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Assessment of cross-resistance in South American tomato moth, Tuta absoluta 
(Meyrick) (Lepidoptera: Gelechiidae)
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ABSTRACT: Laboratory experiments were carried out to assess the development of cross resistance in selected resistant 
populations of  South American tomato moth, Tuta absoluta. Insecticidal bioassays were carried for the different  field 
population (G1) viz., Bangalore, Madurai, Salem and Kolar to assess the resistance status. The resistance population 
from the bioassay were further subjected to different insecticides (flubendiamide39.35SC, indoxacarb14.5SC, 
cyantraniliprole10.25SC, emamectin benzoate 5SG, spinosad 45SC and spinetoram11.1SC) to determine development of 
cross resistance if any. From the study, flubendiamide resistance Bangalore population showed positive cross resistance to 
cyantraniliprole and spinosad. Cyantraniliprole resistance population from Madurai and Salem showed cross resistance to   
indoxacarb, flubendiamide and emamectin benzoate, and Kolar indoxacarb population to flubendiamide, cyantraniliprole 
and emamectin benzoate. The result from the present study thus suggests proper rotation of the insecticides with different 
modes of action to prevent resistance development in T. absoluta.
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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.
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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
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INTRODUCTION 

The tomato leaf miner, Tuta absoluta Meyrick 
(Lepidoptera: Gelechiidae)  is  a micro  lepidopteron 
of  South America (Torres et al., 2001), infesting tomato 
(Guenaoui, 2008). T. absoluta larvae can completely 
destroy the tomato crop by extensive mining of leaves, 
stems and buds, and burrowing in the fruits thus the fruits 
become unmarketable which lead to yield losses up to 100 
per cent (Viggiani et al., 2009). The important method of 
management of T. absoluta is application of insecticides, 
however excessive and indiscriminate usage of insecticides 
cause a variety of hazards such as  adverse effect  on non  
target organisms, development of  multi fold  insecticidal 
resistance in insect pests and resurgence of secondary insect 
pests. Since T. absoluta has short life cycle, development 
of resistance against different group of insecticides is 
rapid (Prasannakumar et al., 2020). Failure of T. absoluta 
control even with high level of insecticide applications has 
been recorded in many parts of the world. For instance, 
development of resistance to most of the insecticides like 
abamectin, cartap, deltametrin, methamidophos, spinosad 
and permethrin was reported from Brazil, Chile and 
Argentine (Moore, 1983; Siqueira et al., 2000; Lietti et 
al., 2005; Reyes et al., 2012). In India, reduced susceptible 
of different T. absoluta populations (Bangalore, Kolar, 
Madurai, Salem and Anantapur) to different classes 
of insecticides like flubendiamide, indoxacarb and 
cyantraniliprole has also been reported (Prasannakumar et 
al., 2020).  In the present study, extent of cross -resistance 
in these different population is determined and discussed.

MATERIALS AND METHODS

Insect culture and bioassay

Tuta absoluta resistant populations from our previous 
studies (Prsannakumar et al, 2021) were maintained at 
Vegetable Entomology Laboratory, Division of Crop 
Protection, ICAR-Indian Institute of Horticultural 
Research (IIHR), Bengaluru. The resistant populations 
were further exposed to different insecticides such as 
Oxadiazines group: indoxacarb14.5SC, Diamides  group: 
flubendiamide 39.35SC and cyantraniliprole 10.25SC, 
Avermectins group: emamectin benzoate 5SG and 
Spinosyns  group: spinosad 45SC, spinetoram 11.1SC to 
determine the possible cross resistance levels. 

Leaf dip bioassay of insecticides on T. absoluta was 
carried out as per the Insecticide Resistance Action 
Committee (IRAC 2013) and Prasannakumar et al. 
(2021). Mortality was calculated after 24h, 48h, 72h and 
96h of insecticide exposure using a soft brush. The  cross  
resistance  was  calculated  by  dividing  LC50  value of  
G4th  generation (lab and insecticide exposed) with  the  
LC50  value of  G1 population  (field population) of  each 
insecticide and thus the relative degree of cross resistance 
was assessed by  using the formula as suggested by 
Ramasubramanian and Regupathy (2004). 

Cross resistance (CR) = LC50 of F4 (selected) / LC50 
of F1 (field population) 

CR = >1 (Positive), CR = <1 (Negative)
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Table 2. Assessment of cross resistance in T. absoluta Madurai population to Cyantraniliprole

Insecticide na LC50 LCL-UCL
 (95% confidence limit) 

LC90 LCL-UCL
(95% confidence limit)

χ2 df RR

Indoxacarb 100 12.310
(9.400-15.826)

18.960
(15.623-21.360)

3.21 3 1.0

Flubendiamide 100 8.130
(5.630-10.563)

13.287
(11.065-16.530)

5.01 3 1.16

Emamectin benzoate 100 7.704
(6.063-9.426)

10.412
(9.123-11.632)

6.32 3 1.01

Spinosad 100 5.123
(3.692-8.564)

9.563
(7.563-12.369)

5.23 3 0.91

Spinetoram 100 10.153
(8.563-18.623)

19.263
(15.462-24.596)

2.17 3 0.825

RR = Resistance ratio, determined by dividing the LC50 of G4 by LC50 of G1population. LC50 lethal concentration 
that kills 50% of the exposed larvae, Confidence Limit. χ2 chi-square.

Table 1. Assessment of cross resistance in T. absoluta Bangalore population to Flubendiamide

Insecticide na LC50 LCL-UCL
 (95% confidence limit) 

LC90 LCL-UCL
(95% confidence limit)

χ2 df RR

Indoxacarb 100 10.621
(8.329-12.680)

20.36
(17.865-23.564)

3.10 4 0.96

Cyantraniliprole 100 12.410
(5.260-10.554)

19.310
(14.563-24.650)

1.21 4 1.370

Emamectin benzoate 100 7.0563
(4.230-10.236)

12.369
(8.563-17.568)

3.64 4 1.0

Spinosad 100 6.102
(4.236-9.638)

13.896
(10.236-15.023)

3.03 4 1.02

Spinetoram 100 9.236
(7.563-14.569)

18.626
(16.89-21.545)

2.36 4 0.788

RR = Resistance ratio, determined by dividing the LC50 of G4 by LC50 of G1population. 
LC50 lethal concentration that kills 50% of the exposed larvae, Confidence Limit. χ2 chi-square, n- number of sample.

RESULTS AND DISCUSSION 

The  flubendiamide (1.4-RR)  resistant population 
from Bangalore, cyantraniliprole resistant population 
from Madurai (1.231-RR) and Salem (1.45-RR), 
and indoxacarb resistant population (2.07-RR) from 
Kolar were selected from our previous experiments,  
and used in the present study  (Prasannakumar et al., 
2021). Bangalore flubendiamide resistance population 
at G4 generations showed positive cross resistance to 
cyantraniliprole (1.37-fold) and spinosad (1.02 fold) 
(Table 1). Similarly, Madurai cyantraniliprole resistant 
population showed cross resistance at G4 generation for 
the insecticides- indoxacarb (1.0), flubendiamide (1.16) 

and emamectin benzoate (1.01) (Table2). Likewise, 
the Salem cyantraniliprole resistant population showed 
cross resistance at G4 generations to indoxacarb (1.44), 
flubendiamide (1.15) and spinosad (1.06) (Table 3). 
Whereas, Kolar indoxacarb resistant population showed 
positive cross resistance to cyantraniliprole (1.6), 
flubendiamide (1.8) and emamectin benzoate (1.0) at G4 
generation (Table 4). 

Cross resistance is the mechanism when the 
species confers resistance to two or more compounds 
which involves same gene conferring resistance to  
different chemicals. Cross-resistance is usually present 
among pesticides sharing similar binding target sites 

Insecticide resistance in Tuta absoluta
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or similar detoxifying pathways (Wu et al., 2014). For 
example, selection with Cry1Ac in H. armigera caused 
cross-resistance to Cry1Aa and Cry1Ab, which is conferred 
by cadherin mutations (Xu et al., 2005). In the present 
study, the resistant population showed cross resistance  
to different insecticides which are sharing same mode of 
action. Flubendiamide resistant population from Bangalore 
showed cross resistance to cyantraniliprole and spinosad,  
cyantraniliprole resistant population from Madurai and 
Salem showed cross resistance to flubendiamide probably 
due to both flubendiamide and cyantraniliprole  belongs to 
same mode of action  group- IRAC Group 28: Ryanodine 
Receptor Modulators.

In the present study, the cyantraniliprole resistant 
population from Madurai and Salem also showed cross 
resistance to indoxacarb, spinosad and emamectin 
benzoate. Likewise, the indoxacarb resistant population 
from Kolar exhibited cross resistance to cyantraniliprole, 
flubendiamide and emamectin benzoate. Though 
these insecticides have different mode of action, the 
cross resistance development may be due to field 
level exposure of T. absoluta to the above mentioned 
chemicals (Prasannakumar et al., 2021). Besides, the 
pest might have exposed to these insecticides in other 
tomato growing nearby fields. 

Table 3.   Assessment of cross resistance in T. absoluta Salem population to Cyantraniliprole

Insecticide na LC50 LCL-UCL(95% 
confidence limit)

LC90 LCL-UCL
(95% confidence limit)

χ2 df RR 
ratio

Indoxacarb 100 16.00
(15.09016.910)

25.846
(23741-31.076)

1.008 3 1.44

Flubendiamide 100 7.104
(3.013-8.152)

9.955
(6.860-10.331)

5.12 3 1.15

Emamectin benzoate 100 5.427
(5.995-8.426)

11.472
(10.765-13.124)

6.832 3 0.96

Spinosad 100 5.001
(3.214-5.884)

12.933
(12.233-13.966)

1.113 3 1.06

Spinetoram 100 11.071
(8.833-12.907)

15.44
(13.389-23.004)

1.487 3 0.98

RR = Resistance ratio, determined by dividing the LC50 of G4 by LC50 of G1population.. 
LC50 lethal concentration that kills 50% of the exposed larvae, Confidence Limit. χ2 chi-square

RR = Resistance ratio, determined by dividing the LC50 of G4 by LC50 of G1population. 
LC50 lethal concentration that kills 50% of the exposed larvae, Confidence Limit. χ2 chi-square, n- sample number.

Table 4. Assessment of cross resistance in T. absoluta Kolar population to Indoxacarb

Insecticide na LC50 LCL-UCL
 (95% confidence limit) 

LC90 LCL-UCL
(95% confidence limit)

χ2 df RR

Cyantraniliprole 120 14.563
(13.256-15.861)

16.105
(15.864-17.145)

6.234 3 1.61

Flubendiamide 120 12.530
(10.531-13.669)

13.014
(12.019-13.912)

8.09 3 1.8

Emamectin benzoate 120 8.721
(6.266-12.337)

12.084
(10.563-13019)

3.982 3 1.0

Spinosad 120 5.788
(4.890-10.619)

10.383
(9.446-10.960)

3.993 3 0.98

Spinetoram 120 10.669
(8..932-14.435)

4.225
(3.803-5.704)

5.258 3 0.90

Prasannakumar et al.
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 The main reason for cross resistance development 
may be usage of same class of insecticides with similar 
mode of actions repeatedly by the farmers.  Permethrin 
resistant population of Spodoptera exigua (Hübner) had 
higher cross-resistance (97- and 130-fold, respectively)  
to  cypermethrin  and  fenvalerate as permethrin and 
cypermethrin shares the same mode of action i.e  IRAC 
3A Sodium channel modulators (Che et al.,2013). 
Similarly, azinphosmethyl resistant population of 
oblique banded leaf roller exhibited cross resistance to 
benzoyl hydrazine and indoxacarb   due to rotation of 
these insecticides (same MoA) for pest management in 
field condition (Smirle et al., 2002). 

Field-collected strain (MR-VL) of the two-spotted 
spider mite, (Tetranychus urticae) Koch, treated with 
different acaricides exhibited strong resistance to entezine, 
dimethoate, chlorfenapyr, bromopropylate, amitraz, 
flucycloxuron and azocyclotin due to its multi-resistant 
nature and unknown use of chemicals in the distant past 
(Thomas et al., 2005).The organophosphate-resistant 
populations of mosquito species showed cross resistance 
to carbamate and propoxur  due to target site insensitivity 
of AChE as both the compounds have a common target, 
of acetylcholinesterase (AChE (Ayad and Georghiou, 
1975). Repeated application of same insecticides or 
different insecticides with same MoA hastens the resistant 
development in insects. Therefore the present study 
suggests wise use of insecticides with rotation to delay the 
development of cross resistance in T. absoluta. 
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