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ABSTRACT: Field evaluation of insecticides against pink bollworm, Pectinophora gossypiella (Saund.)

(Lepidoptera: Gelechiidae) in cotton revealed that spinosad (45% SC) @ 250 ml/ha was most effective against

pink bollworm infestation followed by chlorantraniliprole (18.5% SC) @ 150 ml/ha by recording lowest rosette

flower incidence, larval population/20 bolls and locule damage at harvest. Highest yield was also realized in

spinosad (45% SC) @ 250 ml/ha followed by chlorantraniliprole (18.5% SC) @ 150 ml/ha.
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India occupies largest area and third

place in the production of cotton in the global

scenario. Major constraint in attaining high

production of seed cotton is damage inflicted by

insect pests. About 96 insect pests attack cotton

crop and the pink bollworm, Pectinophora

gossypiella (Saunders) is the most important

cotton pest in the world. Green  and  Lyon (1989)

and Amin and Gergis (2006) reported high loss

(20-40%) in cotton seed yield is due to pink

bollworm. It is distributed in all most all cotton

growing states of the country and has caused

millions of the rupees of damage. It is

oligophagous pest, feeds on cotton, okra, and

allied plants. This insect was a serious concern

for cotton in India about 30 years ago. There were

very few reports of any major damage by pink

bollworm to cotton since 1982 in the country.

During 2014, severe damage to bolls by pink

bollworm and yield-losses were observed  in  Bt-

cotton in  many  regions of  Gujarat  and some

parts  of Andhra Pradesh,  Telangana  and

Maharashtra. More concerning is the fact that

the worm is damaging Bollgard-II Bt cotton which

contains two genes (cry1Ac+cry2Ab) that were

supposed to be highly effective in controlling the

pest (Kranthi, 2015). Newer chemistries of

pesticides have raised the hopes for better

management of dreaded pest world wide. The

present work could be useful to farmers for the

better management of cotton bollworms

especially  pink bollworm infesting cotton green

bolls in the fields.

MATERIALS AND METHODS

The field experiments were conducted to

evaluate the insecticides against the pink

bollworm in Bt cotton during summer (February

to July) and winter (August-January) season

2018-2019 at Cotton Research Station,

Srivilliputtur. The experiment was laid out using

cotton variety (SVPR 5) in a Randomized Block

Design with ten treatments and three

replications. Recommended agronomic practices

were carried out.  The treatments imposed were
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indoxacarb (14.5% SC) @ 500 ml/ha,

chlorantraniliprole (18.5% SC) @ 150 ml/ha,

profenophos (50% EC) @ 2500ml/ha, emamectin

benzoate (5% SG) @ 220 g/ha, spinosad (45% SC)

@ 220 ml/ha, chlorpyriphos (20 % EC) @ 1250

ml/ha, triazophos (40% EC @ 2500 ml/ha,

Bacillus thuringiensis @ 2g/lit, azadirachtin

(0.03%) @ 500 ml/ha and untreated check. Two

sprayings were given i.e., on 45 and 80 day after

sowing. Observations were made from ten

randomly selected plants in each plot.  The pre-

treatment count was made a day before each

spray. Post treatment counts were made after

one week for rosette flower. The incidence of

rosette flower damage was observed in 50 flowers

from randomly selected plant and the percentage

was worked out. The population of pink bollworm

larvae/20 green bolls and number of locule

damage at harvest was observed on 90, 100 and

120 DAS from pre and post treatments. The plot

yield was also recorded and expressed as quintals

per ha. The data obtained from field experiments

were analyzed in a randomized block design by

‘F’ test for significance as described by Panse

and Sukhatme (1958).  Critical difference values

were calculated at 5% probability level and the

treatment mean values of the experiment were

compared using Duncan’s Multiple Range Test

(DMRT) (Gomez and Gomez, 1984).

RESULTS AND DISCUSSION

During summer 2018, the pre-treatment

observations showed that the percentage of

rosette flower ranged from 9.30 to 12.33 per cent

on 45 days after sowing. In post treatment count,

the lowest percentage of rosette flower incidence

(1.11%) was recorded in plots treated with

spinosad (45% SC) @ 250 ml/ha. It was followed

by chlorantraniliprole (18.5% SC) @ 150 ml/ha,

chlorpyriphos (20% EC) 1250 ml/ha and

triazophos (40% EC) @ 2500 ml/ha with 1.33,

2.65 and 2.67 percent rosette flower incidence,

respectively.  All the treated plots were

significantly superior in their performance over

untreated plots (11.11 %) (Table 1). During winter

2018-19, the pre-treatment observations showed

that the percentage of rosette flower ranged from

11 to 13.33 per cent on 45 days after sowing. In

post treatment count, the lowest percentage of

rosette flower incidence (1.57%) was observed

in plots treated with spinosad (45% SC) @ 250

ml/ha. It was followed by chlorantraniliprole

(18.5% SC) @ 150 ml/ha, emamectin benzoate

(5% SG) @220 g/ha and indoxacarb 14.5% SC @

500 ml/ha with 1.93, 2.00 and 2.33 percent

rosette flower incidence, respectively.  All the

treated plots were significantly superior in their

performance over untreated plots (13.25 %)

(Table 2). Parmer and Patel (2016) reported that

the insecticides namely, profenophos (50% EC),

cypermethrin (25% EC), alpha  cypermethrin

10% EC, spinosad (45% SC), emamectin benzoate

5% SG, deltamethrin (1%)+ triazophos (35% EC),

chlorpyriphos (16%) + alpha cypermethrin 1% EC,

fenpropethrin (30%) EC, chlorpyriphos (50%) +

cypermethrin (5% EC) were found very effective

for control of pink bollworm.

During summer 2018, the pre-treatment

observation showed that the population of pink

bollworm larvae ranged from 3.41 to 12.36

larvae/20 bolls. Low mean population of pink

bollworm was recorded in treatment of spinosad

(45% SC) @ 250 ml/ha (1.33 larvae/20 bolls) and

it was followed by profenophos (50% EC) @ 2500

ml/ha (1.55 larvae/20 bolls), chlorantraniliprole
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(18.5% SC) @ 150 ml/ha (1.78 larvae/20 bolls)

and triazophos (40% EC) @ 2500 ml/ha (1.67

larvae/20 bolls) as against (8.82 larvae /20 bolls)

in control (Table 1). During winter 2018-19, the

mean population of pink bollworm larvae was low

in spinosad (45% SC) @ 250 ml/ha (1.67 larvae/

20 bolls), followed by chlorantraniliprole (18.5%

SC) @ 150 ml/ha (1.89 larvae/20 bolls),

emamectin benzoate (5% SG) @ 220g/ha (2.11

larvae/20 bolls) and triazophos (40% EC) @ 2500

ml/ha (2.55 larvae/20 bolls) when compared to

untreated check (10.52 larvae /20 bolls) (Table

2). In both summer and winter season, locule

damage was lowest in plots treated with spinosad

(45% SC) @ 250 ml/ha (1.25 and 1.75 per cent,

respectively), followed by chlorantraniliprole

(18.5% SC) @ 150 ml/ha, emamectin benzoate

(5% SG) @ 220 g/ha, triazophos 40 EC @ 2500

ml/ha (Table 1 and 2). Rani et al. (2010) reported

that deltamethrin 1% EC + triazophos (35% EC)

at the rate of 360 g a.i/ha was the best followed

by triazophos (40% EC) (400 g a.i/ha),

deltamethrin (10% EC) (25 g a.i/ha), thiodicarb

(75% SG) (562 g a.i/ha) and lamda cyhalothrin 5

EC (25 g a.i/ha) for the control of pink bollworm.

Thiamethoxam (25%) WDG (40 g/ ha) was the

most effective insecticide followed by

chlorantraniliprole (20%) SC and spinetoram

(12% SC) for the control of pink bollworm (Sabry

et al.,  2014).

In both summer and winter season, the

highest seed cotton yield (1678 and 1742 kg/ha)

was recorded in spinosad (45 % SC) @ 250 ml/

ha, followed by chlorantraniliprole (18.5% SC) @

150 ml/ha (1523 and 1621 kg/ha, respectively)

when compared to untreated check (843 and 925

kg/ha, respectively) (Table 1 and 2). These

results agree with those obtained by Gopalswamy

et al. (2000) who indicated that Beta-cyfluthrin

(24.11%), spinosad (25.33%) and indoxacarb

(26.43%) were promising for control of pink

bollworm. According to Patil et al. (2009), both

thiodicarb (70 SP) (750 g a.i/ha) as well as

profenophos (50 EC) (500 g a.i/ha) effectively

controlled pink bollworm by registering

significantly lower per cent locule damage of 8.88

and 9. 50, respectively.

REFERENCES

Amin, A.A, and Gergis, M.F.M.F. 2006.  Integrated

management strategies for control  of cotton

key pests in middle Egypt. Agron. Res., 4 :

121-28.

Gomez, K. A. and Gomez, A.A. 1984. Statistical

Procedures for Agricultural Research. Wiley

International Science Publications, John

Wiley and Sons, New York. p.680.

Gopalswamy, S. V. S., N.H.P. Rao and Rao, V.H.

2000. Insecticides in the control of pink

bollworm P. gossypiella (Saunders) in cotton.

Pestology, 24 : 7-11.

Green, M.B,  Lyon  DJ de  B.  (Eds). 1989. Pest

management in cotton.  Society of chemical

Industry/Ellis Horwood Limited, Chichester.

259. (ISBN0 7458 0452 7).

Kranthi , K.R.  2015.  Pink bollworm strikes  Bt

cotton. Cotton Statistics News: 35:1-6.

Panse, V. G. and Sukhatme, P.V. 1958. Statistical

Methods for Agricultural Works. Indian         

Council of Agricultural Research, New Delhi,

p 327.

101 Efficacy of insecticides



T
a
b
le

 1
. 
E

ff
ic

a
c
y
 o

f 
in

s
e
c
ti

c
id

e
 a

g
a
in

s
t 

p
in

k
 b

o
ll

w
o
rm

 d
u
ri

n
g
 S

u
m

m
e
r 

2
0
1
8
 (
F

e
b
ru

a
ry

 t
o
 J

u
ly

)

N
o
.

T
re

a
tm

e
n
ts

R
o
s
e
tt

e
 d

a
m

a
g
e
 /

P
in

k
 b

o
ll
w

o
rm

 l
a
rv

a
e
/
2
0
 b

o
ll
s

M
e
a
n

L
o
c
u

le
 d

a
m

g
e

Y
ie

ld

5
0
 
fl

o
w

e
r 

(%
)

D
A
S

a
t 
h

a
rv

e
s
t

(k
g
/
h

a
)

P
re

A
ft

e
r

P
re

9
0

1
0

0
1

2
0

(%
)

tr
e
a
tm

e
n
t

o
n

e
T
re

a
tm

e
n
t

(4
5
 D

A
S

)
w

e
e
k

(8
0
 D

A
S

)

T
1

In
d
o
x
a
c
a
rb

 (
1
4
.5

%
 S

C
) 

@
1

0
.2

3
b

c
(3

.2
0

)
4

.0
0

a
d
(2

.0
0

)
7

.5
0

f (
2

.7
4

)
4

.0
0

e
(2

.0
0

)
2

.3
3

f (
1

.5
3

)
3

.0
0

f (
1

.7
3

)
3
.1

1
3

.5
8

f (
1

.8
9

)
1

4
4

8
c
(3

8
.0

5

5
0
0
m

l/
h

a

T
2

C
h

lo
ra

n
tr

a
n

il
ip

ro
le

1
1

.6
7

d
(3

.4
2

)
1

.3
3

a
(1

.1
5

)
3

.4
1

a
(1

.8
5

)
1

.3
3

a
(1

.1
5

)
1

.3
3

c
(1

.1
5

)
2

.6
7

e
(1

.6
3

)
1
.7

8
2

.0
0

b
(1

.4
1

)
1

5
2

3
b
(3

9
.0

3
)

(1
8
.5

%
 S

C
) 

@
 1

5
0
 m

l/
h

a

T
3

P
ro

fe
n

o
p
h

o
s
 (

5
0
%

 E
C

)
1

0
.6

5
c
(3

.2
6

)
3

.3
3

c
(1

.8
2

)
4

.5
2

c
(2

.1
3

)
2

.3
3

b
(1

.5
3

)
1

.0
0

b
(1

.0
0

)
1

.3
3

a
(1

.1
5

)
1
.5

5
3

.8
3

g
(1

.9
6

)
1

3
1

2
d
(3

6
.2

2
)

@
 2

5
0
0
 m

l/
h

a

T
4

E
m

a
m

e
c
ti

n
 b

e
n

zo
a
te

9
.8

7
b
(3

.1
4

)
4

.6
7

e
(2

.1
6

)
6

.1
1

d
(2

.4
7

)
2

.6
7

c
(1

.6
3

)
1

.6
7

d
(1

.2
9

)
2

.3
3

d
(1

.5
3

)
2
.2

2
3

.5
8

f (
1

.8
9

)
1

2
4

8
e
(3

5
.2

2
)

(5
%

 S
G

) 
@

  
2
2
0
 g

/
h

a

T
5

S
p
in

o
s
a
d
 (

4
5
%

 S
C

) 
@

1
1

.6
5

d
(3

.4
1

)
1

.1
1

a
(1

.0
5

)
3

.6
5

b
(1

.9
1

)
2

.3
3

b
(1

.5
3

)
0

.3
3

a
(0

.5
9

)
1

.3
3

a
(1

.1
5

)
1
.3

3
1

.2
5

a
(1

.1
2

)
1

6
.7

8
a
(4

0
.9

6
)

2
2
0
 m

l/
h

a

T
6

C
h

lo
rp

y
ri

p
h

o
s
 (

2
0
%

) 
E

C
9

.3
0

a
(3

.0
5

)
2

.6
5

b
(1

.6
3

)
7

.3
6

f (
2

.7
1

)
3

.6
7

d
(1

.9
2

)
2

.0
0

e
(1

.4
1

)
3

.0
0

f (
1

.7
3

)
2
.8

9
2

.6
7

c
(1

.6
3

)
1

1
2

5
f (
3

3
.5

4
)

@
 1

2
5
0
 m

l/
h

a

T
7

T
ri

a
z
o
p
h

o
s
 (
4
0
%

 E
C

) 
@

1
1

.6
7

d
(3

.4
2

)
2

.6
7

b
(1

.6
3

)
6

.5
9

e
(2

.5
7

)
2

.3
3

b
(1

.5
3

)
1

.0
0

b
(1

.0
0

)
1

.6
7

b
(1

.2
9

)
1
.6

7
2

.6
7

c
(1

.6
3

)
1

4
2

3
c
(3

7
.7

5
)

2
5
0
0
 m

l/
h

a

T
8

B
a

c
il
lu

s
 t
h

u
ri

n
g
ie

n
s
is

 @
1

2
.3

3
c
(3

.5
1

)
3

.3
3

c
(1

.8
2

)
5

.9
5

d
(2

.4
4

)
3

.6
7

d
(1

.9
2

)
2

.0
0

e
(1

.4
1

)
2

.0
0

c
(1

.4
1

)
2
.5

6
2

.8
3

d
(1

.6
8

)
1

4
0

0
c
(3

7
.4

2
)

2
g
/
li
t

T
9

A
z
a
d
ir

a
c
h

ti
n

 (
0
.0

3
%

) 
@

1
2

.0
0

d
e
(3

.4
6

)
5

.6
7

f (
2

.3
8

)
7

.3
1

f (
2

.7
0

)
4

.0
0

e
(2

.0
0

)
1

.6
7

d
(1

.2
9

)
3

.0
0

f (
1

.7
3

)
2
.8

9
3

.3
3

e
(1

.8
2

)
1

2
3

2
e
(3

5
.1

0
)

5
0
0
 m

l/
h

a

T
1
0

U
n

tr
e
a
te

d
 c

o
n

tr
o
l

1
0

.6
7

e
(3

.2
7

)
1

1
.1

1
g
(3

.3
3

)
1

2
.3

6
g
(3

.5
2

)
7

.0
0

f (
2

.6
5

)
9

.2
3

g
(3

.0
4

)
1

0
.2

3
g
(3

.2
0

)
8
.8

2
8

.1
7

h
(2

.8
6

)
8

4
3

g
(2

9
.0

3
)

S
E
.D

0
.2

1
5

0
.1

3
1

0
.0

2
7

0
.0

4
2

0
.0

3
1

0
.0

5
2

0
.0

4
9

0
.4

2
4

C
D

 (
P
=
0
.0

5
)

0
.4

5
0

0
.2

7
7

0
.0

5
7

0
.0

9
0

0
.0

6
6

0
.1

1
0

0
.1

0
4

0
.8

9
2

D
A

S
 :
 D

a
y
s
 a

ft
e
r 

s
o
w

in
g

Sasikumar and Vimala 102



T
a
b
le

 2
. 

E
ff

ic
a
c
y
 o

f 
in

s
e
c
ti

c
id

e
 a

g
a
in

s
t 

p
in

k
 b

o
ll
w

o
rm

 d
u

ri
n

g
 W

in
te

r 
2
0
1
8
-2

0
1
9
 (
A

u
g
u

s
t 

–
 J

a
n

u
a
ry

)

N
o
.

T
re

a
tm

e
n
ts

R
o
s
e
tt

e
 d

a
m

a
g
e
 /

P
in

k
 b

o
ll
w

o
rm

 l
a
rv

a
e
/
2
0
 b

o
ll
s

M
e
a
n

L
o
c
u

le
 d

a
m

g
e

Y
ie

ld

5
0
 
fl

o
w

e
r 

(%
)

D
A
S

a
t 
h

a
rv

e
s
t

(k
g
/
h

a
)

P
re

A
ft

e
r

P
re

9
0

1
0

0
1

2
0

(%
)

tr
e
a
tm

e
n
t

o
n

e
T
re

a
tm

e
n
t

(4
5
 D

A
S

)
w

e
e
k

(8
0
 D

A
S

)

T
1

In
d
o
x
a
c
a
rb

 (
1
4
.5

%
) 

S
C

1
2

.6
7

d
(3

.5
6

)
2

.3
3

c
(1

.5
3

)
8

.5
0

e
(2

.9
2

)
5

.0
0

e
(2

.2
4

)
3

.3
3

g
(1

.8
2

)
4

.0
0

g
(2

.0
0

)
4
.1

1
3

.6
7

f (
1

.9
2

)
1

5
2

3
c
(3

9
.0

3
)

@
 5

0
0
m

l/
h

a

T
2

C
h

lo
ra

n
tr

a
n

il
ip

ro
le

1
3

.3
3

e
(3

.6
5

)
1

.9
3

b
(1

.3
9

)
6

.5
2

c
(2

.5
5

)
2

.3
3

a
(1

.5
3

)
1

.0
0

a
(1

.0
0

)
2

.3
3

d
(1

.5
3

)
1
.8

9
2

.5
8

b
(1

.6
1

)
1

6
2

1
b
(4

0
.2

6
)

(1
8
.5

 %
  

S
C

) 
@

 1
5
0
 m

l/
h

a

T
3

P
ro

fe
n

o
p
h

o
s
 (

5
0
%

 E
C

) 
@

1
1

.0
0

a
(3

.3
2

)
2

.6
7

d
(1

.6
3

)
7

.4
5

d
(2

.7
3

)
3

.6
7

c
(1

.9
2

)
2

.6
7

f (
1

.6
3

)
2

.3
3

d
(1

.5
3

)
2
.8

9
3

.4
2

g
(1

.8
5

)
1

4
3

2
d
(3

7
.8

4
)

2
5
0
0
 m

l/
h

a

T
4

E
m

a
m

e
c
ti

n
 b

e
n

zo
a
te

1
3

.3
3

e
(3

.6
5

)
2

.0
0

b
(1

.4
1

)
7

.3
3

d
(2

.7
1

)
3

.3
3

b
(1

.8
2

)
1

.3
3

b
(1

.1
5

)
1

.6
7

b
(1

.2
9

)
2
.1

1
3

.0
0

f (
1

.7
3

)
1

3
2

2
e
(3

6
.3

6
)

(5
%

 S
G

) 
@

 2
2
0
 g

/
h

a

T
5

S
p
in

o
s
a
d
 (

4
5
%

 S
C

) 
@

1
2

.0
0

b
c
(3

.4
6

)
1

.5
7

a
(1

.2
5

)
4

.3
0

a
(2

.0
7

)
2

.3
3

a
(1

.5
3

)
1

.6
7

c
(1

.2
9

)
1

.0
0

a
(1

.0
0

)
1
.6

7
1

.7
5

a
(1

.3
2

)
1

7
4

2
a
(4

1
.7

4
)

2
2
0
 m

l/
h

a

T
6

C
h

lo
rp

y
ri

p
h

o
s
 (

2
0
%

 E
C

) 
@

1
1

.0
0

a
(3

.3
2

)
2

.6
7

d
(1

.6
3

)
5

.2
5

b
(2

.2
9

)
2

.3
3

a
(1

.5
3

)
2

.6
7

f (
1

.6
3

)
3

.6
7

f (
1

.9
2

)
2
.8

9
3

.8
3

c
(1

.9
6

)
1

2
3

5
f (
3

5
.1

4
)

1
2
5
0
 m

l/
h

a

T
7

T
ri

a
z
o
p
h

o
s
 (
4
0
%

 E
C

) 
@

1
2

.6
7

b
d
(3

.5
6

)
3

.2
1

e
(1

.7
9

)
6

.4
4

c
(2

.5
4

)
3

.3
3

b
(1

.8
2

)
2

.3
3

e
(1

.5
3

)
2

.0
0

c
(1

.4
1

)
2
.5

5
3

.4
2

c
(1

.8
5

)
1

5
6

5
c
(3

9
.5

6
)

2
5
0
0
 m

l/
h

a

T
8

B
a

c
il
lu

s
 t
h

u
ri

n
g
ie

n
s
is

 @
1

2
.0

0
b

c
(3

.4
6

)
3

.6
7

f (
1

.9
2

)
8

.3
5

e
(2

.8
9

)
2

.3
3

b
(1

.5
3

)
3

.6
7

h
(1

.9
2

)
3

.0
0

e
(1

.7
3

)
3
.0

0
4

.0
0

d
(2

.0
0

)
1

5
3

4
c
(3

9
.1

7
)

2
g
/
li
t

T
9

A
z
a
d
ir

a
c
h

ti
n

 (
0
.0

3
%

) 
@

1
1

.6
7

b
(3

.4
2

)
3

.6
7

f (
1

.9
2

)
1

0
.5

5
f (
3

.2
5

)
4

.6
7

d
(2

.1
6

)
2
.0

0
d
 (

1
.4

1
)

3
.6

7
f (
1

.9
2

)
3
.4

5
4

.1
7

e
(2

.0
4

)
1

3
7

0
e
(3

7
.0

1
)

5
0
0
 m

l/
h

a

T
1
0

U
n

tr
e
a
te

d
 c

o
n

tr
o
l

1
2

.3
3

c
d
(3

.5
1

)
1

3
.2

5
g
(3

.6
4

)
1

0
.2

5
f (
3

.2
0

)
1

0
.3

2
f (
3

.2
1

)
1
0
.5

5
i  
  

(3
.5

2
)

1
0

.6
8

h
(3

.2
7

)
1
0
.5

2
9

.8
3

h
(3

.1
4

)
9

2
5

g
(3

0
.4

1
)

S
E

.d
0

.1
9

9
0

.0
7

4
0

.2
0

1
0

.1
1

0
0

.0
9

7
0

.1
0

2
0

.1
0

7
0

.4
0

6

C
D

 (
P
=
0
.0

5
)

0
.4

1
8

0
.1

5
7

0
.4

2
3

0
.2

3
2

0
.2

0
4

0
.2

1
4

0
.2

2
5

0
.8

5
3

D
A

S
 :
 D

a
y
s
 a

ft
e
r 

s
o
w

in
g

103 Efficacy of insecticides



Parmar, V. R. and Patel, C. C. 2016. Pink bollworm:

a notorious pest of cotton: a review. Agres –

An International e-Journal, 5 : 88-97. ISSN

2277-9663.

Patil, S. B., S.S. Udikeri, R.B. Hirecurubar, G.S.

Guruprasad and Abhilash, C.C. 2009.

Thiodicarb and profenophos: promising

insecticides for management of pink

bollworm, Pectinophora  gossypiella (Saunders)

in Cotton. Indian J. Ent., 71 : 183-85.

Rani, S.B., N.V.V.S.D. Prasad, P.A. Rao and Rao,

S. 2010. Performance of insecticides and

transgenic Bt cotton for the management of

pink bollworm, Pectinophora gossypiella

(Saunders) in cotton. J. Ent. Res., 34 :

125-29.

Sabry, A. H., K.A. Hassan and Rahman, A. A. 2014.

Relative toxicity of some modern insecticides

against the pink bollworm,Pectinophora

gossypiella (Saunders) and their residues

effects on some natural enemies. Int. J. Sci.

Environ. Tech., 3 : 481- 91.

Received for publication : May 29, 2019

Accepted for publication : October 23, 2019

Sasikumar and Vimala 104


