
INTRODUCTION

Drawbacks associated with widespread
use of conventional insecticides to control
mosquitoes have not only resulted in the
development of resistance in many species of
mosquito vectors, but have also caused
environmental pollution. Therefore, more attention
has been recently paid to the use of non-
conventional insecticides such as insect growth
regulators IGRs, bioinsecticides and plant extracts
for mosquito control in different parts of the world
(Saleh and Wright, 1989; Canyon and Hii, 1999;
Cornel et al., 2000; Paeporn et al., 2005; Chowdhury
et al., 2007).

The present study was planned in part to
evaluate the biological activity of some conventional
and non-conventional insecticides against
C. pipiens, the dominant mosquito species in Jeddah
governorate, Saudi Arabia. Additional tests were
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ABSRACT

Susceptibility levels of Culex pipiens L. mosquito larvae to the conventional insecticides Actikil
and Pesguard as well as non-conventional ones the insect growth regulator Dudim, the bioinsecticide
Bacilod and the plant extract Neem oil were determined. Taking LC50 values (concentration which to kill
50% of larvae) into consideration, mosquito larvae of C. pipiens were more susceptible to the pyrethroid
Pesguard (0.048 ppm) than the organophosphate Actikil (0.052 ppm) and the biocide Bacilod (0.13
ppm) by about 1.1 and 2.7 folds, respectively. According to IC50 values (concentration which to inhibit
the emergence of 50% of adults), the IGR Dudim (0.0003 ppm) proved to be more effective against
mosquito larvae of C. pipiens than the plant extract Neem oil (70 ppm). Variation in the susceptibility
status of the present mosquito larvae may be attributed to the differential mode of action of the compounds
tested and its effective concentrations. On the other hand, different levels of potentiation and additive
effects were obtained when the present compounds were applied jointly against mosquito larvae of
C. pipiens.
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also conducted to study the possible larvicidal
effectiveness of the tested insecticides when applied
jointly against mosquito larvae of C. pipiens.

MATERIAL AND METHODS

Mosquito strain
Tests were performed on a field strain of

C. pipiens raised from wild larvae, collected from
Jeddah, Saudi Arabia, and had been maintained in
the laboratory under controlled conditions of 27 ±
1ºC and 70 ± 5% R.H., with a 14:10 (L:D)
photoperiod.

Compounds tested
The following compounds were used:
1. The organophosphate insecticide Actikil (5%

EC); O-(2-Diethylamino-6-methyl-4-
pyrimidinyl)-O,O-dimethyl phosphorothioate.

2. The pyrethroid insecticides Pesguard Fg 161
(% EC);  1,3,4,5,6,7- hexahydro-1,3dioxo-



2H-isoindol-2-yl) methyl 2,2- dimethyl-3-(2-
methyl-1-propenyl) cyclopropanecarboxylate
and alph-Cyano-3-phenoxybenzyl 2,2-
d i m e t hy l - 3 - ( 2 - m e t hy l p r o p - 1 - e n y l )
cyclopropanecarboxylate.

3. The bacterial insecticides Bacilod, a wattable
powder formulation of Bacillus thuringiensis
var. israelensis (B.t.i.), kindly supplied by Dr.
Kh. Al-Ghamdi, Fac. of Science, King
Abdulaziz Univ.  The material had a potency
of 5000 IU/mg.

4. The insect growth regulator Dudim (4 G%);
1-(4-chlorophenl)-3-(2,6-difluorobenzoyl)-
urea.

5. The plant extract Neem oil (Azadirachta
indica), kindly supplied by Dr. M. A. Khan,
Dept. of Zoology, Saifia Science college
Bhopal, India. The stock solution of the plant
extract was prepared by adding 1ml of it to
99 ml of distilled water containing 0.5% triton
X-100 as an emulsifier to ensure complete
solubility of the extract in water. Series of
concentrations were prepared in distilled
water.

Larval bioassay
The standard WHO larval susceptibility test

method (WHO, 1981) was used. Treatments were
carried out by exposing early 4th instar larvae of C.
pipiens to various concentrations of the tested
compounds for 24 hr, in groups of glass beakers
containing 100 ml of tap water. Five replicates of
20 larvae each per concentration, and so for control
trials were set up. The larvae were given the usual
larval food during these experiments. Larval
mortalities were recorded at 24 hr post-treatment
for the chemical insecticides Actikil and Pesguard
as well as the biocide Bacilod. In the case of the
IGR Dudim and the plant extract Neem oil,
cumulative mortalities of larvae and pupae were
recorded daily. Live pupae were transferred to
untreated water in new beakers for fur ther
observation, i.e. normal emergence, presence of
morphologic abnormalities or death. Partially
emerged adults or these found completely emerged
but unable to leave the water surface were recorded
and scored as dead. Therefore, the biological effect
of Dudim and Neem oil was expressed as the
percentage of larvae that do not develop into
successfully emerging adults, or the inhibition of

adult emergence (WHO, 2005). Log concentration-
probability regression lines were drawn for the tested
compounds and statistical parameters were also
calculated using the method of Litchfield and
Wilcoxon (1949).

Joint action testes
Values of IC

20, IC30 and IC40

(concentrations which to inhibit the emergence of
20, 30 and 40% of adults, respectively) were
obtained from the toxicity line of the IGR Dudim.
The concentrations corresponding to these values
were prepared. The combinations were applied at
the above sublethal concentrations of Dudim with
the IC40 value of the plant extract Neem oil. Another
trials were conducted using the bacterial insecticide
Bacilod at the LC40 value (concentration which to
kill 40% of larvae) with the chemical insecticides
Actikil and Pesguard at LC20, LC30 and LC40 levels.
Five replicates of 20 larvae were conducted for each
mixture. The joint action of different mixtures was
expressed as the coeffective factor (C. F.) according
to the equation given by Mansour et al. (1966) as
follows:

% Observed mortality - % Expected mortalityC.F.= 100
%Expected mortality



This factor was used to differentiate results
into three categories. A positive factor of 20 or more
is considered potentiation; a negative factor of 20
or more means antagonism and intermediate values
between -20 and +20 indicate only additive effects.

RESULTS AND DISCUSSION

Susceptibility levels of C. pipiens mosquito
larvae following treatment with different
concentrations of the chemical insecticides Actikil
and Pesguard as well as the bacterial insecticide
Bacilod are shown in Table 1. The effective
concentrations of the above compounds against 4th

larval instars ranged from 0.02 - 0.15 ppm, 0.02 -
0.2 ppm and 0.05 - 0.5 ppm, respectively.
The corresponding larval mortalities for these
compounds were 12 - 93%, 23 - 92% and 15 - 92%.
Taking LC50 values (concentration which to kill 50%
of larvae) into consideration, the records showed
that the pyrethroid Pesguard (0.048 ppm) proved
to be the most effective compound, followed by the
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organophophate Actikil (0.052 ppm) while the
biocide Bacilod (0.13 ppm) was the least effective.
In other words, the results indicate that mosquito
larvae of C. pipiens were more susceptible to
Pesguard than Actikil and Bacilod by about 1.1 and
2.7 folds, respectively. However, it can be concluded
that the change in the susceptibility levels of the
present mosquito larvae is possibly due to the
differential mode of action of the test compounds
and its effective concentrations. The fluctuations in
the percentage mortalities obtained for the different
concentrations of different compounds tested
against the present mosquito larvae support this
conclusion (Saleh and Aly, 1987; Canyon and Hii,
1999; Nazni et al., 2005).

Table 2 shows the percentage of
mortalities of larvae and pupae as well as the
inhibition of adult emergence, following treatment
with different concentrations of the IGR Dudim and
the plant extract Neem oil. In general, 2 - 30% and
11 - 65% larval mortalities were obtained when the
4th instar larvae of C. pipiens were treated with the
above compounds, respectively. The biological
effects were often manifested by the formation of a
type of larval-pupal intermediate (Fig. 1-A). Most
pupae retained the 4th instar cuticle, but those that
pupated successfully often died either before the
adult emerged or as “albino” pupae (Fig. 1-B), that
is, they lacked the hardening and darkening of the
cuticle (Bridges et al., 1977). Many adults emerged

Table 2: The biological effects of the IGR Dudim and the plant extract
Neem oil on the developmental stages of C. pipiens

compound Concentrations Larval Pupae Adult emergence LC50

(ppm) mortality produced Total Inhibition (ppm)
a (% ) (%) observed Corrected b

Dudim 0.0001 2 98 72 28 22.5 0.0003
0.0004 10 90 40 60 56.5
0.007 9 91 27 73 70.9
0.001 3 97 18 82 80.7
0.005 30 70 5 95 94.6
control 4 96 93 7

Neem oil 40 11 89 72 28 23.4 70
60 15 85 56 44 40.4
80 30 70 43 57 54.7
100 41 59 20 80 78.7
150 65 35 7 93 92.5
control 3 97 94 6

a   Five replicates, 20 larvae each. b  Corrected with Abbott’s formula (Abbott, 1925).

Table 1:  Susceptibility levels of mosquito larvae of C.pipiens to Actikil,
Pesguard and Bacilod following continuous exposure for 24 hr

compound Effective Larval Statistical calculations b

Concentrations mortality
(ppm) a (% ) Slopefunction LC50(ppm) fLC50 slope

Actikil 0.02-0.15 12-93 2.19 0.052 1.16 2.94
Pesguard 0.02-0.2 23-92 2.9 0.048 1.24 2.16
Bacilod 0.05-0.5 15-92 2.5 0.13 1.2 2.52

a   Five replicates, 20 larvae each; control mortalities ranged from 0.0-3%. b  Litchfield and Wilcoxon (1949).
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incompletely or left their tarsi attached in the pupal
exuvia (Fig. 2) (Saleh et al., 1981; Al-sharook et al.,
1991). Therefore, in the present work, cumulative
mortality during larval development to pupae and
adults have been taken as a criterion for the
evaluation of the tested compounds as they have
more juvenilizing effects than toxic mode of action
(WHO, 2005). However, the effective concentrations
of Dudim and Neem oil ranged from 0.0001 - 0.005
ppm and 40 – 150 ppm, respectively. The
corresponding percentages of inhibition of adult
emergence were in respect 22.5 - 94.6% and 23.4
- 92.5%. Taking IC50 values (concentrations which
to inhibit the emergence of 50% of adults) into
consideration, Dudim (0.0003 ppm) proved to be
more effective against C. pipiens than Neem oil (70
ppm). Laboratory and field studies in this respect
were carried out by several authors to determine

the susceptibility level of different mosquito species
to insecticides (Baruah and Dusl, 1996; Sagar
et al., 1999; Cornel et al., 2000; Chowdhury et al.,
2007). However, it can be concluded that the tests
on susceptibility status of mosquitoes to insecticides
in any area will provide baseline data for planning
control programmes and making decisions about
insecticide usage in these areas (Paeporn et al.,
2005).

Table 3 shows the percentage of expected
and observed inhibition of adult emergence,
coeffective factor (C. F.) and the type of interaction
resulted from the combinations of the plant extract
Neem oil with the IGR Dudim against the mosquito
C. pipiens. The combinations were applied at the
IC40 value of Neem oil (58 ppm) and IC20, IC30 and
IC40 levels of Dudim (0.0001, 0.0002 and 0.0003

Table 3: The joint action of the IGR Dudim and the plant extract
Neem oil against 4th instar larvae of C. pipiens

Compound Concentrations Inhibition of adult emergence(%) C.F.* Type of
mixtures and Used (ppm) interaction
IC values Expected       Observed

Neem oil+Dudim
IC40+IC20 58+0.0001 60 63 5 (++)
IC40+IC30 58+0.0002 70 62 -11.4 (++)
IC40+IC40 58+0.0003 80 71 -11.2 (++)

* Coeffective factor (Mansour et al., 1966). (++)  Additive effect.

Table 4. The joint action of the bacterial insecticide Bacilod with the chemical
insecticides Actikil and Pesguard against 4th instar larvae of C. pipiens.

Compound Concentrations Inhibition of adult emergence(%) C.F.* Type of
mixtures and Used(ppm) interaction
IC values Expected Observed

Bacilod+Actikil
IC40+IC20 0.1+0.028 60 80 33.3 (××)
IC40+IC30 0.1+0.035 70 85 21.4 ××)
IC40+IC40 0.1+0.044 80 98 22.5 (××)

Bacilod+Pesguard
IC40+IC20 0.1+0.019 60 70 16.7 (++)
IC40+IC30 0.1+0.027 70 83 19.0 (++)
IC40+IC40 0.1+0.036 80 91 13.8 (++)

* Coeffective factor (Mansour et al., 1966) (××)  potentiation (++) Additive effect
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ppm, respectively). Taking the values of coeffective
factor (C.F.) into considerations, the results showed
that all combinations of Neem oil and Dudim
produced different levels of additive effects (C. F. =
5, -11.4 and -11.2) against mosquito larvae and
reflected by the inhibition of adult emergence.
Variation in the levels of additive effects among the
test mixtures may be attributed to the differential
mode of action of the present compounds and the
concentrations tested (Saleh et al., 2003).

Table 4 shows the effect of combination of
the bacterial insecticide Bacilod with the chemical
insecticides Actikil and Pesguard against mosquito
larvae of C. pipiens. The combinations were applied
at the LC40 levels of Bacilod (0.1 ppm) and LC20,
LC30 and LC40 levels of Actikil (0.028, 0.035 and

0.044 ppm) and Pesguard (0.019, 0.027 and 0.036
ppm). In general, values of C.F. indicated that
Bacilod in combination with the OP insecticide Actikil
(C.F. = 33.3; 21.4 and 22.5) and the pyrethroid
Pesguard (C.F. =16.7, 19.0 and 13.8) produced
different levels of potentiation and additive effects
according to the levels of sublethal concentrations
combined. Similar findings have been reported by
Saleh et al. (1990) who found that the joint action of
the pathogen B.t.i. with the chemical insecticides
malathion, dursban and fenvalerate against mosquito
larvae of A. aegypti resulted in potentiation and
additive effects. However, it has been suggested that
the potentiation of toxicity may be due to the larvae
survived partially-lethal treatments of the pathogen
B.t.i. were often weakened sufficiently to become
more susceptible to the toxic effects of the tested

 

B 

A 

b 

a 

Fig. 1: Abnormalities in the developmental
stages of C. pipiens after treatment with Neem
oil or Dudim. A- Larval – pupal  intermediate

showing larval siphon (a) and pupal trumpets
(b); B- Unmelaninized pupa (Albino pupa)

Fig. 2. Adults of C. pipiens
(A, female; B, male? failed to

emerge from the pupal skins after larval
treatments with Neem oil or Dudim
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chemical insecticides (Kelada and Shaker, 1988).
Generally, Long term follow-up studies are needed
to determine how the environmental conditions affect

the effectiveness of such compounds when applied
jointly for field control measures.
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