoptera). J. Stored
Prod. Res. 45: 212-214.

Obeng-Ofori, D. 1995. Plant oils as grain
protectants against infestations of
Cryptolestes pusillus and Rhyzopertha
dominica in stored grain. Entomol. Exp.
Appl. 77: 133-139.

Pacheco, I., Sartori, M. & Taylor, R. 1990.
Levantamento de resisténcia de insetos-
praga de grdos armazenados a fosfina,
no estado de Sdo Paulo. Coletdnea do
ITAL. 20: 144-154.

Papachristos, D. P. & Stamopoulos, D. C.
2003. Selection of Acanthoscelides
obtectus (Say) for resistance to lavender
essential oil vapour. J. Stored Prod. Res.
39: 433-441.

Paranagama, P, Abeysekera, K.,
Abeywickrama, K. & Nugaliyadde, L.
2003. Fungicidal and anti-aflatoxigenic
effects of the essential oil of
Cymbopogon citratus (DC.) Stapf.
(lemongrass) against Aspergillus flavus
Link. isolated from stored rice. Lett. Appl.
Microbiol. 37: 86-90.

Rajapakse, R. & Van Emden, H. 1997.
Potential of four vegetable oils and ten
botanical powders for  reducing
infestation of cowpeas by
Callosobruchus maculatus, C. chinesis
and C. rhodesianus. J. Stored Prod. Res.
33: 59-68.

Ribeiro, L. P., Ansante, T. F., Niculau, E. S.,
Pavarini, R., Silva, M. F. G. F., Seffrin, R.
C. & Vendramim, J. D. 2015. Pimenta
pseudocaryophyllus Derivatives:
Extraction Methods and Bioactivity
Against Sitophilus zeamais Motschulsky
(Coleoptera: Curculionidae). Neotrop.
Entomol. 44: 634-642.



46

Rice, E. L. 1995. Biological control of weeds
and plant diseases: advances in applied
allelopathy. University of Oklahoma
Press. pp. 439

Sartori, M., Pacheco, I., laderosa, M. & Taylor,
R. 1990. Ocorréncia e especificidade de
resisténcia ao inseticida malation em
insetos-pragas de grdos armazenados
no Estado de S&o Paulo. Coletanea do
ITAL. 20: 94-209.

Singh, S. R., Luse, R.A., Leuschner, K. &
Nangju, D. 1978. Groundnut oil
treatment  for the  control of
Callosobruchus maculatus (F.) during
cowpea storage. J. Stored Prod. Res. 14:
77-80.

Su, H. C. 1990. Biological activities of hexane
extract of Piper cubeba against rice
weevils and cowpea weevils
(Coleoptera: Curculionidae). J. Entomol.
Sci. 25: 16-20.

Subramanyam, B. 1995. Integrated
management of insects in stored
products. CRC Press. pp. 432

Tripathi, A., Veena, P., Rashmi, G. & Sushil,
K. 1999. Herbal material for the insect
pest management in stored grains under
tropical conditions. J. Med. Aroma. Plant
Sci. 21: 408-430.

Tripathi, A. K., Prajapati, V., Verma, N., Bahl,
J. R., Bansal, R. P., Khanuja, S. P. &
Kumar, S. 2002. Bioactivities of the leaf

Mahfuz et al.

essential oil of Curcuma longa (var. ch-
66) on three species of stored-product
beetles (Coleoptera). J. Econ. Entomol.
95: 183-189.

Tung, Ii., Berger, B. M., Erler, F. & Dagh, F.
2000. Ovicidal activity of essential oils
from five plants against two stored-
product insects. J. Stored Prod. Res. 36:
161-168.

Tyler, P. 1982. Misconception of food losses.
Food Nutr. Bull. 4: 1-4.

Tyler, P. S., Taylor, R. W. & Rees D. P. 1983.
Insect resistance to  phosphine
fumigation in food warehouses in
Bangladesh. Internat. Pest Contr. 25(1):
10-13, 21

Weinzierl, R. A. 2000. Botanical insecticides,
soaps, and oils. In Biological and
biotechnological control of insect pests.
CRC Press. pp. 101-121.

Zettler, L. J. 1991. Pesticide Resistance in
Tribolium castaneum and T. confusum
(Coleoptera: Tenebrionidae) from Flour
Mills in the United States. J. Econ.
Entomol. 84: 763-767.

Zettler, L. J. & Cuperus, G. W. 1990. Pesticide
Resistance in Tribolium castaneum
(Coleoptera: Tenebrionidae) and
Rhyzopertha dominica (Coleoptera:
Bostrichidae) in Wheat. J. Econ.
Entomol. 83: 1677-1681.



	Introduction
	Materials and Methods
	Insects
	Essential Oil
	Contact bioassay
	Repellency bioassay
	Analysis of data
	Dose mortality test
	Repellency test


	Results
	Contact toxicity of Citronella oil
	Repellent effect of Citronella oil

	Discussion
	Acknowledgements
	References

