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ABSTRACT

Four synthetic pyrethroids (deltamethrin, alpha-cypermethrin, lambda-cyhalothrin,
cyphenothrin) and the three insecticides, temephos, pyriproxyfen as well as biological
insecticide Bacillus thuringiensis were tested for their activity against the fourth instar larvae
of Culex pipiens Linn. In addition, the four synthetic pyrethriods were tested for their acﬁvit‘x
against C. pipiens adults. LCsp values for the abovementioned insecticides against the 4
instar larvae were 0.00072, 0.0009, 0.0008, 0.034, 0.0059, 0.000079 and 0.012 ppm,
respectively. The respective values for the tested insecticides against aduits of C. pipiens,
using the bottie bioassay method, were 0.391, 1.043, 0.5 and 2.617 pg/bottle, in respect.
Results of this study could be used for monitoring the appearance of resistance in feral
populations at different localities of Saudi Arabia.
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INTRODUCTION

Mosquitoes are dangerous insects; they annoy people and are vectors
to many serious diseases that infect both human and other animals such as
filariasis, encephalitis, dengue fever and malaria (Eldridge et al. 2000;
Turell et al., 2001). The most important problem in mosquitoes control is
the development of resistance to many groups of insecticides that are
currently used. Pyrethroid resistance in the Culex pipiens Linn. has been
recorded worldwide, as reported by Cheikh et al., 1998; Kasai et al., 1998;
Paul et al., 2004; Xu et al, 2005. Resistance to organophosphorous
compounds has been reported also by Cheikh and Pasteur, 1993; Dorta et
z!, 1993: DeSilva ef 2’ 1997: Gonzalez ef al.. 1999; Thomas et al., 2000,
Baruah, 2004. Bacilius thuringiensis and B. sphaericus have been
successfully used to control mosquito larvae allover the world (Baruah and
Das, 1994; Zahiri et al., 2004); however many workers indicated on the
incidence of resistance to these biological insecticides in mosquitoes (Wirth
et al., 2005). Insect growth regulators (IGRs), i.e.  methoprene,
pyriproxyfen were used to control mosquitoes that have different modes of
action from those of pyrethroids , organophosphates and Bacillus
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thuringiensis (Chowdhury et al, 1999). However many populations of
mosquitoes developed, to, a great extent, resistance to this class of
chemicals (Cornel et al., 2003). The most effective way to overcome the
problem of insect pest resistance to any insecticide is to stop using the
same compound for many generations and replacing it with a different
chemical structure having varied mode of action. This work was performed
to test the efficacy of the aforementioned insecticide classes (pyrethroids,
organophosphates, IGRs and B.t.) against the susceptible strain of C.
pipiens. The obtained results from this work could be used as a guide to
foliow up the incidence of resistance in C. pipiens to any group of these
insecticides in different locations in Saudi Arabia.

MATERIALS AND METHODS

Insecticides:

Delta—endo toxin (99.9% purity) Bacillus thuringinsis var. israelensis,
pyriproxyfen (Sumilarv® WDG 0.5%) , cyphenothrin (Jokilat® 5% EC) from
Sumitomo Chem Ltd, Japan; temephos (an experimental formulation) from
WHO, deltamethrin (2.5% EC) from Agric Chem. Industries, Jordan, alpha-
cypermethrin  (10% EC) from Modern Insecticides, India, lambda-
cyhalothrin (5% EC) from an Indian Company were used.

Insects:

Late 3™ and early 4" Culex pipiens larvae and adults of a susceptible strain
were maintained at laboratory conditions (27°C and 80% R.H.) for three
years.

Larvicidal activity:

Twenty mosquito larvae were placed in a 200 ml glass beaker containing
100 ml distiled water. Stock concentrations dissolved in ethanol were
added to obtain the required final concentrations and stirred with a glass
rod; three replicates were used for each concentration. Controls received
solvent oniy and dead larvae were counted 48 h after treatment (Al-Sarar ef
al., 2005).

Adulticidal activity:

Adulticidal activity was carried out as follows: 250 ml glass Weaton
bottles were dosed with the test insecticides that dissolved in 1.5-2 ml
acetone. Bottles were capped and rolled around to coat the entire inside
surface, including the cap. Bottles were then uncapped and acetone was
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allowed to evaporate while rolling the uncapped bottles; control botties
were treated with acetone only. Adult mosquitoes were added to treated
bottles (12-25 mosquitoes per bottle) and bottles were capped again. Dead
mosquitoes were counted after 0.5, 1 and 1.5 h and % mortality was
calculated for each dose (Brogdon and McAllister, 1998).

Statistical analysis:
Obtained data were analyzed according to aney (1971) and control
mortality, if any, was corrected using Abbott formula (1925).

RESULTS AND DISCUSSION
Larvicidal activity:

Results of larvicidal activity of the test insecticides are presented in Table
(1) and illustrated in Fig (1). Temephos showed LCs, and LCqs values of
0.0059 and 0.016 ppm, respesctively; this result is in a good agreement
with Macoris et al., 2005, who reported that the mean LCs; of temephos
was 0.007 ppm and with Rye et al., 2003, who recorded the value 0.00072
ppm as the LCs, of temephos against C. pipiens. Mostafa, et al., (1982)
mentioned that the LCs, of temephos against C. pipiens was 0.006 ppm.
On the other hand , Culex sp have developed resistance to temephos in
many areas worldwide C. quinquefosciatus was found to be 56 times more
resistant to temephos after four generations only (DeSilva et al., 1997).
LCso of pyriproxyfen was 0.000079 ppm (Table1), EI-Shazly and Refaie
(2002) estimated the LCso value of pyriproxyfen to be 0.00042 ppm, while
this value was 0.000029 ppm (Kawada et al, 1994). LCs values of
pyriproxyfen ranged from 0.000018 ~ 0.000029 ppm (Schaefer et al., 1988
and Ali et al, 1999). Bacillus thuringiensis was effective with LCso value
being 0.012 ppm, this result agrees with Klowden et al., (1983) and Bekheit
(1984), the LCs, vaiues obtained from their work were 0.018 and 0.027
ppm successively. Pyrethroid insecticides had different toxicities against
larvae, with deltamethrin and lambda-cyhalothrin being the most effective
ones, having very close LCs values (0.0007 and 0.0008 ppm, in
sequence), followed by alpha-cypermethrin (LCs, = 0.0009 ppm) and
cyphenothrin being the least effective (LCso = 0.034 ppm ). LCso value of
cypermethrin against C. pipiens was equal to 0.0012 ppm (Al-Sarar et al.,
2005), which is very close to our value of the present study.
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Adulticidal activity:

Results of the test.compounds against C. pipiens adults are shown in
Table (2) and Fig (2). The bottie bioassay technique was used because it
has many advantages: a) it is quick and results can be obtained in 2-3 h; b)
can be prepared simply at any place, at any time for any insecticide; c)
results are reproducible without the need of large numbers of mosquitoes
and replications; and d) results can be correlated with other tests for
determining what mechanism is responsible for resistance. The used
insecticides could be arranged dessendingly as follows: deltamethrin>
lambda-cyhalothrin> alpha-cypermethrin> cyphenothrin. In other words,
deltamethrin proved to be the most effective insecticide and cyphenothrin
was the least effective one. The LDgys values for these insecticides were
9.216, 18.21, 22.214 and 112.926 pg/bottie, respectively. This method
determines aiso the contact toxicity of any insecticide without any need to
anethesize insects as in case of the topical application method, which also
requires a microapplicator. Ansari and Rezdan (2001) mentioned that good
results were obtained by treating curtains with10 pg/cm?. Cement and
wooden surfaces treated with deltamethrin at 5 pg/cm? resulted in 100%
mortality against C. quer quifosciatus (Das and Kalyanasanderson, 1984).
The LDs, of alpha-cypern.ethrin against C. pipiens was determined as 2.5
pg/cm? (Tran et al., 2000), which is not in accordance with the value of the
present study (1.043 pg/bottle). Obtained data from this study could be
used to follow up the incidence of resistance in C. pipiens for wild type
strains at different locations in Saudi Arabia by comparing the LCs, and
LCqs values of laboratory strain with those of field strains.
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Fig(2): Adulticidal activity of tested insecticides against C.pipiens.
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Table1. Probit analysis of toxicity of the tested insecticides against C. pipiens larvae

(susceptible strain).

Insecticide LDs Confidence Limits LDss Confidence Limits Slope £ SE
(ppm) {ppm)

- Temephos 0.0059 0.0051-0.0071 0.016 0.012-0.026 3.752 £ 0.476
B.ti 0.012 0.0018-0.056 8463.449 - 7740.68-2212100 0.357+ 0.023
Pyriproxyfen 0.000079  0.000055-0.0001 0.0051 0.0016-0.035 0.909 £ 0.121
Deltamethrin 0.00072 0.0005-0.0009 0.0072 0.0044-0.018 1.633+0.277
Cyphenothrin 0.034 0.03-0.115 0.799 0.465-18.08 1.196 £ 0.107
Lambda-cyhalothrin 0.0008 0.0003-0.0011 0.0087 0.0051-0.037 1.596 + 0.349

. Alpha-cypermethrin 0.0009 0.0007-0.0011 0.0047 0.003-0.011 2.238 £ 0.417

Table 2. Probit analysis of toxicity of the tested insecticides against laboratory reared
C. pipiens adults.
LDso LDys
Insecticide Confidence Limits Confidence Limits Siope £ SE
(pg/bottie) {ug/bottie)

- Deltamethrin 0.391 0.248-0.579 9.216 4.495 - 31.262 1.199 £ 0.175
Alpha-cypermethrin 1.043 0.696-1.543 22.214 10.654 - 76.577 1.23810.176
Lambda-cyhalothrin 0.5 0.31-0.71 18.21 9.81-49.95 1.05440.141
Cyphenothrin 2617 1.69-4.33 112.93 13.3309 - 117.93 1.007+0.188
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