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green lacewing predator, Chrysoperla zastrowi
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The green lacewing or aphid lion, Chrysoperla zastrowi
sillemi (Esben-Petersen) is an important predator of
sucking pests, and eggs and neonate larvae of lepi-
odopteran pests under many crop ecosystems of India.
In the present study, enhanced insecticide resistance
spectrum in an insecticide-resistant population of
C. zastrowi sillemi (strain PTS-8) was evaluated against
four commonly used insecticides on cotton. The insec-
ticide resistant C. zastrowi sillemi PTS-8 showed 16.4-,
14.8-, 12.7- and 7.2-fold resistance against chlorpyri-
phos 20% EC, cypermethrin 10% EC, acetamipirid
20% SP and chlorantraniliprole 18.5% SC respectively,
compared to the susceptible strain. Biochemical assays
revealed an elevated level of three major detoxifying
enzymes, viz. carboxylesterase (1.48-fold), glutathione
S-transferase (1.27-fold) and cytochrome p450 mono-
oxygenase (1.36-fold) in PTS-8 strain compared to the
susceptible strain. The field survival and biocontrol
potential of PTS-8 strain were significantly better
on cotton plants treated with recommended dose of
insecticides. The study indicated the potential role of
insecticide-resistant natural enemies under biointen-
sive IPM programmes to avoid compatibility conflict
with insecticides.

Keywords: Chrysoperla zastrowi sillemi, cotton, detoxi-
fying enzymes, insecticide resistance, sucking pests.

CHRYSOPERLA ZASTROWI SILLEMI (Esben-Petersen; Neu-
roptera: Chrysopidae), commonly called green lacewing
or aphid lion, is a potential predator of insect pests in var-
ious crop ecosystems of India' . Under real field condi-
tions, the predators and parasitoids succumb to a cocktail
of insecticides either through direct sprays or by consum-
ing the poisoned prey. In many cases, the sprays are le-
thal to the predator, which in turn causes pest resurgence
and secondary outbreak of minor pests. Nevertheless,
natural enemies can develop resistance when they are
constantly exposed to insecticides®. When the insecticides
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have become an unavoidable source of pest management,
integrating the insecticide-resistant natural enemies with
the insecticides will enable us to manage the pests in a
sustainable manner with delay in resistance development
against insecticides in insect pests.

Among the natural enemies, the populations of green
lacewing have revealed a significant level of resistance
development against different insecticide’ . Studies were
carried out to determine the level of insecticide resistance
in different populations of C. zastrowi sillemi from India.
A pesticide resistant strain of C. zastrowi sillemi (PTS-8)
was commercialized which was found highly resistant to
endosulfan, acephate and fenvalerate’. Synergism studies
revealed the enhanced detoxifying enzymes (general este-
rases, glutathione S-transferases and monooxygenases) in
the resistant strain of C. zastrowi sillemi’.

The scenario of pesticide usage keeps changing with
time and it is important to test the enhanced insecticide
resistance spectrum of C. zastrowi sillemi against new
molecules. The augmentative releases of C. zastrowi sil-
lemi are usually practised in cotton fields against sucking
pests, and eggs and neonate larvae of lepidopteran
pests'®'2. Metabolic enzyme mediated resistance may
lead to cross-resistance of different insecticides which
have a different mode of action'*'*. Hence, in the present
study we evaluated the enhanced insecticide resistance
spectrum in strain PTS-8 of C. zastrowi sillemi against
commonly recommended insecticides to determine its
compatible use with insecticides under Integrated Pest
Management (IPM) programmes.

Materials and methods
Rearing of C. zastrowi sillemi

Culture of the larval and adult stages of the predator
C. zastrowi sillemi was maintained as described by
Venkatesan et al.”. The susceptible and resistant popula-
tions of the predator were continuously maintained in the
laboratory. The insecticide-resistant larval population was
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exposed to field-recommended dosage of acephate
(0.67 g/l of water) and imidacloprid (0.4 ml/l of water)
once in three generations.

Insecticides and chemicals

Based on the recommendations of the Central Insecticide
Board Registration Committee, Government of India
(www.cibrc.gov.in), chlorpyriphos, cypermethrin, aceta-
miprid and chlorantraniliprole were selected for studying
the enhanced insecticide resistance spectrum in strain
PTS-8 of C. zastrowi sillemi and the associated metabolic
enzyme assays. Commercial formulations, viz. chlorpyri-
phos 20% EC, cypermethrin 10% EC, acetamiprid 20%
SP and chlorantraniliprole 18.5% SC were used in the
study. The other chemicals and reagents used in the
enzyme studies were purchased from Sigma-Aldrich
Chemical Co, USA.

Dose—response bioassays

Dose-response bioassays with the insecticides were con-
ducted by taking the field-recommended dosage of each
insecticide as the base concentration, and the other con-
centrations above and below it. The concentrations were
further increased in the insecticides, where 50% mortality
was not obtained (Table 1). In each concentration, 100—
120 (early second instar) grubs were released on a petri
plate and the required concentration of insecticides was
sprayed using hand sprayer (0.5 lit. capacity) for 3-5s.
After spraying, the larvae were placed on a tissue paper
in order to remove excess insecticides. Such treated lar-
vae were released in a glass vial (3 cm X 1.5 cm) and
provided with UV-treated (to paralyse the embryo and
prevent hatching) Corcyra cephalonica eggs. The larvae
treated with distilled water were used as control. The lar-
val mortality was recorded 24 and 48 h after treatment.
The moribund larvae were also considered as dead™"’.

Preparation of whole-body larval homogenate

Twenty four-day-old grubs each for resistant and suscept-
ible populations were homogenized thoroughly in 200 ul

Table 1. Concentrations of insecticides used for bioassay studies

Insecticide Concentration tested (ppm)

Chlorpyriphos 20% EC  62.5, 125, 250, 500, 1000, 2000, 4000

Cypermethrin 10% EC 12.5, 25, 50, 100, 200, 400, 800,
1,600, 3,200, 6,400, 12,800, 25,600

5,10, 20, 40, 80, 160, 320, 640, 1,280,
2,560, 5,120, 10,240

6.87,13.75, 27.5, 55, 110, 220, 440, 880,
1,760, 3,520, 7,040, 14,080, 28,160, 56,320

Acetamiprid 20% SP

Chlorantraniliprole
18.5% SC
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ice-cold 50 mM phosphate buffer, pH 6.8. The samples
were centrifuged at 12,000 ¢ for 10 min at 4°C. The
supernatant was used as the enzyme source. The total
protein content of the enzyme sample was determined by
Bradford Coomassie Brilliant Blue (CBB) G-250 dye
binding method using bovine serum albumin (BSA) as
the standard'®.

Metabolic enzyme assays

The carboxylesterase activity was determined using o-
naphthyl acetate as a substrate'’. The a-naphthol formed
after the reaction was measured at 595 nm and quantified
using o~naphthol standard curve. The qualitative changes
in carboxylesterase isozyme profile were determined in
resistant and susceptible populations by performing
native polyacrylamide gel electrophoresis (PAGE)'®. To
visualize the bands, the gel was stained with freshly
prepared staining solution containing 0.05% o~naphthyl
acetate and 0.1% fast blue B salt in 50 mM phosphate
buffer, pH 6.8.

The activity of glutathione S-transferase was determined
spectrophotometrically using 1-chloro-2,4-dinitrobenzene
as substrate'’ and the molar extinction coefficient value
of 9.6 mM ' cm . The activity of cytochrome p450 mono-
oxygenase was determined by p-nitroanisole demetylase
assay”’. Molar extinction coefficient & value of p-nitro-
phenol (18.2mM ' cm™') was used to calculate enzyme
activity and expressed as wmol/min/mg of protein.

Survival studies on insecticide resistant
C. zastrowi sillmi (strain-PTS-8)

An experiment was conducted to test the survival of
insecticide-resistant C. zastrowi sillemi (PTS-8) under
field net-house conditions (insect proof, 100 mesh netting
with size of 12 x 12 x 15 ft) during 2017-18 on the
cotton variety DCH-32. Cotton plants (50 days old) were
raised on pots under natural conditions and natural infes-
tation of sucking pests. It was found that the plants were
naturally infested with the sucking pests, viz. Aphis gos-
sypii, Bemisia tabaci, Thrips tabaci and Phenacoccus
solenopsis, and predators, viz. Cheilomenes sexmaculata,
Cryptolaemus montrouzieri and ants. Adequate care was
taken to remove such natural enemies. The sucking pests-
infested potted cotton plants were transferred to wooden
cages individually and placed in the net house. Before
release of the predator, the plants were sprayed with dif-
ferent concentrations of insecticides. Four-day-old insec-
ticide-resistant and susceptible C. zastrowi sillemi grubs
@ 20 per plant were released on the insecticide sprayed
plants after 3 h of spray. In addition to the sucking pests,
adequate quantity of UV-exposed eggs of C. cephalonica
were also provided in a card (4 X 2 cm) that was stapled
on the plants as a feed for the C. zastrowi sillemi grubs.
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Table 2. Relative toxicity of four insecticides to the second instar grubs of resistant (PTS-8) and susceptible populations of Chrysoperla
zastrowi sillemi
95% Fiducial limit (ppm)
Insecticide Population LCso (ppm) Lower Upper Slope = SE 2 value (df) p* RR*
Chlorpyriphos 20% EC PTS-8 1,172.0 867.87 1,679.24 1.53 £ 0.203 1.568(5) 0.905 16.37
Susceptible 71.56 32.70 113.43 2.00 £0.229 3.418(5) 0.636 -
Cypermethrin 10% EC PTS-8 1,633.92 1,231.02 2,192.13 43+0.134 4.832(10) 0.902 14.75
Susceptible 110.73 78.85 151.46 2.41 £0.125 3.492(10) 0.967 -
Acetamiprid 20% SP PTS-8 1,790.99 1,318.88 2,534.00 4.31£0.146 5.267(10) 0.920 12.74
Susceptible 140.40 103.39 190.20 2.72+£0.113 4.543(10) 0.920 -
Chlorantranili prole 18.5% SC  PTS-8 20,936.12 14,263.21 34,469.68 4.6 £0.145 2.325(12) 0.999 7.15
Susceptible 2,927.10 2,248.82 3,835.19 4.94 +0.153 5.906(12) 0.921 -

*P > 0.05 indicates a good fit between observed and expected regression lines in a probit analysis.
S.E. Standard error; df, Degrees of freedom. “Resistance ratio = LCs, of resistant PTS-8 population/LCs, of susceptible population.

Three concentrations of each insecticide were tested
against both the populations in three replications along
with water-sprayed control. The LCy, dose of each insec-
ticide was taken as a base concentration along with half
and double the LCyy doses for both resistant and suscepti-
ble populations along with water-sprayed control. Obser-
vations on the survival of the grubs were made 1, 3, 5 and
7 days after spraying on the whole plant.

Statistical analysis of data

The larval mortality data were subjected to Abbott’s cor-
rection’’. The corrected data were analysed by probit
analysis22 to determine the LCs, values using SPSS soft-
ware version 23, plotting the probit mortality against log
dose in ppm. The resistance ratio against each insecticide
was determined by dividing the LCs, values of the resis-
tant population with the susceptible population. The level
of resistance for each insecticide was determined based
on the classification of resistance given by Kim et al.”.
Each enzyme assay was performed with three replicates
and significant difference of mean enzyme activity in the
resistant and susceptible populations was determined
based on Student’s #-test. Data on survival of larvae in
different insecticidal-treated plants were subjected to
analysis of variance. Means were compared using Dun-
can’s multiple range test.

Results
Enhanced insecticide resistance spectrum studies

The insecticides were screened for their enhanced
resistance in laboratory-reared resistant population of
C. zastrowi sillemi (strain PTS-8) and susceptible popula-
tion. Among the four insecticides tested, the highest
resistance ratio was recorded for chlorpyriphos (16.4-
fold), followed by cypermethrin (14.7-fold), acetamiprid
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(12.7-fold) and the lowest for chlorantraniliprole (7.2-
fold) in the resistant population compared to the suscept-
ible population (Table 2). Based on the classification of
resistance by Kim et al.”, the population of C. zastrowi
sillemi was moderately resistant to chlorpyriphos, cyper-
methrin, acetamiprid and showed low resistance to chlo-
rantraniliprole.

Detoxification of insecticides

All the detoxifying enzymes showed significantly higher
levels of activity compared to the susceptible population
based on Student’s #-test (Table 3). The resistant popula-
tion showed 1.48-, 1.27- and 1.36-fold increase in
carboxylesterase, glutathione S-transferase and cytoch-
rome p450 monooxygenase activity respectively, com-
pared to the susceptible population. The esterase banding
pattern of the resistant and susceptible populations
revealed the presence of an extra band (£)) in the resis-
tant population compared to the susceptible population
(Figure 1).

Survival of predator under insecticide stressed
conditions

All the insecticides tested showed significant difference
in survival of resistant population compared to the
laboratory-reared population at different concentrations
(Table 4). The number of larvae that survived at 3860,
7720 and 15,440 ppm of chlorpyriphos at 7 DAS (days
after spraying) was 17.67, 16.00 and 8.00 in resistant
population and 6.67, 5.33 and 1.33 in susceptible popula-
tion respectively. For cypermethrin, the concentrations
used were 61,101, 122,203 and 244,406 ppm, where the
larval survival at 7 DAS was 17.33, 16.67 and 8.33 in
resistant population and 6.00, 4.67 and 1.67 in suscepti-
ble population respectively. At 7360, 14,720 and
29,440 ppm of acetamiprid, the number of larvae that
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Table 3.

Metabolic enzyme activities of C. zastrowi sillemi populations

C. zastrowi sillemi
population

Carboxylesterase
(u mol min™' mg™)

Glutathione S-transferase
(u mol min™' mg™)

Cytochrome p450 monooxygenase
(u mol min™' mg™)

Resistant (PTS-8)
Susceptible laboratory reared

1.228 +0.012 (1.48)
0.831 +0.003

0.084 +0.001 (1.27)

0.0168 +£0.0001 (1.36)

0.066 +0.001 0.0123 +£0.0001

The given values of enzyme activity of resistant population differ significantly from susceptible population (P < 0.05)
based on Student’s ¢-test. Values in brackets depict the fold increase activity compared to susceptible population.

Lane 2

Lane 1

E;
Ex

Figure 1. Esterase banding pattern in resistant population. PTS-8
(lane 1) and susceptible population (lane 2) of Chrysoperia zastrowi
sillemi (E1, Esterase 1; E2, Esterase 2).

survived at 7 DAS was 17.33, 16.00 and 7.67 in resistant
population compared to 6.667, 4.667 and 1.667 in
susceptible population respectively. The number of larvae
that survived at 123,829, 247,659 and 495,318 ppm of
chlorantraniliprole was 17.33, 16.33 and 7.67 in resistant
population and 6.00, 4.33 and 2.33 in susceptible popula-
tion respectively.

The maximum survival of the grubs from the resistant
population was recorded at half the concentration of the
recommended dosage of all the four insecticides. The
larval survival in the recommended dosage of cypermethrin
and chlorantraniliprole treatment was on par with half the
concentration. At double the concentration of the recom-
mended dosage, the survival was less than 50%. How-
ever, survival of the insecticide-resistant grubs was
significantly better than the susceptible ones at all the
concentrations of the four insecticides.

Discussion

The insecticide-induced selection pressure causes devel-
opment of insecticide resistance in the insects. In the
present study, field-collected insecticide-resistant grubs
of C. zastrowi sillemi (strain PTS-8) were further sub-
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jected to selection pressure by exposing them to field-
recommended dosage of acephate (0.67 g/l of water) and
imidacloprid (0.4 ml/l of water) once in three generations
under laboratory conditions. Such a resistant predator was
exposed to new insecticides, viz. chlorpyriphos, cyper-
methrin, acetamiprid and chlorantraniliprole. The strain
PTS-8, originally collected from Sri Ganganagar, Rajas-
than, showed 50.4-, 66.1- and 277.5-fold resistance for
endosulfan, fenvalerate and acephate respectively’, and
strain also showed resistance to new insecticides. Similar
studies from Pakistan reported 53—160-fold resistance to
chlorpyriphos and 1-8-fold resistance to deltamethrin in
15 field populations of Chrysoperla carnea". In the
adults of C. carnea, Sohail et al.** reported 15-fold resis-
tance to acetamiprid.

Metabolic enzymes are responsible for the detoxifica-
tion of insecticidal molecules in insects. Esterases,
glutathione S-transferases and cytochrome p450 monoox-
ygenases are the most common metabolic enzymes
involved in insecticide resistance™'>*>*°. All the three
enzymes showed significantly elevated levels of activity
in the resistant population compared to the susceptible
population. These metabolic enzymes are known to act
together, but only the proportion of enzyme activity
varies with insecticides. Synergism studies conducted
previously also revealed the role of these three enzymes
in insecticide resistance in the same population of
C. zastrowi sillemi’. The role of esterase as the major fac-
tor of resistance to synthetic pyrethroids in C. carnea was
reported in previous studies’*’. Association of esterases
and monooxygenases with organophosphate and pyreth-
roid resistance in C. carnea field populations in Canada
has been reported’. The esterase banding pattern also
confirmed the difference in esterase activity of resistant
and susceptible populations. The difference in esterase
activity can be depicted by variation in the number of
bands and thickness of the bands®®. The extra band in the
resistant population could be due to induction of addi-
tional esterases responsible for hydrolysis of the insecti-
cidal molecule.

Cross-resistance denotes that resistance to one insecti-
cide in insects confers resistance to another insecticide,
even when the insect is not exposed to it earlier. Cross-
resistance is known to exist between insecticides having
similar binding target sites or similar detoxifying path-
ways>’. Metabolic enzyme-mediated resistance could confer
cross-resistance to a different group of insecticides'*.

CURRENT SCIENCE, VOL. 120, NO. 2, 25 JANUARY 2021



RESEARCH ARTICLES

Table 4. Survival of insecticide-resistant (PTS-8) and susceptible populations of C. zastrowi sillemi on insecticide-treated cotton plants
Chlorpyriphos Cypermethrin

Treatment (dosage (ppm) Treatment (dosage (ppm)

and (strain) 1 DAS 3DAS 5DAS 7DAS  and strain) 1DAS 3DAS 5DAS 7DAS
3860 (PTS-8) 19.33° 19.00" 18.33"  17.67° 61101 (PTS-8) 19.000" 18.667* 18.000° 17.333%
3860 (susceptible) 13.00° 10.67° 8.00° 6.67° 61101 (susceptible) 11.000°  10.667°  8.333™  6.000¢
7720 (PTS-8) 18.33° 18.00° 17.33°  16.00° 122203 (PTS-8) 19.333*  19.000* 18.667° 16.667°
7720 (susceptible) 9.66° 9.00°  7.33° 533" 122203 (susceptible) 8.667°  8.333° 7.000° 4.667
15440 (PTS-8) 12.00° 10.67° 8.67° 8.00° 244406 (PTS-8) 11.000°  10.000°  9.000°  8.333°
15440 (susceptible) 5.00¢ 4.00° 2.33¢ 1.33¢ 244406 (susceptible) 53339 4.333% 3333 1.667°
Untreated control 19.66° 19.67° 19.33° 19.00°  Untreated control 19.667* 19.667° 19.333* 19.000"
S.Em (%) 0.549 0.488  0.535  0.398 S.Em (%) 0.504 0.418  0.549  0.563
SED 0.777 0.690  0.755  0.563 SED 0.713 0.591  0.777  0.797
CD@5% 1.667 1.480  1.621 1.209 CD@5% 1.529 1267  1.666  1.709

Acetamiprid Chlorantraniliprole.

Treatment (dosage (ppm) Treatment (dosage (ppm)

and strain) 1 DAS 3DAS 5DAS 7DAS and strain) 1 DAS 3DAS 5DAS 7DAS
7360 (PTS-8) 18.667 17.667° 17.667° 17.333% 123829 (PTS-8) 19.667*  19.333"  18.333% 17.333"
7360 (susceptible) 9.000% 8.333¢  7.667*  6.667° 123829 (susceptible) 8.333° 8.000°  7.000° 6.000
14720 (PTS-8) 17.000° 16.667° 16.333°  16.000° 247659 (PTS-8) 18.333*  17.667° 17.000° 16.333"
14720 (susceptible) 8.000° 7.667°  6.667°  4.667° 247659 (susceptible) 7.333¢ 6.667°  6.000° 4.333°
29440 (PTS-8) 9.667° 8.333°  8.000°  1.667% 495318 (PTS-8) 13.000°  10.667°  8.667° 7.667°
29440 (susceptible) 4.667° 4.000° 2.667°  1.667% 495318 (susceptible) 5.333¢ 4.667" 3333 23330
Untreated control 19.667* 19.667* 19.333% 19.000° Untreated control 19.667* 19.667° 19.333* 19.000°
S.Em (&) 0.333 0.436  0.378 0282 S.Em (%) 0.577 0.436 0.454 0418
SED 0.471 0.617  0.535 0.398 SED 0.817 0.617 0.642  0.591
CD@5% 1.011 1.323  1.146 0.855 CD@5% 1.751 1.323 1.378  1.267

DAS, Days after spraying. Means followed by the same alphabet do not differ significantly by DMRT (P = 0.05%).

Overexpression of non-specific enzymes such as mo-
nooxygenases results in resistance to a broad spectrum of
insecticides’’. The elevated levels of enzyme activity in
the resistant population (PTS-8) confirmed the metabolic
detoxification of insecticides, and it was evident that the
population showed cross-resistance to different insecti-
cides tested.

Field trials under netted conditions revealed significant
variability in the survival of resistant population than the
susceptible population at different concentrations. The
survival of resistant population ranged from 88.4% to
86.7% for half the recommended dose of all the chemi-
cals, 80% to 83% for the recommended dosage and
33.3% to 30% for double the recommended dosage of the
insecticides. It was also found that the larvae were able to
reach pupal stage at 7 DAS, mostly in the resistant
population (PTS-8). Among the pests, P. solenopsis and
B. tabaci were able to survive on the insecticide-sprayed
plants which were the feeding source for the chrysopid
predators. This reveals the profound ability of strain PTS-
8 to resist high doses of insecticides even under field
conditions. Studies on insecticide resistance have proved
the resistance of Chrysoperla towards organophospates,
synthetic pyrethroids and neonicotinoides™”'*. It is note-
worthy that the strain of predator which would tolerate
high doses of insecticides sustains better when integrated
under IPM programmes and keeps a check on the pest
population regularly.
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Conclusion

The present study confirms enhanced insecticide resis-
tance spectrum among organophosphates, synthetic pyre-
throids and neonicotinoids in the resistant strain PTS-8 of
C. zastrowi sillemi. Its field survival at the recommended
doses of insecticides indicates the compatibility of bio-
logical control and chemicals. Currently, the strain PTS-8
has been commercialized to industrial partners for large-
scale multiplication and release. The release of insecti-
cide-resistant predator also has the potential to slow
down the rate of evolution of insecticide resistance in
pest species and resurgence of sucking pests.

1. Dhandapani, N., Pallavi, S. and Mishra, G., Chrysopids. In Eco-
friendly Pest Management for Food Security (ed. Omkar), Elsevi-
er, San Diego, USA, 2016, pp. 311-327.

2. Henry, C. S., Brooks, S. J., Johnson, J. B., Venkatesan, T. and
Duelli, P., The most important lacewing species in Indian agricul-
tural crops, Chrysoperla sillemi (Esben-Petersen), is a subspecies
of Chrysoperla zastrowi (Esben-Petersen) (Neuroptera: Chrysopi-
dae). J. Nat. Hist, 2010, 44, 2543-2555; https://doi.org/
10.1080/00222933.2010.499577.

3. Pappas, M. L., Broufas, G. D. and Koveos, D. S., Chrysopid pre-
dators and their role in biological control. J. Entomol., 2011, 8(3),
301-326; https://doi.org/10.3923/je.2011.301.326.

4. Senior, L. J. and McEwen, P. K., The use of lacewings in biologi-
cal control. In Lacewings in the Crop Environment (eds McEwen,
P. K., New, T. R. and Whittington, A. E.), Cambridge University
Press, Cambridge, UK, 2011, pp. 296-299.

427



RESEARCH ARTICLES

10.

11.

12.

13.

14.

15.

16.

17.

18.

Venkatesan, T., Mahiba, S. H., Jalali, S., Ramya, S. and Pratibha,
M., Detection of insecticide resistance and mechanisms of resis-
tance in field populations of Chrysoperla zastrowi sillemi (Neu-
roptera: Chrysopidae) collected from different geographical
locations in India. J. Biol. Control, 2017, 31(3), 61-68; https://
doi.org/10.18311/jbc/2017/16333.

Roush, R. T. and Daly. J. C., The role of population genetics in
resistance research and management. In Pesticide Resistance in
Arthropods (eds Roush, R. T. and Tabashnik B. E.), Springer,
USA, 1990, pp. 97-152.

Pree, D. J., Archibald, D. E. and Morrison, R. K., Resistance to in-
secticides in the common green lacewing Chrysoperla carnea
(Neuroptera: Chrysopidae) in southern Ontario. J. Econ. Entomol.,
1989, 82(1), 29-34; https://doi.org/10.1093/jee/82.1.29.

Daane, K. M., Ecological studies of released lacewings in crops.
In Lacewings in the Crop Environment (eds McEwen, P. K., New,
T. R. and Whittington, A. E.), Cambridge University Press, Cam-
bridge, UK, 2001, pp. 338-345.

Mansoor, M. M. and Shad, S. A., Genetics, cross-resistance and
realized heritability of resistance to acetamiprid in generalist pre-
dator, Chrysoperla carnea (Steph.) (Neuroptera: Chrysopidae).
Egypt. J. Biol. Pest Control, 2020, 30, 23; https://doi.org/10.1186/
$41938-020-0213-x.

Easterbrooka, M. A., Fitzgeralda, J. D. and Solomona, M. G.,
Suppression of aphids on strawberry by augmentative releases of
larvae of the lacewing Chrysoperla carnea (Stephens), Biocontrol
Sci. Technol., 2006, 16(9), 893-900; https://doi.org/10.1080/
09583150600827850.

Venkatesan, T., Singh, S. P. and Jalali, S. K., Rearing of Chryso-
perla carnea (Neuroptera: Chrysopidae) on semi-synthetic diet
and its predatory efficiency against cotton pests. Entomon, 2000,
25(2), 81-89.

Venkatesan, T., Singh, S. P., Jalali, S. K. and Joshi, S., Evaluation
of predatory efficiency of Chrysoperla carnea (Stephens) reared
on artificial diet against tobacco aphid Myzus persicae (Sultzer) in
comparison with other predators. J. Entomol. Res., 2002, 26(3),
193-196.

Panini, M., Manicardi, G. C., Moores, G. D. and Mazzoni, E., An
overview of the main pathways of metabolic resistance in insects.
Invertebr. Surviv. J., 2016, 13(1), 326-335; https://doi.org/
10.25431/1824-307X/isj.v13i1.326-335.

Oakeshott, J. G., Claudianos, C., Campbell, P. M., Newcomb, R.
D. and Russell, J. R., Biochemical genetics and genomics of insect
esterases. In Comprehensive Molecular Insect Science (eds
Gilbert, L. 1., Iatro, K. and Gill, S.), Elsevier, The Netherlands,
2010, pp. 1-73.

Pathan, A. K., Sayyed, A. H., Aslam, M., Razaq, M., Jilani, G. and
Saleem, M. A. Evidence of field-evolved resistance to organo-
phosphates and pyrethroids in Chrysoperla carnea (Neuroptera:
Chrysopidae). J. Econ. Entomol., 2008, 101(5), 1676-1684;
https://doi.org/10.1093/jee/101.5.1676.

Bradford, M. M., A rapid and sensitive method for the quantifica-
tion of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal. Biochem., 1976, 74, 248-254;
https://doi.org/10.1016/0003-2697(76)90527-3.

Van Asperen, K., A study of housefly esterases by means of a sen-
sitive colorimetric method. J. Insect Physiol., 1962, 8, 401-416;
https://doi.org/10.1016/0022-1910(62)90074-4.

Davis, B. J., Disc electrophoresis II. Method and application to
human serum proteins. Ann. NY Acad. Sci., 1964, 121, 404-427;
https://doi.org/10.1111/j.1749-6632.1964.tb14213 x.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

. Kao, C. H., Hung, C. F. and Sun, C. N., Parathion and methyl

parathion resistance in diamondback moth (Lepidoptera: Plutelli-
dae) larvae. J. Econ. Entomol., 1989, 82(5), 1299—1304; https://
doi.org/10.1093/jee/82.5.1299.

Kinoshita, F. K., Frawley, J. P. and Du Bois, K. P., Quantitative
measurement of induction of hepatic microsomal enzymes by var-
ious dietary levels of DDT and toxaphene in rats. Toxicol. Appl.
Pharmacol., 1966, 9, 505-511; https://doi.org/10.1016/0041-
008X(66)90011-1.

Abbott, W. S., A method of computing the effectiveness of an in-
secticide. J. Econ. Entomol., 1925, 18(2), 265-267; https://doi.org/
10.1093/jee/18.2.265a.

Finney, D. J., Probit Analysis: A Statistical Treatment of the Sig-
moid Response Curve, Cambridge University Press, Cambridge,
UK, 1952, p. 318.

Kim, Y. J., Lee, H. S., Lee, S. W., Kim, G. H. and Ahn, Y. J.,
Toxicity of tebufenpyrad to Tetranychus urticae (Acari: Tetrany-
chidae) and Amblyseius womersleyi (Acari: Phytoseiidae) under
laboratory and field conditions. J. Econ. Entomol., 1999, 92(1),
187-192; https://doi.org/10.1093/jee/92.1.187.

Sohail, M., Nasar, M. H., Muhammad, R., Soomro, Q. A., Asif,
M. U. and Maari, J. M., Resistance potential of Chrysoperla car-
nea (Stephens) to insecticides used against sucking complex of
cotton. Int. J. Ecotoxicol. Ecobiol., 2019, 4(1), 1-7; https://
doi.org/10.11648/J.1JEE.20190401.11.

Ishaaya, 1., Insect detoxifying enzymes: their importance in pesti-
cide synergism and resistance. Arch. Insect Biochem. Physiol.,
1993, 22(1-2), 263-276; https://doi.org/10.1002/arch.940220119.
Mohan, M. and Gujar, G. T., Local variation in susceptibility of
the diamondback moth, Plutella xylostella (Linnaeus) to insecti-
cides and role of detoxification enzymes. Crop Prot., 2003, 22(3),
495-504; https://doi.org/10.1016/S0261-2194(02)00201-6.
Grafton-Cardwell, E. E. and Hoy, M. A., Genetic improvement of
common green lacewing, Chrysoperla carnea (Neuroptera: Chry-
sopidae): selection for carbaryl resistance. Environ. Entomol.,
1986, 15(6), 1130-1136; https://doi.org/10.1093/ee/15.6.1130.
Mehrab, C., Mohammad, S. A., Breza, M. S., Browshan, A. B. and
Banwara, B., Esterase banding pattern in different developmental
stages of Culex quinquefasciatus Say 1823 (Diptera: Culicidae).
Int. J. Adv. Biol. Res., 2016, 6(4), 553-557.

Wu, Y., Detection and mechanisms of resistance evolved in in-
sects to Cry toxins from Bacillus thuringiensis. Adv. Insect Phy-
siol., 2014, 47, 297-342; https://doi.org/10.1016/B978-0-12-
800197-4.00006-3.

Luo, C., Jones, C., Devine, G., Zhang, F., Denholm, I. and
Gorman, K., Insecticide resistance in Bemisia tabaci biotype Q
(Hemiptera: Aleyrodidae) from China. Crop Protect., 2010, 29,
429-434; https://doi.org/10.1016/j.cropro.2009.10.001.

ACKNOWLEDGEMENT. We thank the Director, ICAR-NBAIR,
Bengaluru, for providing the necessary infrastructure facilities to carry
out the work.

Received 22 September 2020; accepted 4 November 2020

doi: 10.18520/cs/v120/i2/423-428

428

CURRENT SCIENCE, VOL. 120, NO. 2, 25 JANUARY 2021




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


