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1. Introduction

Objective: Midge egg masses are reported to support non—pathogenic strains of the cholera
pathogen, Vibrio cholera (V. cholera). Mosquito born diseases have been reported to cause
millions of death worldwide. The present research reveals the toxicity effect of spinosad and neem
seed kernel extract (NSKE) against different larval stages of Anopheles stephensi (An. stephensi)
and Chironomus circumdatus (Ch. circumdatus). Methods: The neem seeds were collected
from Marudamalai hills, Bharathiar University, Coimbatore, India. Neem seed kernels were
powdered, extracted and diluted for different concentrations (2 ppm to 10 ppm). Spinosad was
purchased from Kalpatharu pesticide Limited, Coimbatore, Tamil Nadu, India and thoroughly
mixed with distilled water to prepare various concentrations (0.01 to 0.08 ppm) and used for
bioassay. Results: The results depict that spinosad is more toxic in lower concentrations when
compared to NSKE and mosquitoes are more susceptible than chironomids. Lethal concentrations
were evaluated using the observed mortality. The lowest LCs, value obtained from spinosad
against An. stephensi and Ch. circumdatus were 0.002 05 ppm and 0.008 91 ppm. This study
investigated on effect of Spinosad and NSKE on the biology of mosquito. The immature stages of
both species were susceptible to Spinosad and NSKE. Spinosad and NSKE in individual as well as
combined treatment provided additional days in development for mosquitoes. Conclusions: The
results conclude that Spinosad and NSKE are potential larvicides against An. stephensi and Ch.
circumdatus.

which utilize the gelatinous sheath of the egg biomass
as a carbon sourcel45]. A bacterial strain, designated
T3944DT, was isolated from a chironomid egg mass sampled

Malaria and other vector—-borne diseases contribute to
the major disease burden in India. Anopheles stephensi (An.
stephenst) is recognized as a major vector of urban malaria
in Indialll. It breeds in pools, wells, overhead or ground
level water tanks, running water, fountains, roof gulters and
artificial containers(2].

Chironomidae midges that emerge from suburban and
urban aquatic habitats in some situations result in severe
nuisance and traffic hazards; accumulations of dead
midges have the potential to make roads and airport run—
ways slippery and dangerous to be operational3l. Midge
egg masses have been reported to support non—pathogenic
strains of the cholera pathogen, Vibrio cholerae (V. cholerae),
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from a waste—stabilization pond in northern Israel and
was found to be Gram—positive, motile by peritrichous
flagella, endospore—forming, halotolerant and facultatively
alkaliphilicl6l.

Mosquito control is a difficult task and is becoming
even more so due to a variety of factors including the
development of insecticide resistance and concern over
environmental pollution(7l. To avoid the propensity of
bioaccumulation and induction of malignancy in non—target
animals, a safe and more congenial method of vector control
by natural and cheaper means of using plants and microbes
as insecticides became popularsl.

Spinosad is an insect control product derived from a soil
bacterium, Saccharopolyspora spinosa (S. spinosa) that
combines the advantages of synthetic insecticides with the
advantages of traditional biological insecticides on pest
species in several orders including Dipteral9l. Spinosad
has an excellent human safety profile with low risk to the
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applicator and beneficial insects. There have been over 30
metabolites characterized from this organism and the two
most active compounds have been identified as Spinosyn A
and Spinosyn D. Spinosad liquid formulation showed good
control of Culex pipiens molesttus in both laboratory and
field evaluation in Ismailia Governoratel10l.

The neem tree [Azadirachia indica (A. indica)] has long
been recognized for its properties both against insects.
The biologically active molecules, azadirachtin are found
mainly in the seed kernels. The neem plant (A. indica) and
its derived products have shown a variety of insecticidal
properties on a broad range of insect speciesitll. Fruit
extracts of A. indica elicit a variety of effects in insects
such as antifeedant, growth retardation, reduced fecundity,
moulting disorders, morphogenetic defects, and changes of
behaviori12].

During the last decade, various studies on natural plant
products to control mosquito vectors indicate them as
possible alternatives to synthetic chemical insecticides(13].
In the present study an attempt was been made to evaluate
the toxicity of spinosad and neem seed kernel extract
(NSKE) on larvicidal, pupicidal and development activity on
the An. stepshensi and the non—biting midge, Chironomus
circumdatus (Ch. circumdatus).

2. Materials and methods
2.1. Collection of eggs of mosquitoes and chironomids

The eggs of An. stephensi and Ch. circumdatus were
collected from drinking water sources and water storage
containers. These eggs were brought to the laboratory and
were transferred to 18 ¢cm X 13 ¢cm X 4 cm size enamel trays
containing 500 mL of water and kept for larval hatching.

2.2. Maintenance of larvae

An. stephensi and Ch. circumdatus larval cultures were
maintained in laboratory at (27+2) °C, 75%-85% RH, under
14 L: 10 D photoperiod cycles. The mosquito larvae were fed
with 0.5 g of dog biscuits and yeast at a ratio of 3:2 (wt: wt).
The chironomid larvae were fed with alga. The feeding was
continued till the larvae were transformed into the pupa
stage.

2.3. Maintenance of pupae and adult

The pupae were collected from the culture trays and were
transferred to plastic containers (12 ¢cm X 12 ¢m) containing
500 mL of water. The plastic jars were kept in 90 ¢cm x 90 ¢cm
%90 cm size mosquito cage for adult emergence. The adults
were fed with 10% sugar solution for a period of three days
before they were provided an animal for blood feeding.

2.4. Blood feeding of adult An. stephensi

The adult female mosquitoes were allowed to feed on the

615

blood of a rabbit for two days. After blood feeding, enamel
trays with water from the culture trays were placed in the
cage for the adults to lay eggs. Both females and males were
provided with 10% glucose solution on cotton wicks.

2.5. Preparation of NSKE extract

The Neem Seeds were collected from Marudamalai hills,
Bharathiar University, Coimbatore, India. Neem Seed
Kernels were removed from the Pods and powdered using an
electric blender. 500 g powder was extracted with two liters
of distilled water in a Soxhlet apparatus (extraction period
72 h) at room temperature (27+2) °C. The extract was stirred
thoroughly and filtered through whatman filter paper and the
extracts were evaporated to dryness by placing the container
in rattling water bath (40 °C). The extracts were further dried
by placement near an electric fan(14l. The extract was stored
in labeled specimen bottles for bioassay.

2.6. Collection of spinosad and preparation of concentration

Spinosad was purchased from Kalpatharu pesticide
Limited, Coimbatore, Tamil Nadu, India. Required quantity
of Spinosad was thoroughly mixed with distilled water to
prepare various concentrations, ranging from 0.01 to 0.08 ppm.

2.7. Larval/pupal toxicity test of NSKE and spinosad

A laboratory colony of mosquito larvae/pupae and
chironomid larvae/pupa were used for larvicidal/pupicidal
activity. The NSKE was evaluated at 2, 4, 6, 8 and 10 ppm,
(v/v)mL concentrations and spinosad was evaluated at 0.01
to 0.08 ppm (v/v) mL concentrations. Untreated distilled
water treatment served as control. Each treatment was
replicated five times. Twenty actively swimming An.
stephenst and Ch. circumdatus larvae were sieved out from
different rearing trays to maintain uniformity of batches
of larvae and exposed to 100 mL of each concentration of
NSKE, spinosad and untreated control held in separate
250 mL capacity plastic containers. Larval mortality was
assessed after 24 h of exposure by probing the larvae
with needle and moribund larvae were counted as dead.

2.8. Statistical analysis

Mortality was corrected using the following formulal1sl.

~ Observed mortality in treatment-Observed mortality in control
Corrected mortality = x100

100-Control mortality

Number of dead larvas/pupae

%100

Percentage mortality=
Number of larvae/pupae introduced

The LCs), LGy and regression equation were calculated
from toxicity data using SPSS (version 17) software package.
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The values were expressed as meantstandard deviation of
five replicates. Differences between the treatments were
determined by Duncan’s multiple range test.

3. Results

The percentage of mortality values were calculated for
the immature stages of An. stephensi treated with various
concentrations of spinosad and presented in Table 1. The
mortality range was between 62% to 100% in 1st instar and
26% to 62% in the 4th instar at different concentrations
ranging from 0.01 ppm to 0.08 ppm. The LCs, values of the
1st, 2nd, 3rd and 4th larval instars and pupae of An. stephensi
when exposed to different concentrations of spinosad were,
0.002%, 0.003%, 0.028%, 0.049% and 0.030% respectively.
Table 2, illustrates the larval (T to IV) and pupal mortality
data of Chironomid, Ch. circumdatus after the treatment
of spinosad at different concentrations. The maximum
mortality observed was 98% at 0.08 ppm concentration in
the 1st instar larvae. LCs, values of 1, II, Il and IV instar
larva were 0.009%, 0.015%, 0.032% and 0.053%, respectively
and for pupae was 0.049%. The larval mortality values and
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LCy, values were 1.705% and 7.580% for the 1st instar,
3.005% and 10.963 for 2nd instar, 5.502 and 13.676 for 3rd
instar, 7.975 and 17.714 for 4th instar and 8.984 and 18.997
for pupae respectively. The percentage mortality values of
Ch. circumdatus after the treatment of NSKE is given the
Table 4. The range of mortality was between 6% (pupa) to
90% (1st instar larvae). The LCs, and LCy values obtained
were 2.388 and 10.817 for 1st instar, 4.024 and 13.247 for 2nd
instar larvae, 8.585 and 21.741 for 3rd instar larvae, 9.818
and 20.451 for 4th instar and 13.092 and 22.311 for pupae
respectively.

Table 5 shows the effect of spinosad and NSKE in
individual and in combined treatment on the larval duration
of An. stephensi. Larval durations (1 to IV) were increased
after the treatment. The larval duration of An. stephensi (1st
instar) after treating with spinosad was 2.9 d at 0.01 ppm
and it was been increased to 3.7 days at 0.03 ppm. Similarly,
NSKE also showed considerable effect on the larval duration
of An. stephensi. It was 2.7 d at 2% concentration and it was
been increased to 3.5 d at 8% concentration. The combined
treatment of spinosad (0.001 ppm) and NSKE (0.2%)
drastically increased the larval durations. 5.2 d, 5.0 d, 5.5 d
and 3.3 d were recorded for 1, II, Il and IV instar larvae

lethal concentrations of An. stephensi after the treatment  respectively.
of biopesticide NSKE is given in the Table 3. The LCs, and
Table 1
Larvicidal and pupicidal mortality of spinosad on An. stephensi.

Larval &pupal stage Concentration (ppm) LGy, LGy Regrf.zs.sion Chi-sq uare

0.01 0.02 0.04 0.06 0.08 coefficient value (%)

T 62.00+£0.84 76.00+£0.55 96.00+£0.55 100.00+0.00 100.00£0.00  0.002 0.034 40.717 1.829

Il 58.00+0.84 74.00+1.14 86.00+0.55 96.00+0.55 100.00+0.00  0.003 0.043 31.872 1.803

I 38.00+0.84 48.00+0.45 56.00+0.55 66.00£0.89 80.00+0.71  0.028 0.113 15.103 0.899

I 26.00£0.55 40.00£0.71 48.00+1.30 58.00+£0.45 62.00+0.45  0.049 0.151 12.524 2.973
Pupa 40.00+0.71 46.00£0.89 56.00+0.89 62.00+0.45 72.00£0.84  0.030 0.142 11.472 0.228
Table 2
Larvicidal and pupicidal mortality of spinosad on chironomid, Ch. circumdatus.

Larval &pupal Concentration (ppm) LC LC Regre.as.sion Chi—sqlzlare
stage 0.01 0.02 0.04 0.06 0.08 » ” coefficient  value (")

I 54.00+£0.55 60.00£0.71 74.00£0.55 86.00+0.89 98.00+0.45 0.009 0.063 23.637 3.097

Il 44.00£0.55 56.00+0.89 68.00+0.84 78.00+0.45 88.00+0.84 0.015 0.086 18.038 0.560

I 38.00+0.45 46.00+0.55 56.00+0.55 62.00+0.84 70.00+0.71 0.032 0.145 11.325 0.532

v 22.00£0.45 34.00+£0.89 46.00£0.55 54.00+0.55 64.00+0.55 0.053 0.139 14.895 1.913
Pupa 32.00+0.84 40.00+0.71 48.00+0.45 56.00+0.54 60.00+0.71 0.049 0.177 10.028 0.842
Table 3
Larvicidal and pupicidal effect of NSKE on An. stephensi.

Larval & pupal Concentration (%) o LGy Re.grhession co— Chi-sq uare
stage D) 4 6 8 10 efficient value (")

[ 56.00£0.89 68.00+0.84 80.00+0.71 88.00+0.84 100.00+0.00  1.705 7.580 0.218 6.231

Il 48.00+0.45 56.00£0.55 62.00£0.84 76.00+0.55 92.00+0.45  3.005 10.963 0.161 5.504

1] 30.00£0.71 42.00+0.45 50.00+0.71 64.00£1.14 78.00£0.45  5.502 13.676 0.157 0.789

I\ 22.00£0.45 30.00£0.71 38.00+0.45 52.00+0.84 60.00+0.71  7.975 17.714 0.132 0.288
Pupa 18.00£0.45 28.00+0.84 34.00+0.55 44.00+0.55 56.00+0.55  8.984 18.997 0.128 0.316




Kumar AN et al./Astan Pacific Journal of Tropical Medicine (2011)614-618

Table 4

Larval and pupal toxicity effect of NSKE on chironomid, Ch. circumdatus.
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Larval & Concentration (%)

Regression co- Chi—-square

pupal stage 2 4 6 8 10 LCso LCoo efficient value (%)
1 50.00+0.71 58.00+0.84 70.00+0.71 78.00+£0.45 90.00+1.00 2.388 10.817 0.152 1.229
I 42.00£0.84 50.00+0.71 56.00+0.55 68.00+0.45 84.00+0.55 4.024 13.247 0.139 2951
Ik 28.00£0.84  32.00+0.45 38.00+0.84 46.00+0.55 58.00+0.45 8.585 21.741 0.097 0.774
1V 16.00+£0.71 24.00+£0.55 36.00+0.55 40.00+0.71 50.00+1.00 9.818 20.451 0.121 0.860
Pupa 6.00+0.55 10.00+0.71 18.00+£0.45 22.00+0.45 34.00+0.84 13.092 22.311 0.139 0.478
Table 5
Effect of spinosad and NSKE (Biopesticide) on larval duration of An. stephensi.
Treatment Concentration Larval duration (d)
| instar Il instar [l instar IV instar
Control - 2.2 2.3 3.6 1.6
Spinosad (ppm) 0.01 29 2.9 42 1.9
0.02 33 32 4.5 2.2
0.03 3.7 3.6 4.7 2.6
NSKE (%) 2 2.7 2.6 4.1 1.8
4 3.0 3.0 4.3 2.0
8 3.5 34 4.9 2.5
0.2% NSKE + 0.001 ppm spinosad = 52 5.0 5.5 33

4. Discussion

In the present study NSKE and Spinosad have displayed
toxicity on different larval instars of An. stephensi and Ch.
circumdatus. The study showed an increase in mortality with
the increase in concentration and the early instar larvae are
much susceptible than the later ones. The results suggested
that small volume of spinosad and NSKE is sufficient and can
be directly used in the dwelling habitats of mosquitoes for
effective control. The toxicity effect may be due to presence
of the active compounds (spinosyns A and D in Spinosad
and Azadirachtin, tetranortriterpenoid plant limonoid in
NSKE). The larvae of a number of mosquito species (Aedes
spp., Anopheles spp.) are sensitive to neem products and
show antifeedant and growth regulating effectsl16.17]. Earlier
reportsl18] stated that that the spinosad is known to be highly
active against Dipterans. Recently work[19] reported that
Azadirachtin is promising as a larvicidal agent against Culex
pipiens and naturally ocurring biopesticide could be an
alternative for chemical pesticides.

The Chironomid, Ch. circumdatus showed more resistibility
than An. stephensi to both spinosad and NSKE. The mortality
rate in An. stephensi was higher when compared with Ch.
circumdatus. This may be due to the dwelling habitat of
the Ch. circumdatus, where it covers itself within the soil
particles. The larval abundances of two chironomid species,
Polypedilum nubifer and Kiefferulus intertinctus were not
affected by the pesticide application(20].

The present work reveals that the novel pesticide, spinosad
seems to be more effective than the NSKE. The concentration
prepared for spinosad was much lower than the NSKE. It
could be that the secondary metabolites in the bacterial
pesticide, the spinosad is more active than the active

compounds in NSKE. The quicker mortality is also due to
the bacterial fermented product, spinosyn which affects the
nervous system. Earlier scientists reported that the spinosad
was most effective at the lowest concentrations (0.024 to
0.025 ppm) and Spinosad effectively prevented breeding
of Culex (Diptera: Culicidae) mosquitoes and chironomids
(Diptera: Chironomidae)i21l. The results of a recent work
showed that spinosad was very effective in the control of
Spodoptera littoralis(221.

The low dosage of spinosad and NSKE in individual as
well as combined treatment provided additional days in
development for mosquitoes. The moulting was delayed
in the larvae after which were subjected to treatment.
As a support to the present work recently experiments
were made to study the effect of biologically active plant
oils on larval and pupal durations of mosquitoes|23-25]. A
research team(26] clearly indicated that the neem treated
female mosquito, An. stephenst, displayed a delay in oocyte
development in the vitellogenesis. Similarly work reported
that the total developmental period of An. stephensi was
extended when treated against Az indica and it remarkably
influenced hatching rates, larval-pupal transformation and
development, adult emergence and growth index(271.

This research shows that spinosad and NSKE pesticides can
control the malarial vector, An. stephensi. These results show
that these two biological agents could reduce the malarial
incidence.
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