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ABSTRACT 

Repellent activity, fumigant and contact toxicities of leaf volatiles of Azadirachta indica A. Juss. and 
Murraya koengii Spreng. were evaluated against Sitophilus oryzae L. In the dual choice repellency test with 
A indica leaf volatiles, significantly higher number of insects was repelled at doses above 100 mg, whereas 
volatiles of At. koenigii attracted insects at 25 mg dose and repelled at 300 mg dose. In the fumigant toxicity 
test 100% mortality was observed at the concentration of 32.5 mg/ml, 3 days after the treatment with 2 
volatiles separately. The L C n values for fumigant toxicities were 13.5 and 22.5 mg/ml for A. indica and At. 
koenigii volatiles, respectively. In contact toxicity test, 100% mortality was observed immediately after 48 h 
contact exposure of insects at concentrations of 0375 and 0.125 mg/cm1 of A indica and At. koenigii 
respectively. The respective L C W values were 0.12 and 0.08 mg/cm1 for A. indica and At. koenigii leaf 
volatiles. 
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INTRODUCTION 

Insects are the main causative agents for grain 
deterioration and nearly 90% of the total dry matter 
loss in storage are due to insect pests (Fernando et al. 
1988). The control of insect pests is largely based on 
synthetic pesticides. There are no contact pesticides 
or fumigants which are safer to control pests in stored 
food (Chapman and Dyte 1976). Excessive use of 
synthetic pesticides pollute environment with toxic 
residues, disrupt natural pest control mechanisms 
and enhance development of pesticide resistant 
insect strains (Arthur 1994; Swarnasiri and Palipane 
1995). Hence there is an increasing demand to 
develop safe alternatives to replace synthetic 
pesticides (Tripathi etal. 2000). 

Sitophilus oryzae L. (rice weevil) is one of the 
major pests of stored cereals and the predominant 
pest of milled rice (Chapman and Dyte 1976). In a 
previous study fresh leaves of Azadirachta indica A. 
Juss. (Neem) when mixed with paddy at 1% (w/w) 
effectively controlled S. oryzae, Rhyzopertha 
dominica and Sitotroga cerealella (Swarnasiri and 
Palipane 1995). In India, dried leaves of A. indica are 
mixed with stored grain to protect them from pest 
damages (Jotwani and Sircar 1965; Ahmed and 
Grainge 1986). Murraya koenigii Spreng. (Curry 
leaves) leaf steam distillates are found to be effective 
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against Aphis craccivora and Callasobruchus 
maculatus (Bandara et al. 1990; KANP Bandara 
personal communication). Furthermore, M. koenigii 
leaves are extensively used for culinary purposes and 
in indigenous medicine. 

Though the insecticidal effect of leaves of A. 
indica has been thoroughly studied on S. oryzae, that 
of the separated volatile fraction has not been 
studied. Also, there are few studies done on the effect 
of volatiles of M. koenigii on S. oryzae. This study 
was undertaken to evaluate the bioefficacy of the 
volatiles of leaves of A. indica and M. koenigii on S. 
oryzae with the view of developing environmentally 
safer and effective compounds for the control of this 
pest. 

MATERIALS & METHODS 

Insects 

Adults of S. oryzae were obtained from laboratory 
cultures maintained at 28 ± 3 °C and 70 80% r. h. in 
insect room at the University of Kelaniya. Freshly 
milled white raw rice prepared according to 
Heinrichs et al. (1985) was used as the culture 
medium. One-week-old adults were used for the 
bioassays. 

Extraction of volatiles 

Leaves of A. indica and M. koenigii were air dried 
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under shade for 24 hours and steam distilled 
separately (Paranagama 1991). The volatiles were 
extracted into dichloromethane and the solvent was 
removed using a rotary evaporator at 40 °C. The 
concentrate was dried on anhydrous Na,S0 4. 
Remaining traces of dichloromethane were 
evaporated under a dry N 2 stream. The volatiles were 
stored at 5 °C in a refrigerator. Dilutions were made 
using ethanol (EtOH) for all experiments. 

Repellent activity 

A "Y" shaped olfactometer was made by connecting 
three glass tubes (10 cm long, 1 cm diameter) and 
there was an opening on the intersection of 3 arms 
for the vacuum pump, which facilitated air 
circulation in the olfactometer (Bandara 1997). Two 
tubes of the olfactometer were connected with 
perforated, plastic, transparent, wide mouthed 
bottles (250 ml) through lids and the other was used 
to introduce insects (Fig. 1). Two Whatman no. 1 
filter papers (2.5 cm x 2.5 cm), one treated with a 
known amount of volatiles and the other with equal 
amount of EtOH, were hung separately in the middle 

Fig. 1. The Olfactometer 

of bottles using metal wires. The olfactometer was 
placed horizontally on a white background. After 
switching on the vacuum pump, ten test insects were 
introduced into the olfactometer. The number of 
insects moved into the volatile treated and EtOH 
treated bottles within 30 minutes were recorded. Five 
doses of A indica (10,25,75,100 & 150 mg) andM 
koenigii (25, 50, 100, 200 & 300 mg) were tested 
separately and each dose was replicated 5 times. 

Placement of volatile treated and EtOH treated filter 
papers was interchanged randomly in subsequent 
replicates. This assay was carried out between 07.00 
and 10.00 hr of the day. The olfactometer was 
cleaned using a detergent and dried in an oven after 
each trial. The means of the number of insects 
responded to the two treatments at each volatile dose 
were compared using Chi Square test. 

Fumigant toxicity 

A Whatnam no. 1 filter paper discs (1 cm diameter), 
each impregnated with volatiles dissolved in EtOH 
to give maximum possible concentrations of 10.0, 
22.5, 32.5 mg/ml air, A. indica and 20, 25, 32.5 
mg/ml air, M. koenigii were used separately. Each 
disc was placed on the underside of the screw caps of 
glass vials (7 ml) separately and the solvent was 
allowed to evaporate for 10 minutes. The neck of 
each vial containing 10 insects was blocked with 
pieces of metal mesh (1 cm diameter). Then the caps 
were screwed tightly and incubated at 2 8 ± 3 °C for 48 
h in dark. The same procedure was carried out with 
similar amount of EtOH and untreated samples were 
used as the control. Each treatment and control was 
replicated 5 times. At the end of 48 h fumigant 
exposure period, the insects were transferred into 
clean vials containing 3 g of culture medium and 
mortality was observed for 6 days. The means of 
mortality of each volatile concentration were 
compared using Analysis of Variance and Tukey's 
pair wise comparison test. The LC S 0 values were 
determined by Probit Analysis computer package, 
after correcting the mortality values using Abott's 
formula, when required. 

Contact toxicity 

Glass vials similar to those used in fumigant toxicity 
test were used (0.002 m2 area of the inner surface). 
Different doses of the test volatiles dissolved in 
EtOH were applied on the inner surface of vials, to 
give the final volatile concentrations of0.125,0.25, 
and 0.375 mg/cm2 of A. indica and 0.025,0.05, and 
0.125 mg/cm2 M. koenigii. EtOH was evaporated 
under dry N2 stream and 10 insects were introduced 
into the vial. The rest of the bioassay and conditions 
were similarto the fumigant toxicity assay. 

RESULTS AND DISCUSSION 

Repellent activity 

When S. oryzae was given a choice between the 
bottles treated with A. indica leaf volatiles and EtOH 
treated bottles, insects were not able to recognize the 
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volatiles treated bottle at doses lower than 75 mg 
(Table 1). However, at doses higher than 100 mg, a 
significant number of insects moved away from the 
volatile treated bottle. These results indicated that A. 
indica acts as a repellent to these insects at high 
doses. Insect repellent property of A. indica leaves is 
well documented against various pests (Jotwani and 
Sircar 1981; Koul et al. 1990; Swamasiri and 
Palipane 1995). An olfactometer study carried out 
Table 1. Percentage of S. oryzae moved towards the volatile 

treated and non-treated bottles during a dual choice 
repellency test 

Volatile dose Percentage responded ± S.E. 2\ P 

(mg) Volatile EtOH Value* 
treatment Treatment 

A. indica 10 36±7 36±3 0 <0.05 
25 38 ±7 36±7 0.05 O.05 
75 18 ±4 6 4 ± 5 0 O.05 

100 18 ±4 6 4 ± 5 25.8** >0.05 
150 16±7 64±2 28.8** >0.05 

M. koenigii 25 50±1.5 24±1 9.1** >0.05 
50 40 ±4 4 4 ± 7 0.2 O.05 

100 40 ± 11 42 ±7 0.05 <0.05 
200 36 ± 8 44 ±11 0.8 <0.05 
300 26 ±9 4 6 ± 9 5.5** >0.05 

* p <0.05,3.84; ** significant at 5% 

with the leaf volatiles of A. indica against C. 
maculatus has repelled 73% at the dose of 80 mg 
(Paranagama, et al. 2001a). Azadirachta indica oil 
has shown similar activity as A titan®, a synthetic 
mosquito repellent, for 10 h of application against 
Anopheles tesselatus (Perera etal. 1998). 

The repellent effect of leaf volatiles of M. 
koenigii has not been studied extensively. At a dose 
of 25 mg, significantly higher number of S. oryzae 
moved towards M. koenigii volatile enriched bottle 
indicating a possible attractant activity. No 
significant difference was observed in insect 
movement towards the 2 bottles between doses 50 to 
200 mg ofM koenigii volatiles. Significantly lower 
number of insects moved away from the volatile 
treated bottle at the dose of300 mg. Linalool (0.6%), 
a-pinene (17.5%) and a4erpeneol (1.6%) are some 
of the compounds in leaf volatiles of M. koenigii 
(Paranagama 1991) which are also behavior 
modifying chemicals in many insect orders 
(Bedoukian 1992). This could be attributed to the 
possible attractant effect at 25 mg dose of M. koenigii 
volatiles and this effect should be studied further. 

Various plant leaves with essential oils have 
been tested against S. oryzae and leaves of Vitex 
negundo, Ocimum sanctum, Eucalyptus 
terreticornis, Curcuma longa and Citrus sp. have 
reduced S. oryzae populations effectively for a 
period of six months (Swamasiri and Palipane 1995). 

The essential oil of Cymbopogon citratus at 75 mg 
dose has repelled 78% of S. oryzae (Paranagama et 
al. 2001b). 

Fumigant and contact toxicity 

The percentage mortality of S. oryzae in the control 
and EtOH treatment was not significantly different 
from each other (P<0.05), indicating that there was 
no effect of EtOH on the insect mortality. Both 
volatiles gave significantly higher mortality as 
fumigants than the control (Figs. 2 and 3). A direct 
relationship was observed between mortality of 
insects and volatile concentration. Both test volatiles 
showed maximum mortality at the concentration of 
32.5 mg/ml 3 days after treatment. Similarly both 
volatiles indicated the properties of contact toxicants 
to this insect (Figs. 4 and 5). In the contact toxicity 
experiment, percentage mortality in treatments was 
significantly higher than that of the control (P>0.05). 
The mortality increased with increasing 
concentration of two test volatiles. Maximum 
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Fig. 2. Mortality of S. oryzae after 48 hours of fumigant 
exposure to different doses of A indica leaf volatiles and 
fed on rice for a period for 6 days ± S. E. 

Figure 3. Mortality of 5. oryzae after 48 hours of fumigant 
exposure to different doses of M. koenigii leaf volatiles 
and fed on rice for a period for 6 days ± S. E. 
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Table 2. L C 5 0 values of leaf volatiles of A indica and M. 
koenigii to 5. oryzae 
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Figure 4. Mortality of £ oryzae after 48 hoars of contact 
exposure to different doses ofA indica leaf volatiles and 
fed on rice for a period for 6 days± S. E. 
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Figure 5. Mortality of £ oryzae after 48 hours of contact 
exposure to different doses of M. koenigii leaf volatiles 
and fed on rice for a per iod for 6 days ± S. E. 

mortality was at 0.375 mg/cm2 for A. indica and 
0.125 mg/cm2 for M koenigii on 24 h after treatment. 
LCso values for fumigant and contact toxicities of A. 
indica and M koenigii revealed that contact 
toxicities of both volatiles were more effective than 
the fumiganttoxicity (Table 2). 

The volatiles extracted from dried leaves of A. 
indica had previously been pesticidal on paddy 
pests, and macerated leaf juice has been reported to 
be larvicidal on weevils (Gunasena and Marambe 
1998). Paranagama et al. (2001a) reported that the 
LCJO values fumigant and contact toxicities of A. 
indica were 0.35 g/1 and 1.07 g/m2 as respectively 
against C. maculatus. 

The insecticidal effect M koenigii has not been 
extensively studied. The steam distillate of M. 
koenigii had shown 45% mortality at 24 h after 
treatment against A. cracctvora (Bandara et al. 
1990). Volatile essential oil of dried leaves of M 
koenigii has shown 100% mortality and reduction of 
F, emergence of Callasobruchus chinensis at 340 
ppm when used as a fumigant and as a contact 

Volatile L C 5 0 Value* 
Fumigant (mg/ml) Contact (mg/cm2) 

A. indica 13.5 0.12 
M. koenigii 22.5 0.08 

* 24 hours after treatment 

toxicant (Pathaker al. 1997). 
The essential oil of C. citratus has shown 

fumigant and contact toxicity effect on 5. oryzae. 
The results revealed that LC M values were 1.14 
mg/ml and 0.78 mg/cm2 respectively (Paranagama et 
al. 2001b). Toxicity of several compounds and plant 
oils has been extensively studied against S. zeamais. 
Essential oil of Ocimum kiltmandscharicum has 
shown 100% mortality on insects at 0.3 g oil / 250 g 
maize (Jembera et al. 1995). Cinnamaldehyde has 
shown fumigant and contact LC W values of 0.54 
mg/cm3 and 0.7 mg/cm2 respectively (Huang and Ho 
1998), whereas LC„ values of nutmeg oil were 7.7 
mg/cm3 and 1.7 mg/cm2 for fumigant and contact 
toxicities (Huang et. al. 1997). 

CONCLUSION 

The present study on biological activity of A. indica 
and M. koenigii volatiles revealed that these two 
plants had the potential to be developed as insect pest 
controlling agents. Volatiles of M. koenigii showed 
the highest potential as a contact toxicant whereas 
volatiles of A. indica were found to be a potent 
fumigant and a repellent against S. oryzae. The 
organoleptic and safety aspects of these two 
volatiles are yet to be evaluated. 
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