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ABSTRACT

This work was conducted to study the effect of two chemical insecticides
(chlorpyriphos and methomyl) and the microbial insecticides (biofly and dipel) on C.
pipiens larvae during three generations (F1, F3 and Fs) with two exposure time (24 or
48 hours, plus continuous exposure until pupation). Meanwhile, their effect on some
biological aspects of Culex pipiens (L.) by exposing the 3" larval instar to sublethal
concentration (L.C.10) under laboratory conditions.

Results indicated that the differences between the means of both larval, pupal
mortalities, pupation and adult emergence of C. pipiens for chloropyiphos and
mothomyl were highly significant. The interaction effects between chemical
insecticides, and both generation & exposure time were highly significant for larval
mortality and percentage of pupation, respectively. While no significant differences
occurred between the tested generations or exposure time on pupal mortality and
adult emergence.

In case of microbial insecticides, the difference between means of both larval,
pupal mortalities, pupation and adult emergence for dipel and biofly were highly
significant. The tested generations had significant effect on larval mortality and
percentage of pupation, while no significant effect on either the pupal mortality or adult
emergence was recorded. Exposure time was effective and was found to have high
significant effect on previous aspects of C. pipiens. The interaction between chemical
and microbial insecticides indicated that microbial insecticides were the more toxic
against C. pipiens (L.).

The number of eggs per female and the percentage of hatchability were
significantly reduced by chlorpyriphos and methomyl application, while no significant
diferences between both compounds was recorded. Also, there were no significant
differences among the tested generations on egg-deposition and hatchability
percentage.

Biofly and dipel were found reduce egg-deposition and hatchability percentage
significantly. Remarkable differences were found among the tested generations and
both egg-deposition and hatchability percentage. The interaction between the
chemical and microbial insecticides proved that, chemical compounds were
significantly effective on reducing the mean number of eggs laid by C. pipiens
females. While no significant differences were recorded on hatchability percentage.

INTRODUCTION

In recent years, microbial pesticides applications have gained priority
for pest control, since chemical pesticides developed pest resistance and
caused environmental hazards. In particular, microbial insecticides proved to
be highly efficient against mosquitoes. The effects of these hiocides on some
biological aspects of Culex pipiens (L.) were studied. Karch et al. (1990)
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applied Bacillus sphaericus against C. pipiens larvae. Saleh et al. (1990b)
indicated that egg production and hatchability of C. pipiens survived from
larvae treated with B. thuringiensis was significantly reduced in the first
generation, and reductions in pupation and adult emergence were obtained.
When larvae of C. quinquefasciatus and Aedes aegypti were infected by the
fungus Aspergillus parasiticus, its fecundity and life-span were found to
reduce (Nankumusana, 1985). Sandhu et al. (1993) found that the fungi;
Beauveria bassiana, Metarhizium anisopliae and Aspergillus flavus were
pathogenic to the second larval instar of C. pipiens with 50% mortality, and
other authors confirmed that results; Kumar et al. (1995) and Thiery et al.
(1997). El-Khodary et al. (1983) found that selection pressure of methomyl
reduced the number of produced eggs in the three tested generations of C.
pipiens. sublethal doses of fenoxycarb reduced egg hatchability and the
survival of different stages of C. pipiens (Mohsen and Zayia 1995).

The present study was carried out to investigate the effects of sublethal
concentration (LCio) of chlorpyriphos and methomyl (Chemical insecticides)
also, dipel-2x and biofly (microbial insecticides) on some biological aspects of
Culex pipiens immature stages. The latent effect of these compounds on
pupation, adult emergence, and fecundity were also considered.

MATERIALS AND METHODS
a- Laboratory culture :

Larvae of Culex pipiens (L.) were collected from Kafr EI-Sheikh region
and reared in the laboratory for three successive generations to avoid any
contamination with insecticides. Pupated larvae were transferred into cages
filled with tap water until adult emergence. Emerging females were fed on
pigeon’s blood and males on 10% sugar solution.

b- Chemical and microbial insecticides :

Four materials were used to fined its effect on C. pipiens and they are as

follows :

1. Methomyl: (Lannate 90%). A sample of wettable powder (900 gm
a.i./kg).

2. Chlorpyriphos: (Dursban 4 EC). A sample of emulsifiable concentrate
(480 gm., a.i./Liter).

3. Dipel-2x: A sample of wettable powder. Active ingredient: Bacillus
thuringiensis subspecies Kurstaki, 32,000 International Units of
Potency per Milligram (6.4% a.i.) was supplied by Abbott Laboratories.
Chemical and Agricultural products Division. North Chicago. IL 60064,
USA.

4. Biofly: A liquid formulation of the fungus Beauveria bassiana each
cubic centimeter contains 3 x 10° conidia. It was provided by Nasr
Fertilizers and Biocides Co. El-Sadat City, Egypt.
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c- Effect of tested compounds with sub-lethal concentrations on the
larvae of Culex pipiens (L.):

Each tested insecticide was dissolved in tap-water to make a stock
solution or suspension from which the considered concentrations (LC1o) were
prepared. A number of 300 third instar larvae (3 reps. x 100 larvae each)
were immersed in the stock of chemical insecticides for 24 hrs and another
300 larvae were immersed for 48 hrs. for microbial insecticides. After
exposure, the larvae were transferred to jars filled with tap water to complete
their development. Adult emergence was calculated by counting and
removing of pupal exuviae.

In another test, C. pipiens larvae were exposed to LC10 concentration
until pupation. Percentages of: accumulated larval mortality, pupation,
accumulated pupal mortality and adult emergence were calculated.

d- The latent effect of the four used compounds on the fecundity of
Culex pipiens:

Larvae were reared until pupation under the chemical compound
action. In another procedure larvae were exposed to the aqueous solutions of
microbial insecticides (LCio) for 48 hours, then they were transferred to clean
water to complete their development until pupation and adult emergence. The
tested generations were F1 and Fs. Each test was replicated three times.
Each replicate composed of 25 females and 25 males. Petri-dishes filled with
tap water were placed inside the adult cages for egg raft oviposition. The
hatched larvae were fed on a small amount of equal parts of dried yeast, fine
dried bread and unfatty milk. The total number of eggs and hatched eggs,
were determined for each treatment under the controlled conditions of 26 +
2°C and 75% R.H.

The obtained data were statistically analyzed using the “MSTAT”
statistical package on a computer (Freed, 1986). Percentage data were
transformed to Arcsine. Combined analysis for each experiment was carried
out to obtain the effect of chemical and microbial pesticides. The mean
values were compared, according to Duncan’s Multiple Range Test (DMRT)
(Duncan, 1955).

RESULTS AND DISCUSSION

A- Effect of chloropyriphos, methomyl and their interaction with number
of generations and exposure time on the larvae of Culex pipiens (L.)
complex:

1. Larval mortality :

Results presented in Table (1) revealed highly significant differences in
larval mortalities among the effects of chloropyriphos (28.51%) and methomyl
(24.21%) and control (5.22%). Larval mortality in Fs generation (18.61%) was
statistically the same in Fs generation (23.52%), while in F1 generation it was
the least (15.80%). Exposure time affected the larval mortality significantly,
being lower (16.17%) during 24 hr exposure and higher (22.45%) during
continuous exposure. Insecticide-generation interaction and insecticide-
exposure time interaction gave highly significant effects on larval mortality,
while other interactions were not significant.
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2. Pupal mortality :

Application with both chlorpyriphos and methomyl significantly resulted
in higher pupal mortality (12.03 and 9.97%, respectively) than control
(2.22%). Pupal moralities were statistically the same in different tested
generations and exposure time. The other interactions were not significant.

3. Pupation :

Chlorpyriphos was more significantly potent against C. pipiens larvae
than methomyl, resulting in 67.67 % and 71.78% pupation, respectively,
compared to 94.78% pupation for control. The three considered generations
showed highly significant differences in between pupation percentage,
despite that Fsz and Fs were statistically the same. On the other hand,
pupation was significantly decreased when the larvae were exposed
continuously to the insecticides (75.11%) compared to 81.04%) pupation for
24 hr exposure. Interactions between chemicals and the number of the tested
generation and between chemical and exposure time had highly significant
effects on pupation, while other interactions had not.

4. Adult emergence :

Both chlorpyriphos and methomyl had highly significant effects on adult
emergence, being 85.98% and 88.00%, respectively when compared to
97.77% for the control. Generations and exposure time had no significant
effect on adult emergence. Also, interactions among the three tested
parameters were not significant.

B- Effect of biofly, dipel and their interaction with number of generation
and exposure time on the larvae of Culex pipiens (L.) complex:
1. Larval mortality :

Results recorded in Table (2) indicated that the difference between
means of larval mortalities of dipel (69.82%) and biofly (68.78%) were highly
significant if compared with control (5.22%). The number of the tested
generations had significant effect on that character. Application of microbial
insecticides showed high susceptibility in the fifth generation (51.41%)
followed by the third one (47.74%), however, the first generation (44.67%)
was still the lowest susceptible one. Data showed that there was highly
significant differences between both exposure times in this character, as the
highest average of larval mortality was found in larvae continuously exposed
to microbial insecticides (59.51%). The interaction between the tested
microbial insecticides and both number of generations & exposure time, was
highly significant for larval mortality. The other interactions did not affect
larval mortality significantly.

2. Pupal mortality :

Data presented in Table (2) revealed highly significant differences in
pupal mortality due to microbial applications; 20.47% for biofly, 4.98% for
dipel, when compared to control, 2.22%. Generations were not affected by
microbial applications. However, continuous exposure of C. pipiens larvae to
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microbial insecticides resulted in 7.86% pupal mortality, compared to 10.59%
in case of 48 hrs exposure. All interactions proved to have insignificant
effects on pupal mortality, however microbial insecticide-exposure time
interaction which gave highly significant effects.
3. Pupation :

The effect of bio-insecticides on pupation was significantly low in case
of Biolfly (29.50%) and dipel (28.56%) compared to the control (94.78%).
Tested generations had significant effects on pupation; 54.06, 50.89 and
47.89% for F1, F3 and Fs generations, respectively. Also, exposure time had a
highly significant effect on pupation; being lower (40.0%) in continuous
exposure, and higher (61.89) in 48 hr exposure. Interactions between
microbial compounds and the number of tested generation, and between
microbial and exposure time were highly significant, however the others were
not significant

4. Adult emergence :

The microbial insecticides were found to have highly significant effects
on adult emergence of Culex pipiens pupae Table (2). Application of dipel
significantly produced the low value of adult emergence (44.01%) followed by
biofly (77.75%), when compared with control (97.78%). The statistical
analysis showed no significant differences between tested generations in
their effects on adult emergence. Highly significant differences were obtained
between both time of exposure for adults emergence. Also, adult emergence
was highly significant affected by interaction between microbial insecticides
and exposure time. The other interactions did not significantly affected adult
emergence.

C. A comparison between chemical and microbial insecticides on some
biological aspects of C. pipiens (L.) complex :

Results in Table (3) revealed that microbial insecticides were more
efficient against C. pipiens than chemical insecticides. The continuous
exposure of mosquito larvae to microbial compounds gave the best results,
and the highest larval mortality was obtained (59.51% ), moreover the least
pupation (40.0%) and least adult emergence (58.22%). Comparatively,
chemical insecticides were less efficient than microbial insecticides in
impairing biological aspects of C. pipiens either in 24 hr or continuous
exposure. Highly significant differences were calculated among chemical and
microbial tested compounds.

Table 3: Comparison between effects of chemical and microbial
insecticides on some biological aspects of Culex pipiens.

Character Chemical insect'icides Microbial insectipides Sig.

24 hours | Continuous | 48 hours |Continuous
Larval mortality (%) 16.17d | 22.45¢ 36.37 b 59.51 a *
Pupal mortality (%) 7.09¢c 9.06 ab 10.59 a 7.86b *
Pupation (%) 81.04a |75.11b 61.89 c 40.0d *
Adult emergence (%) | 91.55a 89.61 b 88.14 b 58.22 ¢ **

** indicate P<0.01. In a row, means designated the same letter for each trait are not
significantly different at 5% level according to DMRT (1955).
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D- Effect of chemical and microbial insecticides on females fecundity of
Culex pipiens:

Results recorded in Table (4) indicated that the chemical insecticides
showed negative effect on egg deposition and had highly significant effects
comparable to the control. Methomyl (87.63%) and chlorphyriphos (85.95%)
were obivously effective by decreasing egg hatchability. In the mean time no
significant differences were recorded between the effect of the two chemical
insecticides on egg hatchability. Also generation factor showed a similar
results on egg hatchability and no significant differences were found between
them.

Table 4:Effect of chemical insecticides and tested generations on
fecundity of Culex pipiens females.

Chemical insecticides (A) Generations (B) Interaction
Character Chloro- . .
Control pyriphos Methomyl| Sig.| Fu1 Fs |Sig. AB

Deposited egg [105.25a | 63.50b | 74.40b ** 188.30|73.80| N.S N.S
Hatchability % | 96.91a | 85.95b | 87.63 b ** 191.45/88.87|N.S N.S

**and N.S. indicate P<0.01 and not significant, respectively.
In a row, means designated the same letter for each trait are not significantly different at
5% level according to DMRT (1955).

Data in Table (5) confirmed that biofly caused a significant reducible
effect on egg deposition (79.29 eggs) comparable to the control (105.25
eggs). Dipel have the lowest effect on fecundity of adult females (88.73 eggs)
and there were no significant differences between its effect on egg
deposition. Dipel was found to be not significantly different from control
treatments.

Table 5: Effect of microbial insecticides and tested generations on
fecundity of Culex pipiens females.

Microbial insecticides (A) Generations (B) |Interaction
Character Control | Biofly | Dipel |Sig. F1 Fs |Sig. AB
Deposited egg |1105.25 a [79.29 b |88.73 ab | ** |98.25a/83.93 b | * N.S
Hatchability %/96.91a |91.81b(88.91 b ** 194.69a(90.40b | * N.S

*** and N.S indicate P<0.05, P<0.01 and not significant, respectively.
In a row, means designated the same letter for each trait are not significantly different at
5% level according to DMRT (1955).

The tested generations proved to have a significant effect on egg-
depositon process Table (5). Application of microbial insecticides for both
generations Fi1, Fs resulted 98.25 and 83.93 eggs, respectively, with
significant difference. The interaction between microbial insecticides and the
number of tested generation were found to have no significant on egg
deposition of Culex pipiens. Microbial insecticides were found to reduce egg-
hatchability of C. pipiens and highly significant differences were recorded
between their effects on egg-hatchability and control treatment. The lowest
percentage of egg-hatchability resulted from exposing larvae of the fifth
generation to microbial insecticides (90.40%). Hatchability indicated no
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significant affectes by the interaction between microbial insecticides and the
number of generation tested.

Chemical insecticides were found to be the most effective compounds
on egg deposition (81.05 eggs) followed by microbial insecticides (91.11
eggs) with significant differences between them Table (6). No significant
differences were recorded between chemical and microbial insecticides on
egg-hatchability.

Table 6:Comparison between effects of chemical and microbial
insecticides on fecundity of Culex pipiens females.

Character Chemical insecticides Microbial insecticides Sig.
Deposited eggs 81.05b 91.11a *
Hatchability % 90.16 89.55 N.S

*and N.S indicate P<0.05 and not significant, respectively.
In a row, means designated the same letter for each trait are not significantly different at
5% level according to DMRT (1955).

The obtained results, concerning the fecundity of C. pipiens, comes in
agreement with those obtained by El-Khodary et al. (1983) and Bayoumi et
al. (1988) who indicated that methomyl reduced the number of produced
eggs of C. pipiens. Similar results were obtained by Aguilera et al. (1995) on
C. quinquefasciatus that indicated that the treated larvae with malathion egg
production was reduced by 57% and 59% using LCzo and LCro, respectively.
They also indicated that egg production was slightly reduced by
chlorpyriphos. However, the problem of insect resistance to insecticide
applictions was investigated by Yebakima et al. (1995) stating that larval
population of C. pipiens exhibited resistance between 6.4 and 51.4 against
chloropyriphos.

Concerning microbial insecticides, Schnetter et al. (1983) indicated that
larval susceptibility decreased between the 15t and 4™ instar when larvae of
C. pipiens, Aedes vexans, A. sticticus, A. contans and A. rusticus were
treated with B. thuringiensis var. israelensis. Saleh et al. (1990a) found that
larval instars, mosquito species, exposure time and temperature significantly
influenced larvicidal activity of B. thuringiensis (H-14). As a conclusion,
microbial insecticide, proved to be highly efficient against Culex pipiens. The
continuous exposure of C. pipiens to the considered microbial insecticides
resulted in high larval mortality, and reduced both pupation and adult
emergence percentages.
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Table 1. Effect of chemical insecticides, tested generations and exposure time on some biological aspects of Culex

pipiens mosquito under laboratory conditions (26£2°C and 75% R.H.).

Chemical insecticides (A) Generations (B) Exposure time ( C Interaction
CHARACTER Control p(;w;;g's Methomyl | Sig. F1 Fs Fs Sig. |24 hours| Continuous | Sig. | AB | AC | BC | ABC
Larval mortality (%) 522c | 285la |2421b | ** | 158b 18.61a | 2352a | * |16.17b | 2245a s | ow | s NS | NS
Pupal mortality (%) 2.22b 12.03 a 997a | ** | 752 7.77 8.92 N.S | 7.09 9.06 N.S|N.S|NS|NS| NS
Pupation (%) 94.78 a 67.67 c 7178 b ** | 81.39a 78.17b | 74.67b ** 81.04 a 7511 b ** ** * I'N.S| N.S
Adult emergence (%) 97.77 a 85.98 b 88.00 b ** | 91.20 90.52 90.03 N.S |91.55 89.61 N.S|NS | NS NS | NS

**and N.S indicate P<0.01 and not significant, respectively.
In arow, means designated the same letter for each trait are not significantly different at 5% level according to DMRT (1955).

Table 2. Effect of microbial insecticides, tested generations and exposure time on some biological aspects of Culex
pipiens mosquito under laboratory conditions (26£2°C and 75% R.H.).

CHARACTER Microbial insecticides (A) Generations (B) Exposure time ( C Interaction
Control Biofly Dipel Sig. F1 F3 Fs Sig. |48 hours | Continuous | Sig. | AB | AC | BC | ABC
Larval mortality (%) 522 ¢ 68.78 b 69.82 a ke 44.67 b | 47.74ab| 51.41a * 36.37b 59.51a i ** IN.S| N.S
Pupal mortality (%) 2.22b 20.47 a 498 b ke 7.44 9.91 10.32 N.S |10.59a 7.86b * INS| = |[NS| NS
Pupation (%) 94.78 a 29.50 b 28.56 ¢ ke 54.06 a | 50.89ab| 47.89b * 61.89a 40.00b i ** I'N.S| N.S
Adult emergence (%) 97.78 a 77.75 b 44.01 ¢ *x 74.97 72.25 72.31 N.S | 88.14a 58.22b ** | N.S| * |NS| N.S

*** and N.S indicate P<0.05, P<0.01 and not significant, respectively.
In a row, means designated the same letter for each trait are not significantly different at 5% level according to DMRT (1955).
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