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ABSTRACT

Hyposidra talaca Walker is a major tea pest in the plantations of Darjeeling-Terai region. To control this looper pest,
emamectin benzoate, a chemical pesticide is widely used. The commercial formulation of Bacillus thuringiensis subsp.
Kurstaki has also been proved to be a potential biopesticide in lepidopteran pest management system. To study the
effect of these pesticides on this black inch looper pest, it is necessary to assay their cellular, biochemical, enzymatic
response at the sub-lethal doses of those pesticides. In this study, lethal concentrations of these pesticides were
determined by two standard bioassay methods- leaf-dip method, using tea leaves as their natural diet and diet-
incorporation method, using synthetic diet. In leaf-dip method the LC values were found to be higher than the other
method for both pesticides. As the population of this Geometrid moth caterpillars had not been exposed to this
biopesticide, so this looper pest was expected to be more susceptible to it. The LC values of Bt for one day exposure
were observed lower than that of the emamectin benzoate in both methods of bioassays according to the expectation
however, for prolonged exposure the LC values of the biopesticide were found to be higher than the chemical

pesticide.
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Tea, Camellia sinensis (L.) O. Kuntze, the most popular
beverage in India, is the economic life line of a large section
of people from the northern part of West Bengal and the
north-east India. But it is regularly attacked by huge number
of tea pests that are injurious or potentially injurious to
economy of this region. Tea plantations are infested by about
167 insect species in the north-eastern tea growing regions of
India [1-2]. Of these, six species have attained major pest
status causing 11-55% crop loss [3). Recently the geometrid
looper, Hyposidra talaca (Walker) emerge as major defoliator
of tea in the Sub-Himalayan West Bengal [4]. Tea pests are
largely controlled by the broad-spectrum chemical pesticides.
However, in spite of adopting control measures with synthetic
insecticides, considerable amount of crop loss is incurred
every year due to the attack of looper stage of H. talaca.
Moreover, large scale and injudicious application of these
synthetic pesticides over the years created problems of
pesticide residues in made tea as well as pesticide resistance of
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this geometrid moth against certain pesticides. The effective
pest management strategies against H. talaca demands the
insight knowledge of the defense mechanisms of this
lepidopteran pest against the chemical pesticides that are used
in the sub-Himalayan tea plantations in large scale, as well as,
against the potential bio-pesticides to provide a non-chemical
alternative for insect pest management. To study the defense
system of this destructive defoliating pest, it is necessary to
assess the immune response against the pesticide challenge at
the sub-lethal concentration of the respective pesticide.

To study the response of the pesticide on phytophagous
pest, Hyposidra talaca at the sub-lethal concentration of the
respective pesticides, leaf-dip method for bioassay is the most
common procedure if tea leaves are used as diet during the
experiment [5). But due to the unavailability of fresh tea
leaves throughout the year, continuous cultures of this black
inch loopers for testing new chemicals, microbial production
or biocontrol agents is not possible. Moreover, the
allelochemicals present in the tea leaves may interfere the
effect of pesticides on the pest. To overcome this problem a
synthetic diet has been formulated by [6). It was also found,
that the loopers, reared on this artificial diet have higher
hemocytic load in comparison to the larvae cultured on natural
diet [7). As the cellular defense system depends on the number
and types of the hemocytes [8], so the formulated synthetic
diet is suitable for disease free continuous rearing of the
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looper caterpillars. To assay the response of the pesticide on
the loopers reared on artificial diet, diet incorporation method
of bioassay seems to be the best method for comparison the
dose-mortality relationship [9]. In this present study, the
response of laboratory population of Hyposidra talaca against
two pesticides- one widely used chemical pesticide,
Emamectin Benzoate and the other most potential bio-
pesticide, Bacillus thuringiensis, was evaluated by leaf-dip
and diet incorporation bioassays to determine the LC values of
these pesticides.

MATERIALS AND METHODS

Insects

The moths of Hyposidra talaca were collected from the
tea plantations of Terai region of Darjeeling District. These
were allowed to mate and lay eggs in rearing containers made
of transparent plastic (11 cm height x 12 cm diameter) in 2:2
or 2:3 female to male ratio in the laboratory. After hatching,
different batches of neonates (about 1-12 hours old) were
reared in a BOD incubator (CHM-10 PLUS, REMI, India:
Make) at a temperature of 27 + 2°C, L:D 13:11 hand RH 75
5% on natural diet (tea) or on artificial diet following the
method of Prasad and Mukhopadhyay (2015). At this
temperature, the growth of geometrids was optimal, and the
diet did not undergo fast desiccation or drying.

Diet

Fresh tea leaves, the natural diet, was collected from the
tea twigs of TV-26 (Tocklai variant) clone in the experimental
plot of the organically maintained Tea Garden in University of
North Bengal, Siliguri-13 (26° 71' N and 88° 35' E). Leaves
were provided as food after surface sterilization with 1%
sodium hypochlorite by dipping the leaves for 3 seconds and
then thoroughly washing them in distilled water. The larvae
reared on natural diet were used for dip-leaf method of
bioassay.

The artificial diet was prepared by mixing different
ingredients such as wheat germ (16.675 g), cellulose powder
(10 g), casein (11.675 g), potassium sorbate (2.075 g),
dextrose (11.675 g), sodium alginate (1.675 g), sucrose (0.9
g), Wesson’s salt mixture (3.35 g), choline chloride (0.35 g),a
vitamin mixture (thiamine mono nitrate 30 mg, vitamin B230
mg, vitamin Bg 9 g, nicotinamide 300 mg, calcium
pantothenate 150 mg, folic acid 4500 mcg, vitamin Bi, 45
mcg, vitamin C 450 mg, biotin 300 mcg, tocopheryl acetate
400 mg), cholesterol (1 g), linoleic acid (1 g) and wheat germ
oil (0.9 ml) in autoclaved 3% agar medium (300 ml) in the
laminar hood following the method of Prasad and
Mukhopadhyay (2015). Artificial food was used to rear the
larvae for diet-incorporation bioassay.

Insect rearing
On natural diet

After hatching, neonates were released in a plastic
container (11 cm height X 11 cm diameter) containing single
tea twig in water filled micro-centrifuge tube for the
development of the first two instars. From the third instar
onward, they were reared in a large cylindrical bucket (45 cm
height X 30 cm diameter) whose mouth was covered by
autoclaved cotton cloths and secured by rubber bands, to avoid
the escape of larvae. The bucket was provided with 7-8 tea
leaf twigs immersed in the water-filled100 ml conical flask.
The twigs being provided ad-libitum, were replaced daily or
alternate days, before being consumed totally by the larvae or
before getting wilted [7].

On artificial diet

After hatching, the first instar larvae were transferred to
100 ml sterile plastic container (Tarson-510010) having 1 cc.
of diet cubes suspended freely with the help of toothpick. The
artificial diets were provided ad-libitum before getting dried or
before getting consumed. To avoid high rate of mortality due
to moisture accumulation, the containers were covered in such
a way that proper aeration, as well as the proper moisture,
could be maintained [10]. As the larvae grew bigger these
were segregated into smaller groups to new containers
provided with diet to allow sufficient space for their free
movement and to avoid mortality due to possible injury to
larvae while competing for food.

Insecticides

The biocassay was done with a chemical pesticide,
Emamectin Benzoate 5% SG (Brand name: Missile,
manufactured and marketed by Crystal Crop Protection Pvt.
Ltd.). It is most widely used pesticide with field dose 400 mg/
litre as per PPF in Plant Protection Code, 2014 to control
looper caterpillars in Sub-Himalayan tea plantations [11]. It is
a second generation avermectin insecticide and act as
neurotoxin interfering with the normal function of GABA by
binding to its receptors and increasing the permeability of the
chloride ions in nerve and muscle membranes by opening
chloride channels [12].

The bioassay was also done with a commercial
formulation of Bacillus thuringiensis (Brand name: DiPel-8L,
manufactured and marketed by Sumitomo Chemicals India
Pvt. Ltd.). It is the most potential biopesticide for controlling a
variety of lepidopterans with field dose 2.5 ml/ litre as per
TRA recommendation [13]. Genes producing the following
ICPs are present in B. thuringiensis subsp. Kurstaki: Cry 1A
(@), Cry 1A (b), Cry 1A (¢), Cry lIA and Cry 1IB [14].

Bioassay
Leaf-dip method

Laboratory based leaf-dip method of bioassay was
performed by the standard method (Method No.7)
recommended by Insecticide Resistance Action Committee
(IRAC) [15] to determine the LC values of pesticide.
According to IRAC method 7, the leaves were dipped in
graded concentrations of pesticide for 5 s with gentle agitation
and air-dried. For the bioassay of the chemical pesticide
graded concentrations of Emamectin Benzoate (0.75 mg/l, 1.5
mg/l, 3.00 mg/l, 6.00 mg/l, 12.00 mg/l, 24.00 mg/l, 48 mg/l
and 96 mg/l) and for biopesticide graded concentration
commercial formulation of Bacillus thuringiensis (2.5 ml/l,
3.0 mi/l, 3.5 ml/l, 4.0 mi/l, 4.5 ml/l, 5.0 ml/l, 5.5 ml/l and 6
ml/l) were prepared in distilled water. For control, the leaves
were dipped in double distilled water. For each concentration
as well as for the control, healthy second generation one-day
old 5th instar larvae (n=30) of H. talaca with three replicates,
each of 10, were used. The larvae were released separately
into each bucket (45 cm height X 30 cm diameter) each
containing 15 pesticide-exposed tea twigs with two leaves and
a bud immersed in the water-filled 100 ml conical flask [16].
Before release the larvae were starved for 4 hours. The mouth
of the bucket was covered by autoclaved cotton cloths and
secured by rubber bands, to avoid the escape of larvae.

Diet incorporation method

Laboratory based diet incorporation method of bioassay
was performed by the standard method (Perez et al., 1997).
The artificial diet was supplemented with graded
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concentrations of pesticide dissolved in distilled water, at the
ratio of 9:1 (9 parts diet and 1 part aqueous solution of
pesticide) during the preparation of diet when the temperature
of the artificial diet dropped to 40°C (the lowest temperature
at which the insecticides does not loss integrity) [17]. Final
concentrations of the pesticide in artificial diet were 0.5 mg/I,
1.0 mg/l, 1.5 mg/l and 2.00 mg/I for emamectin benzoate and
1.0 mi/l, 1.5 ml/l, 20 ml/l and 2.5 ml/l. For control
experiment, double distilled water was used to the un-
modified diet instead of the pesticide. For each concentration
as well as for the control, healthy second generation one—day
old 5™ instar larvae (n=30) of H. talaca with three replicates,
each of 10, were used. The artificial diet was provided ad-
libitum for individual larva by using 1 cm?® of diet-cube
suspending freely with the help of toothpick in each of the 100
ml sterile plastic container (Tarson-510010). Before release
the larvae were starved for 4 hours. The mouth of the
container was covered by autoclaved cotton cloths and secured
by rubber bands, to avoid the escape of larvae.

Observations of larval mortality were recorded in each
concentration of the pesticide for three days at 24 hours
interval after treatment. Moribund insects were counted as
dead [18].

Statistical analysis

A concentration-probit mortality curves for different
concentrations of the pesticides were obtained using LdP Line
software. The mortality data was converted to corrected
percent mortality by using Abbott’s formula [19] and
subjected to probit analysis [20] to obtain different LC values.

RESULTS AND DISCUSSION

Leaf-dip bioassay

The 1-day old fifth instar loopers (n=30) showed
gradual response along with the concentration gradient against
both chemical pesticide and bio-pesticide. At the
concentrations of 0.75 mg/l, 1.5 mg/l, 3.00 mg/l, 6.00 mg/l,
12.00 mg/l, 24.00 mg/l, 48 mg/l and 96 mg/l of emamectin
benzoate the mortality was recorded as 2, 3, 5, 10, 13, 18, 19,
25 and 3, 8, 19, 24, 25, 28, 30, 30 after 24 hours and 48 hours
exposure respectively. For 72 hours exposure of the pesticide
at the concentrations of 0.75 mg/l, 1.5 mg/l, 3.00 mg/l, 6.00

mg/l, 12.00 mg/l and 24.00 mg/I the mortality was recorded as
11, 22, 27, 28, 30 and 30 respectively. No mortality was,
however, found in control experiment. From the concentration
dependent mortality data, using LdP line software the LC50 of
Emamectin Benzoate (EB), was determined as 17.03 mg/l,
2.80 mg/l and 0.93 mg/l when the black inch looper were
exposed to the pesticide for 24, 48 and 72 hours respectively
(Table 1).

At the graded concentrations of biopesticide (2.5 ml/I,
3.0 mi/l, 3.5 ml/l, 4.0 mi/l, 4.5 mi/l, 5.0 ml/l, 5.5 ml/l and 6
ml/l) the mortality was recorded as 0, 1, 3, 4, 7,7, 8 10; 1, 3,
7,9, 10, 11, 16, 17 and 2, 6, 10, 11, 17, 19, 21, 23 respectively
after three successive days of pesticide application. No
mortality was recorded in control experiment. From the
concentration dependent mortality data, the LC50 of Bacillus
thuringiensis, was determined as 7.56 ml/l, 5.47 ml/l and 4.37
ml/l for the exposure of 24, 48 and 72 days exposure
respectively (Table 1). Mortality of the 5" instar looper stage
of H. talaca was determined as high as 94.32 % for only 24
hours exposure of Emamectin Benzoate applied on tea leaves
at field concentration (400 mg/l), as per PPF in Plant
Protection Code, 2017 [21]. But at the field concentration of
Bacillus thuringiensis (2.5 ml/l), as per TRA recommendation
[22] mortality of larvae was determined as low as 2.76% for
24 hours exposure and was increased slightly up to 8.96%
when the larvae were exposed for 72 hours to the treated
leaves.

Diet incorporation bioassay

The 1-day old fifth instar loopers (n=30) showed
gradual response along with the concentration gradient of the
pesticide. At the concentration of 0.5 mg/l, 1.0 mg/l, 1.5 mg/I
and 2.00 mg/l of the chemical pesticide the mortality was
recorded as 2, 4, 6, 13; 3, 10, 16, 22 and 4, 19, 23, 29 for the
successive three days after providing modified synthetic diet
to the looper caterpillars respectively. No mortality was found
when unmodified diet was provided to the larvae. From the
concentration dependent mortality data, the LC50 of
Emamectin Benzoate (EB) supplemented to the artificial diet
to which the larvae were exposed for 24, 48 and 72 hours,
were determined as 2.86 mg/l, 1.34 mg/l and 0.89 mg/l
respectively using LdP line software (Table 1).

Table 1Result from two bioassay methods on the population of Hyposidra talaca

l\g:&(’;f;(s)gasf Insecticide E)((Fi)r(:srﬂ;:jrtsi)m ) (irll_ F?;?\/l) (inng:;f\/l) Slope + SE

Emamectin 24 17.03 (11.91-25.75)  219.10 (111.48-640.28)  1.1550 £ 0.1472

benzoate 48 2.80 (2.08-3.66) 13.70 (9.40-24.48) 1.8577 + 0.2472

Leat-dip 72 0.93 (0.56-1.25) 3.53 (2.52-6.80) 2.2164 + 0.4597
method Bacillus 24 7.56 (6.22-14.04) 15.80 (10.14-71.99) 4.0014 +1.1286
thuringiensis 48 5.47 (4.97-6.38) 10.25 (8.15-16.15) 4.6929 +0.8214

72 4.37 (4.10-4.72) 7.44 (6.48-9.39) 5.5423 +0.7829

Emamectin 24 2.86 (1.97-1.67) 10.84 (4.67-97.53) 2.2147 +0.07107

benzoate 48 1.34 (1.11-1.67) 3.45 (2.48-7.05) 3.1214 + 0.6284

Diet- 72 0.89 (0.75-1.03) 1.76 (1.48-2.32) 4.3186 + 0.6549
;”fﬁ;&%rg“o Bacillus 24 3.20 (2.50-7.72) 7.28 (4.28-62.62) 3.5026 + 1.1228
thuringiensis 48 2.62 (2.20-3.98) 5.50 (3.73-17.48) 3.9841 + 1.0405

72 2.22 (1.92-2.88) 5.71 (3.89-15.70) 4.0126 + 0.9454
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In diet incorporation bioassay of biopesticide, the
mortality of 1-day old fifth instar loopers (n=30) also showed
gradual response along with the concentration gradient (1.0
ml/l, 1.5 ml/l, 2.0 mi/l and 2.5 ml/l). The mortality was
recorded as 1,4,6, 11; 2, 5, 9, 15 and 3, 7, 11, 19 at different
concentrations of the biopesticide supplemented to the
artificial diet to which the larvae were exposed for 24 hours,
48 hours and 72 hours respectively. No mortality was recorded
when unmodified diet was provided to the larvae. From the
concentration dependent mortality data, the LC50 of Bacillus
thuringiensis, was determined by software analysis as 3.20
mg/l, 2.62 mg/l and 2.22 mg/l for three successive days after
providing supplemented diet to the larvae (Table 1).

Leaf-dip as well as diet-incorporation method for
bioassay to determine the median lethal concentration of
emamectin benzoate against the fifth instar larvae of H. talaca
showed sharp decrease with the change of the exposure time,
for which the larvae are exposed to the pesticide, from 24
hours to 48 hours. It indicates that this chemical pesticide is a
fast-acting pesticide as it acts on the nervous system of the
caterpillar within few hours after the application of the
pesticide [23-24]. But gradual decrease of LCso value of the
biopesticide along with the increase of exposure time indicate
the slow activity of the insecticidal crystal proteins produced
by Bacillus thuringiensis that have to be ingested by the pests
to be toxic. The field dose of emamectin benzoate as per PPF
was found to be sufficient to kill about 95% of the 5" instar
larvae, the major defoliating phase of this geometrid pest,
within 24 hours. However, for biopesticide (Bt) the TRA
recommended field concentration was found to kill less than
10% even after 3 days of exposure. This large scale,
injudicious application of the chemical pesticide over the
years not only upset the natural ecosystem by enhancing
secondary pest outbreak, pest resurgence, and variation in

talaca against emamectin benzoate in comparison to Bt was
also indicated by very high LCso values for 24 hours exposure
of the synthetic pesticide in comparison to that for
biopesticide, determined by both bioassay methods. The LCso
values obtained from the incorporation method for both
pesticides were lower than the other method. Because leaf-dip
is a residue bioassay in which the pesticide is spread evenly on
the leaf surface only, but in diet incorporation assay the
pesticide is homogeneously mixed with the diet. So, even
same concentration of the pesticide is used for these two
bioassays, dose of the pesticide will be more in case of
incorporation method.

CONCLUSIONS

From these studies the LC values for the most widely
used chemical pesticide and the most potential biopesticide
against the major defoliating tea pest, Hyposidra talaca reared
on natural and artificial diet, have been revealed. This
knowledge will certainly opens up new research opportunities
regarding the effect of these pesticides at the sublethal dose to
assay the defense response of this Geometrid tea pest against
these pesticides.
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