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Abstract

Contact and fumigant toxicities and antifeedant activity of the essential oil of cardamom, Elletaria
cardamomum, to two stored-product insects, Sitophilus zeamais and Tribolium castaneum, were
investigated. Topical application was employed for contact toxicity studies, and ®lter paper impregnation
was used for testing fumigant action. The adults of S. zeamais and T. castaneum were equally susceptible to
the contact toxicity of the oil at the LD50 level, with LD50 values of 56 and 52 mg mgÿ1 insect
respectively. However, S. zeamais was more susceptible than T. castaneum at the LD95 level. For
fumigant toxicity, S. zeamais adults were more than twice as susceptible as T. castaneum adults at both
LD50 and LD95 levels. Furthermore, 12-day larvae of T. castaneum were more tolerant than the adults
to the contact toxicity of the oil, but 14- and 16-day larvae had the same susceptibility as the adults.
The susceptibility of the larvae to contact toxicity increased with age. In contrast, all the larvae (12±16
days old) of T. castaneum were much more tolerant than the adults to the fumigant action, and larvae
of di�erent ages had similar susceptibility. Cardamom oil applied to ®lter papers in the concentration
range 1.04±2.34 mg cmÿ2 signi®cantly (P < 0.05) reduced the hatching of T. castaneum eggs and the
subsequent survival rate of the larvae. Adult emergence was also drastically reduced by cardamom oil.
When applied to rice or wheat, the oil totally suppressed F1 progeny production of both insects at a
concentration of 5.3� 103 ppm. Feeding deterrence studies showed that cardamom oil did not have any
growth inhibitory or feeding deterrence e�ects on either adults or larvae of T. castaneum. However, it
signi®cantly reduced all the nutritional indices of the adults of S. zeamais, but with very slight feeding
deterrence (27%) at a concentration of 1.44� 104 ppm. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Spices and their extracts are known to have various e�ects on insect pests, including stored-
product insects (Jacobson, 1989; Shaaya et al., 1991). Spices have characteristic ¯avours and
odours due to the emanation of essential (volatile) oils. Essential oils are believed to act as
allelopathic agents, or as irritants that protect plants from predation by insects and infestation by
parasites (Simpson, 1995). Essential oils and their constituents have also been shown to be a potent
source of botanical pesticides (Singh and Upadhyay, 1993). Jilani et al. (1988) reported that
turmeric oil repelled various grain insects. Oil of clove was toxic to Sitophilus oryzae (L.) and
Rhyzopertha dominica (F.) (Sighamony et al., 1986). The essential oils of several spices like anise
(Pimpinella anisum L.) and peppermint (Mentha piperita L.) have been found to have fumigant
toxicity to four major stored product pests, R. dominica, Tribolium castaneum (Herbst), S. oryzae
andOrzyaephilus surinamensis (L.) (Shaaya et al., 1991). Ho et al. (1996) found that the essential oil
of garlic is insecticidal to T. castaneum and Sitophilus zeamais Motschulsky. The essential oils of
nutmeg seeds (Myristica fragrans Houtt) (Huang et al., 1997) and cinnamon bark (Cinnamomum
aromaticumNees) (Huang andHo, 1998) are also toxic to these two species of insects.
As part of the research programme on the investigation of bioactive compounds from spices

as insect control agents, the essential oil of cardamom, Elletaria cardamomum (L.) Maton., was
tested in a series of toxicological and antifeedant experiments in order to determine its
insecticidal and antifeedant e�ects on S. zeamais and T. castaneum.

2. Materials and methods

2.1. Insects

Two species of insects, S. zeamais and T. castaneum, were used in this study. All larvae and
adults were obtained from laboratory cultures maintained in the dark in incubators at 30218C
and 70±80% r.h. S. zeamais was reared on whole wheat initially at 12±13% moisture content
while T. castaneum was reared on wheat ¯our mixed with yeast (10:1, w:w). The larvae of T.
castaneum used in contact and fumigant toxicity experiments were 12, 14 and 16 days old.
Adults of the two species of insects used in toxicity studies were 2±4 weeks post-eclosion. The
eggs were collected on pleated black ®lter papers by placing T. castaneum adults on the ®lters
in a bowl half ®lled with milled rice for 48 h (Ho et al., 1996). For the ¯our disk bioassay,
adult beetles about 2 weeks old and 16-day old larvae, which had been starved for 24 h before
use, were tested in this study.

2.2. Extraction of cardamom essential oil

Cardamom seeds were ground to a powder. The powder was steam distilled, and the
essential oil was extracted with n-hexane. The solvent was evaporated under vacuum in a
rotary evaporator. The density of the oil was 0.8520.02 g mlÿ1. n-Hexane was used to dilute
the oil to the desired concentrations.
All bioassays were carried out in the dark in incubators at 30218C and 70±80% r.h.
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2.3. Contact toxicity

A series of dilutions of cardamom oil were prepared using n-hexane as a solvent. Aliquots of
0.5 ml of the dilutions were topically applied onto the thorax of adults of either species of
insect and T. castaneum larvae using a Burkard Arnold microapplicator. The solvent was
allowed to evaporate and the treated insects were transferred to glass vials and kept in an
incubator. Controls were treated with n-hexane. Sixty adults of either species or larvae of T.
castaneum were used for the control and each concentration of the oil. Culture media were
added to the respective vials 24 h later. The vials were kept in the incubator and mortality was
observed every 24 h thereafter until end-point mortality (when the number of dead insects no
longer increased with time) was reached after 7 days.

2.4. Fumigant toxicity

The fumigant toxicity of cardamom oil was tested as previously described (Huang et al.,
1997). A ®lter paper (diameter 2.0 cm) was impregnated with 25 ml of an appropriate
concentration of the oil or n-hexane (control). After evaporating the solvent for 2 min in air,
the ®lter paper was attached to the undersurface of the screw cap of a glass vial (volume
25 ml). The cap was screwed tightly onto the vial containing 10 insects. Ten replicates of each
control and treatment were set up. After 24 h, the insects were transferred to clean vials with
culture media and kept in the incubators for end-point mortality determination.

2.5. E�ect of cardamom essential oil on oviposition of T. castaneum

Aliquots of 0.5 ml of various concentrations of cardamom oil were applied to black ®lter
papers (7.0 cm) and dried for 1 h. Twenty adult insects were introduced on each treated ®lter
paper and were con®ned within a glass ring (5.0 cm). Some wheat ¯our was added to the ®lter
paper to provide food for the insects. n-Hexane treated ®lter papers were used as controls. Five
replicates were prepared for each concentration and control. The number of eggs laid and
adult insects knocked down was recorded after 24 h.

2.6. E�ect of cardamom oil on egg hatching and larval survival of T. castaneum

The number of eggs collected on pleated black ®lter papers was recorded. The papers were
then treated with 1.0 ml aliquots of various concentrations of cardamom oil, and allowed to
dry for 1 h. The treated ®lter papers were transferred to crystallizing dishes and some wheat
¯our was added. The dishes were then sealed with black ®lter papers and placed in incubators.
Hatching of the eggs was recorded at 24 h intervals until no further hatching was observed.
The number of live larvae was counted 9 days after hatching was ®rst observed because
younger larvae were too small to be observed. Six replicates were set up for each concentration
and control.
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2.7. E�ect of exposure of T. castaneum eggs to cardamom oil on subsequent adult emergence

This was determined by treating ®lter papers bearing eggs with cardamom oil, as described
in the experiment on egg hatching above. The dishes containing the eggs on ®lter papers were
kept in incubators until the adults emerged. The number of adults that emerged was recorded
until no further emergence occurred. Adult emergence from the treated eggs was compared
with that from the controls. Ten replicates were prepared for each concentration and control.

2.8. Progeny production of T. castaneum and S. zeamais in treated medium

One hundred gram portions of rice or wheat were sprayed with 3.5 ml of various
concentrations of cardamom oil. After thorough mixing and evaporation of the solvent, 20
adult T. castaneum and S. zeamais were added to 20 g treated rice and 20 g wheat respectively
in crystallizing dishes. Controls were treated with n-hexane. The dishes were then sealed with
black ®lter papers and transferred to an incubator. After 48 h, the adults were removed and
the number knocked down was recorded. The dishes were returned to the incubator until F1
adults emerged. The F1 adults were counted and weighed. Ten replicates were set up for each
concentration and control.

2.9. Flour disk bioassay

Flour disks were prepared according to the method of Xie et al. (1996) with some
modi®cations by Huang et al. (1997). Aliquots of 200 ml of a suspension of wheat ¯our in
water (10 g in 50 ml) were dropped onto a Petri dish to form the disks. The disks were left in
the fume hood overnight to dry, after which they were equilibrated at 30218C and 70±80%
r.h. for 24 h. The weights of the ¯our disks ranged from 35 to 39 mg, and the moisture content
was 13.520.1%.
Flour disks were treated with n-hexane solutions (5 ml) containing various concentrations of

cardamom oil, and n-hexane alone for the controls. After evaporation of the solvent, the disks
were placed in glass vials (diameter 2.5 cm, high 5.5 cm). Ten group-weighed, unsexed adults
or 16-day larvae were added to each preweighed vial containing the disks. For each
concentration and control, two ¯our disks were given to the insects. Five replicates were
prepared. After 72 h, the glass vials with ¯our disks and live insects were weighed again, and
mortality of insects, if any, was recorded.
Nutritional indices were calculated as previously described (Manuwoto and Scriber, 1982;

Farrar et al., 1989) with some modi®cations (Huang et al., 1997): relative growth rate
(RGR)=(AÿB )/(B � day), where A = weight of live insects on the third day (mg)/no. of live
insects on the third day, B = original weight of insects (mg)/original no. of insects; relative
consumption rate (RCR)=D/(B� day), where D=biomass ingested (mg)/no. of live insects on
the third day; e�ciency of conversion of ingested food (ECI) (%)=(RGR/RCR) � 100. For
antifeedant action, the formula described by Isman et al. (1990) was modi®ed in calculating the
feeding deterrence index (FDI) (%)=[(CÿT )/C ]� 100, where C= the consumption of control
disks and T = the consumption of treated disks, as the control and treated disks were placed
in separate vials in no-choice tests.
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2.10. Data analysis

Probit analysis (Finney, 1971) using a Maximum Likelihood Programme software was
employed in analysing the dose-mortality response. ANOVA and Duncan's Multiple Range
Test were used for means and comparison of means.

3. Results

3.1. Contact and fumigant toxicities

Adults of S. zeamais and T. castaneum showed similar susceptibilities to the contact toxicity
of cardamom oil at the LD50 level, but S. zeamais was more susceptible than T. castaneum at
the LD95 level (Table 1). Twelve-day old larvae of T. castaneum were more tolerant than the
adults to the contact action of the oil. Futhermore, the larvae (12±16 days old) progressively
became more susceptible with age, so that the 14- and 16-day larvae were as susceptible as the
adults to the oil (Table 1). In contrast to contact toxicity, the adults of S. zeamais were more
than twice as susceptible to the fumigant toxicity of cardamom oil as T. castaneum adults
(Table 2), and T. castaneum adults were much more susceptible than the larvae (Table 3). In

Table 1
Contact toxicity of cardamom oil determined by topical application to Sitophilus zeamais adults and Tribolium casta-
neum adults and larvae

Insect Life stage LD50

(mg mgÿ1 insect)
95% Fiducial limits LD95

(mg mgÿ1 insect)
95% Fiducial limits Slope2SE

S. zeamais Adults 52 48±55 86 76±109 7.3721.14
T. castaneum Adults 56 50±62 137 112±195 4.2120.62

Larvae

12 days 97 88±104 174 156±205 6.5020.86
14 days 58 52±64 130 111±167 4.7320.65
16 days 47 43±51 101 86±133 4.9320.64

Table 2
Fumigant toxicity of cardamom oil impregnated ®lter papers to adults of Sitophilus zeamais and Tribolium casta-
neum

Insect LC50 (mg cmÿ2)a 95% Fiducial limits LC95 (mg cmÿ2)a 95% Fiducial limits Slope2SE

S. zeamais 0.72 0.67±0.77 1.19 1.04±1.35 7.7320.85

T. castaneum 1.59 1.51±1.69 2.76 2.46±3.34 6.8520.85

a Oil applied to 2 cm ®lter papers held in 25 ml vials. Exposure period was 24 h.
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addition, no signi®cant di�erence (P > 0.05) was observed in susceptibilities of the various
larval stages (12±16 days old) to the fumigant toxicity of cardamom oil.

3.2. E�ects of cardamom oil on oviposition, egg hatching and larval survival of T. castaneum

Oviposition was signi®cantly (P < 0.05) reduced by cardamom oil only at concentrations of
16 and 21 mg cmÿ2 (Table 4). However, as there was 15% and 28% mortality respectively
observed in these two concentrations after 24 h, the decrease in egg production was probably
due to fewer surviving insects laying eggs or the weakened physical state of the insects. Since
oviposition dropped by almost 50% at 16 mg cmÿ2 cardamom oil and above, the oil probably
acted as an ovipositional deterrent at higher concentrations.
The hatching of T. castaneum eggs and the percentage of live larvae resulting were adversely

a�ected by cardamom oil (Fig. 1). At 2.34 mg cmÿ2, egg hatching was reduced by 60%, and

Table 3
Fumigant toxicity of cardamom oil impregnated ®lter papers to adult and larval Tribolium castaneum

Mean % mortality of various stages of T. castaneum2SDa

Concentration (mg cmÿ2)b 12-day larvae 14-day larvae 16-day larvae Adults

0 0 a 224 a 0 a 0 a

1.20 10020
2.52 2425 a 1027 a 24215 a
5.62 2824 b 2027 b 2625 b

a Means followed by the same letters within each row are not signi®cantly (P > 0.05) di�erent in Duncan's Mul-
tiple Range Test.
b Oil applied to 2 cm ®lter papers held in 25 ml vials. Exposure period was 24 h.

Table 4

E�ect of 24 h exposure to cardamom oil impregnated ®lter papers on oviposition by Tribolium castaneum

Concentration Mortality of adults at 24 h No. of eggs laid per female

(mg cmÿ2) (Mean2SE) (Mean2SE)a

0.0 0 4.620.87 a
7.28 0 4.620.51 a

9.46 0 4.420.60 a
12.29 6 3.621.07 ab
15.98 15 2.220.38 b

20.79 28 2.620.15 b

a Means followed by the same letters are not signi®cantly (P>0.05) di�erent in Duncan's Multiple Range Test.
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no live larvae were observed 9 days after hatching. Thus, cardamom oil was ovicidal to the
eggs of T. castaneum.
When the eggs were exposed to cardamom oil, the number of adults that emerged from the

treated eggs was signi®cantly (P<0.05) decreased (Fig. 2). At 2.34 mg cmÿ2 cardamom oil, no
adults emerged, since no larvae survived at this concentration in the other experiment (Fig. 1).
Therefore, although cardamom oil did not prevent the oviposition of T. castaneum, it
suppressed the egg hatching and the subsequent development of the eggs to larvae and adults.

3.3. E�ect of cardamom oil on F1 progeny production

The number of F1 adults of both species of beetles that emerged from the treated media

Fig. 1. E�ect of cardamom oil on the hatching of eggs and survival of larvae of Tribolium castaneum.

Fig. 2. Adult emergence from eggs of Tribolium castaneum treated with cardamom oil.
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decreased with increasing concentrations of cardamom oil (Table 5). Progeny production of
both T. castaneum and S. zeamais was totally suppressed at 5.3� 103 ppm.
Although the weights of the F1 adults that emerged from treated media were signi®cantly (P

< 0.05) di�erent from those of the controls in both species at some concentrations, the
reduction in the weights was very slight (Table 5). In addition, no developmental abnormalities
were found in the progeny.

3.4. Feeding deterrent action

Cardamom oil did not a�ect the insects' growth (RGR), food consumption (RCR) and
utilisation (ECI) in both adults and larvae of T. castaneum. Therefore, little feeding deterrence
was observed in T. castaneum. However, it signi®cantly (P < 0.05) reduced RGR, RCR and
ECI in the adults of S. zeamais at concentrations of 1.44 � 104 ppm and above, but only with
slight feeding deterrence (up to 27%) (Table 6).

4. Discussion

Cardamom oil was generally a more e�ective contact poison and fumigant against the adults
of S. zeamais than those of T. castaneum. These ®ndings are similar to those of nutmeg oil
(Huang et al., 1997). However, the fumigant toxicity of cardamom oil was 6� and 8� more
potent against the adults of T. castaneum and S. zeamais, respectively, than nutmeg oil (Huang
et al., 1997). In contrast, the essential oil of garlic was more toxic to T. castaneum than to S.
zeamais by contact (Ho et al., 1996), while cinnamaldehyde, the main constituent of cinnamon
oil, exerted equal contact toxicity to both T. castaneum and S. zeamais (Huang and Ho, 1998).
In addition, the 12- to 16-day old T. castaneum larvae were progressively more susceptible to
the contact toxicity of cardamom oil with age. In contrast, these larvae were progressively

Table 5
Emergence and weight of F1 adults of Sitophilus zeamais from wheat and Tribolium castaneum from rice treated

with cardamom oil

Insect Concentration % parent insects knocked down after 48 h No. of F1 adults Wt of F1 adults (mg)

(�103 ppm) (Mean2SE) (Mean2SE) (Mean2SE)a

S. zeamais 0 0 20.420.9 a 2.9920.02 a

2.6 0 14.221.4 b 2.8720.04 b
3.7 3.521.1 6.520.6 c 2.9520.04 a
5.3 8.020.8 0 d ±

T. castaneum 0 0 12.120.8 a 2.1020.02 a
2.6 0 4.720.4 b 2.0020.03 b
3.7 0 2.820.6 c 1.9420.003 c
5.3 0 0 d ±

a Means followed by the same letters within each column are not signi®cantly (P > 0.05) di�erent in Duncan's
Multiple Range Test.
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more tolerant with age to the essential oils of garlic (Ho et al., 1996) and nutmeg (Huang et
al., 1997) by contact. A direct comparison of the potency of contact toxicities of these essential
oils could not be made because di�erent experimental methods were employed.
This study also shows that although cardamom oil did not prevent the oviposition of T.

castaneum, it dramatically suppressed egg hatching and larval survival of the insects. Therefore,
cardamom oil was ovicidal to the eggs of T. castaneum. In addition, it also prevented the eggs
treated with the oil from developing to the adult stage. However, no dead larvae or pupae were
found in the experiment. Hence, the ovicidal e�ect of cardamom oil was probably the major
factor in the suppression of the development of adults from treated eggs. An ovicidal e�ect on
T. castaneum was also found in the essential oils of garlic (Ho et al., 1996) and nutmeg (Huang
et al., 1997).
The suppression of progeny production in both T. castaneum and S. zeamais in treated grain

was likely to be due to the eggs being killed by cardamom oil, since no developmental
abnormalities or bodies of dead larvae were observed. Similar results have been reported for
the essential oils of garlic (Ho et al., 1996) and nutmeg (Huang et al., 1997). The ovicidal
properties of some plant oils have also been investigated by other researchers (e.g. Babu et al.,
1989; Pacheco et al., 1995; Senguttuvan et al., 1995). The dosages of plant oils applied to the
medium in these experiments are similar to ours. Therefore, cardamom oil also probably
a�ected the eggs by chemical toxicity and/or physical properties, which cause changes in
surface tension and oxygen tension within the egg (Singh et al., 1978).
These studies suggest that cardamom oil may be a potential grain protectant by killing

various life stages of T. castaneum and S. zeamais via contact and fumigant actions. In
addition, the total suppression of progeny emergence from treated grain also shows that
cardamom oil or its puri®ed bioactive compounds may be a useful grain protectant. The

Table 6
Nutritional and feeding deterrence indices of Sitophilus zeamais adults and Tribolium castaneum adults and larvae to

cardamom oila

Concentration of

cardamom oil

RGR RCR ECI Mortality FDI

Insect Life stage (�104 ppm) (mg mgÿ1 dÿ1) (mg mgÿ1 dÿ1) (%) (%) (%)

S. zeamais adults 0 0.02220.004 a 0.20120.014 a 11.0221.98 a 0
1.44 0.00720.002 bc 0.14720.018 b 4.9720.19 b 0 26.9
5.74 0.00120.009 c 0.15920.029 b 0.2226.41 b 2 20.9

T. castaneum adults 0 0.01520.003 a 0.16620.016 a 9.2221.31 a 0
1.44 0.01520.003 a 0.15320.012 a 9.8221.82 a 0 7.8
5.74 0.01820.001 a 0.17420.005 a 10.2020.57 a 0 ÿ4.8

T. castaneum larvae 0 0.09820.021 a 0.41220.080 a 23.8821.33 a 2

1.44 0.08120.027 a 0.33720.087 a 23.7122.97 a 0 18.2
5.74 0.08920.030 a 0.38920.113 a 22.2422.61 a 2 5.6

a Within each stage of each species, means in the same column followed by the same letters do not di�er signi®-
cantly (P> 0.05) in the Duncan Multiple Range test. (RGR=Relative Growth Rate; RCR=Relative Consumption
Rate; ECI=E�ciency of Conversion of Ingested food; FDI=Feeding Deterrence Index).
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advantages of using cardamom oil as a grain protectant are (1) it can be easily extracted from
cardamom by steam distillation; (2) it may have very low toxicity to mammals since cardamom
is one of the popular spices consumed by people in various parts of the world, although its
mammalian toxicity is unknown; and (3) as the essential oil is volatile, it can potentially be
used as a fumigant. However, since cardamom oil has a strong smell, further research needs to
be carried out to ®nd a way of removing the odour. Field trials also should be conducted to
assess the cost-e�ectiveness and feasibility of using cardamom oil as a grain protectant. Further
isolation and bioassay of the e�ective compounds from cardamom oil, removal of the odour,
as well as toxicological studies will be the next stage of research before commercial application
can be considered.

References

Babu, T.R., Reddy, V.S., Hussaini, S.H., 1989. E�ect of edible and non-edible oils on the development of the pulse

beetle Callosobruchus chinensis (L.) and on viability and yield of mungbean (Vigna radiata (L.) Wilczek). Tropical
Science 29, 215±220.

Farrar, R.R., Barbour, J.D., Kennedy, G.G., 1989. Quantifying food consumption and growth in insects. Annals of
the Entomological Society of America 82, 593±598.

Finney, D.J., 1971. Probit Analysis, 3rd ed. Cambridge University Press.
Ho, S.H., Koh, L., Ma, Y., Huang, Y., Sim, K.Y., 1996. The oil of garlic, Allium sativum L. (Amaryllidaceae), as a

potential grain protectant against Tribolium castaneum (Herbst) and Sitophilus zeamais Motsch. Postharvest

Biology and Technology 9, 41±48.
Huang, Y., Ho, S.H., 1998. Toxicity and antifeedant activities of cinnamaldehyde against the grain storage insects,

Tribolium castaneum (Herbst) and Sitophilus zeamais Motsch. Journal of Stored Products Research 34, 11±17.

Huang, Y., Tan, J.M.W.L., Kini, R.M., Ho, S.H., 1997. Toxic and antifeedant action of nutmeg oil against
Tribolium castaneum (Herbst) and Sitophilus zeamais Motsch. Journal of Stored Products Research 33, 289±298.

Isman, M.B., Koul, O., Luczynski, A., Kaminski, J., 1990. Insecticidal and antifeedant bioactivities of neem oils and

their relationship to azadiractin content. Journal of Agricultural and Food Chemistry 38, 1406±1411.
Jacobson, M., 1989. Botanical pesticides: past, present, future. In: Arnason, J.T., Philogene, B.J., Morland, P.

(Eds.), Insecticides of Plant Origin. American Chemical Society, Washington, DC, pp. 1±10.
Jilani, G., Sazena, R.C., Rueda, B.P., 1988. Repellent and growth-inhibiting e�ects of turmeric oil, sweet¯ag oil,

neem oil, and ``Margosan-O'' on red ¯our beetle (Coleoptera: Tenebrionidae). Journal of Economic Entomology
81, 1226±1230.

Manuwoto, S., Scriber, J.M., 1982. Consumption and utilization of three maize genotypes by the southern

armyworm. Journal of Economic Entomology 75, 163±167.
Pacheco, I.A., Castro de, M.F.P.P.M., Paula de, D.C., Lourencao, A.L., Bolonhezi, S., Barbieri, M.K., 1995.

E�cacy of soybean and castor oils in the control of Callosobruchus maculatus (F.) and Callosobruchus phaseoli

(Gyllenhal) in stored chick-peas (Cicer arietinum L.). Journal of Stored Products Research 31, 221±228.
Senguttuvan, T., Kareem, A.A., Rajendran, R., 1995. E�ects of plant products and edible oils against rice moth

Corcyra cephalonica Stainton in stored groundnuts. Journal of Stored Products Research 31, 207±210.
Shaaya, E., Ravid, U., Paster, N., Juven, B., Zisman, U., Pissarev, V., 1991. Fumigant toxicity of essential oils

against four major stored-product insects. Journal of Chemical Ecology 17, 499±504.
Sighamony, S., Anees, I., Chandrakala, T., Osmani, J., 1986. E�cacy of certain indigenous plant products as grain

protectants against Sitophilus oryzae (L.) and Rhyzopertha dominica (F.). Journal of Stored Products Research

22, 21±23.
Simpson, B.B., 1995. Spices, herbs, and perfumes. In: Simpson, B.B., Ogorzaly, M.C. (Eds.), Economic Botany:

Plants in Our World. McGraw-Hill, New York, pp. 278±301.

Y. Huang et al. / Journal of Stored Products Research 36 (2000) 107±117116



Singh, G., Upadhyay, R.K., 1993. Essential oils: a potent source of natural pesticides. Journal of Scienti®c and
Industrial Research 52, 676±683.

Singh, S., Luse, R., Leuschner, K., Nangju, D., 1978. Groundnut oil treatment for the control of Callosobruchus
maculatus (F.) during cowpea storage. Journal of Stored Products Research 14, 77±80.

Xie, Y.S., Bodnaryk, R.P., Fields, P.G., 1996. A rapid and simple ¯our disk bioassay for testing natural substances

active against stored-product insects. Canadian Entomologist 128, 865±875.

Y. Huang et al. / Journal of Stored Products Research 36 (2000) 107±117 117


