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Studies on outbreak of tomato pinworm, Tuta absoluta (Meyrick) in South India and 
its differential susceptibility to insecticides
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Division of Crop Protection, ICAR-Indian Institute of Horticultural Research, Hesaraghatta Lake , 
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ABSTRACT: Tomato fields in different locations of south India from where outbreaks of Tuta absoluta (Meyrick) 
occured were surveyed during 2019 -20 to assess the farmer’s adopted management strategies. The severity of T. 
absoluta resulted in the crop losses ranging from 20-90 per cent. The main reasons for the outbreak of T. absoluta 
were lack of knowledge on IPM among the farmers, delay in implementing management strategies,  over reliance on 
insecticide sprays and usage of spurious and un-recommended insecticides. Bioassays of field collected T. absoluta 
populations shown resistance to a few insecticides viz., indoxacarb14.5SC, flubendiamide 39.5SC, cyantraniliprole 
10.25SC and emamectin bezoate 5SG which were used for management of pest by the farmers. The present study thus 
analyses the recent outbreak of T. absoluta and offers Insecticide Resistance Management (IRM) strategy to avoid future 
loss to tomato growers. 
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INTRODUCTION 

Tomato, Solanum lycopersicum is one the most 
important vegetable crops widely cultivated in India. The 
major production constraints in tomato are biotic stresses 
such as insect pests and diseases.  Tomato pinworm, 
Tuta absoluta (Meyrick) (Lepidoptera: Gelechiidae), 
a new invasive pest was initially reported from India 
at Bengaluru during 2014 (Sridhar et al., 2014). Since 
its first report, the pest has spread to almost all tomato 
growing regions of the country. Tuta absoluta attacks 
the tomato leaves, buds, stems, and fruits. The larvae 
feed vigorously producing large galleries in leaves, 
and capable of causing up to 100% yield losses (Ashok 
et al., 2016). It has maximum lifetime fecundity of 
260 eggs per female and the whole life cycle of the T. 
absoluta from egg to adult emergence under laboratory 
conditions ranged from 21.0-27.50 days with an average 
of 24.5±2.15 days (Kalleshwaraswamy, 2015).

Currently, selected insecticides, pheromone traps, 
biorational insecticides, egg parasitoids are being used 
for suppression of T. absoluta population (Zappala et al., 
2013), but main control practice by farmers is spraying 
of  broad-spectrum insecticides viz., indoxacarb 14.5 SC, 
emamectin benzoate 5 SG, spinosad 45 SC, spinetoram 
11.5 SC, flubendiamide 39.5 SC. The outbreaks of the 
pest were already reported in many countries where it 
was noticed. However, outbreaks of the pest causing 
enormous damage with a yield loss up to 70-80% have 
been reported by farmers in certain locations in South 

India during 2019-20. Keeping in view the importance 
of the pest and recent outbreaks, a survey was carried out 
in selected parts of Karnataka, Tamil Nadu and Andhra 
Pradesh to investigate reasons for the pest flare-up and 
educate the farmers for its successful management.

MATERIALS AND METHODS

Surveys were carried out during 2019- 2020 in 
tomato growing fields covering a few major vegetable 
growing districts viz., Bengaluru rural and Kolar district 
of Karnataka, Anantapur district in Andhra Pradesh, 
Coimbatore, Salem, Oddanchatram and Madurai in 
Tamil Nadu. The T. absoluta damage was recorded on 
five randomly selected plants at regular interval (20m 
interval) in each field by following zig zag manner and 
the per cent pest incidence and damage were worked 
out.  Insecticide usage pattern was also obtained from 
respective farmers of the field. The T. absoluta population 
were collected in polythene bags and labeled them 
according to field and location. 

Rearing of the field collected T. absoluta

In order to get uniform pest population, the field 
collected T. absoluta populations were maintained and 
reared on healthy tomato plants separately in bug -dorm 
cages with 25 ± 2.5oC and 65 ± 5% relative humidity, at 
the Division of Crop Protection, ICAR-Indian Institute 
of Horticulture Research, Bengaluru. The second 
instar larvae of F1 generation were used for insecticidal 
bioassay.

112

Artificial diet for mass-rearing of melon borer, Diaphania indica (Saunders)
(Lepidoptera: Pyralidae)
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ABSTRACT:The melon borer, Diaphania indica (Saunders) (Lepidoptera: Pyralidae), is a serious pest of tropical and
subtropical cucurbitaceous vegetables. A suitable artificial diet is desirable for producing uniform insects for commercial
purposes or research. Four new artificial diets (D-1, D-2, D-3 and D-4) and bitter gourd, the natural host plant of D. indica,
were used for rearing D. indica, and the life parameters were compared. The results indicated that insects could complete a
full life cycle after 3 generations, only when the larvae were fed bitter gourd or the diet D-1.The new artificial diet, D-1 was
formulated based on bitter gourd leaves, Momordica charantia (L.) and chick pea, Cicer arietinum L. Developmental
parameters like egg hatching, larval duration and longevity of the adult reared on the D-1 artificial diet were found to be
significantly improved relative to the other three diets (D-2, D-3 and D-4), but were not significantly better than those reared
on the host-plant bitter gourd. However, the rearing efficiency (i.e., larval - pupal survival, developmental duration of pupa
and fecundity of adults,) on the D-1 diet was on par with the rearing efficiency on bitter gourd. There were no significant
changes in reproductive potential after five successive generations of rearing on the new diet. These results indicated that
the newly developed diet could serve as a viable alternative to bitter gourd plant for continuous rearing of D. indica.

Keywords: Diaphania indica, artificial diet, reproductive potential, mass production

INTROUCTION
Diaphania indica (Saunders) (Lepidoptera :

Pyralidae), known as melon borer, is one of the key pests
of cucurbitaceous vegetables like cucumber, muskmelon,
gherkin, bottle gourd, bitter gourd, snake gourd and so
on (Pandy, 1977; Ravi et al., 1998; Tripathi & Pandy,
1973, Segeren 1983, Viraktamath et al., 2003). D. indica
has been reported from South America, the Indian
subcontinent, Far East, South East Asia, the Pacific
islands, Australia, and Africa, as causing damage to one
or the other cucurbit round the year (Ke, Li, Xu &
Zheng, 1988; Peter & David, 1990; Ravi et al., 1997,
1998; Radhakrishnan & Natarajan, 2009, Capinera, 2001;
Peter & David, 1991). The larvae of D. indica feed on
flowers, leaves and fruits of cucurbits and cause 14% -
30% yield loss in different cucurbit crops (Jhala et al.,
2005; Singh and Naik, 2006). In order to make and
streamline pest control strategies, studies must be focused
on the biology, bionomics, behaviors, and ecology of the
pest. One has to coordinate these studies for the
availability of a nonstop and satisfactory supply of high
quality experimental insects. Development of artificial diet
has a distinct advantage in that the insect can be reared

throughout the year.There were not many serious
attempts to mass multiply D. indica in the laboratory.
However Ranganath et al. (2006) concentrated on
developing a cost-effective mass rearing techniques for
D. indica. Nevertheless, there are various issues related
to the artificial diet for the continuous rearing of this
species. The disadvantages include difficulty in the
accessibility of some of the components such as tender
gherk in fruit powder throughout the year and incapability
of the diet tosupport the egg and first instar development.
Therefore, artificial diet for this species should be
enhanced for nonstop rising in the laboratory to deliver
a large amount of uniform insects. Hence the point of
this study was to build up an artificial diet suitable for
the constant rearing of D. Indica without a loss of vigor
or reproductive potential.

MATERIALS AND METHODS
Experimental insects

A laboratory culture of D. indica was established in
the Bio control laboratory of Indian Institute of
Horticultural Research (ICAR-IIHR), Bengaluru, India
(12

Pest Management in Horticultural Ecosystems
Vol. 26, No.1 pp 97-103 (2020)

DOI number: 10.5958/0974-4541.2020.00016.8



98

D
is

tr
ic

t
L

oc
at

io
n

D
at

e 
of

 
O

bs
er

va
tio

n
L

at
itu

de
L

on
gi

tu
de

Va
ri

et
y/

hy
br

id
Pl

an
t p

ar
ts

 
da

m
ag

ed
In

ci
de

nc
e 

of
 

T.
 a

bs
ol

ut
a 

 
(%

)

L
is

t o
f I

ns
ec

tic
id

es
 sp

ra
ye

d

B
en

ga
lu

ru
K

od
ag

iti
ru

m
al

ap
ur

a
18

/0
7/

20
19

13
.5

78
8

77
.4

8°
 E

50
1

Le
av

es
15

.0
Sa

ga
rik

a.
 In

do
xa

ca
rb

14
.5

SC
, 

Fl
ub

en
di

am
id

e3
9.

35
SC

H
ur

al
ic

ki
kk

an
ah

al
li

18
/0

7/
20

19
13

.5
8°

 N
77

.4
9°

 E
A

rk
ar

ak
sh

ak
Le

av
es

 a
nd

 fr
ui

ts
12

.5
Sa

ga
rik

a.
 In

do
xa

ca
rb

14
.5

SC
, 

Fl
ub

en
di

am
id

e3
9.

35
SC

K
ol

ar
Th

im
m

as
an

dr
a

20
/0

8/
 2

01
9

13
.5

9°
 N

78
.0

0°
 E

R
is

hi
k

le
av

es
5.

1
In

do
xa

ca
rb

14
.5

SC
 , 

de
lta

m
et

hr
in

C
hi

nt
am

an
i

20
/0

8/
20

19
13

.2
0 

° N
78

.1
0°

 E
R

is
hi

k
Le

av
es

 a
nd

 fr
ui

ts
10

.6
In

do
xa

ca
rb

14
.5

SC
, I

sa
bi

on
 S

yn
ge

nt
a

D
ha

na
m

itt
an

ah
al

li
20

/0
8/

 2
01

9
13

.2
1°

 N
77

.1
9°

 E
R

is
hi

k
O

ld
er

 le
av

es
10

.1
Is

ab
io

n 
Sy

ng
en

ta
, L

ar
vi

n,
 S

ag
ar

ik
a,

 
C

hl
or

an
tra

ni
lip

ro
le

18
.5

SC

A
na

ka
llu

20
/0

82
01

9
13

.1
3°

 N
78

.1
2°

 E
44

-8
1

Fr
ui

ts
20

.0
-

Th
ip

an
na

ha
lli

31
/1

1/
20

19
13

.1
7°

 N
77

.9
9 

° E
R

is
hi

k
Le

av
es

 a
nd

 fr
ui

ts
90

.5
Is

ab
io

n 
Sy

ng
en

ta
, L

am
bd

a 
C

yh
al

ot
hr

in
, 

Ph
en

th
oa

te
 5

0E
C

, A
ce

ta
m

ip
rid

 2
0%

SP
,

Fl
or

on
il4

0%
+i

m
id

ac
lo

pr
id

40
%

. D
el

ta
m

et
hr

in
 2

.8
EC

, P
eg

as
is

B
et

ta
 h

os
ap

ur
a 

gr
am

a
31

/1
1/

20
19

   
 1

3.
08

° N
78

.0
7°

 E
R

is
hi

k
Le

av
es

 a
nd

 fr
ui

ts
70

.5
Is

ab
io

n 
Sy

ng
en

ta
, L

ar
vi

n,
 S

ag
ar

ik
a,

 
In

do
xa

ca
rb

 1
4.

5S
C

B
yr

as
an

dr
a

31
/1

1/
20

19
12

.9
18

0°
 N

77
.9

58
2°

 N
K

ow
sh

ik
Le

av
es

 a
nd

 fr
ui

ts
45

.0
-

A
na

nt
ap

ur
G

ar
la

di
nn

e
18

/0
2/

20
20

14
.8

25
6°

 N
77

.5
93

5°
 E

Sa
ho

o
Le

av
es

 a
nd

 fr
ui

ts
66

.5
Em

am
ec

tin
 b

en
zo

at
e 

5S
G

, S
pi

no
sa

d 
44

.3
3S

C
, I

nd
ox

ac
ar

b1
4.

5S
C

, 
C

hl
or

an
tra

ni
lip

ro
le

18
.5

SC
, 

Fl
ub

en
di

am
id

e3
9.

35
SC

M
ar

th
ad

u
18

/0
2/

20
20

14
.7

91
4°

 N
77

.5
44

7°
 E

Sa
ho

o
Le

av
es

 a
nd

 fr
ui

ts
60

.8
0

Em
am

ec
tin

 b
en

zo
at

e5
SG

, 
sp

in
os

ad
44

.0
3S

C
, I

nd
ox

ac
ar

b1
4.

5S
C

, 
C

hl
or

an
tra

ni
lip

ro
le

18
.5

SC
, 

Fl
ub

en
di

am
id

e3
9.

35
SC

C
oi

m
ba

to
re

M
ad

am
pa

tti
1/

02
/2

01
9

10
.9

69
8°

 N
76

.8
59

8°
 E

Si
va

m
Le

av
es

 a
nd

 fr
ui

ts
35

.2
Th

io
di

oc
ar

b7
5%

W
P,

 
C

hl
or

an
tra

ni
lip

ro
le

18
.5

SC
 

,E
nc

ou
nt

er
,In

do
xa

ca
rb

14
.5

SC
Po

ol
va

pa
tti

1/
02

/2
01

9
10

.9
62

1°
 N

76
.8

15
1°

 E
Sa

rv
i

Le
av

es
40

.1
Th

io
di

oc
ar

b7
5%

W
P,

  E
nc

ou
nt

er
V

ira
liu

r
1/

02
/2

01
9

10
.9

95
16

57
° 

N
76

.7
84

3°
 E

91
6

Le
av

es
 a

nd
 fr

ui
ts

25
.0

Th
io

di
oc

ar
b7

5%
W

P,
 

C
hl

or
an

tra
ni

lip
ro

le
18

.5
SC

, E
nc

ou
nt

er
Pe

ru
m

al
pa

tti
1/

02
/2

01
9

9.
05

3°
 N

77
.6

29
97

° N
Si

va
m

Le
av

es
 a

nd
 fr

ui
ts

30
.0

-
M

ad
ur

ai
N

ad
up

at
i

03
/0

2/
20

19
10

.0
0°

 N
77

.7
9°

 E
Si

va
m

Le
av

es
 a

nd
 fr

ui
ts

55
.2

C
hl

or
an

tra
ni

lip
ro

le
18

.5
SC

, ,
 E

nc
ou

nt
er

Ja
th

ig
on

da
pa

tti
03

/0
2/

20
19

10
.1

0°
 N

77
.7

8°
 E

Si
va

m
Le

av
es

 a
nd

 fr
ui

ts
30

.0
C

hl
or

an
tra

ni
lip

ro
le

18
.5

SC
, S

pi
ne

to
ra

m
 

11
.7

SC
, E

nc
ou

nt
er

D
in

di
ga

l
K

al
lim

an
da

m
02

/0
2/

20
19

10
.5

91
2°

 N
77

.6
86

4°
 E

Si
va

m
Le

av
es

 a
nd

 fr
ui

ts
16

.0
Th

io
di

oc
ar

b7
5%

W
P,

 
C

hl
or

an
tra

ni
lip

ro
le

18
.5

SC
, E

nc
ou

nt
er

O
dd

an
ch

at
ra

m
03

/0
2/

20
19

10
.4

89
7°

 N
77

.7
54

4°
 E

Si
va

m
Le

av
es

 a
nd

 fr
ui

ts
45

.0
Th

io
di

oc
ar

b7
5%

W
P,

 
C

hl
or

an
tra

ni
lip

ro
le

18
.5

SC
, E

nc
ou

nt
er

Sa
le

m
Sa

le
m

26
/0

2/
20

19
11

.6
64

3°
 N

78
.1

46
0°

 E
91

6
Le

av
es

 a
nd

 fr
ui

ts
36

.2
In

do
xa

ca
rb

14
.5

SC
, 

C
hl

or
an

tra
ni

lip
ro

le
18

.5
SC

, 
Th

io
di

oc
ar

b7
5%

W
P 

, E
nc

ou
nt

er

Ta
bl

e 
1:

 O
cc

ur
re

nc
e 

an
d 

da
m

ag
e 

of
 T

ut
a 

ab
so

lu
ta

 in
 d

iff
er

en
t t

om
at

o 
gr

ow
in

g 
ar

ea
s

Pest Management in Horticultural Ecosystems
Vol. 26, No.1 pp 97-103 (2020)

Prasannakumar et al. 



99

Susceptible culture

Since T. absoluta was first recorded at Bengaluru and 
hence population from the same location was used as 
susceptible culture to compare the resistance levels of 
other locations.  In a separate room, T. absoluta Bengaluru 
population was maintained which was never exposed to 
any of the insecticides from 10-12 generation. 

Insecticides for Bioassay

For  all  bioassays  and insecticide treatment, 
commercial formulations of the diamide insecticides- 
cyantraniliprole 10.25 SC (DuPont, France) and 
flubendiamide (Belt® 24WG, Bayer Crop Science  
AG, Germany); oxadiazine- indoxacarb (Kingdox)  
Avermectins group- emamectin benzoate (proclaim 
5SG) were used.

Bioassay

Infected leaves were collected from laboratory reared 
field population to collect uniform second instar larvae. 
Subsequently, the IRAC method leaf dip was adopted for 
the toxicological assays. All the insecticides are prepared 
in five different concentrations ranging from 1-60 ppm/l 
with four replications. The control leaves dipped in 
the distilled water without insecticide and other leaves 
were dipped individually in the different solutions for 
3 seconds with agitation. Treated leaves were allowed 
to dry for 1–2 h at room temperature and subsequently 
placed adaxially on moist tissue paper in a petri plates. Ten 
second instar larvae were released for each replication.  
All bioassays were incubated at 25 ± 0.5oC and 65 ± 5% 
relative humidity. Larval mortality was recorded 24, 48, 
72 and 96 h. Moribund larvae were considered as dead if 
they were unable to move the length of their body after 
gentle prodding with a camel-hair brush. To calculate 
resistance ratios, LC 50 values obtained from different 
field population were compared to that of susceptible 
population maintained in laboratory for 10-12 generation 
without exposure to any insecticides.

Biochemical assay

Preparation of cytosols from T. absoluta larvae for 
MFO and esterase assays

The enzyme sample was prepared from whole body 
of 3rd instar larvae (n=20) from both susceptible and 
resistance population. Tissues were homogenized in 
1.5 ml of 0.1M ice cold sodium phosphate buffer, pH-
7.2. Homogenates were centrifuged at 12,000 rpm for 
30 min at 4ºC, after centrifugation the supernatant again 
centrifuged at 10,000 rpm for 15 min. The enzyme 

supernatant was collected in a sterile vial and used as 
enzyme source for activity of MFO and esterase enzymes. 
The protein concentrations in the prepared crude extracts 
were determined by the method of Lowry et al. (1951) 
using bovine serum albumin standard (BSA).

Determination of Mixed function oxidase activity

Mixed function oxidase activity was measured by 
according to Brogdon et al. (1989) using peroxidation 
of 3, 3ˈ, 5, 5ˈ- Tetramethyl-benzidine (TMBZ). The 
total reaction mixture contains 50µl of enzyme sample, 
500µl of TMBZ (dissolved in 0.05M TrisHCl pH-7.0 
containing 1.5% Kcl), 250µl Potassium phosphate buffer 
0.05M, and 200µl of 3%H2O2. The absorbance was read 
in the UV-visible double beam spectrophotometer (Cary 
60 UV-VIS, Agilent) at 630nm for 10 min. The Total 
activity expressed as n mol equivalent cytochrome P450/
mg protein using cytochrome C for the standard curve.

Determination of esterase activity towards 
α-naphthylacetate (α-NA)

Substrate α -naphtyl acetate (β-NA) was used to 
determine esterase activity according to Kranthi (2005).   
For each test tube, 10µl of enzyme sample, 990µl of 
phosphate buffer saline along with 5ml of substrate 
solution was added. All the components except enzyme 
solution served as blank/control. Then the tubes were 
incubated 300 C at dark for 10min. Then 1ml of staining  
( Fast blue BB Salt ) solution was added and the tubes 
were incubated at room temperature for 20min. A change 
in absorbance was measured spectrophotometrically at 
450nm.

Data analysis 

Probit analysis of the moratlity data was conducted 
using IBM SPSS statistics version 21 to determine 
the LC50 and LC90 values.  Resistance ratios (RRs) 
were calculated by dividing the LC50 value of each 
field population by the LC50 value of the susceptible 
population of T. absoluta. The difference or similarity 
in enzyme activity obtained from spectrophotometer was 
estimated by student T-test.

RESULTS AND DISCUSSION 

Field Survey results

During the surveys, infestation of T. absoluta was 
noticed in all the tomato fields. Higher incidence of 
the pest was observed on leaves than on fruits. Severe 
incidence of T. absoluta (90.50%) was recorded at 
Thipannahalli village of Kolar district followed by 
Marthadu and Garladinne villages of Anantapur district 

Pest Management in Horticultural Ecosystems
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Population Insecticide na LC50 LCL-UCL

(95% confidence limit)

LC90 LCL-UCL

(95% confidence 
limit)

χ2 df RR Ratio

Susceptible 
population

Indoxacarb 14.5 SC 200 11.036

(9.805-12.054)

20.906

(18.860-24.705)

3.312 3

Flubendiamide 39.5 SC 200 6.969

(4.756-10.9333)

19.090

(16.990-21.275)

3.645 3

Emamectin benzoate 200 7.598

(6.856-9.546)

15.735

(16.543-19.236)

3.084 3

Spinetoram 11.5 SC 200 11.886

(10.916-16.021)

18.996

(21.797-31.629)

8.229 3

Cyantraniliprole 10.25 
SC

200 9.026

(8.085-9.845)

12.639

(14.365-17.540)

1.768 3

Kolar field 
population

Indoxacarb 14.5 SC 200 22.85

(21.840-31.201)

83.301

(62.82-140.30)

5.05 3 2.07

Flubendiamide 39.5 SC 200 5.104

(3.013-8.152)

9.955

(6.860-10.331)

5.12 3 0.732

Emamectin benzoate 200 8.427

(5.995-8.426)

11.472

(10.765-13.124)

6.832 3 1.077

Spinetoram 11.5 SC 200 12.071

(8.833-12.907)

15.44

(13.389-23.004)

1.487 3 1.031

Cyantraniliprole 10.25 
SC

200 20.22

(16.574-25.404)

32.344

(26.553-40.396)

1.944 3 2.24

Anantapur

Field 
population

Indoxacarb 14.5 SC 200 33.216

(30.842-36.156)

58.523

(53.036-66.236)

4.944 5 3.001

Flubendiamide 39.5 SC 200 32.343

(30.515-34.508)

55.444

(50.779-62.130)

1.590 5 4.640

Emamectin 
benzoate5SC

200 29.270

(28.114-32.398)

54.688

(49.771-61.642)

7.481 5 3.458

Spinetoram 11.5 SC 200 25.618

(21.345-33.824)

56.169

(46.826-74.245)

8.226 5 2.13

Cyantraniliprole 10.25 
SC

200 29.495

(25.805-35.438)

50.050

(41-949-67.201)

1.2160 5 3.267

LC50 lethal concentration that kills 50% of the exposed larvae, Confidence Limit , χ2 chi-square,n – Sample number, LCL-
lower confidence limit, UCL- upper confidence limit.RR = Resistance ratio, determined by dividing the LC50 of resistant 
strain by LC50 of susceptible strain.

Table 2. Bioassay results of different field populations of T. absoluta
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(66.50%) and in Madurai (50%). Lowest T. absoluta 
incidence (5.1%) was observed in Tippasandra village, 
Chintamani (10.60%) in Kolar and Huralichikkanahalli 
(12.5%) in Bangaluru district of Karnataka (Table 1; Fig. 
1).). Severe fruit damage was also observed in Kolar 
(85%), Coimbatore (50%) and Anantapur (46%) districts 
(Table 1). The farmers were unaware about the type of 
damage caused by the pest, management initiated at 
higher incidence of the pest, indiscriminative and repeated 
usage of same insecticides, spurious chemicals and lack 
of IPM practices were the few reasons for the outbreaks 
In addition, the congenial weather, particularly higher 
temperatures above 32C during the cropping period was 
further supplemented for flare up of the pest. Most of 
the fields surveyed were unattended and abandoned due 
to outbreak of the pest. The farmers expressed that the 
money going to incur towards harvest of the crop itself 
could not be recovered from the produce.  

When the pest was noticed for the first time the 
damage on leaf was 15-35 % at Pune, (Shashank et 
al., 2015), 5-97.9% at Telangana (Anitha et al. 2015), 
Dharmapuri 20-25% (Shashank et al., 2016). Whereas 
on fruits, the loss was 0.5 to 13.5 per cent in Tamil Nadu, 
2.0 to 100 per cent in Karnataka and 5 to 12 per cent 
in Gujarat (Ballal et al., 2016). Sudden increase in pest 
incidence from a very low incidence to outbreaks may be 
due to its rapid multiplication, short life cycle, favored 
high temperatures during February-May. 

To ascertain development of insecticide resistance 
by the pest, lab bioassay was carried out with different 
insecticides for the T. absoluta population from each 
location viz., Karnataka, Andhra Pradesh and Tamil 
Nadu (Table 2).  Reduced susceptibility was found in 
Bengaluru T. absoluta field population from Bengaluru 

to flubendiamide (1.34 folds). Whereas, Kolar population 
showed reduced susceptibility to cyantraniliprole (2.241-
folds) and indoxacarb (2.07 -folds). Similarly, reduced 
susceptibility of Madurai population was 1.213-fold to 
cyantraniliprole. Likewise, Salem T. absoluta population 
showed reduced susceptibility to indoxacarb (1.44-folds) 
and cyantraniliprole (1.452 folds). Population from 
Anantapur district also showed reduced susceptability 
to flubendiamide (4.640 –folds), emamectin benzoate 
(3.458- folds), cyantraniliprole (3.20-folds) and to 
indoxacarb (3.00-folds). 

Through continuous monitoring it was found that 
reduced susceptibility of Bengaluru population to 
flubendiamide might be due to continuous usage of 
same chemical from the past two years. Though in Kolar 
no usage of cyantranilprole and indoxacarb on tomato 
crop from where samples were collected but reduced 
susceptibility to these insecticides was observed. This 
type of results sometimes happens when usage of 
chemicals (here cyantranilprole and indoxacarb) by the 
growers on other tomato fields that might have affected 
on the insects which are high migratory in nature. These 
chemicals are being widely used on other vegetable crops 
of the district as it is known as one of the vegetable belts 
in Karnataka. 

The Salem and Madurai populations showed slightly 
less susceptible and hence cannot be consider under 
development of resistance by the pest to the chemicals. 
However, frequent monitoring of resistance may provide 
clear picture from these locations. Recent outbreaks of 
T. absoluta from Anantapur resulted in abandon of fields 
to cattle grazing. Though, the farmers of Anantapur 
used newer molecules viz., flubendiamide, emamectin 
benzoate, cyantranilirpole and indoxacarb, which have 

 

0
10
20
30
40
50
60
70
80
90

 T
.a

bs
lo

ut
a 

in
ci

da
nc

e 
(%

) 

Fig1. Incidence Tuta absoluta on tomato in different districts of South India
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also been recommended on tomato crop, but control 
failures were observed. Farmers expressed unaware 
about nature damage of the pest, economic importance 
of the pest, early identification of the pest and IPM. The 
recommended insecticides were used when the crop 
incurred significant loss from the pest and hence farmers 
and traders left the crop from harvest to avoid further 
loss from engaging labors for harvesting. Further, the 
insecticidal bioassay clearly showed an indicative trend 
of developing resistance by the pest to flubendiamide, 
emamectin benzoate, cyantranilirpole and indoxacarb. 
This trend was due to repeated application of the 
chemicals and indiscriminate usage of the chemicals 
without rotating at right time. 

The results from biochemical assay indicate the 
significant (P<0.005) increase in MFOs – cytochrome 
p450 and esterase’s activity. The MFO-CYP450 activities 
were notably increased in Bengaluru (1.2 folds), Kolar 
(1.4 folds), Madurai (1.6 folds), Salem (1.3 folds) and in 
Anantapur (1.3-folds) compared to susceptible population 
(p<0.05). Enzymatic activity analysis of esterases from 
T. absoluta was done with EST-α-NA assay. EST-α-NA 
activities were also increased significantly in Bengaluru 
(2.21folds), Kolar (1.2 folds), Madurai (1.4 folds), 
Salem (1.3folds) and in Anantapur (1.26 folds) (p<0.05) 
compared to susceptible population. Cytochrome P450 
monooxygenases and esterase’s generally take a role 
in direct metabolism of several insecticides (Scott et.al. 
2001, Heidari et. al., 2005 and Huang et. al., 2004). A 
study in 2019 (Silva et al.2019,) reported the activity of 
esterases, glutathione S-transferases, and cytochrome 
P450-dependent monooxygenases are apparently involved 
in the chlorantraniliprole resistance in Tuta absoluta.

Outbreak and resistance development of the pest 
was observed in other countries from where the pest 
was previously reported. Development of resistance 
to indoxacarb was observed in Greece (1794-fold 
resistance) due to putative target resistance mutation 
in F18454 and V18481 gene (Emmanouil et al., 2017).  
Resistance of T. absoluta to flubendiamide (750-folds) 
and chlorantraniliprole (860-folds) was also recorded 
in Kuwait the resistance level indicates presence of 
differential selection pressures such as use of different 
amount of insecticide in different areas (Jallow et al., 
2019). 

In the present study, awareness was spread among  
farmers about the pest, nature of damage and also 
provided technical know-how to tackle the pest in future  
by adopting IPM practices. The pinworm is attaining 
most serious pest status by causing significant damage, 
developing resistance to insecticides, spreading to many 

areas due to its rapid multiplication. Though meaningful 
resistance was not noticed in present investigation, results 
show that in future, T. absoluta may develop resistance 
to most of the insecticides which are being used by the 
farmers. Therefore focus on educating the farmers and 
practicing IPM and Insecticide Resistance Management 
(IRM) strategies is required for management of this 
invasive pest. 
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