
Bioresource Technology 98 (2007) 1856–1860
Short communication

The use of Eucalyptus tereticornis Sm. (Myrtaceae) oil (leaf extract)
as a natural larvicidal agent against the malaria vector

Anopheles stephensi Liston (Diptera: Culicidae)

Sengottayan Senthil Nathan *

Post Graduate and Research Department of Biotechnology, Vivekanandha College (W), Trichengode, Namakkal, Tamil Nadu 637 205, India

Plant Environment Division, Honam Agricultural Research Institute (HARI), National Institute of Crop Science (NICS),

Rural Development Administration (RDA), #381 Songhak-dong, Iksan, Chonbuk 570-080, Republic of Korea

Received 10 April 2006; received in revised form 3 July 2006; accepted 4 July 2006
Available online 25 September 2006
Abstract

Secondary metabolites obtained from the indigenous plants with proven mosquito control potential can be used as an alternative to
synthetic insecticides under the integrated vector control. The essential oil extract from the forest redgum, Eucalyptus tereticornis Sm.
(Myrtaceae) was tested against mature and immature mosquito vector Anopheles stephensi Liston (Diptera) under laboratory condition.
The extract showed strong larvicidal, pupicidal and adulticidal activity. The leaf oil extracts showed high bioactivity at high doses.
Results obtained from the laboratory experiment showed that the leaf extracts suppressed the pupal and adult activity of Anopheles step-

hensi at higher doses. In general, first and second instar larvae were more susceptible to all treatments. Clear dose –response relationships
were established with the highest dose of 160 ppm plant extract evoking almost 100% mortality. The results obtained suggest that, in
addition to their medicinal activities, E. tereticornis can also serve as a natural mosquitocide.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Mosquitoes are vectors of etiologic agents of malaria,
filariasis, and viral disease. Anopheles stephensi Liston
(Diptera) is the primary vector of malaria in India and
other West Asian countries, and improved methods of con-
trol are urgently needed (Gilles and Warrell, 1993; Collins
and Paskewitz, 1995; Burfield and Reekie, 2005). Recently,
botanical and microbial insecticides have been increasingly
used for mosquito control because of their efficacy and
documented non-toxic effects on non-target organisms
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(Ascher et al., 1995; Amalraj et al., 2000; Gunasekaran
et al., 2004; Senthil Nathan, 2006). The development of
Insect Growth Regulators (IGR) has drawn much atten-
tion as selective control of insects of agriculture, medical
and veterinary importance and has produced mortality
due to their high neurotoxic effects (Al-Sharook et al.,
1991; Senthil Nathan et al., 2005, 2006a,b).

Recent studies have also stimulated the investigation of
insecticidal properties of chemicals derived from plant
material and concluded that they are environmentally safe,
degradable, and target specific. Indeed, many medicinally
important plant extracts were studied for their efficacy to
kill larvae of different species of mosquito (Saxena and
Sumithra, 1985; Kumar and Dutta, 1987; Chariandy
et al., 1999; Markouk et al., 2000; Tare et al., 2004) and
other medically important parasites (Abdel-Shafy and
Zayed, 2002; Borges et al., 2003; ICMR, 2003).
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The botanical family Myrtaceae is a potential source for
mosquito repellent compounds. Leaves of Eucalyptus teret-

icornis Sm. are rich in the compound cineol, (Franich,
1985). E. tereticornis has long been recognized for its insec-
ticidal properties; especially its mosquito repellent activity
(Watanabe et al., 1993; Corbet et al., 1995; Traboulsi
et al., 2005) but has yet to be extensively analyzed. Extracts
from the Eucalyptus leaves have shown excellent larvicidal
and repellent properties against mosquito vectors while at
the same time being very eco-friendly (Watanabe et al.,
1993). My present investigation demonstrates the efficacy
of extracts of E. tereticornis in killing larval and adult
stages of A. stephensi under laboratory conditions.

2. Methods

2.1. Mosquito culture

A. stephensi eggs were collected around the Vivekanan-
dha College Campus, Namakkal District, Tamil Nadu
and reared in plastic and enamel trays in tap water. They
were maintained in a growth chamber and all the experi-
ments were carried out at 27 ± 2 �C, 75–85% relative
humidity with 14:10 light and dark photoperiod. Larvae
were fed a diet of Brewers yeast, dog biscuits and algae col-
lected from ponds in the ratio of 3 (Brewers yeast): 1 (dog
biscuits): 1 (algae). Pupae were transferred from the trays
to a cup containing tap water and placed in screened cages
(23 · 23 · 32 cm) where adults emerged. Adults of A. step-

hensi were reared in 30 · 30 · 30 cm glass cages. Adults
were continuously provided with 10% sucrose solution in
a jar with a cotton wick. On day five post-emergence, adult
females were deprived of sugar for 12 h then provided with
a mouse placed in resting cages overnight for blood feed-
ing. Adult mosquitoes were maintained at the same envi-
ronmental condition as larvae.

2.2. Plant extracts

E. tereticornis leaves (mature) were collected from five
trees approximately about 16–18 months old in natural for-
ests of Kolli hills, Namakkal District, Tamil Nadu, India.
The leaves were picked out during the morning. The essen-
tial oils were isolated by steam-distillation using a Cla-
venger apparatus, dried over anhydrous sodium sulphate,
and stored in amber-colored vials at 5 �C until required
for further work.

2.3. Bioassays and larval mortality

First to fourth instar larvae and pupa were exposed to
test concentrations of 10, 20, 40, 80 and 160 ppm of the
oil in distilled water for 24 h according to standard WHO
procedure (1981). As the essential oil does not dissolve in
water it was first dissolved in ethanol (99.0%). The test
medium (250 ml glass beaker) was prepared by adding
1 ml of appropriate dilution of essential oil in ethanol
and mixed with 249 ml of water to make up 250 ml of test
solution (Dharmagadda et al., 2005). The larvae were fed
dry yeast powder on the water surface (50 mg/l). Ethanol
served as a control (1%). A minimum of 20 larvae/concen-
tration was used for all the experiments. The dead larvae
were counted after every hour, and percentage mortality
is reported from the average for the five replicates taken.
The lethal concentrations (LC50 and LC90) were calculated
using Probit analysis (Finney, 1971). The percentage mor-
tality was calculated by using the formula (1) and correc-
tions for mortality when necessary were done by using
Abbot’s (1925) formula.

Percentage of mortality

¼ Number of dead larvae

Number of larvae introduced
� 100 ð1Þ
2.4. Adulticidal assay

A. stephensi adults (10 individuals) were exposed to filter
paper (90 mm, Advantec Toyo, Japan) treated with con-
centrations of 10, 20, 40, 80 and 160 ppm E. tereticornis

oil extract. The paper was kept inside the beaker. Control
insects were exposed only to ethanol treated paper and
muslin cloth. A mortality count was taken after 24 h. The
experiment was repeated five times.

2.5. Oviposition assay

During the tests, the groups of females (10 individuals
fed on mice blood) were kept separate for 48 h in cage mea-
suring 25 · 25 · 30 cm. The cage contained six glass jars
with 10, 20, 40, 80 and 160 ppm concentrations of the E.

tereticornis. Ethanol was used as the control (five repli-
cates). Ten gravid females were given a choice between
treated and control jars. After the eggs were counted, the
oviposition deterrence index (ODI) (Hwang et al., 1982)
was calculated by using the formula (2):

ODI ¼ Nt�Ns

NtþNs
� 100 ð2Þ

where, Nt = total number of egg rafts in test solution,
Ns = total number of egg rafts in control.

2.6. Statistical analysis

The lethal concentration was calculated by using Probit
analysis (Finney, 1971). Mortality was corrected by using
Abbot’s (1925) formula. Data from mortality and oviposi-
tion deterrence were analyzed with ANOVA of arcsine
square root transformed percentages. Differences between
means were considered significant at P 6 0.05 (SAS Insti-
tute, 2001). In the Tukey’s test, descending order was used.
The highest different values from average, detected by sta-
tistical testing were marked with letter ‘‘a’’, the next text
lower with ‘‘b’’ and continued accordingly (Snedecor and
Cochran, 1989).
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Fig. 1. Lethal concentration 50 (LC50) and 90 (LC90) of E. tereticornis

against larval, pupal and adult of A. stephensi (values are mean of five
replicates with ±(SEM) standard error).

Control 10 ppm 20 ppm 40 ppm 80 ppm 160 ppm
-10

0

10

20

30

40

50

60

70

80

90

100

d c

c c

bcc c c

b

c

ab

ab

bc

a

aa

a
b

IV   P    A         IV   P    A        IV   P    A       IV    P    A        IV   P    A        IV    P    A 

E.tereticornis treatment concentration

 M
or

ta
lit

y 
in

 p
er

ce
nt

ag
e

Fig. 3. Percentage of fourth instar, pupae and adult mortality of A.

stephensi after treatment with E. tereticornis. Means (±(SEM) standard
error) followed by the same letters within same mosquito stage of indicate
no significant difference (P 6 0.05) in a Tukey test (IV, P, and A indicate
fourth instar, pupae and adult respectively).
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3. Results

Exposure of E. tereticornis extract in mosquito larval
diet reduced larval survivability and increased mortality
in all larval instars. The LC50 and LC90 values of E. teret-

icornis oil against the malaria vector are shown in Fig. 1.
First (18.3 and 51.6 ppm for LC50 and LC90, respectively)
and second instar (23.8 and 63.9 ppm for LC50 and LC90,
respectively) larvae were more susceptible with least LC50

values (Fig. 1).
The 160 ppm concentration of leaf extract oil killed

more than 95% of first instars, (F = 24.9212; df = 4;
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Fig. 2. Percentage of first to third instar larval mortality of A. stephensi

after treatment with E. tereticornis. Means (±(SEM) standard error)
followed by the same letters within same instar of indicate no significant
difference (P 6 0.05) in a Tukey test (I, II, and III indicate first, second
and third instar respectively).
P < .0001), 94% of second instars (F = 24.9521; df = 4;
P < .0001), 92% of third instar (F = 24.9394; df = 4;
P < .0001), 90% of fourth instars (F = 24.9542; df = 4;
P < .0001) and 88% of pupae (F = 24.9412; df = 4;
P < .0001) (Figs. 2 and 3). The same trend was also
observed on percentage mortality of adult of A. stephensi

(Fig. 3).
At higher concentrations (80 and 160 ppm), the larvae

showed irregular movement for some time and then died
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Fig. 4. Ovipositional deterrence index (ODI) of A. stephensi after the
treatment with E. tereticornis. Means (±(SEM) standard error) followed
by the same letters within bars of indicate of no significant difference
(P 6 0.05) in a Tukey test.
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at the bottom of the beakers. No pupal or adult emergence
was observed among the treatments as almost 100%
mortality occurred within 24 h. A significant difference
was observed between higher concentrations (80 and
160 ppm) and lower concentrations (20 and 40 ppm). The
effect on larval, pupal and adult mortality was concentra-
tion-dependent. There was a gradual decrease in oviposi-
tion when female A. stephensi were treated with E.

tereticornis oil extract in lower dose treatments but after
treatment with more than 80 ppm, the effect was more pro-
nounced (Fig. 4). Maximum oviposition deterrence was
observed in 160 ppm and it was significantly different from
other lower concentration (except 80 ppm) treatments
(F = 24.9205; df = 4; P < .0001).

4. Discussion

Results on the larval mortality and oviposition deter-
rence of the 80 ppm extract on the adult A. stephensi

reported in the present study, confirm their potential for
control of the mosquito populations. These properties
can be exploited to protect the immediate environment of
the user or the user from the bites of harmful insects, which
may be vectors of disease.

It was also observed that first and second instar larvae
were more susceptible to the leaf extract (Fig. 2). Exposure
of A. stephensi larvae to sub-lethal doses of neem extracts
in the laboratory prolonged larval development, reduced
pupal weight, high oviposition deterrence and high mortal-
ity (Su and Mulla, 1999; Wandscheer et al., 2004; Traboulsi
et al., 2005). The direct and indirect contribution of such
effects to treatment efficacy through reduced larval feeding
and fitness need to be properly understood in order to
improve the use of botanical insecticides for management
of A. stephensi. These and other naturally occurring in-
secticides may play a more prominent role in mosquito
control programs in the future (Amalraj et al., 2000; Gun-
asekaran et al., 2004; Wandscheer et al., 2004).

After E. tereticornis treatment at a higher dose, the lar-
vae died immediately before the pupal stage. The larvae
become abnormal and irregular in movement. The larvi-
cidal mode of action of essential oils was investigated by
Corbet et al. (1995) who noted the susceptibility of mos-
quito larvae and pupae to surface materials entering their
tracheal system, observing that essential oils increased the
tendency to tracheal flooding and chemical toxicity.

However, Senthil Nathan et al. (2005) considered pure
limonoids of neem seed, testing for biological, larvicidal,
pupicidal, adulticidal, and antiovipositional activity, A.

stephensi. Larval mortality was dose-dependent with the
highest dose of 1 ppm azadirachtin evoking almost 100%
mortality, affecting pupicidal and adulticidal activity and
significantly decreased fecundity and longevity of A. step-

hensi. The treatment completely inhibited the larval, pupal
and adult developments. The limonoids also interfered with
oviposition, egg hatchability, and exhibited a growth inhib-
iting effect against larvae and good mortality effect against
adults of A. stephensi. The same results were also obtained
when Melia azedarach L. leaf and seed extracts were used
(Senthil Nathan et al., 2006a).

Although the botanical insecticides are the lesser of
many hazards in terms of general pesticide toxicities, they
are toxins nonetheless. All toxins used in pest control pose
some hazards to the user and also to the aquatic environ-
ment (Kreutzweiser, 1997). Hence this research is mainly
focused on finding newer insecticides which will be more
effective, biodegradable and also easily available at low
cost.
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