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Abstract: Lesser grain borer, Rhyzopertha dominica (F), is reported as most destructive and major insect pest
of various stored grain products including wheat. Present study was conducted to determine insecticidal and
growth inhibition activities of essential oils extracted from peels of Citrus paradisi and Citrus reticulata
against two strains of R. dominica adults under laboratory conditions. Twenty adults of R. dominica were
exposed to the filter papers treated with citrus essential oils at concentrations of 3, 6 and 12% at 3, 6 and 9 days
exposure periods in each treatment. At concentration 12%, C. paradisi oil exhibited maximum mortality (49.00%)
in Multan strain followed by C. paradisi in Vehari strain (40.66%), while C. reticulata (37.33%) and (30.00%)
in Multan and Vehari strain respectively at exposure periods of 9 days. Adult mortality varied significantly with
increase in concentration and due to the effect of Citrus species. R. dominica population buildup was minimum
(5.74%) due to effect of C. paradisi after 120 days of treatment as compared to that of control treatment (21.667).
Results  exhibited  that  C. paradisi oil is most effective than C. reticulata oil for reducing the population of
R. domonica. These results showed the potential usefulness of citrus oils for the management of R. dominica
in flour mills, warehouses and food storage facilities.
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INTRODUCTION Synthetic chemical insecticides have been used since

Lesser grain borer, Rhyzopertha dominica (F), is two fumigants, methyl bromide and phosphine are widely
reported as a major insect pest of various stored grain used against stored product insect pests [10]. Methyl
products including wheat, corn, rice and sorghum [1-4]. bromide is used to control insects as a space fumigant in
The  lesser  grain borer is recognized as both an internal flour and feed mills. Methyl bromide acts rapidly,
and external feeder and is a serious pest of both whole controlling insects in less than 48 h in space fumigations
kernel stored grain and cereal products. The adults and but this chemical was banned in 2005 in developed
larvae bore into undamaged kernels of grain, reducing countries because it depletes ozone layer in the
them to hollow husks. The infestation of R. dominica also atmosphere [11]. The use of phosphine is threatened due
minimize the essential amino acid content of wheat, maize to the development of resistance strains of various pests
and sorghum [5] and minimize the germination and vitality [12].
of seeds [6]. Among different insect pests of wheat The continuous uses of chemical insecticides are the
grains, infestation caused by R. dominica was 59.8% [7]. result of serious situations, including the development of
The damaged grains are often vulnerable to further resistance by insects, pollution of environment and side
damage  caused  by   secondary   pests   and   fungi  [8]. effects on human health, since many grains are used in
R. dominica can also change dough properties of wheat human health and animal feed. Essential oils and their
and have poor affect to the final bread quality through derivatives are recognized as an alternate means of
offensive odors and low loaf volume [9]. controlling   many    harmful   insects   which   are  rapidly

past years to control stored grain pests. Currently only
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degradable in the environment and harmless to non target Preparation  of  Plant  Extract:  Citrus  fruit peels of
organisms [13]. Plant essential oils are widely used in Citrus  reticulata  and Citrus paradisi were collected
different ways such as pharmaceutical, flavor enhancers from Faisalabad. One kg peel of each citrus variety was
in many food products, odorants in fragrances and as grinded after shade drying. The essential oils were
insecticides [14]. It has been widely investigated that extracted from shade drying peels of fruits by using
essential oils extracted from aromatic plants and their soxhlet apparatus. A weight of 50 g of plant powder was
toxicity to stored product insects has been of special soaked in 100ml of acetone in 250ml flask for 48 h with
interest during last decade [15]. The essential oils have stirring for 3-4 h daily using magnetic stirrer. The
been extensively used as antiparasitical, bactericidal, homogenate was filtered. The filtrate was evaporated
fungicidal, antivirus and as well as insecticidal activity under vaccum using rotary evaporator in water bath at 45-
[16]. 50°C. Essential oils were stored at 4°C refrigerator until the

The most attractive feature of using essential oils or onset of bioassay.
their constituents as crop protectants is due to their low
mammalian toxicity. Certain plant essential oils and/or Preparation of Solution: Solution was prepared in
their constituents have a broad spectrum of activity percentage for adulticide trial 3%, 6% and 12% from the
against insect and mite pests, plant pathogenic and other different citrus peel oils in acetone. These concentrations
fungi and nematodes. Recent information indicates that were marked as T3, T2 and T1 respectively. These
they are safe to the user and the environment [17]. solutions were on volume/volume basis.

It also has been investigated that the fruit peels of
some citrus species possess insecticidal properties Bioassay: The present experiment was conducted to
against insect pests [18]. The major active component of evaluate the effect of C. reticulata and C. paradisi
citrus oils is Limonene. In another studies, the essential essential oil on the adult of R. dominica. Petri dishes were
oils of citrus peels proved to reduce oviposition or larval used as showing chambers. A filter paper was placed in
emergence through parental adult mortality [19, 20]. each Petri dish. Three different concentration of citrus

In the present study the insecticidal and growth essential oil 3, 6, 12% along with control treatment in
inhibition activities of C. paradisi and C. reticulata was complete randomized design (CRD) was used in this
evaluated against R. dominic strains. experiment. Each concentrations (Treatment) were

MATERIALS AND METHODS treatment. The required concentrations of citrus oil were

The present experiment was conducted at the Grain using micro pipette, or syringe. The Petri-dishes were left
Research Training and Storage Management Cell, exposed to open air for few minutes so that acetone use
Department of Agricultural Entomology, University of made different concentration may evaporate. Twenty
Agriculture, Faisalabad, Pakistan. adults of R. dominica were placed in each Petri dish on

Rearing of Insects: Adults of R. dominica were collected essential oil and Petri dishes were enclosed with the
from various godowns of Southern Punjab Food covered so that adult’s may not move outside the Petri
Department located in districts Multan and Vehari and dishes.
were  cultured  in  the  laboratory maintained at 27±2°C
and 60±5% R.H. at the Grain Research, Training and Data  Recorded After  Treatment:  The mortality data
Storage Management Cell, Department of Agriculture were  recorded  after  3,  6  and  9 days of treatment and
Entomology, University of Agriculture Faisalabad. The the  remaining  the  survivors   (lived   insects)   adult  of
new culture were prepared by removing 100 adult insects R. dominica were released on fresh grains for population
(unsexed) from the stock culture and then insects were build-up. Then whole population was counted after 60
kept in glass jars containing 0.5 kg of clean wheat with and 120 days of treatment respectively which was
13% moisture content. The open mouth of glass jars was compared with the population of control treatment.
covered with muslin cloth and tied with rubber band.
After 3 week of oviposition, the parent adults were Statistical Analysis: Data of adult mortality was corrected
removed and insects later emerging were used in all by Abbott’s formula (Abbott, 1925) [21] and data of
bioassays. corrected percent mortality and all the other treatments

replicated thrice. Data was taken after 3, 6 and 9 days of

separated on the filter paper placed in Petri dishes by

the filter paper sprayed with concentration of citrus
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were analyzed statistically by software Statistix version population of R. dominica was 21.66% and 28.66% in
8.1 (Analytical software, 2003) [22]. The significant results Multan and Vehari strain respectively (Table 4). Maximum
were compared using LSD test. The analyzed data is population buildup was recorded in control treatment
presented as mean ± standard error of mean. 24.00%  and  34.66%  where as  at 12% concentration of

RESULTS and Vehari strain respectively.

Percent Mortality after 3 Days of Treatment: Table (1) DISCUSSION
showed that  at concentration 12%, C. paradisi oil
caused maximum mortality (25.00%) and (18.33%) followed In the present research citrus peel essential oils
by  C.  reticulata  oil  (16.33%) and (10.00%) in Multan extracted from C. paradisi and C. reticulata showed
and  Vehari  strains  respectively  after 3 days of excellent insecticidal and growth inhibition activities
treatment. While minimum mortality was recorded at against two strains of R. dominica. Among the two oils
concentration 3%, C. paradisi oil showed (7.00%), tested, C. paradisi oil exhibited maximum mean percent
followed by C. reticulata oil (5.67%) in Multan strain and mortality of R. dominica (49.00%), while C. reticulata
(10.00%), (4.33%) in Vehari strain respectively. caused (37.00%) at 12% concentration in Multan strain at

Percent Mortality after 6 Days of Treatment: The data mortality increased with increase in concentration. The
given  in  the Table (2) showed that maximum mean present finding are similar by the work of Khalfi et al. [23]
percent mortality was recorded in C. paradisi oil (43.66%), was tested the essential oil from Origanum glandulosum
while  minimum  mean  percent mortality was recorded in (Lamiaceae) against R. dominica, toxicity test showed that
C. reticulata oil (22.67%) at 12% concentration after 6 insect mortality increased with the concentration used
days of treatment. With respect of strains, among the two and the main components from this oil were thymol,
oils tested, maximum mean percent mortality was caused carvacrol, pcymene and terpinene.
in Multan strain (19.50%) and minimum mean percent The present findings are similar to those of Moravvej
mortality was found in Vehari strain (13.67%). and Abbbar [24] who studied the effects of volatile

Percent Mortality at 9 Days of Treatment: The data given and C. sinensis peel essential oils against cowpea adult
in the Table (3) shows that maximum percent mortality was bruchid, Callosobruchus maculatus. Their results
recorded at concentration of 12%. At concentration 12%, showed that citrus oils have high fumigant activity
C.  paradisi  oil  exhibited  maximum  mortality  (49.00%) against adult beetles. They also reported that the
in  Multan  strain  followed  by  C. paradisi in Vehari mortality of 1-2 day old adults increases with
strain (40.66%), C. reticulata in Multan strain (37.33%) concentration  and  exposure time from 3-24 h. The oil of
and C. reticulata in vehari strain (30.00%) respectively at C. paradisi was found to be more effective than those of
exposure periods of 9 days. The overall results showed C. aurantium and Citrus limonium. Many scientists
that adult’s mortality varied significantly with increase in investigated [25-27] that essential oils of Artemisia
concentration and due to the effect of citrus species. species possess vapour toxicity and repellent activity

Population  Buildup  at  Different  Exposure  Periods: and C. maculatus and R. dominica).
The  data  regarding  the   population   buildup  shows With regard to population buildup data, C. reticulata
that after 60 days due to the C. reticulata population of caused maximum growth inhibition (5.66%) of R. dominica
R. dominica was 7.0 and 7.66 at 12% concentration in at concentration of 12% in Multan strain after 120 days of
Multan and Vehari strain respectively compared to control treatment as compared to control treatment
where population of R. dominica was 7.33 and 9.33 in (21.66%).While C. paradisi essential oils showed
Multan  and Vehari strain respectively (Table 4). While maximum population buildup 34.00% in contol treatment
the  data of population buildup that was recorded after where as in treated sample at 12% concentration it was
120 days of treatment, shows that due to the C. reticulata 9.66% in vehari strain. Similarly Don-Pedro [19] and Elhag
population of R. dominica was developed at the rate of [20] proved that the essential oils of Citrus peels cause
5.66% and 9.00% at 12% concentration in Multan and reduction in oviposition or larval emergence through
Vehari strain respectively, compared to control where parental adult mortality.

C. paradisi oil was recorded as 9.00 and 9.66% in Multan

exposure period of 9 days respectively and resulted that

components of C. paradisi, C. aurantium, C. limonium

against coleopterans beetles (Sitophilus sp, T. castaneum
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Table 1: Insecticidal effects of Citrus reticulata and Citrus paradisi essential oils against adults of R. dominica after 3 days of treatment
Citrus reticulata Citrus paradisi
------------------------------------------------- ---------------------------------------------------

Conc. % Multan Vehari Multan Vehari Means
12 16.33±0.33d 10.00±0.36f 25.00±0.16a 18.33±0.33c 17.41±0.30a
6 13.33±0.33e 10.00±0.22f 21.66b±1.66 18.66±0.33c 15.91±0.64b
3 5.66±0.33gh 4.33±0.33hi 7.00±0.57g 10.00±0.08f 6.75±0.32c
Control 3.66±0.33ij 2.33±0.33jk 6.33±0.33g 1.00±0.16k 3.33±0.33d
Means 12.37±0.33a 9.33±0.31b 12.37±0.68a 9.33±0.22b

8.20±0.32b 13.50±0.47a

Table 2: Insecticidal effects of Citrus reticulata and Citrus paradisi essential oils against adults of R. dominica after 6 days of treatment
Citrus reticulata Citrus paradisi
------------------------------------------------- ---------------------------------------------------

Conc. % Multan Vehari Multan Vehari Means
12 37.33±0.33c 30.00±0.28f 49.00±1.45 a 40.66±0.88b 39.25±0.73a
6 26.66±0.16g 21.66±0.88h 35.667±0.33d 32.33±0.33e 29.08±0.42b
3 17.33±0.33j 12.66±0.33k 19.333±0.33 i 22.66±0.33h 18.00±0.33c
Control 7.66±0.33m 3.66±0.22n 12.667±0.33k 9.33±0.33l 8.33±0.30d
Means 25.70±0.28 a 21.62±0.42b 25.70±0.61 a 21.62±0.46b

19.62±0.35b 27.70±0.53a

Table 3: Insecticidal effects of Citrus reticulata and Citrus paradisi essential oils against adults of R. dominica after 9 days of treatment
Citrus reticulata Citrus paradisi
------------------------------------------------- ---------------------------------------------------

Conc. % Multan Vehari Multan Vehari Means
12 22.66±0.33c 20.00±0.44d 43.66±0.57a 26.66±0.33b 28.25±0.41a
6 20.00±0.88d 16.66±0.33e 27.66±0.33b 20.66±0.33d 21.25±0.46b
3 10.33±0.33g 8.33±0.33h 16.33±0.33e 12.66±0.33f 11.91±0.33c
Control 5.66±0.33i 1.00±0.28k 9.66±0.33gh 3.33±0.33j 4.917d
Means 19.50±0.46a 13.66±0.34b 19.50±0.39a 13.66±0.33b

13.08±0.40b 20.08±0.36a

Table 4: Growth Inhibition/ Population buildup effects of Citrus reticulata
and Citrus paradisi essential oils on R. dominica

Mean Population Buildup
-----------------------------
Days
-----------------------------

Essential oil Strain Concentration (%) 60(%age) 120(%age)

Citrus reticulata Multan 12 7.00±0.28 5.66±0.44
6 8.33±0.32 11.00±0.28
3 9.00±0.43 14.00±0.26
0 9.33±0.14 21.66±0.12

Vehari 12 7.66±0.20 9.00±0.28
6 8.33±0.31 12.66±0.29
3 9.00±0.28 16.66±0.33
0 11.6±0.440 28.66±0.23

Citrus paradisi Multan 12 6.66±0.13 9.33±0.40
6 7.66±0.16 14.00±0.28
3 8.66±0.15 18.66±0.34
0 10.2±0.350 24.00±0.41

Vehari 12 7.33±0.33 9.66±0.14
6 8.66±0.33 14.00±0.34
3 9.33±0.16 20.00±0.28
0 14.4±0.200 34.66±0.37

Review of work done citrus species by Don-Pedro
[18] investigated that fruit peels of some citrus species
possess insecticidal properties against insect pests.
Kassir et al. [28] studied that Limonene treated water had
adverse effects on oviposition of female mosquitoes.
Moravvej and Abbbar, [24] studied the effects of volatile
components of C. paradisi, C. aurantium, C. limonium
and C. sinensis peel essential oils against cowpea adult
bruchid, C. maculatus. Their results showed that Citrus
oils have high fumigant activity against adult beetles.
They also reported that the mortality of 1-2 day old adults
increases  with  concentration  and  exposure  time  from
3-24  h. In their studies, the oil of C. paradisi was found
to  be  more  effective  than  those  of C. aurantium and
C. limonium.

Similarly Digilio et al. [29] studied vapours of
essential oils, extracted from 12 Mediterranean plants of
the Citrus families namely: Lamiaceae, Verbenaceae and
Apiaceae, against the aphid pests Acyrthosiphon pisum
(Harris) and Myzus persicae (Sulzer). Furthermore,
Chander  et al.  [30]  concluded  that the rhizome of sweet
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flag (Acorus calamus) grits or powder was highly toxic to 6. Jilani, G., R.C. Sexena and A.A. Khan, 1989. Ethylene
the adults of R. dominica at all concentrations. Jacobson production as indicator of germination and vigor loss
[31]  reported  that  limonene  found in sour orange in stored rice seed infested by R. dominica (F.)
(Citrus aurantium) to be toxic to adult been weevil. (Coleoptera:  Bostrichidae). J. Stored Prod. Res.,

CONCLUSION 7. Mahla, J.C., 2001. Population dynamics of storage

Present  finding  showed  the  potential  usefulness different climatic zones of Haryana. Annals. Agric.
of  Citrus  essential  oils  for  reducing the population of Biol. Res., 6(2): 151-154.
R. dominica in flour mills, warehouses and food storage 8. Mukherjee, P.S. and B. Nandi, 1993. Insect fungus
facilities. association influencing seed deterioration in storage.
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