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Abstract

The sublethal effects of Bacillus thuringiensis H-14 were studied at the parental and F1 generation (offspring)
stages of Aedes aegypti, which had been exposed to Bti at the larval stage, in comparison to a control
group. The biological aspects, including of blood-engorgement rate and fecundity (numbers of eggs
produced) of the parental stage, were studied. For the offsprings, the study variables included the offspring
survival rate and developmental period (number of days required at every life stage). Late-third/early-
fourth instar larvae were exposed to Bti at LC50 (36.66 ITU/L). Larvae that survived from the treatment
were further cultured to study the sublethal effects of Bti compared to the control untreated group.

The Ae. aegypti larva, pupa and adult survival rates were significantly reduced (P<0.05) either at
the parental stage or at the offspring stage in the treated group, compared to control. Similarly, a lower
blood-engorgement rate was recorded by the treated group, compared to control. The study
demonstrated lesser egg production compared to the control group. The offsprings took longer time to
develop from egg to adult. Bacillus thuringiensis H-14 significantly decreased the Ae. aegypti offspring sex
ratio. Reduction in the number of eggs produced and increased immature developmental period are
added advantages that make Bti suitable for the control of mosquitoes.

Keywords: Bacillus thuringiensis H-14, sublethal effects, dengue vectors, survival rate and larval development
period.

Introduction

The sublethal effects of either pesticides or
microbial agents on vector pests are little
investigated. The sublethal effects of Bti on
Aedes aegypti larval development and adult size
was first reported by Hare and Nasci[1]. In their
study, the duration of larval development had
increased whereas the adult body size had
decreased.

Bacillus thuringiensis var israelensis (Bti) acts
as a larvicide due to the toxin produced, which

is activated by the alkaline midgut of the
mosquito larvae and disrupts the midgut
epithelia[2,3]. Since larval development is slowed
by reduced food availability[4,5], it is possible
that the sublethal dose of Bti may affect the
nutrient assimilation of the exposed larvae and
lead to a longer larval development period.

Preliminary studies of the sublethal effects
of Bti on the longevity and fecundity of Bti
against mosquitoes were carried out by
Merdan[6]. The control of dengue vectors at the
larval stage is much easier compared to adults
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since the movement of the larvae is limited to
its aquatic habitat whereas the adults by and
large do not rest on sprayable surfaces and there
is greater difficulty in ensuring effective contact
of adults with insecticides. The sublethal effect
of prolonging the developmental period of the
dengue vector�s immature stage will increase
the chances of Bti killing the larvae. Information
on the sublethal effects of pesticides or
microbial agents against Ae. aegypti mosquitoes
is very important in planning and implementing
the dengue vector control programme.

Larvae that survived exposure to sublethal
concentration (LC50) of Bti until its offspring stage
were studied for survival rate, blood-engorgement
rate, development period and sex ratio.

Methods and Materials

The sublethal effects of Bti were studied at
the adult stage of Ae. aegypti which had been
exposed to the microbial agent at the larval
stage and at the F1 generation (offspring), in
comparison to the control untreated group.
Biological studies included percentage of blood
feeding, percentage of egg laying, fecundity
(number of eggs produced) at the parental
stage, while for the offspring, the study
variables included percentage of egg
hatchability, percentage of emergence at every
life stage (L1 to L4, pupae and adults) and
growth period (number of days required at
every life stage).

Twenty late-third/early-fourth instar larvae
of laboratory-cultured Ae. aegypti were treated
with Bti at LC50 (36.66 ITU/L) for 24 hours at
200 ml of LC50 dose per cup. A total of 20
replicates were conducted. Control untreated
larvae were also set up under similar conditions
for comparison. The surviving larvae were then
(after 24 hours treatment) washed with seasoned
water and transferred to a clean container with
seasoned water for further observation.

The emerging adults were observed till final
emergence (for a maximum period of seven
days). Adult females were provided blood meal
using immobilized white rats at the age of three
to five days during the day. The number of
blood-engorged females were recorded a day
after. The blood-engorged females were then
individually transferred to a paper cup with wet
cone-shaped filter paper placed in the middle
of the paper cup. The top of the paper cup
was covered with a fine nylon mesh (mesh
size, 400 per cm2). Sucrose was provided
through the nylon mesh using cotton pad.

Fecundity

For fecundity study, the number of eggs laid
by the blood-fed female mosquitoes were
counted daily until no further eggs were laid
or for a maximum period of seven days. The
number of eggs was counted using a dissecting
microscope at the magnification of 40 X. After
counting, the filter paper with the eggs was
submerged into a tray with 1000 ml of
seasoned water to study the offspring
hatchability.

Offspring longevity

Five filter papers with eggs collected for the
fecundity study, where the number of eggs was
closest to the mean value, were used for the
longevity and percentage emergence of the
offspring. The filter papers with eggs were air-
dried for a period of 6 hours and submerged
into trays containing 1000 ml of seasoned water
for each batch of eggs. The number of larvae
that emerged was recorded daily and the larvae
were transferred to another culture tray after
emergence to next life stage. The larval food
was made up of a mixture of milk powder,
ground beef liver, vitamin B and dog food at
the ratio of 1:1:1:1 and provided daily at the
rate of 0.2 g/tray.
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The emerged pupae were kept in a cup
covered with a nylon mesh and provided with
sucrose. Adult emergence and the sex ratio
were observed and recorded. The
percentage of egg hatchabil i ty, the
percentage of emergence at every life stage
(L1 to L4, pupa and adults), the growing
period (number of days required at every life
stage) and the adult sex ratio for the offspring
were recorded.

Control batches of mosquitoes without any
treatment were also set up. Data were
statistically analysed by non-parametric two-
sample Kolmogorov-Smirnov Test using the
SPSS computer program.

Statistics

The following formula was used for the
calculation of the offspring life development
period:

Results and Discussion

The sublethal effects of exposure of late-third
or early-fourth instar larvae to Bti at LC50 (36.66
ITU/L) and culture of surviving larvae and that
of control are included in Tables 1 and 2.

The survival rate of Ae. aegypti larvae was
significantly reduced (P<0.05) up to 42%
compared to the control (Table 1). For the adult
emergence rate, more than 45% reduction was
recorded after treatment with Bti. However,
the sex ratio was similar for the treated group

as compared to the control based on the
number of adults that emerged. The blood-
engorgement rate was reduced up to 40%
compared to the control (Table 1).

Offspring life
development
period

Σ (number of emerged
offspring) x (number of

days after submersion of
eggs in water)

Total number of
emerged offspring

=

Table 1. Ae. aegypti survival rate, blood-
engorgement rate and effects on the F1

generation after treatment of the larval stage
(late-third/early-fourth) with Bacillus thuringiensis

H-14 at LC50 (36.66 ITU/L) for 24 hours

�Twenty larvae were treated for each replicate and a
total of twenty replicates were carried out.
�The results indicated were sublethal effects at F1
based on five replicates (five batches of eggs) where
the number of eggs produced was closest to the
fecundity result.
*Mean percentages followed by the same letters
within the same rows are not significantly different
(P>0.05, non-parametric two-sample Kolmogorov-
Smirnov Test using the computer program SPSS).
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Ae. aegypti treated with Bti showed a
significant reduction (P<0.5) in the offspring
survival rate compared to the control group
(Table 1). The offspring survival rates had been
reduced by more than 20% compared to the
control (Table 1). Meanwhile, pupae of
offsprings, adult survival rates and female ratio
had also decreased from 10% to 25% (Table 1).

A lesser number of eggs were produced
after treatment with Bti compared to the control
(P<0.05). The number of eggs produced had
decreased after treatment with Bti (Table 2).
The Ae. aegypti offspring treated with Bti
significantly (P<0.5) showed a longer
developmental period (number of days)
compared to the control group (Table 2).

The developmental duration (days) of
immature stages increased for an additional 5
days (Table 2). The sex ratio (female to male)
of the treated offspring also significantly
decreased up to 40% compared to the control
(Table 2).

The Ae. aegypti larvae, pupae and adult
survival rates were significantly reduced
(P<0.05) either at the parental stage or at the
offspring stage after treatment with Bti at the
sublethal concentration compared to the
control. A lower blood-engorgement rate was
recorded for the treated group compared to
the control.

Many researches have reported that
insecticides reduced the fecundity of the
treated insects. Ae. aegypti were found to lay
reduced number of eggs after exposure to
sublethal concentrations/doses of Abate®[7],
dieldrin[5], d-phenothrin and d-allethrin[8]. Ae.
aegypti treated with Bti at the sublethal
concentration (LC50) in this study also
demonstrated lesser eggs produced compared
to the control group. The reduction in the
number of eggs produced is an added
advantage of Bti as a control tool in decreasing
the total mosquito population.

Prolonged developmental period of the
immature stage will provide fewer applications
for control by using Bti.

Bacillus thuringiensis H-14 significantly
decreased the Ae. aegypti offspring sex ratio in
favour of females, thus further reducing the
numbers available for the transmission of
dengue fever.
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