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This study aimed to investigate the mosquito larvicidal efficacy of pyrethroids (deltamethrin,
cypermethrin and lambda cyhalothrin), organophosphates (chloropyrifos and dichlorvos) and a
neonicotinoid (acetamiprid) against Culex quinquefasciatus of Chakdara, Dir Lower, Khyber
Pakhtunkhwa Pakistan. Fourth instar larvae of Culex quinquefasciatus were initially exposed to various
concentrations (0.001 to 1.0 ppm) of these insecticides to determine the activity concentration ranges.
The highest concentrations of deltamethrin, cypermethrin, lambda cyhalothrin, chloropyrifos, dichlorvos
and acetamiprid that showed no insecticidal activity against Culex quinquefasciatus 4" instar larvae
were 0.001, 0.0005, 0.000015, 0.001, 0.0005 and 0.001 ppm, respectively. The lowest concentration of
these insecticides that were capable of insecticidal activity against mosquito larvae were 0.002, 0.001,
0.000031, 0.002, 0.001 and 0.002 ppm, respectively. The lowest concentrations of these insecticides
that showed 100 % insecticidal activity against mosquito larvae were 0.5, 0.015, 0.008, 0.0625, 0.031
and 0.25 ppm, respectively. The significantly lowest (P<0.05) LCso and LCgo values were observed for
lambdacyhalothrin (LCs0=0.001 ppm, LCge= 0.006 ppm). After lambda cyhalothrin, cypermethrin
(LC50=0.005 ppm, LC90=0.017 ppm) and dichlorvos (LCs0=0.006 ppm, LCg=0.027 ppm) were found
more effective larvicidals against Cx. quinquefasciatus 4™ instar larvae. From the findings of the present
study, it was concluded that among deltamethrin, cypermethrin, lambda cyhalothrin, chloropyrifos,
dichlorvos and acetamiprid, the most effective larvicides against the 4" instar larvae of Cx.
quinquefasciatus mosquito of Chakdara, Dir Lower, are lambda cyhalothrin, cypermethrin and
dichlorvos. Such information could be helpful in effective control of mosquito borne diseases in the area
through integrated pest management.
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INTRODUCTION stagnant water channels and marshes (Muturi et

Culex quinquefasciatus (Say.) is the most al. 2006; Illahi and Suleman, 2013). Cx.
widespread mosquito species in tropical and quinquefasciatus causes serious nuisance
subtropical countries (Kramer et al. 2008; through its irritating biting and acts as the vector
Andreadis, 2012) and can breed in a wide range of Wuchereria bancrofti that causes filariasis (also

of larval habitats such as ditches, cemented called elephantiasis) in different parts of the world
drains, rice fields, agricultural and construction (Rajasekariah et al. 1991; Ramaiah et al. 2003).
pools, river margins, ponds, well, rice fields, Filariasis is affecting more than 100 million people
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in Asia, Africa, Central- and South America and
the Pacific (Simonsen, 2009). In Pakistan, cases
of human filariasis were reported from Sindh
province during 1969 (Wolfe and AslamKhan,
1969). Beg et al. (2001) reported confirmed cases
of tropical pulmonary eosinophilia in indigenous
patients however this disease is very rare in
Pakistan. Cx. quinquefasciatus is also the vector
of avian malaria (Glad and Crampton, 2015),
vector of West Nile virus and Saint Louis
encephalitis virus in the southern United States of
America (Rutledge et al. 2003; Hribar et al. 2003)
and the vector of rift valley fever virus in Africa
(Sang et al. 2010; Khan et al. 2015).

Control of mosquitoes is very important for the
prevention of transmission of mosquito-borne
diseases and protection of people and livestock
from their nuisance biting. There is always a need
for the control of disease transmitting mosquitoes.
Generally, the application of chemical insecticides
is practiced for the control of mosquitoes. The
chemical agents which are used to Kill the insect
at its larval stage are known as larvicides.
Similarly, the chemical agent toxic to eggs of the
insect are called ovicides, those lethal to pupae
are called pupicides and those lethal to adults or
imagos are called adulticides or imagicide.
Various chemical larvicides, pupicides and
ovicides are applied to the breeding sites parallel
with habitat reduction (Amer and Mehlhorn,
2006a; Amer and Mehlhorn, 2006b; Semmler et
al. 2009; Benelli, 2015).

The synthetic chemical insecticides used
against insect pests include carbamates e.g.
carbofuran, methomyl etc., organophosphates
e.g. dichlorvos, malathion, chlorpyrifos, parathion
etc. and organochlorines e.g. DDT, endosulfan,
dieldrin etc. (Gullan and Cranston, 2005).
Pyrethroids are the organic compounds related to
the natural pyrethrin, while the new generation
nicotinoids or neonicotinoids are modeled on
natural nicotine (Gullan and Cranston, 2005).
Pyrethroids include deltamethrin, cypermethrin,
lambda cyhalothrin etc. Neonicotinoids include
imidacloprid and acetamiprid etc.

Dichloro Diphenyl Trichloroethane (DDT), an
organochlorine, played major role in Killing
mosquito but its continuous and frequent use has
damaged wild life and has negative impact on
human health as it accumulates in human,
therefore the application of such insecticides is no
more recommended (Valdimir et al. 2002).
Constant use of organochlorines has also resulted
in the development of insecticide resistance in
insect pests (Zacharia, 2011). Development of

resistance to organophosphates in insect pests
has also been reported (Siegfried and Scharf,
2001), however due to low mammalian toxicity,
organophosphate such as temephos has been
used widely as larvicides against mosquito (WHO,
2002). Development of resistance to different
insecticides in different mosquito species has
been reported. For example, Khan et al. (2011)
reported moderate to high level of resistance in
Ae. albopictus to agricultural insecticides in
Pakistani for the first time. Thanispong et al.
(2008) reported insecticide resistance to different
insecticides in Aedes aegypti and Cx.
quinquefasciatus from different localities in
Thailand. Yadouléton et al. (2015) investigated
the resistance status of Cx. quinquefasciatus to
carbamate, pyrethroids and organochlorine in four
different localities of the Republic of Benin.
Contamination of larval habitats by agricultural
insecticides results in development of insecticide
resistance in mosquitoes (Yadouleton et al. 2009;
Chouaibou et al. 2016). There is increasing trend
of agricultural pesticides use in Swat valley
(Nafees, 2008). The watershed of the Swat River
is called Swat valley which comprises three main
districts of Khyber Pakhtunkhwa (KPK): Swat,
Malakand (Swat Ranizai Tehsil), and Lower Dir
(Adenzai Tehsil). The main fruit plants in the study
area are apple and peaches, both require heavy
input of pesticides. In Swat Valley, till 1990, apple
was grown on 44.4% area especially in the middle
and upper parts (Inam, 2000), but now peaches
grown on 60 % area of the Swat Valley (Nafees,
2008). The cereal crops of the area are wheat,
maize and rice. A number of vegetables are also
grown in the study area. To increase crop
production, farmers use pesticides. Pesticides are
applied in all crops but peaches need maximum
use of pesticides, ranging from one spray in a
month to two sprays (during flowering and fruit)
(Nafees, 2008). Insecticides from agricultural sites
reach to mosquito breeding sites through runoff
during rainy season, and thus may affect larval
population. Frequent application of agricultural
pesticides for many years can exerts a huge
selection pressure on larval stages of mosquitoes
that can result in development of resistance to
insecticides. Cx. quinquefasciatus is the most
common and economically important mosquito
species in Swat valley where it breeds in a wide
range of larval habitats (llahi and Suleman, 2013).
The present study aimed to investigate the activity
concentration ranges and comparative efficacy of
different agricultural insecticides against Cx.
guinquefasciatus mosquito of Chakdara (part of
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Swat valley), Dir Lower, Khyber Pakhtunkhwa
Pakistan.

MATERIALS AND METHODS

Laboratory rearing of Cx. quinquefasciatus

Laboratory colonies of Cx. quinquefasciatus
were maintained during May-October, 2016. For
establishing the colonies, larvae of Cx.
quinquefasciatus were collected by using a
rectangular plastic dipper (38 cm length, 28 cm
width and 6.5 cm height) from a stagnant water
ditch near the campus of University of Malakand,
Chakdara, Dir Lower, Khyber Pakhtunkhwa,
Pakistan. The larvae were brought in 500 ml
plastic containers with water from the collection
site to the laboratory at the University of Malakand
and reared for establishing a colony. Maximum
temperature inside the laboratory was 29°C to
35°C. The larvae were provided with larval food
comprising of dog biscuit and dry yeast powder in
the ratio of 3:2. The pupae emerged were
transferred to a 500 ml plastic jars containing 400
ml non-chlorinated tap water and placed in
mosquito cage (45 cm x 45 cm x 45 cm). The
adults emerged were initially fed with
carbohydrate food by providing cotton pad soaked
in 10% sucrose solution and later blood fed
periodically by allowing mice for eggs
development. The female adult mosquitos laid
eggs in the water containing jars inside the cage
which then hatched into larvae (1%t instar). Such
colony of Cx. quinquefasciatus was existing
during experiments. Thus, for experimentation,
larvae of each instar, pupae and adults were
available. For confirmation of species proper
literature was used for identification of both larvae
and adults (Harbach, 1988).

Selection of insecticides

During the present study, the insecticide
dealers and the farmers who apply the
insecticides on fruit trees, vegetables and cereal
crops, were interviewed. It was found that the
farmers mostly apply three pyrethroids i.e.,
deltamethrin, cypermethrin and lambda
cyhalothrin, two organophosphates ie.,
chlorpyrifos, dichlorvos and one neonicotinoid i.e.,
acetamiprid. During interview, the details of
manufacturer of these insecticides which the
farmers mostly apply were also inquired, both
from the insecticide dealers and farmers.
Farmers mostly apply deltamethrin (25 % w/w) of
HERANBA Industries Limited, India, cypermethrin
(10 % w/v) of M/S Halex (M) SDN (BDH),

Malaysia, lambda cyhalothrin (2.5 % wl/v) of
Jiangsu Fengshan Group Co. Ltd, China,
chloropyrifos (40 % wi/v) of M/S Halex (M) SDN
(BDH), Malaysia, dichlorvos (100 % wi/v) of
Insecticides India Limited and acetamiprid (20 %
w/w) of Jiangsu Fengshan Group Co. Ltd, China.
The reason of choice of insecticides of the above
manufacturers by the farmers is the lower price.
Therefore, the susceptibilty of Culex
guinquefasciatus larvae to these agricultural
insecticides were studie in the laboratory.
Following are the details of the insecticides used
and stock solution preparation:

Deltamethrin

Deltamethrin, a pyrethroid, was procured in
packet as 25 % w/w powder (25 g active
ingredient/100 g powder), manufactured by
HERANBA Industries Limited, India. As the
formulation shows, four grams (4000 mg) of the
powder was containing one gram (1000 mg)
active ingredient (ai). A 500 ml stock solution of
100 ppm concentration was prepared by
dissolving 200 mg of the formulation in 500 ml
volumetric flask in which some tape water was
already added. Then further water was added to
make a volume of 500 ml.

Cypermethrin

Cypermethrin, a pyrethroid, was procured as
10 % w/v (10 g active ingredient/100 ml solution)
EC (emulsified concentration), manufactured by
M/S Halex (M) SDN (BDH), Malaysia. As the
formulation shows, the solution concentration is
100000 ppm (100000 mg/1000 ml). A 500 ml
stock solution of 100 ppm was prepared by taking
0.5 ml (500 pL) of chloropyrifos 10 EC and putting
it in 500 ml volumetric flask in which some water
was already added. Then further water was added
to make a volume of 500 ml.

Lambdacyhalothrin

Lambdacyhalothrin, a  pyrethroid, was
procured as 2.5 % wi/v (2.5 g active ingredient/100
ml solution) EC (emulsified concentration)
solution, Jiangsu Fengshan Group Co. Ltd, China.
As the formulation shows, the solution
concentration is 25000 ppm (25000 mg/1000 ml).
A 500 ml stock solution of 100 ppm was prepared
by taking 2 ml (2000 pL) of Lambdacyhalothrin 2.5
EC and putting it in a 500 ml volumetric flask
which some non-chlorinated tap water was
already added. Then further water was added to
make a volume of 500 ml.
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Chlorpyrifos

Chloropyrifos, an organophosphate, was
procured as 40 % wi/v (40 g/100 ml solution) EC
(emulsified concentration) solution, manufactured
by M/S Halex (M) SDN (BDH), Malaysia. As the
formulation shows, the solution concentration is
400000 ppm (400000 mg/1000 ml). A 500 ml
stock solution of 100 ppm was prepared by taking
125 pL (0.125 ml) of chloropyrifos 40 EC and
putting it in 500 ml volumetric flask in which some
tap water was already added. Then further water
was added to make a total volume of 500 ml.

Dichlorovos

Dichlorvos (2.2-dichlorovinyl dimethyl
phosphate), an organophosphate, was procured
as 100 % w/v (100 @/100 ml solution) EC
(emulsified concentration) solution, trade name
Naogas Super, manufactured by Insecticides
India Limited. As the formulation shows, the
solution concentration is 10, 00000 ppm. | had to
prepare 1000 ml stock solution of 2 ppm. A 500 ml
stock solution of 100 ppm was prepared by taking
50 pL (0.02 ml) of dichlorovos 100 EC and putting
it in 500 ml volumetric flask in which some tap
water was already added. Then further water was
added to make a total volume of 500 ml.

Acetamiprid

Acetamiprid, a neonicotinoid, was procured in
packet as 20 % w/w powder (20 active
ingredient/100 g), manufactured by Jiangsu
Fengshan Group Co. Ltd, China. As the
formulation shows, five grams (5000 mg) of the
powder was containing 1gram (1000 mg)
acetamiprid. A 500 ml stock solution of 100 ppm
concentration was prepared by dissolving 250 mg
of the formulation in 500 ml volumetric flask in
which some tap water was already added. Then
further water was added to make a total volume of
500 ml.

Activity concentration range bioassay

During this experiment a series of dilutions
were prepared from stock solution of each
insecticide and then tested against 4% instar
larvae in the laboratory for determining the
concentration ranges to be used in definitive
bioassay for the determination and comparison of
LC50 and LC90 values of different agricultural
insecticides. During the experiment, WHO
guidelines for laboratory and field testing of
mosquito larvicides (WHO, 2005) were followed
with some modifications. The following are the
details:

Preparation of solutions

According to Pakistan EPA (1997), the
maximum permissible concentration of
insecticides in municipal and liquid industrial
effluents is 0.15 ppm. During this experiment,
testing solutions of each insecticide were
prepared. Their concentrations were above and
below the permissible limit of Pakistan EPA
(1997) for insecticides in municipal and liquid
industrial effluents. For preparation of testing
solutions (of different concentrations) of each
insecticide, 200 ml solution of 2 ppm of each
insecticide was separately prepared from the
respective stock solution. This solution was then
serially diluted several times by factor of 2 into
100 ml solutions of 1, 0.5, 0.25, 0.125, 0.0625,
0.03, 0.015, 0.008, 0.004, 0.002 and 0.001 ppm in
250 ml polyethylene cups. Control cups containing
100 ml non-chlorinated tap water were also
arranged.

Exposure of mosquito larvae

Sufficient number of mosquito larvae were
initially transferred frpm the mosquito breeding
containers to a 400 ml polyethylene container
containing 200 ml non-chlorinated tap water with
the help of wide-mouthed plastic dropper. From
this container, 10 4" instar larvae of Culex
quinquefasciatus were transferred into each cup
through small and porous plastic spoon. The
purpose of use of porous spoon was to prevent
the unecessary addition of water into the testing
cup during introduction of mosquito larvae. The
mortality of larvae was checked after 24 hours of
exposure period. The criterion for death was lack
of response to prodding. The aim of this
experiment was to determince the concentartion
range to be used in definitive test for dtermining
the LCso and LCoo values of each insceticide
against the 4" instar larvae of Cx
quinquefasciatus. The highest concentration that
showed no insecticidal activity against mosquito
larvae and similarly the lowest concentartion of an
insecticide that showed 100 % insecticidal activity
against mosquito larvae were determined.
Deltamethrin,  chlorpyrifos and acetamiprid
showed no mortality of larvae at the lowest tested
concentration, 0.001 ppm. However, the
remaining three insecticides i.e., cypermethrin,
lambda cyhalothrin and dichlorvos showed
mortality at the lowest concentration (0.001 ppm).
Therefore the 0.001 ppm solutions of these three
insecticides were further diluted several times by
factor of 2 and then the dilutions were tested for
larvicidal activity so as to reach their highest
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concentrations that cause no mortality of larvae.
Thus the activity concentration ranges
(concentration ranges for lowest to 100 %
mortality) of the insecticides determined during
range finding bioassay were as under:
deltamethrin 0.002 ppm to 0.5 ppm, cypermethrin
0.001 ppm to 0.015 ppm, lambda cyhalothrin
0.000031 to 0.008, chlorpyrifos 0.002 ppm to
0.0625 ppm, dichlorvos 0.001 to 0.03 and
acetamiprid 0.002 to 0.25 ppm.

Definitive test

The aim of this experiment was to determine
and compare the LCso and LCgo values of six
different agricultural insecticides against the 4t
instar larvae of Cx quinquefasciatus. The
concentration ranges of the insecticides
determined during range finding bioassay were
used in the definitive test. During this test,
guidence was taken from the WHO guidelines
(WHO, 2005) for laboratory and field testing of
mosquito larvicides. Twenty 4% instar larvae of Cx
quinquefasciatus were exposed to various
concentartions of each insecticide within the
concentartion range determined during range
finding bioassay. Twenty 4" instar larave of Cx
quinquefasciatus were also exposed in control
containers containing non-chlorinated tap water.
The experiment was run in triplicate. The detail of
conatiners, testing solution volume and method of
introduction of mosquito larave to the containers
was the same as described above during range
finding bioassay. The mortality of larvae was
checked after 24 hours of exposure period. The
percentage mortalities in insecticide solutions
were corrected by applying the Abbott's formula
(Abbott, 1925) when 5 % or more than 5 %
mortality in control was observed (WHO, 2005).
Following is the Abbott’s formula:

Mortality in treatment ~ Mortality in control

100 - Mortality in control

Corrected mortality =

Analysis of data

Data was presented as mean with standard
error. The percentage mortality data were
subjected to log probit analysis (Finny, 1971) for
calculating LCso and LC90 values, using SPSS 16
software. The LC50 values of different extracts
were compared by 95 % confidence limits overlap
method (Wheeler et al. 2006) for determining
significance difference.

RESULTS

Activity concentration ranges

Table 1 show the highest concentrations of
different agricultural insecticides that showed no
insecticidal activity against Cx. quinquefasciatus
4t larvae. The highest concentrations of
deltamethrin, cypermethrin, lambda cyhalothrin,
chlorpyrifos, dichlorvos and acetamiprid that
showed no insecticidal activity against Culex
quinquefasciatus 4t instar larvae were 0.001,
0.0005, 0.000015, 0.001, 0.0005 and 0.001 ppm,
respectively.

Tablel: Highest concentrations of different
agricultural insecticides that showed no
insecticidal activity against Cx.
guinquefasciatus 4" instar larvae.

Insecticides NIAC (ppm)
Deltamethrin 0.001
Cypermethrin 0.0005
Lambda cyhalothrin 0.000015
Chlorpyrifos 0.001
Dichlorvos 0.0005
Acetamiprid 0.001

NIAC. —no insecticidal activity concentration

Table 2 show the lowest concentrations of
different agricultural insecticides that were
capable of insecticidal activity against Cx.
guinquefasciatus 4"  larvae. The lowest
concentrations of deltamethrin, cypermethrin,
lambda cyhalothrin, chlorpyrifos, dichlorvos and
acetamiprid that were capable of insecticidal
activity against Culex quinquefasciatus 4" instar
larvae were 0.002, 0.001, 0.000031, 0.002, 0.001
and 0.002 ppm, respectively. Table 3 show the
lowest concentrations of different agricultural
insecticides that showed 100 % insecticidal
activity against Cx. quinquefasciatus 4™ larvae.
The lowest concentrations of deltamethrin,
cypermethrin, lambda cyhalothrin, chlorpyrifos,
dichlorvos and acetamiprid that showed 100 %
insecticidal activity against Culex
guinquefasciatus 4" instar larvae were 0.5, 0.015,
0.008, 0.0625, 0.031 and 0.25 ppm, respectively.
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Table2: Lowest Insecticidal activity
concentrations of different agricultural
insecticides against Cx. quinquefasciatus 4"
instar larvae

Insecticides LIAC (ppm)
Deltamethrin 0.002
Cypermethrin 0.001
Lambda cyhalothrin 0.000031
Chlorpyrifos 0.002
Dichlorvos 0.001
Acetamiprid 0.002

LIAC. - lowest insecticidal activity concentration

Table 3: Lowest concentrations of different
agricultural insecticides that showed 100 %
insecticidal activity against Cx.
guinquefasciatus 4" instar larvae

Insecticides 100IAC (ppm)
Deltamethrin 0.5
Cypermethrin 0.015
Lambda cyhalothrin 0.008
Chlorpyrifos 0.0625
Dichlorvos 0.031
Acetamiprid 0.25

100IAC. - 100 % insecticidal activity concentration

Thus, the activity ranges (concentration
ranges for lowest to 100 % insecticidal activity) of
the insecticides determined during the range
finding bioassay were as under: deltamethrin
0.002 ppm to 0.5 ppm, cypermethrin 0.001 ppm to
0.015 ppm, lambdacyhalothrin 0.000031to 0.008,
chlorpyrifos 0.002 ppm to 0.0625 ppm, dichlorvos
0.001 to 0.03 and acetamiprid 0.002 to 0.25 ppm.

Definitive Test

The concentration ranges of the insecticides
determined during range finding bioassay were
used in the definitive test for determining the LCso
and LCoo values against the 4th instar larvae of Cx
qguinquefasciatus. The LCso and LC90 values of all
insecticides are shown in Table 4. The LCso and
LCoo values of all the tested insecticides were
compared by 95 % confidence overlap method.
The significantly lowest (at P<0.05 significance
level) LCso and LCgo values were observed for
lambdacyhalothrin  (LCs0=0.001 ppm, LC90=
0.006 ppm) when compared to the LCso and LCoo
values of all the remaining insecticides. The LCso
and LCoo values of cypermethrin (LCs0=0.005
ppm, LCe=0.017 ppm) and dichlorvos
(LC50=0.006 ppm, LCg=0.027 ppm) were

significantly lower (at P<0.05 significance level)
when compared with the LCso and LCoo values of
the remaining insecticides i.e., chlorpyrifos,
acetamiprid and deltamethrin.

Table 4: 24-hour LCsg and LCq values of
different agricultural insecticides against Cx.
guinquefasciatus

Insecticides sti‘;épg[n) LCag (ppm) with CL
Deliamethrin | o oe?é(-)?oe) 4 | 0501 (0.338-0.826 d
Cypermethrin (O.OO%(-)(()).SOOG) b 0-017 (0.014- 0.04) b
Lambda 0.001
cyhalothrin | (0.0009-0.001) a | 9-006 (0.004-0.009)a
Chlorpyrifos (o.ofé?(lfmgc 0.047 (0.036- 0.068) ¢
. 0.006
Dichlorvos (0.005-0.007) b 0.027 (0.02- 0.039) b
L 0.04
Acetamiprid (0.031 - 0.054) d 0.384 (0.241- 0.72)d

CL.-95% confidence limits. Means values with
similar letters are not different significantly on the
basis of confidence limit overlapping

DISCUSSION

During this study a pyrethroid, lambda
cyhalothrin, was found most effective against the
4t instar larvae of Cx. quinquefasciatus. The LCso
and LCg values of lambda cyhalothrin against
Culex quinquefasciatus 4" instar larvae were
0.001 and 0.006 ppm, respectively. Pyrethroids
are highly toxic for aquatic insects (Mian and
Mulla, 1992). Disruption of ionic balance due to
inhibition of ATPase enzymes (responsible for
movement of ions against concentration gradients
in aquatic insects) is the main toxic effect of
pyrethroids (Coats et al. 1989).

During the study of organophosphates,
dichlorvos was found more effective. The LCso
and LCge of values dichlorvos against Culex
quinquefasciatus 4" instar larvae were 0.006 and
0.027 ppm, respectively. Organophosphate
insecticides cause toxicity through inhibition of
acetyl cholinesterase, which is responsible for the
degradation of the excitatory neurotransmitter,
acetylcholine, thereby terminating transmission of
nerve impulses at cholinergic synapses. Inhibition
of this enzyme prolongs the residence time of
acetylcholine at synapses resulting in hyper-
excitation and eventual death (Fukuto, 1990).

During the study of neonicotinoid, the
concentration of acetamiprid that caused lowest
mortality of Culex quinquefasciatus 4% instar
larvae was 0.002 ppm. The lowest concentration
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of acetamiprid that caused 100 % mortality (< 5
%) of Culex quinquefasciatus 4™ instar larvae was
0.25 ppm. Neonicotinoid acts as agonists on
nicotinic  acetylcholine  receptors  (nAChRs)
opening cation channels (Casida and Durkin
2013). At the same time, voltage-gated calcium
channels are also involved (Jepson et al. 2006).
This agonistic action results in continuous
excitation of neuronal membrane, production of
discharge that lead to paralysis and exhaustion of
cell energy. This leads to the death of insects.
Thus, the channel opening of NnAChRs induced by
the binding of neonicotinoids to receptors leads to
insecticidal activity (Nishiwaki et al. 2003).

The LCso and LCoo values of all the tested
insecticides were compared by 95 % confidence
overlap method. The significantly lowest (at
P<0.05 significance level) LCso and LCgo values
were observed for lambdacyhalothrin (LCs0=0.001
ppm, LC90= 0.006 ppm). After lambda
cyhalothrin, cypermethrin  (LCs0=0.005 ppm,
LC90=0.017 ppm) and dichlorvos (LCs0=0.006
ppm, LCg0=0.027 ppm) were found more effective
larvicidal against Culex quinquefasciatus 4" instar
larvae.

Several synthetic chemical insecticides have
been tested against the larvae of various species
of disease transmitting mosquitoes. For example,

Kalyanasundaran et al. (2003), tested the
insecticidal efficacy of an organophosphate
insecticide, Reldan (chlorpyrifos-methyl) and

compared its insecticidal activity with Dursban
(chlorphyrifos-ethyl) against the larvae of
Anopheles fluviatilis, Aedes aegypti, Anopheles
stephensi and Annopheles culicifacies in
laboratory conditions and against the larvae of
Culex quinquefasciatus in fields. Dursban and
Reldan showed maximum larvicidal activity
against the larvae of Anopheles fluviatilis with
LCso values of 5.90 x 107 and 1.07 x 10° ppm,
respectively. In case of Cx. quinquefasciatus,
Reldan showed nine times higher larvicidal activity
when compared to Dursban. Bansal and Singh
(2006), compared the larvicidal activity of three
synthetic pyrethroids, cypermethrin,
lambdacyhalothrin and cyfluthrin against the 3 or
early 4" instar larvae of Anopheles stephensi,
Aedes aegypti and Culex quinquefasciatus.
Larvae of Cx. quinquefasciatus were found most
susceptible followed by Ae. aegypti and An.
stephensi to all the three pyrethroid insecticides.
Sarar et al. (2011), conducted laboratory and field
studies for testing the efficiency of temephos,
Bacillus thuringiensis and pyriproxyfen against the
immature stages of Culex species. Lowest LCso

value was observed for pyriproxyfen (0.00079
ppm) and temephos (0.0059 ppm) under
laboratory conditions. Temephos was also found
most effective in field conditions followed by
Bacillus thuringiensis. However, the effectiveness
of the insecticides decreased with the passage of
time (at the 51" week). Nkya et al. (2014), exposed
the larvae of Anopheles gambiae susceptible
strain to sub-lethal concentrations of mixture of
pesticides, herbicides and fungicides. Their
subsequent tolerances were measured to
deltamethrin, DDT, and bendiocarb. There
occurred increase in larval tolerance to
deltamethrin, DDT and bendiocarb following
exposure to mixture of insecticides.

CONCLUSION

From the findings of this research, it is
concluded that lambda cyhalothrin is highly
effective larvicide against Cx quinquefasciatus.
Such information could be helpful in effective
control of mosquito borne diseases through
integrated pest management.
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