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Larvicidal and mosquito repellent activities of Pine (Pinus
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Background & objectives: Various plant-based products are safe and biodegradable alternatives to
synthetic chemicals for use against mosquitoes.  Oil of Pinus longifolia  is traditionally used for
protection against mosquitoes in some rural areas but there is no documented report of its use against
mosquitoes.  The present study was undertaken to scientifically evaluate the activity of Pine oil
against mosquitoes.

Methods:  The oil was procured from the market and its contents were chemically analysed.  Larvicidal
activity of oil was tested in laboratory bioassays, while repellent action was studied during whole
night bait collections in field by direct application on the skin and after its impregnation on mats.

Results:  Results showed varying degree of larvicidal activity of Pine oil against mosquitoes with LC50

values ranging between 82 and 112 ppm.  The Pine oil had strong repellent action against mosquitoes
as it provided 100% protection against Anopheles culicifacies for 11 h and 97% protection against
Culex quinquefasciatus for nine hours respectively.  Electrically heated mats prepared from Pine oil
provided, 94 and 88% protection against An. culicifacies and Cx. quinquefasciatus for 10 and seven
hours respectively.

Interpretaion & conclusion: Pine oil is effective against  mosquito larvae at very higher doses which
are not of any practical utility.  However, Pine oil showed strong repellent action against  An. culicifacies
(malaria vector) and Cx. quinquefasciatus (pest mosquito).  Thus its use could be popularised as
mosquito repellent.
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Many plant-based products are widely used for their
insecticidal/repellent properties for control of mosqui-
toes/protection from mosquito bites1,2.  In recent years
interest in plant-based products has been revived be-
cause of the development of resistance, cross-resis-
tance and possible toxicity hazards associated with syn-
thetic insecticides and their rising cost. Phytochemicals
obtained from the huge diversity of plant species are
important source for safe and biodegradable chemicals,
which can be screened for mosquito repellent and in-
secticidal activities and tested for mammalian toxicity3.
A large number of plant products have been reported
to have mosquito larvicidal4-11 and/or repellent activity

against adult mosquitoes12-15. Protection against mos-
quito bites was reported for the genus Azadirachta in-
dica15-17; Cymbopogan12, 18; Mentha4; Eucalyptus
maculata citriodon19,20; Tagetus21; and Lantana ca-
mara flowers13. Citronella and lemon eucalyptus
provide the  active ingredient of commercial repel-
lents sold under several brand names. Pinus longi-
folia (Family: Pinaceae) commonly known as Pine,
yield oil which is traditionally used for the protec-
tion from mosquito bites.  It is also used as a herbal
medicine in some rural areas in India. In addition to
oil, resins of the Pine have been used as a mounting
medium for the preservation of insects. Since no
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scientific study had been reported on insecticidal
and repellent actions of Pine oil, the present study was
carried out.

Material & Methods

The Pine oil used in the present study was procured
from the market. The chemical constituents of the oil
were analysed at the Indian Agricultural Research In-
stitute (IARI), New Delhi, India  and are given below:

Ingredient % composition

K–pinene 0.45

B–pinene 0.70

1:B Cineole 0.79

Caryophyllene 2.94

K–terpineole 12.89

Eugenyl acetate 1.76

Eugenol 3.14

Isoeugenol 4.93

Camphor 1.26

Unidentified 13.93

Larvicidal activity: The larvicidal activity of Pine oil
was determined against three major urban mosquito
vectors — An. stephensi, Cx. quinquefasciatus and
Ae. aegypti after making serial dilutions — 5, 2, 1,
0.5, 0.25 and 0.125% in acetone. Later 1 ml of the
dilution was made up to 250 ml with distilled water to
obtain a final concentration ranging between 200 and
6.25 ppm. Four replicates were used in the bioassays
against III instar larvae of the three species along with
concurrent controls. These larvae were obtained from
the cyclic colonies of these mosquitoes maintained in
the insectary at Malaria Research Centre, Delhi. Mor-
tality was recorded after 24 h and percent-corrected
mortality was determined using Abbott’s formula22.
LC50 and LC90 were calculated using probit analysis
as decribed by Finney23.

Mosquito repellent activity: Experiments were car-
ried out in the village of Dehra in Dhaulana PHC, Dis-
trict Ghaziabad, Uttar Pradesh against An. culicifa-

cies and Cx. quinquefasciatus in field conditions.
The population of the village is about 8000 distributed
in 1400 houses. Pure oil (1 ml) without dilution was
applied on exposed parts of hands, legs, necks and
faces of the human volunteers “bait” in the evening. In-
formed and free consent was obtained from the volun-
teers for the present experiment. Volunteers were se-
lected randomly and health conditions were monitored
prior to the evaluation. Those who showed allergic
symptoms to the oil were excluded from the study.
The volunteers were allowed to sit or relax on a string
beds laid at five metre apart in a row throughout the
night. Untreated (control) baits were also allowed to
rest in similar manner at spacing of five metre. Mos-
quitoes landing on treated and untreated volunteers
were collected throughout the night by trained insect
collectors and were identified with the help of a hand
lens and confirmed in the laboratory.  The insect col-
lectors and baits were interchanged to prevent bias.
Percent protection was calculated according to stan-
dard procedures described earlier12.

                Control – Treated (Experimental)
    % protection = × 100

       Control

For comparative evaluation of repellent action, Cit-
ronella (Lemon grass) oil, a known herbal repellent
product obtained from IARI, New Delhi was used.
The protection time (the time between start of experi-
ment till the first mosquito collection on bait) was de-
termined for each night and average of 15 nights was
calculated as “average protection time”.

Mats:  Pine oil mats were prepared from 5% Pine oil in
acetone supplied by M/s. Knight Queen, Delhi. The re-
pellent activity of Pine oil mats was tested for eight
nights using mosquito-landing collection on human baits
throughout the night. The tests were performed on An.
culicifacies, An. subpictus, An. annularis and Cx.
quinquefasciatus. The mats were vapourised using
electrically heated machine in well-ventilated rooms
having human volunteers as bait. The mats were
heated throughout the night between 1900 and 0600
hrs after sunset till early morning and the mosquito
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landing on human bait was collected throughout the night.
The number of mosquitoes collected during each hour
was recorded. Commercially available Knight Queen
“Mat” made with allethrin was used as control. Percent
protection and average protection time were calculated
according to standard procedures described earlier.

Results

Data of the larvicidal activity of Pine oil against three
species of mosquitoes are presented in Table 1. In

terms of lethal concentrations for 50% mortality
(LC50) Pine oil appeared to be most effective against
Ae. aegypti (LC50—82.1 ppm) followed by Cx.
quinquefasciatus (LC50—85.7 ppm) and An.
stephensi (LC50 —112.6 ppm).

Table 2 shows the repellent activity of Pine oil against
mosquito bites.  Both, Pine and Citronella oils provid-
ed 100% protection for 11 h against An. culicifacies.
Against Cx. quinquefasciatus Pine and citronella oils
provided 97.4 and 98.5% protection with an average
protection time for nine hours. Table 3 shows the
mosquito repellent activity of heated mats prepared
from Pine oil. These mats provided 94.1% protection
as compared to “Knight Queen” mats against bites of
An. culicifacies with an average protection time of
10.3 h and 92% protection against Cx. quinquefas-
ciatus with an average protection time of 8.2 h. Hour-
ly data on mosquito landing indicate that Pine oil mats
produced six hours absolute protection against An.
culicifacies, three hours absolute protection against
Cx. quinquefasciatus and 11 h against An. subpictus
and An. annularis.  Pine oil mats produced 93.7%
protection against all the mosquitoes as compared to
“Knight Queen” mats.

Discussion

The present study has shown that Pine oil has larvi-
cidal as well as repellent activity against various spe-

Table 1. Larvicidal activity of Pine oil against different
mosquitoes

Concentration                   Percent larval mortality
 (ppm)

An. Cx. quinque- Ae.
stephensi fasciatus aegypti

200 84 88 96

100 38 50 50

50 6 24 24

25 8 10 10

12.5 2 4 4

6.25 0 0 0

Control 0 0 0

LC50 112.6 85.7 82.1

LC90 329.5 283.4 252

Table 2. Efficacy of Pine oil as mosquito repellent on human volunteers

Repellent oil Cx. quinquefasciatus An. culicifacies

No. of mosquitoes % protection Av. protection No. of mosquitoes % Av. protection
 collected on bait Mean ± SE time collected on bait protection  time

E C E C

Pinus 9 270 97.4 + 1.7 9 0 23 100 11
    (Pine oil)
Citronella 4 270 98.5 + 1.4 9.6 0 23 100 11
    (Lemon grass oil)

E—Experimental bait (treated with repellent oil); C—Control bait (untreated).
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cies of mosquitoes. Though Pine oil has shown the
potential against mosquito larvae, it would not be
practical for use as a larvicide in  non-potable water in
large breeding habitats as it requires very high doses
to be effective, however, it might be used as larvicide
selectively in small breeding places such as in domes-
tic and peri-domestic containers, desert coolers, etc.,
where water is stagnant. The Pine oil has strong repel-
lent action against mosquitoes in general and particu-
larly against An. culicifacies, which is responsible for
about 70% of the malaria transmission in the northern
rural plain area of India.  The oil is already used as a
mosquito repellent in some rural areas in India and this
is the first report, which has measured the repellent
action against mosquitoes particularly against An.
culicifacies. Further studies are needed on the repel-
lent efficacy of oil against different species of mosqui-
toes. Recently, strong repellent actions of
Azadirachta indica, Cymbopogan martini martini
var sofia, C. citratus, C. nardus, Dalbergia sisoo
and Mentha piperita have been reported against An.
stephensi and other species of mosquitoes12, 15–17.
These findings have re-emphasised the need to ex-
plore the possibility of using herbal-based repellents3

as supplementary and complimentary measures for
malaria control.  This will reduce the chemical burden
on the environment.

The Pine oil has more or less the same repellent action
as that was observed with aromatic oil from Cit-
ronella (Lemon grass), which is used as insect repel-
lent in some commercial preparations.  Therefore, its
use as a repellent may be promoted.  However, pilot
studies are indicated to evaluate the epidemiological
impact and cost-effectiveness of the natural oils, which
are reported to be effective in mosquito control or
provide protection against mosquito bites.
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