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North Bengal Tea Plantations produces about 24% of Indian tea. Using synthetic 
pesticides to an extent of 5.799 to 9.793 Kg l-1ha-1yr-1 has resulted in selection of more 
tolerant pest populations. Among the tea pests, termite occupies a distinct niche by at-
tacking tea plants from under soil or at collar region of a bush. Termites are important 
subterranean pests in tea where they limit the establishment of newly planted young 
tea and reduce the mature tea by attacking their frame and killing bushes. Termites are 
social insects with a highly elaborate system of labor division. Based on the labour 
division in the colony, it has been observed that worker caste is more exposed to the 
toxic xenobiotic or pesticide residues of soil and organic matter of tea plantations, 
than any other castes including soldier castes of a colony. A comparative study of 
detoxifying enzymes General Esterases (GE) and Glutathione S-Transferase (GST) 
between worker and soldier castes of Odontotermes obesus, a major subterranean 
pest of tea, was conducted. Quantitative analysis of GE showed a 3.46 folds higher 
expression in worker termites compared to that of the soldiers. GST was also 2.45 folds 
more in workers than in soldiers. The differential feeding and foraging habits of the 
workers of O. obesus may explain the observed differences with the soldiers in these 
detoxifying enzymes. As the workers search for food, digest them and also feed the 
other castes their contact and exposure to pesticide residue in soil and organic debris 
is much which possibly explains the more level of detoxifying enzymes in them for a 
greater tolerance to these xenobiotics for survival in the pesticide changed soil system 
of tea plantations than soldier or reproductive castes.

*E-mail: am_nbu@yahoo.co.in
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1.  Introduction
Tea is a plantation crop growing under monoculture practice. 
Great demand of this foliage crop in domestic and international 
market prompted a wide spread tea cultivation in an area of 
1,07, 479 ha in sub-Himalayan region of North Bengal, India. 
The total made tea produced yearly in North Bengal is about 
200 million kg representing about 24% of total Indian produc-
tion (Anonymous, 2003). Tea as perennial crop is time to time 
attacked by 1031 species of arthropod pests across the world, 
of which only 300 species are recorded in India and about 167 
species from North east India (Das, 1965; Muraleedharan, 
1992; Rattan, 1992; Sivapalan, 1999). These pests cause 11 to 
55% loss in yield (Gurusubramanian et al., 2008). To protect 
the tea crop against pest attack, organosynthetic pesticides are 
commonly applied (5.799 to 9.793 kg l-1ha-1yr-1) in this region. 
This application is a burden to planters as well as to environ-
ment and can result in a resurgence of primary pests (Sivapalan, 
1999) or cause mite syndrome and  secondary pest outbreaks 

(Cranham, 1966), development of resistance (Kawai, 1997; 
Sivapalan, 1999) and environmental contamination, including 
presence of undesirable residues on made tea (Chaudhury, 
1999; Sivapalan, 1999).
Among the pests, termites are more surreptitious and damaging 
because of its subterranean existence. There are approximately 
2700 termite species in the world, of which 269 are recorded 
from Indian subcontinent (Kapur 1962; Kambhampati and 
Eggleton 2000; Su and Scheffrahn, 1986). Among these 
183 species are known to damage buildings and 83 species 
cause significant damage amounting to several millions of 
rupees annually (Edwards and Mill, 1986; Kapur and Bose, 
1972). Termites cause damages not only to agricultural crops, 
forests and stored-products but also to structural timber and 
buildings.  Kapur (1958) and Das (1962) reported termite as a 
serious menace to Tea industries causing an estimated loss of 
at least 15% of the tea crop due to the wood eating termite in 
North-Eastern India. Das (1962), Sands (1977) also reported 
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widespread termite damage to tea bushes in most of the tea 
gardens in Darrang and Cachar where 50 to 100% bushes may 
be affected. The species Odontotermes assamensis Holmgren, 
O. parvidens Holmgren & Holmgren and some others of the 
genera such as Odontotermes and Microcerotermes are also 
reported from tea gardens in India. 
Termites live in a colony where each caste is being assigned 
with a specific function. The queen and the king are there in 
the colony to produce fertilized egg (Korb, 2008). The alates 
are winged reproductives preparing to swarm out of nest, 
then pair and to start new colonies (Eggleton, 2011). Soldiers’ 
only work is to defend colony and to escort foraging workers 
(Traniello, 1981; Kaib 1990; Rupf and Roisin 2008). Whereas, 
workers are the mainstay, they forage food and water, build 
and repair colony structures, and tend the immatures, alates, 
soldiers, the king and the queen (Eggleton, 2011). The labour 
division in the colony, and the nature of work compels the 
worker caste to get the maximum exposure to the toxic xeno-
biotic or pesticides [viz. Cypermethrin (Synthetic Pyrethroid), 
Chlorpyriphos (Organophosphate), Carbaryl (Carbamate) and 
Lindane (Organochlorine) etc.] more than any other castes in a 
colony (Bordereau and Pasteels, 2011). Evidences suggest that 
elevated activity of enzymes like esterases, monoxygenases or 
glutathione s-transferases, helps insect to tolerate the toxicity 
of xenobiotics (Motoyama and Dauterman, 1980; Oppenoorth 
et al., 1979; Kostaropoulos et al., 2001; Valles and Yu, 1996). 
The present study was undertaken to understand the levels 
and status of two of the defense enzymes, general esterase 
and glutathione S-transferase, in two of the major castes, the 
workers and the soldiers of Odontotermes obesus collected 
from tea plantation the. An attempt has also been made to relate 
the defense enzyme level in these castes with their activity 
pattern in the colony. 

2.  Materials and Methods

2.1.  Termite collections 
Termites were collected from the tea plantations of North 
Bengal. Mounds (termitaria) were located and then fungal 
gardens were extracted from the mounds. Fungal gardens are 
maintained by worker castes and defended by the soldiers, 
hence with location of fungal garden finding these castes 
were easy. The collected samples were maintained at constant 
temperature of 25±2oC and Relative Humidity of 75-80%. The 
termites were identified as the subterranean termite, Odon-
totermes obesus, based on key characteristics of the soldiers 
(Chhotani, 1997).
2.2.  General esterase activity
General esterase activity was measured by using α-naphthyl 
acetate (α NA) as substrate according to the method of van 
Asperen (1962) with few modifications. 20 µl of supernatant 
was taken in each well of the 96-well microplate reader in 
duplicate. 200 µl α NA (30 mM) was added to each well for 

reaction. The reaction was stopped after 10 minutes by adding 
50 µl of staining solution containing 0.1% Fast BB salt and 5% 
SDS (2:5). The plate was left for five minutes for equilibration 
and absorbance was recorded at 590 nm in a microplate reader 
(DYNEX MRXTC Revelation). The change in absorbance was 
converted to end product formation from a standard curve of 
α-naphthol (5-500 nM). Blanks were set at the same time using 
reaction mixture without protein extracts.
2.3.  Glutathione S-transferase (GST) activity
The activity of GST was measured using 1-chloro-2, 4-di-
nitrobenzene (CDNB) and reduced glutathione (GSH) in 
conjugation reaction as described by Habig et al. (1974). The 
reaction mixture contained 150 µl of GSH and 50 µl CDNB. 
The enzyme solution (30 µl) was then added to the above 
mixture. The content was shaken gently and incubated at 250C 
for 2-3 minutes. A blank was run concurrently in the reference 
slot of the spectrophotometer. Absorbance was recorded for 6-7 
minutes at 340 nm. The increase in absorbance over 5 minutes 
period was considered for calculation.
2.4.  Esterase native PAGE electrophoresis
Esterase native Polyacrylamide Gel Electrophoresis (PAGE) 
was done in a BIOTECH vertical electrophoresis unit by using 
a 10.0% polyacrylamide separating gel (8×7 cm), 5% stack-
ing gel (2 cm), and tris-glycine buffer. Each sample (20 µl of 
protein) was loaded with 10% glycerol (wt:vol) and diluted 1:1 
with running buffer. Bromophenol blue (0.1%) was used as a 
marker dye. Electrophoresis was conducted at a constant 120 
V. The gels were stained for esterase activity in 100 ml of 0.1 
M phosphate buffer (pH 6.5) containing 2% α-naphthyl acetate 
and 0.04 g fast blue BB salt at 25°C for 1 h (Prabhakaran and 
Kamble, 1993).

3.  Results and Discussion

General Esterase (GE) and Glutathione S-Transferases (GST) 
were estimated in worker and soldier castes of O. obesus col-
lected from a conventional (pesticide treated) tea plantation. 
Quantitative analysis of GE showed higher expression in 
worker termites compared to that of the soldiers. A 3.46 folds 
increase in GE, 2.45 folds increase in GST was observed, 
respectively (Table 1). Densitometric analysis of the elec-
trophoretic gels showed an expression of GE both in worker 
and Soldier castes of O. obesus. In workers higher levels of 
expression of the GE was evident through a dense gel band than 
that of a soldier castes (Figure 1). While, several bands were 
expressed for GE isozymes in workers, soldiers did not express 
any prominent band. It may be interpreted that discrete activity 
and foraging habits of workers and soldiers of O. obesus may 
be the cause of their differential expression. The polymorphism 
in the termite colony shows the physiological range of the 
esterases in different castes which are supposedly involved in 
detoxification processes and/or in the hydrolysis of juvenile 
hormone (JH) (Terriere, 1984). Controlling termite pest is 
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difficult because of their subterranean nature. Planters often 
apply the pesticides at the affected bushes and termitarium 
to control termites. Besides regular exposure of the workers 
to lethal xenobiotics, pesticide residues also cause stress to 
these soil handlers as long as the toxic molecules exist in the 
plantation soil. As a consequence of the constant exposure to 
xenobiotics the termites, especially the worker caste seems to 
have evolved effective defense mechanisms to deal with these 
stresses (Scott, 1995). According to the report by Bishnu et al. 
(2009), North Bengal tea ecosystem contains higher residue 

level of pesticides like these of chlorpyrifos and heptachlor 
than the prescribed MRL. Studies of Scharf et al. (2003, 2005), 
suggest that workers have higher levels of expression of genes 
involved in breaking down cellulose. So the differential feed-
ing and foraging habits of the workers of O. obesus and their 
consequent exposure to environmental xenobiotics or pesticide 
residues may explain the observed differences with the soldiers 
for the detoxifying enzymes. Enhanced levels of the two de-
toxifying enzymes in workers possibly endows them with a 
greater tolerance to the xenobiotics and pesticide-contaminated 
soil of tea plantation, hence providing better survival value to 
the chemically-stressed worker caste.

4.  Conclusion

Differential expression of these detoxifying enzymes highlight-
ing the difference at physiological level between worker and 
soldier caste of O. obesus may be due to differential feeding 
and foraging habits of castes in a termitarium.
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commonly used chemical insecticides on 
lepidopterous pests. There was also superior 
performance of sequential application of thuricide 
followed by lambdacyhalothrin over all other 
combinations. The potential application of a 
microbial insecticide followed by chemical 
insecticide should be adopted in cotton pest control 
programme for Tamil Nadu
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ABSTRACT
Caterpillars of three major geometrid species, Hyposidra talaca, H. 
infixaria and Buzura suppressaria severely defoliated tea 
plantations of sub-Himalayan plains of Terai and the Dooars 
region. The feeding activity of these pests often leads to heavy 
crop loss of tea bushes almost throughout the year. A clear 
understanding of the diversity of these sympatric species is 
necessary in order to contemplate their management strategies.

Field observations bear out that amongst the loopers there is a 
dominance of H. talaca and H. infixaria at different seasons 
compared to the third species, B. suppressaria.

Although a clear morphological difference of the adult moths of 
three concerned species was evident along with their distinct 
morphometry and weights, the larval instars of the congeners of 
Hyposidra were difficult to distinguish. However, when stadial 
period and morphometrics were studied a significant difference 
was observed in their development periods which were 55 days for 
H. talaca and 48 days for H. infixaria. A clear distinction of the 
morphometrics and weight of pupa of the concerned species was 
also evident. 

Loopers have assumed the status of severe pest of tea in the sub-
Himalayan plains in recent past mainly due to invasion of the two 
species of Hyposidra that have joined B. suppressaria in sharing 
the tea leaves as their choicest host. The newer pest spp. 
(Hyposidra) otherwise known to occur on wild forest and fruit 
plants has of late turned as major defoliator of tea. A preliminary 
bioassay of these two major folivores of tea against Cypermethrin 
(10% EC) revealed the LC 50 values of H.talaca and H. infixaria
which were 330.41 ppm and 107.767 ppm respectively.                     
Key words: Hyposidra talaca, H. infixaria, Buzura suppressaria,
seasonal occurrence, morphology, morphometry, bio assay.

INTRODUCTION
History of tea cultivation in Darjeeling slopes is 
about 150 years old. Later on the tea plantation was 
extended to the Terai and the Dooars regions of the 
Himalayan foothills and plains. This crop with 
perennial foliage is infested by about 167 insect 
species in the North-eastern tea growing regions of 
India (Mukhopadhyay and Roy, 2009) including the 
Darjeeling slopes and plains.  Of these, six species 
have attained major pest status causing 11-55% crop 
loss in general (Gurusubramanian et al., 2008). 
Among the lepidopterans attacking tea, Buzura 
suppressaria Guen was reported as a major tea pest 
in 1900 (Das, 1965). Initial migration of B. 
suppressaria to the tea plantations occurred from 
forest trees (Das, 1957). Recently two polyphagous 
geometrid folivore

Hyposidra talaca (Walker) and 
Hyposidra infixaria Walker that are reported to feed 
on a number of forest plants and weeds from India, 
Malaysia and Thiland (Browne, 1968; Mathew et al., 
2005; Winotai et al., 2005; Das and Mukhopadhyay, 
2008; www.mothsofborneo.com) have turned to tea. 
The looper stage of these species have joined the 
band of Darjeeling Terai and the Dooars causing 
substantial damage to the crop (Basumajumdar and 
Ghosh, 2004; Das and Mukhopadhyay, 2008,   2009). 
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In the present work seasonal occurrence of the three 
looper species was studied from Terai tea plantations 
along with their morphological distinctions and 
developmental traits. As no detailed study on the 
distinction of the morphometrics, developmental 
parameters and seasonal incidence of the common 
and emerging looper species from Terai tea 
plantation is available, the present work envisages to 
furnish essential information on these aspects. 

MATERIALS AND METHODS
Field trips were undertaken monthly during 2007-
2008 to study the seasonal occurrence of B. 
suppressaria and the two species of Hyposidra. 
Sampling was done from three tea plantations of 
Terai. Block of the size 10 sq.mt. was sampled in 
replicate of  three from all the selected tea 
plantations. Sampling was done in four seasons of a 
year March-May (spring), June-August (summer), 
September-November (autumn) and December-
February (winter). Mean relative abundance of the 
different looper species was calculated on the basis of 
six observations per season. Larvae collected from 
field were reared in the laboratory on tea twigs in 
transparent plastic containers (13 liter capacity). Male 
and female adults were weighed and their wing spans 

measured for all the three species of defoliators. 

To study developmental traits of the presently 
dominant looper species of the Terai and the Dooars 
plantations, adults of H. talaca and H. infixaria
emerging from laboratory cultures were released in 
large containers for mating and egg laying. Cotton 
plugs soaked in dilute honey were provided as adult 
feed and tissue paper strips were provided for egg 
laying.   After hatching, larvae were maintained on 
tea twigs individually in plastic containers (6cm/4cm 
dia) with their mouths tied with fine cloths.  Life 
cycle traits were studied during December, 2008 
February, 2009. During these months maximum 
temperatures (ºC, mean ± SD) ranged between 
23.37±1.006 and 26.12±0.78, while the minimum 
temperature ranged between 9.81±1.688 and 
14.90±2.48. Duration of different life stages and 
development period (egg-adult) were calculated. 
Morphometric analysis at the larval stages was based 
on body length and body weights 3rd instar onwards 
with the help of a fine electronic balance (BT 124 S, 
d=0.1mg, Sartorius made). Maximum thoracic width, 
abdominal width and length of pupae were measured 
for morphometric analysis along with determination 
of their weights.

Estimation of insecticide susceptibility 
Collection of insect material:
Gravid adult females of H. talaca and H. infixaria
were collected from a tea plantation situated at the 
central Dooars. They were brought to the laboratory 
and kept in plastic containers for egg laying. Hatched 
larvae were reared on TV 26 clone tea leaves 
collected from the experimental tea plot maintained 
organically by the Dept. of Zoology, North Bengal 
University up to 3rd instar stage which were then 
exposed to different concentrations of the pyrethroid, 
Cypermethrin, used in spray for chemical control of 
loopers in the tea plantations.

Preparation of insecticidal concentrations
In the tea plantations of sub-Himalayan West Bengal
synthetic pyrethroids are mainly used to chemically 
control the looper caterpillars. So the present Lc 
study was done for Cypermethrin (10%EC).

Technical grade of Cypermethrin (10 % EC, Aventis 
Crop Science Ltd., UK) was used to prepare 1,000 
ppm stock solution in distilled water from which 
further dilutions were prepared subsequently.

Determination of LC values of H. talaca and H. 
infixaria:
Bio-assay was performed by following the standard 
method recommended by Insecticide Resistance 
Action Committee (IRAC method No. 6) by using H. 
talaca and H. infixaria 3rd instar larvae (F1

generation) from the stock culture maintained in the 
laboratory. Graded concentrations of Cypermethrin 
(50, 100, 200, 300, 400, 500, 700 ppm) were 
prepared in distilled water from the stock solution.  
TV 26 clone healthy tea shoots were collected from 
the experimental tea plot and used as food for the 
caterpillars. Plastic tubes containing tea shoots were 
placed in plastic containers (10cm x 6 cm). Muslin 
cloths were tied with the help of rubber bands on top 
of the containers, and were kept in culture room. Ten 
of the pesticide exposed caterpillars were released 
separately into each container containing tea shoots. 
Three replicates were done for each pesticide 
concentration. Control larvae were exposed to 
distilled water. Observations of larval mortality were 
recorded in all the three replications of each 
concentration 24 hours after the treatment. Moribund 
insects were counted as dead (Gurusubramanian and 
Bora, 2007). Five concentrations of cypermethrin 
were tested against H. talaca and H.infixaria
population to obtain a concentration probit 
mortality curve. The mortality data was converted to 
corrected percent mortality by using 
formula (Abbott, 1925) and subjected to probit 
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analysis (Finney, 1971) to obtain LC50 values, LC95 

values and a regression equation.
All the statistical analyses were performed with 

t. 

RESULTS
Studies on occurrence of looper populations in Terai 
tea plantations during 2007and 2008 clearly indicated 
the dominance of the two congeners of Hyposidra
over the earlier known major tea looper, B. 
suppressaria (Fig. 1). Highest relative abundance of 
20.98% for B. suppressaria was recorded during 
March-May. Hyposidra spp. were found prominently 
even during the winter months due to lack of 
obligatory winter diapauses with at least eight broods 
per year. Generally four broods of B. suppressaria
were recorded per year (Das, 1965). Prolonged winter 
diapause of B. suppressaria as sub-soil pupae was 

stage during December-February (Fig.1). The newer 
pest spp. (Hyposidra) otherwise known to occur on 
wild forest and fruit plants have of late emerged as 
major defoliator of tea consuming leaf at a rate of 
almost 25 sq. cm. per day at early 5th instar stage. As 
the occurrence of these loopers in peak season was 
about 200 individuals per bush or more, the quantum 
of crop loss appeared to be substantial. Besides these 
three looper species, few looper of genus Ascotis and 
Cleora were also recorded from the Terai tea 
plantations but could not be considered to be of pest 
status as major pests.

Fig.1. Seasonal occurrence of Buzura suppressaria
and two species of Hyposidra, H. talaca and H. 

infixaria.

Adult B. suppressaria were morphologically very 
distinct from the two species of Hyposidra (Table I, 
Fig.2), so were its larval (Fig. 2) and pupal stages. 
Larval (looper) stages of B. suppressaria were clearly 
distinguishable with their green to brown body 
colour, triangular head, prominent red spiracles, large 
body length (6.4 cm ± 0.089) of final larval instar and 
higher weights (1.674gm.±0.064). Pupae were also 
with distinctly greater length (2.32cm ±0 .050) and 
weight (0.876gm ± 0.055) having a characteristic pair 

of anterior ridges and posterior cremaster like 
process. These characters were absent in the pupae of 
the two species of Hyposidra. 

Table I: Adult morphology and measurements of 
three looper species. (Mean±SE, N=20)

Different capital alphabets in each column and different 
small alphabets in each row indicate significant difference when 

Fig2.A.i                Fig.2.A.ii

Fig.2.B.i Fig.2.B.ii

Fig.2.C.i.                                                        Fig.2.C.ii.                                                

Fig. 2. A.i.& A.ii.: B.suppressaria adult (F) & final 
larval instar; B.i. & B.ii.; H. talaca adult (F) & 
final larval instar and C.i. & C.ii. H. infixaria
adult (F) & final larval instar.
Note: Black arrows indicate characteristic features of adults and 
white arrows that of larvae.

A detailed life cycle along with developmental traits 
had been studied in details for the similar looking 
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congeners, H. talaca and H. infixaria during Dec. 
2008 Feb. 2009. The post embryonic development 
periods of the two species were similar till 4th instar 
stage. However, significant difference could be noted 
in the duration of final larval instar (5th) and pupa 
(Table II). H. talaca exhibited a development period 
that was longer by eight days on an average than H. 
infixaria. Shorter development period of H. infixaria
might be resulting in more number of broods during 
winter months than that of H. talaca.

Table II. Duration (days) of different 
developmental stages of H. talaca and H. infixaria

(Mean ± SE, N=20)

Different small alphabets in each row indicate significant 

Generally five larval instars were recorded for the 
two species of Hyposidra under the study conditions. 
However, a small percentage of loopers (8% of H. 
talaca) resorted to an additional (6th) instar. This 
might be due to the fact that the decision to pupate 
often depends on attainment of some minimal body 
weight (Slansky, 1982). In fact, the larvae which 
entered 6th instar as final larval stage weighed 
significantly less in 5th instar  (40.6mg ± 0.859)
entered 6th instar as final larval stage, as compared to 
those with heavier 5th instar as final larval stage 
(116mg ±8.27 for females and 93mg±4.249 for 
males).
vary significantly among these two groups.

When body length was considered almost a similar 
growth pattern was recorded in the larvae (Table III). 
However, advanced female (F) and male (M) fifth 
instar larvae of both the species of Hyposidra
differed significantly in their lengths, for H. talaca
the measurements being 4.344 cm ± 0.080 (F) and 
3.657cm ± 0.060 (M), whereas for H. infixaria these 
were 4.23cm ± 0.079 (F) and 3.64cm ± 0.084 (M). 

Table III: Growth parameters of H. talaca and H. 
infixaria at different developmental stages. 

(Mean±SE, N=20)

Different capital alphabets in each column and different small 

A marked difference in the measurement and 
morphology at the pupal stage could be recorded 
between the two species of Hyposidra (Table IV).

Table IV: Comparison of pupal morphology and 
morphometry between H. talaca and H.infixaria. 

(N=20, Mean±SE)

Different capital alphabets in each column and different 
small alphabets in each row indicate significant difference when 

Observation of the pupae and adult also showed a 
clear dimorphism, female pupae had a higher body 
length than the males (Table IV) and female adults 
had much wider wings (Table I). 

Morphologically the early larval stages of the two 
species of Hyposidra were similar having black body 
with white stripes which imparted them the common 

H. 
infixaria is characterized by possessing paired lateral 
oblique black stripes extending from 1st abdominal 
segment to 3rd pair of thoracic legs which appear 
blackish than first two pair of legs (Fig. 2B and 2C). 
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The trends of development in terms of body weight 
between the two species showed by and large 
insignificant difference till 4th instar. But the two 
species were significantly different in their body 
weights at 5th instar larval, pupal and adult stages 
(Table III, IV and I).

Among the two looper species, H. talaca showed 
about three times higher Lc50 value and about two 
times higher Lc 95 value than H. infixaria (Table V). 
In both the species the Lc 95 value is much higher 
than the recommended field dose of Cypermethrin for 
tea loopers which is 500 ppm (Gurusubramanian et 
al. 2008).

Table V. Bioassay of H. talaca and H. infixaria
against Cypermethrin 10% EC

DISCUSSION
B. suppressaria, long known from tea plantations of 
Assam and Darjeeling foothills, has distinct larval 
and adult morphology from the other two emerging 
species of tea loopers. Similar morphological 
features, lengths and body weights of the early larval 
stages of the two congeneric species of Hyposidra
implied that they are close to one another. This is 
further supported by the observations of their 
common sharing of the same niche (young tea leaves) 
compared to the feeding on more mature tea leaves 
by B. suppressaria. So this species  stands out 
ecologically as a more distinct one than the two 
looper species of the genus Hyposidra. Problem 
associated with the distinction of early insters of the 
two species of Hyposidra possibly indicated that the 
two species are very close. Eyles (1963) reported 
similar problem in morphologically and 
morphometrically distinguishing the nymphs of 
several species of Scolopostethus (Heteroptera: 
Lygaeidae) in the field. Almost a parallel example of 
this paradoxical situation was also noted in the 
immature stages of the two species of Rhyparothesus, 
R. sparsus and R. bengalensis that shared the same 
ecological niche wherein the first four instars showed 
very close similarities, even overlapping 
morphometrics (Mukhopadhyay, 1989).

In the present condition and time a clear abundance 
of the Hyposidra spp. as compared to B. suppressaria
in Terai and the Dooars region of Himalayan foothills 

might be the result of a better adaptation of the 
former spp. to tea bushes. The better adaptive 
strategy was evident through their faster growth, 
shorter life cycles and multivoltinism. Moreover a 
continued population incidence with succession of 
the two Hyposidra species over most part of the year, 
especially during winter signified their adaptation to 
tropical weather changes and tolerance to the 
difference in temperature and humidity. Bioassay of 
H. talaca and H. infixaria also indicates their 
increased tolerance towards synthetic pyrethroids 
such as Cypermethrin. Further scientific studies are 
required to reveal the basis of development of such 
tolerance, especially the higher tolerance of the 
insecticide by H. talaca. Along with these factors, 
their reported polyphagy which includes many jungle 
plants and weeds of varied plant families (Das and 
Mukhopodhyay, 2008) may also help them the to 
develop better tolerance and survival capability as 
compared to other oligophagous loopers such as B. 
suppressaria that are mostly confined to the shade 
trees and tea.
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Research in Resistance Management

Laboratory and field evaluation of emamectin benzoate and spinetoram on cotton 
leafworm larvae

ABSTRACT
Emamectin benzoate and spinetoram are two important and 
promising new insecticides in caterpillar lepidoptera larvae/larvae 
control. The toxicity of these compounds against larvae of cotton 
leafworm (CLW), Spodoptera littoralis (Boisd.) was compared 
using topical application and feeding techniques. The 
persistence/residual efficacy under field conditions was also 
investigated. Based on the LD50 values against 4th instar larvae, 
emamectin benzoate proved to be better than spinetoram by 31516 
fold. The LD50 values of emamectin benzoate, cypermethrin,  
methomyl, chlorpyrifos, pyriproxyfen, profenofos, chlorpyrifos-
methyl, abamectin, spinetoram, spinosad and imidacloprid were 
0.0019, 0.0039, 0.03, 1.62, 3.13, 3.38, 4.00, 9.38, 59.88, 558.25 
and 37384.38  µg a.i/ g larvae, respectively. The 3rd instar larvae 
showed higher susceptibility toward emamectin benzoate than 
spinetoram by 1551 and 41 times after 2 days post-treatment using 
cotton and castor bean, respectively. Two days post- treatment, the 
persistence of emamectin benzoate decreased gradually and 
significantly. After spraying cotton, the mortality percentages were 
98.00, 70.00, 36.67 and 0.00 % after 0, 3, 6 and 10 days, 
respectively. However, the mortality % of this insecticide in castor 
was 91.11, 93.33 and 0.00 % after 0, 3 and 6 days respectively. In 
spinetoram, these percentages in cotton and castor were 96.67, 
3.33, 3.33 and 0.00, 2.86, 0.00 after 0, 3 and 6 days. Our 
investigation recommended that emamectin benzoate is one of the 
best bio-insecticides in controlling CLW larvae infestations in 
cotton fields.
Keywords: Laboratory Bioassays, Emamectin Benzoate, 
Spinetoram, Field Application, Cotton Leafworm, Host Plant.

INTRODUCTION
The insecticide market has been dominated by 
conventional classes of insecticides. Recently, a 
number of new insecticide classes have been 
discovered and commercialized. Emamectin benzoate 
(Proclaim) is a modified isolation of the soil 
microorganism, Streptomyces avermitilis. Emamectin 
affects the nervous system of arthropods by 
increasing chloride ion flux at the neuromuscular 
junction, resulting in cessation of feeding and 
irreversible paralysis. It affects on GABA and 
glutamate-gated chloride channel agonist (Dunbar et 
al. 1998). 

The compound has activity on various lepidopteran 
pests. It has translaminar activity, providing thereby a 
relatively prolonged residual activity (Ishaaya et al. 
2002). 

Spinetoram, a new semi-synthetic spinosyn 
insecticide developed by Dow AgroSciences 
(Indianapolis, IN) that was accepted for expedited 
review under the United States Environmental 






