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Abstract

Mosquitoes are responsible for human and animal health problems in tropical and subtropical areas of the
world. They transmit malaria, filariasis, chikungunya, yellow fever, Japanese encephalitis and dengue
fever. Personal protection can prevent the victims from mosquito bites. After application of synthetic
mosquitocides, several allergies like contact urticarial, skin eruption and encephalopathy is reported. To
overcome the adverse effects of pesticide use, there is a need to develop mosquito repellents derived from
plant extracts. Plant essential oils are plant derivatives. Some of essential oils possess mosquitocidal
properties. They are target selective, biodegrade to non-toxic products and have few effects on non-target
organisms and our environment. In this paper, several essential oils are reported to control the mosquito
species. These plant essential oils will help the scientists to develop botanical and environment friendly
insect repellents.

INTRODUCTION

Dengue has global health concern in the present era. Dengue fever is one of the most rapidly
spreading insect-borne diseases. There are two types of dengue fever. Dengue fever and Dengue
hemorrhagic fever (DHF). The Dengue hemorrhagic fever (DHF) is potentially lethal version of
the disease. These both diseases been detected in almost all the countries. Nowadays, major cause
of hospitalization and death among children and older people is dengue. It is estimated that about
2500 million people of world’s population are at risk from dengue [1]. There are more than 50
million cases of Dengue infection worldwide every year [2].

The insecticide resistance in mosquito vector, Aedes aegypti is growing day by day. Dengue
infects an estimated 50 million people in 100 countries annually [3]. Dengue hemorrhagic fever
affects about 500,000 patients worldwide [4]. This resistance limits the effectiveness of vector
control around the world. The need of day is the use of alternative approaches to control A.
aegypti [5].

There is currently no available vaccine, so control of mosquito vectors is still the main tool to
reduce incidence of this disease. However, insecticide resistance in the primary dengue vector
Aedes aegypti [6-8] increasingly limits the utility of chemical insecticides, therefore alternative
methods of control are needed. For this purpose, a great attention has been paid to attractants and
repellents. Sometimes, volatile organic compounds attract or repel mosquito species [9]. It is
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reported that combined application of attractants and repellents can efficiently manage the Ae.
aegypti [10].

Essential oils are volatile in nature. They are found in a number of plants. They are extracted
from different parts of plant. On the basis of chemical nature, they are mixture of many
compounds including isoprenoids mono- and sesquiterpenes [11]. These chemicals act as carriers
of the smell which found chiefly in the aromatic plants [12]. They possess antibacterial,
antifungal, antimite, antitermite and insecticidal properties. For this reason, essential oils are used
as pharmaceuticals, flavor enhancers in food products, odorants in fragrances, and insecticides
[13]. All around the world, organophosphates such as temephos and fenthion and insect growth
regulators such as diflubenzuron and methoprene are chiefly used to control A. aegypti. These
synthetic chemicals has spoiled our natural biological control systems and resulted widespread
development of resistance in insect pests [14].

A personal protection like, use repellent products can minimize the risk of infection by A. aegypti.
The repellents can be applied on exposed skin or to clothing. Commercial repellents often contain
DEET N,Ndiethyl-3-methylbenzamide (DEET), 3-(N-acetyl-N-butyl)-aminopropionic acid ethyl
ester (IR3535), 1-piperidinecarboxylic acid, 2-(2-hydroxyethyl)-1-methylpropylester (Icaridin) or
p-menthane- 3,8-diol (PMD) [15,16]. Very limited information is available on the effectiveness
of attractants and spatial repellents to A. aegypti and A. albopictus [17]. Therefore, there is a need
of establishment of an effective olfactometer system, so that biting behavior of A. aegypti can be
analysed in presence of several attractants [18]. The exploration of bioactive chemical
compounds such as essential oils from indigenous plants will help us in mosquito control [19]. In
this review, we have highlighted the use and efficiency of different essential oils to repel and
control A. aegypti (Table 1).

(Table 1): Showing the repellency of different essential oils against different mosquito species.

S.N. PEST STUDIED | ESSENTIAL OIL USED REFERENCES

1. Aedes aegypti, Ae. | Eleutherococcus trifoliatus, | (27)
albopictus, Schefflera leucantha, Ocimum
Anopheles dirus and | sanctum, Vitex trifolia, Litsea
Culex cubeba,  Manglietia  garrettii,
quinquefasciatus. Aglaia odorata, Mpyristica

fragrans, Melaleuca cajuputi,
Psidium guajava, Piper betle,
Piper nigrum, Murraya paniculata,
Houttuynia  cordata, Zingiber
officinale,  Alpinia  galangal,
Curcuma longa and Hedychium
coronarium.

2 Aedes aegypti. Ocimum gratissimum, | (31)

Cymbopogon citratus and
Ageratum conyzoides.

3 Aedes aegypti, | Cananga odorata, Citrus sinensis, | (32)
Culex Cymbopogon citratus,
quinquefasciatus Cymbopogon nardus, Eucalyptus
and Anopheles dirus | citriodora, Ocimum basilicum and
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Syzygium aromaticum

4 Aedes aegypti. Cymbopogon nardus and C. | (33)
citratus
5 Aedes aegypti. Citronella, linalool, and geraniol (37, 38)
6 Aedes aegypti. Cinnamomum osmophloeum 47)
7 Culex Cinnamomum zeylanicum (48)
quinquefasciatus,
Anopheles
tessellatus and A.
aegypti
8 Anopheles Cinnamomum zeylanicum, | (49)
stephensi,  Aedes | Juniperus macropoda and
aegypti and Culex | Pimpinella anisum
quinquefasciatus.
9 Aedes aegypti. Linalool (1))
10 Aedes gardnerii, | Zanthoxylum piperitum (53)
Anopheles
barbirostris,
Armigeres
subalbatus, Culex
tritaeniorhynchus,
Culex gelidus,
Culex vishnui and
Mansonia
uniformis.
11 Aedes albopictus. Zanthoxylum limonella, Citrus | (54)
aurantifolia and Z. limonella
12 Aedes aegypti. Amomum xanthioides, Curcuma | (55)
zedoaria, Kaempferia galanga,
Anethum  graveolens, Apium
graveolens, Carum carvi,
Foeniculum vulgare, Piper
longum, Zanthoxylum limonella
and Zanthoxylum piperitum
13 Aedes aegypti. Cinnamomum osmophleum, | (11)
Taiwania cryptomerioides
Cunninghamia lanceolata,
Cryptomeria japonica and
Calocedrus formosana
14 Aedes aegypti. Hyptis fruticosa, H. pectinata and | (58)
Lippia gracilis
15 Aedes aegypti. Citrus  sinensis and Hyptis | (59)
suaveolens
16 Aedes aegypti. Lavendula stoechas, Helichrysum | (64)

italicum and Laurus nobilis.
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17 Anopheles Azadirachta indica (70)
stephensi, Culex
quinquefasciatus
and Aedes aegypti.

18 Culex Azadirachta indica and Pongamia | (71)
quinquefasciatus, glabra
Aedes aegypti and
Anopheles stephens

1.USE OF TURMERIC ESSENTIAL OIL:

Turmeric, Curcuma longa belongs to Zingiberaceae, contains a variety of monoterpenoids,
sesquiterpenoids, and curcuminoids. Its powder has medicinal properties for the treatment of
menstrual disorders, rheumatism, and traumatic diseases [20]. It constitutes insect repellent and
antifeeding components i.e. turmerone and arturmerone [21, 22] curcuminoids [23]. Its extract
has insecticidal [24], repellent [24-25], and antifeedant [25] against a variety of insect pests [23].
In the greenhouse studies, it was found that C. longa derived synthetic fungicides chlo-rothalonil
and dichlofluanid are significantly effective against six phytopathogenic fungi [26].

In an experiment, the efficacy of 18 plant essential oils against Aedes aegypti, Ae. albopictus,
Anopheles dirus and Culex quinquefasciatus under laboratory conditions using human volunteers
was tested. For this purpose Eleutherococcus trifoliatus, Schefflera leucantha, Ocimum sanctum,
Vitex trifolia, Litsea cubeba, Manglietia garrettii, Aglaia odorata, Myristica fragrans, Melaleuca
cajuputi, Psidium guajava, Piper betle, Piper nigrum, Murraya paniculata, Houttuynia cordata,
Zingiber officinale, Alpinia galangal, Curcuma longa and Hedychium coronarium essential oils
were prepared with 10% absolute ethanol. These essential oils were compared with chemical
repellents, DEET and IR3535. It was found that repellency of An. dirus Cx. quinquefasciatus and
Ae. albopictus was 4.5-8hrs and repellency of Ae. aegypti was 0.3-2.8 hrs. It was found that
oviposition deterrent activity of C. longa against Ae. aegypti was 94.7%, whereas deet and
IR3535 had no repellency. The results revealed that C. longa essential oil is an efficient mosquito
repellents and oviposition deterrent [27].

2.USE OF CITRONELLA AND LEMONGRASS ESSENTIAL OILS:

Plant essential oils of neem (Azadirachta indica), basil (Ocimum basilicum, O. basilicum, O.
citratum, O. gratissimum, O. americanum, O. tenuiflorum, citronella grass (Cymbopogon
nardus), galingale (Alpinia galanga L.), clove (Syzyaium aromaticum L.) and thyme (Thymus
vulgaris L.), have mosquito repellents properties [28-29]. Some of the plant essential oils were
reported that can only be effective by olfactometry or by using laboratory mice as hosts of Aedes
aegypti (L.) under laboratory conditions [30].

In an experiment, three plant essential oils namely Ocimum gratissimum, Cymbopogon citratus
and Ageratum conyzoides against Aedes aegypti under laboratory conditions were tested. For this
purpose, 100 ml solution of each concentration was used against 4™ larval instar and compared
with a commercial insecticide namely endosulfan. It was found that after 24 hours of exposure, A.
conyzoides, C. citratus and O. gratissiumum gave 100% larval mortality at 120, 200 and 300 ppm
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respectively. The results revealed that different formulations of plant essential oils can be
effectively used for mosquito control programme strategies [31].

In an experiment, [32] tested the efficacy of essential oils of Cananga odorata, Citrus sinensis,
Cymbopogon citratus, Cymbopogon nardus, Eucalyptus citriodora, Ocimum basilicum and
Syzygium aromaticum against Aedes aegypti, Culex quinquefasciatus and Anopheles dirus. The
concentrations of essential oil were prepared in soybean oil at 1%, 5% and 10% (w/v). By using
knockdown LCsy and KT, values against Ae. aegypti, C. quinquefasciatus and An. dirus were
calculated. It was found that C. citratus oil was highly significant to control all tested mosquito
species with LCsy <0.1, 2.22 and <0.1%, respectively. At 10% concentration C. citratus resulted
the 100% after 24 hrs of application. The results revealed that C. citratus is the most efficient
compound to control A. aegypti among rest of the essential oils tested.

In an experiment, the repellency of Cymbopogon essential oils against A. aegypti by using Y-tube
olfactometer was tested. It was found that Citronella grass (Cymbopogon nardus), lemon grass
(Cymbopogon citratus), citral and myrcene produced a low active response towards repellents
@400 pL concentration. Similarly, a combined mixture of citral, myrcene, and citronellal oil in
(6:4:1) significantly inhibited host-seeking behavior (76% active response; 26% treatment
response with 40 pL; 42.5%, 18% with 400 pL; and 19%, 23% with 1000 pL). When the same
experiment was performed with N,N-diethyl-3-methylbenzamide (DEET), active response was
44%, and treatment response 22% @ 400 pL concentration. The results revealed that citronella
oil is effective repellent against A. aegypti as compared to DEET [33].

3.USE OF GERANIOL ESSENTIAL OIL:

Geraniol (3,7-dimethylocta-trans-2,6-dien-1-ol) have the chemical formula C,oH;5O. It is a pale-
yellow oil which is soluble in organic solvents. It is present inside vegetative tissues of many
herbs and emitted from floral parts [34]. It exhibits biochemical and pharmacological properties.
It is an effective insect repellent [35]. It is an alcohol which occurs in essential oils of several
aromatic plants. It has pleasant odour so it is widely used in flavour and fragrance industries as a
common ingredient. It has insecticidal and repellent properties. It is an effective chemoprevention
agents for cancer patients. It is antimicrobial, antioxidant, anti-inflammatory in nature [36].

In an experiment, the repellency of citronella, linalool, and geraniol essential oils against A.
aegypti was tested. The essential oils at 5% were used in the form of diffusers (20g) and candles
(88g) in this experiment. It was found that essential oils tested in form of continuous release
diffuser have more significant repellency as compared to candle form. In Indoor, citronella
linalool, and geraniol candles repelled the A. aegypti 14%, 0% and 50% respectively. While
citronella linalool, and geraniol diffusers repelled the A. aegypti 68%, 93% and 97% respectively.
In outdoor experiment, continuous release diffusers were placed 6m far away from mosquito
traps. It was found that citronella, linalool and geraniol essential oils repelled the female
mosquitoes at 22%, 58%, and 75% respectively. The results revealed that geraniol essential oil
was more effective against mosquitoes as compared to citronella and linalool in indoor and
outdoor experiments as well [37].

In an experiment, the repellency of 3 essential oils against mosquitoes was tested. For this
purpose citronella, linalool and geraniol essential oils in candle form were used. It was found that
the repellency rate of 5% citronella, linalool and geraniol was 29.0%, 71.1%, and 85.4%
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respectively. The geraniol was twice effective as compared to linalool. But geraniol was 5 times
as effective as compared to citronella. The results revealed that geraniol essential oil was more
effective against mosquitoes as compared to citronella and linalool [38].

4.USE OF CINNAMOMUM ESSENTIAL OILS

The Cinnamomum zeylanicum extract have antibacterial [39-40], antifungal (41-42) and
insecticidal against insect pests (43). Its oil extract contain 50-75% cinnamaldehyde, eugenol (5-
18%), cinnamyl acetate, linalool, 1,8-cineole, a-caryophyllene and benzyl benzoate. Its leaf oil
contains 70-95% eugenol, cinnamaldehyde (5%), benzyl benzoate, linalool and a-caryophyllene.
It is reported that Cinnamaldehyde and eugenol are more active against C. quinquefasciatus, A.
tessellatus and A. aegypti than the bark and leaf oil [44]. The leaf essential oil of the C.
osmophloeum can induce certain inhibitory effects against many pathogens including bacteria,
termites, mites, mildew and fungi [45-46].

The efficacy of 5 leaf essential oils of Cinnamomum osmophloeum was tested against A. aegypti.
The leaf essential oils were classified into chemotypes-cinnamaldehyde type, linalool type,
camphor type, cinnamaldehyde/cinnamyl acetate type, and mixed type. In the mosquito larvicidal
assay, it was found that leaf essential oils of cinnamaldehyde type and cinnamaldehyde/cinnamyl
acetate type have an excellent inhibitory effect against A. aegypti with LCs, for cinnamaldehyde
type and cinnamaldehyde/cinnamyl acetate type 36 ppm, LCyy (79 ppm and 44 ppm) LCyy (85
ppm), respectively. Cinnamaldehyde exhibited the strongest mosquito larvicidal activity with
LCso (29 ppm) and LCy, (48 ppm). The results revealed the components of C. osmophloeum can
effectively control the A. aegypti [47].

The efficacy of Ceylon Cinnamomum zeylanicum against Culex quinquefasciatus, Anopheles
tessellatus and A. aegypti was tested. It was found that Cinnamomum zeylanicum bark oil have
significant mortality against A. tessellatus (LDsy 0.33 pg/mL) and C. quinquefasciatus (LDs, 0.66
pg/mL) [48].

In an experiment, the efficacy of essential oils extracted from 10 medicinal plants was tested
against Anopheles stephensi, Aedes aegypti and Culex quinquefasciatus. It was found that the
essential oils of Juniperus macropoda and Pimpinella anisum were significantly toxic to eggs and
larvae. The essential oil of P. anisum was toxic to 4" instar larvae of A. stephensi and A. aegypti
with equivalent LDgs values of 115.7 pg/ml. The results revealed that essential oil of
Cinnamomum zeylanicum have highest repellency LDys i.e. 49.6, 53.9 and 44.2 mg/mat against A.
stephensi, A. aegypti and C. quinquefasciatus [49].

S.USE OF LINALOOL ESSENTIAL OIL:

Linalool is a monoterpene compound which is plant essential oil of several aromatic species.
Linalool is used to relieve acute and chronic ailments [51]. It is toxic against several insect pests
[50].

The repellency activity of DEET, dehydrolinalool and linalool against Aedes aegypti was tested
by using olfactometer. The repellency of A. aegypti to each of the three chemicals, in the presence
of human attractant mixture was observed. The lowest repellency (7.3%) was found using human
attractant. While, highest repellency (33.6%) was found by using combination of linalool and
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dehydrolinalool. The results revealed that linalool essential oil is the most efficient compound to
repel A. aegypti among rest of the chemicals tested [51].

6.USE OF ZANTHOXYLUM PIPERITUM ESSENTIAL OILS:

Most of the plant essential oils are used as fragrances and flavoring agents in food products. They
constitute numerous bioactive phytochemicals which can be used for insect pest control [52].

In an experiment, the efficacy of Zanthoxylum piperitum was tested against Aedes gardnerii,
Anopheles barbirostris, Armigeres subalbatus, Culex tritaeniorhynchus, Culex gelidus, Culex
vishnui and Mansonia uniformis under laboratory and field conditions. The Z. piperitum essential
oil was compared with a synthetic repellent, namely N,N-diethyl-3-methylbenzamide (DEET). It
was found that Z. piperitum alone and with 5% vanillin gave the repellency time up to 1.5 and 2.5
h, respectively. But the repellency time for 25% DEET and 25% DEET with 5% vanillin was 3.5
and 5.5 h, respectively. In field, Z. piperitum with 5% vanillin gave more significant results as
compared to 25% DEET with 5% vanillin. The Z. piperitum resulted 100% protection against
biting rate while DEET gave 99.7% protection. The results revealed that Z. piperitum can be used
in combination with repellents as synergist against Ae. gardnerii, An. barbirostris, Ar.
subalbatus, C. tritaeniorhynchus, C. gelidus, C. vishnui and M. uniformis [53].

In an experiment, the repellency activity of three plant essential oils, namely Zanthoxylum
limonella, Citrus aurantifolia and Z. limonella was tested against Aedes albopictus. The
formulations were prepared with mustard and coconut oil base in (10, 20 and 30%)
concentrations and experiment was performed under laboratory conditions. It was found that
formulations prepared with coconut oil gave the significant repellency activity as compared to
mustard oil against the bites of Ae. albopictus. The results revealed that Z. [imonella gave the
highest repellency activity against the bites of Ae. albopictus at all the concentrations tested in
both formulations [54].

The repellency of 10 plant essential oils, namely Amomum xanthioides, Curcuma zedoaria,
Kaempferia galanga, Anethum graveolens, Apium graveolens, Carum carvi, Foeniculum vulgare,
Piper longum, Zanthoxylum limonella and Zanthoxylum piperitum was tested against Ae. aegypti.
It was found that Z. piperitum, A. graveolens and K. galangal essential oils gave the significant
repellency after 1, 0.5 and 0.25 hr of treatment, respectively. But the degree of essential oil
efficiency can be increased by addition of 10% wvanillin. The Z. piperitum essential oil
formulation with 10% vanillin gave the repellency for 2.5 h. The results revealed that Z
piperitum is a useful repellents against Ae. aegypti as compared to rest of the essential oils tested
[55].

7.USE OF CRYPTOMERIA JAPONICA ESSENTIAL OILS:

In an experiment, the bioactivity of 14 essential oils against A. aegypti larvae was tested. These
essential oils were extracted from 5 plant species, namely Cinnamomum osmophleum, Taiwania
cryptomerioides Cunninghamia lanceolata, Cryptomeria japonica and Calocedrus formosana.
After 24 hrs of treatment, 9 of tested essential oils exhibited significant larvicidal activity against
A. aegypti in 4™ instar at 100ug/ml concentration. It was found that among the tested essential
oils, C. japonica essential oil exhibited highest larvicidal activity, with a LCsy =48.1 ug/ml (LCy,
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=130.3 pg/ml). The results revealed that leaf and bark essential oils of C. japonica are significant
larvicides against A. aegypti [11].

8.USE OF TEA ESSENTIAL OILS:

Hyptis suaveolens belongs to Laminaeceae. It is a native to America, but now it is widespread
Africa, Asia and Australia. It can grow under a variety of soil and climate. It has medicinal value
for a long time. Its essential oil possess insecticidal properties [56].

It is reported that Citrus sinensis peel extract have insecticidal properties. It exhibits very low
toxicity to mammals and environment. It constitutes d-limonene and linalool. The odour and
consistency of citrus appeals for its wider use as larvicides against mosquitoes [57].

In an experiment, the effectiveness of essential oils of Hyptis fruticosa, H. pectinata and Lippia
gracilis was studied against A. aegypti. It was found that, 59 compounds represented 91.28-
98.39% of the essential oils. A standard solution of 20 mL was used between (30-2000) ppm.
Twenty samples at between 3™ and 4™ larval stages were subjected to prepared essential oil
solutions at different concentrations. After 24 h interval of treatment, mortality LCs, at 95%
probability was calculated. It was found that Carvacrol compound present in H. fruticosa, and L.
gracilis have the larvicidal activity against A. aegypti. The results revealed that H. fruticosa, and
L. gracilis are significantly effective larvicides against A. aegypti [58].

The efficacy of orange peel, C. sinensis and H. suaveolens essential oils was tested against Aedes
aegypti larvae. The essential oils were applied at (0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3 and 0.2ppm)
concentrations. It was found that C. sinensis resulted mortality rate 95 and 90% at 0.8 and 0.3ppm
concentration respectively. The H. suaveolens resulted mortality rate 80% at 0.9 and 0.3ppm. The
results revealed that C. sinensis and H. suaveolens are significantly effective larvicides against A.

aegypti [59].

9.USE OF LAURUS NOBILIS ESSENTIAL OILS:

Laurus nobilis belongs to Lauraceae. It is an evergreen shrub and widely used as ornamental. It
grows in the humid and sub-humid areas [60]. It can grow up to 2.15 m in height [61]. It is widely
cultivated in Europe and the USA [62]. It is used as a dried herb and its essential oil is used as
spice and flavoring agent in food industries [61]. It has highly medicinal value in folk diseases i.e.
gastrointestinal problems, rheumatism, diuretic, urinary problems and kidney stones [63].

In an experiment, 19 plant essential oils for its repellent potential were tested against Aedes
aegypti. It was found that essential oil of Lavendula stoechas, Helichrysum italicum and Laurus
nobilis resulted repellency of a human finger for yellow fever mosquitoes in olfactometer
bioassays. In ‘hedonic dimension’ studies, it was found that three oils i.e. Calamintha nepeta,
Laurus nobilis and Rosmarinus officinalis were most promissing. By thermogravimetric analysis,
it was found that Calamintha nepeta oil has significantly slower evaporation rate as compared to
Laurus nobilis and Rosmarinus officinalis. It was found that L. nobilis oil have both properties: as
a repellent for Aedes aegypti and acceptance by the volunteers for its integration as a repellent
product. The results revealed that L. nobilis is an efficient repellent for A. aegypti [64].

36



International Journal of Advances in Biology (IJAB) Vol 1. No .1,August 2014

10.USE OF NEEM ESSENTIAL OIL:

Neem plant, Azadirachta indica is native to India. It belongs to family Meliaceae. It can attain the
maximum height 12-24m. It is found chiefly in tropical, subtropical semiarid and wet tropical
regions of the world [65]. Neem seeds contain biological compounds namely azadirachtin,
nimbin, nimbidin and nimbolides which have antifeedant, ovicidal, fecundity suppression, insect
growth regulation and repellency properties against insect pests [66-67]. Neem formulations have
low toxicity to mammals. It is unable to develop resistance in insect pests and it is considered to
be more ecofriendly as compared to other synthetic insecticides. Neem is an effective insect
growth regulator because it weakens the cuticle defence system at larval stage. The pesticidal
efficacy, environmental safety and public acceptability of neem and its products for control of
crop pests has led to its adoption into various mosquito control programmes [68-69].

The efficacy of neem oil formulation against 3 and 4™ larval instars of Anopheles stephensi,
Culex quinquefasciatus and Ae. aegypti was tested. Neem oil formulation was prepared with
polyoxyethylene ether, sorbitan dioleate and epichlorohydrin at different concentrations (0.5-5.0
ppm) along with untreated control. It was found that LCs, against An. stephensi, C.
quinquefasciatus and Ae. aegypti was 1.6, 1.8 and 1.7 ppm respectively. LCsy of formulation
stored at 26°C, 40°C and 45°C for 48 hours against Ae. aegypti were 1.7, 1.7, 1.8 ppm while LCqq
values were 3.7, 3.7 and 3.8 ppm respectively. The neem formulation at 140 mg A.L /m* was
applied in different mosquito breeding sites under field conditions. It was found that the
maximum reduction rate of Anopheles, Culex and Aedes was 100%, 95.5% and 100%
respectively. The results revealed that neem oil formulation was found to be very effective to
control Anopheles, Culex and Aedes in different breeding sites under natural and field conditions.
So, Azadirachta indica can be used as an alternative of synthetic pesticides for mosquito control
[70].

The efficacy of neem (Azadirachta indica) and karanja (Pongamia glabra) oil cakes was tested
against Culex quinquefasciatus, Aedes aegypti and Anopheles stephens. Both the oil cakes were
applied individually and in combination. It was found that combination of neem and karanja oil
cakes showed significant results as compared to individual treatments. The LCys for combination
of two oil cakes was 0.93, 0.54 and 0. 77% respectively for C. quinquefasciatus, Ae. aegypti and
An. stephens [71].

CONCLUSION

The use of synthetic chemicals to control mosquito result several human health concerns.
However, use natural products i.e. plant essential oils having good efficacy is an alternative to
synthetic mosquitocides. The repellent activities of essential oils and synergistic effects among
their components are main reason to control mosquitoes. Basically, essential oils are volatile
mixtures of hydrocarbons and their repellent activity has been linked to the presence of
monoterpenes and sesquiterpenes. The essential oils commonly used as repellents are derived
from Cymbopogon spp., Ocimum spp. and Eucalyptus spp. From an economical view point,
synthetic chemicals are still more frequently used but these natural products are more efficient
and safer to our environment [73]. Further studies and field trials are needed to develop
mosquitocidal formulations. Field trials will evaluate operational feasibility to its use and dermal
toxicity.
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