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Abstract

The shoot and fruit borer, Leucinodes orbonalis is the major insect pest of eggplant, causes severe yield loss up to 90 per cent. Chemical
insecticides remain the sole option for control of L. orbonalis, adopted by most of the farmers. Indiscriminate use of various insecticides led
to insecticide resistance and subsequent control failure. The pesticide usage history on eggplant revealed that, the farmers from Dharmapuri
area sprayed 22.6 times (5.4 insecticides), followed by Raichur and Guntur area with 21.6 times (8.9 insecticies) and 21.4 times with 7.9
insecticides. The L. orbonalis collected from the hilly tracts of Almora and Pune received no or negligible amount of insecticides. The dose-
mortality bioassays on field-collected populations of L. orbonalis indicated, varying levels of resistance development against phosalone
(139.6 to 526.6 fold), flubendiamide (31.9 to 363.9 fold), fenvalerate (37.2 to 128.7 fold), emamectin benzoate (9 to 46 fold) and thiodicarb
(7.2 to 22.8 fold) as compared to susceptible iso-female colony (Lo-S). Continous and indiscriminate use of the insecticides poses increased
selection pressure that leads to development of insect resistance to insecticide.
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Introduction

The eggplant, Solanum melongena is native to India,
widely cultivated in many Asian countries (Doijode, 2001;
Tsao and Lo 2006; Anonymous 2014). India stands second in
production after China with 0.66 million hectares and a
production of 12.4 million tonnes (Anonymous, 2017). West
Bengal, Odisha, Gujarat, Bihar, Madhya Pradesh,
Chhattisgarh, Karnataka, Maharashtra, Andhra Pradesh,
Haryana, Assam, Uttar Pradesh, Jharkhand and Tamil Nadu
are the leading states for commercial eggplant production.

Eggplant crop is damaged by more than 53 important
insect pests, out of which 8 species are considered as major
pests causing severe damage to the crop. The eggplant shoot
and fruit borer, Leucinodes orbonalis Guenée (Lepidoptera:
Crambidae) is a chronic pest of eggplant that damages the
crop throughout the crop season (Biswas et al., 1992;
Bhadauria et al., 1999; Muthukrishnan et al,, 2005). Yield
losses up to 88.7 per cent have been reported in many
countries despite best management practices (Haseeb er al.,
2009, Mishra et al., 2014). Due to cryptic nature of the
larvae, farmers generally adopt calendar-based prophylactic
insecticidal sprays to avoid cosmetic damage on the fruits
(Chatterjee and Roy, 2004; Sharma et al., 2004; Mishra and
Dash, 2007). Out of 13-14 per cent of pesticides used on
vegetables in India, eggplant receives the maximum pesticide
sprays after chilli (Kodandaram et al., 2013). Due to
continous pesticide application evidence of insecticide
resistance has been documented in L. orbonalis (Kodandaram
et al., 2015; Kariyanna et al., 2019). The large population
size and year-round multiplication capacity of L. orbonalis
coupled with continuous exposure to various chemicals
might further accelerate resistance evolution in this pest. The
present study attempted to analyse the insecticide usage
pattern on eggplant and level of insecticide resistance in L.
orbonalis against selected insecticides.

Materials and Methods
Insect collection and maintenance

The field populations of L. orbonalis were collected
from intensive eggplant growing regions of India viz., North
India: Varanasi (18.5204° N, 73.8567° E), Delhi (16.2120°
N, 77.3439° E), Almora (16.2120° N, 77.3439° E); Central
India: Nagpur (16.2120° N, 77.3439° E); Eastern India:
Bhubaneshwar (20.2961° N, 85.8245° E); Western India:
Pune (18.5204° N, 73.8567° E); South India: Raichur
(16.2120° N, 77.3439° E), Guntur (16.2120° N, 77.3439° E),
Dharmapuri (12.0933° N, 78.2020° E) and Coimbatore
(16.2120° N, 77.3439° E) (Fig. 1) during 2016-2019.
Collected field populations were reared under laboratory
conditions at 27 + 2 °C, 60-70 per cent RH, and a
photoperiod of 14:10h (L:D) on a natural diet (Fig. 2) and the
F1 individuals were used for bioassay and biochemical
studies. The iso-female line (Lo-S) derived from the
Bengaluru area (12.9716° N, 77.5946° E) has been
maintaining (since October 2012) at insect genomic
resources laboratory at ICAR-NBAIR was used as
susceptible control and designated as Lo-S.

Data on insecticide usage pattern

The insecticides that are very frequently used on the
eggplant to control L. orbonalis were recorded from local
farmers. The details on types, numbers and frequency of
insecticides used along with insecticides rotation pattern and
damage percentage were collected from each location (Table
1; Fig. 1).

Insecticide resistance bioassays

The commonly used commercial formulations viz.,
fenvalerate (20% EC), emamectin benzoate (5% EC),
phosalone (35%), thiodicarb (75%) and flubendiamide (20%)
were selected based on their usage history on eggplant by
farmers for the control of L. orbonalis. The filter paper
residue assay (Cheng et al, 2010) with crucial adjustments
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was used for insecticide resistance bioassays on early second
instar larvae of L. orbonalis larvae. Based on the preliminary
bioassay five to seven appropriate concentrations of each of
the selected insecticides were prepared. Filter paper discs of
approximately 4.5 cm diameter were immersed in the
required dilutions and vertically dried under shade for 1 hour.
Then paper discs placed individually in the plastic containers
~5 cm diameter and 10-second instar larvae were allowed on
each concentration in three to four repetitions (Fig. 3). After
24 hours of incubation, the larvae were shifted to an
untreated natural diet (Fig. 4). The mortality of larvae was

recorded from 48 hours. The filter paper residue assay was
found simple, precise and consistent in larval mortality for
contact insecticides and hence this method was adopted
subsequently in all dose-mortality bioassays. The larval
mortality data were grouped and used for probit analysis by
POLO software (Leora, 1994). For each population, the
lethal concentration to kill 50% of the test larvae (LCso) was
assessed. The resistance ratios (RR) were analysed by using
the formula: LCsy of field population/LCsy of the Lo-S
population.

Fig. 1 : Leucinodes orbonalis populations collected from different part of India

Results and Discussion
Insecticide history during crop period

The insecticides used by the farmers in the surveyed
location were more diverse and greater numbers than the
recommended. Among the eleven collected population (Fig.
1) the Raichur population having highest insecticide uasage
history (8.88), followed by Coimbatore (8), Dharmapuri

(7.62), Delhi (7.3), Guntur (7.28), Varanasi (7), Nagpur (7)
and Bhuvaneshwar (5.33). In contrary, Pune (0.9) (in hilly
area) and Almora (0.7) were reported less number of
insecticides. The highest number of sprays observed in
Coimbatore (22.8) and Dharmapuri (22.62 times), the result
was concurrence with 15-time insecticide spray on eggplant
and cauliflower, 13 and 12 times spray in chilli and bhendi
crop respectively (Jeyanthi and Kombairaju, 2005).
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Fig. 4 : Lva of L. orbonalis allowed on natural potato diet for 48-72 hours after filter paper incubation

to record the mortality

The overall insecticide usage history in eggplant
growing area of India revealed that, the emamectin benzoate
is the most commonly used insecticides (12%) in all the
locations followed by chlorantraniliprole (10%) (Fig. 5). The
spinetoram, fenvalerate, acephate moderately using
insecticides (~8%) and corboryl, chlorpyriphos, dimethoate,
alphamethrin, triazophos contributing 2 per cent or less in
managing L. orbonalis. Similarly, highest number of

organophosphates and amide group of insecticide to manage
insect pests in eggplant and cauliflower were from Himachal
Pradesh (Kumar et al., 2017 and Gaganpreet et al., 2018). In
bhendi neonicotinoids and combinations of insecticides were
largely used to manage sucking pest (Meenambigai et al.,
2017) and pyrethroids were the most commonly used
insecticides on eggplant followed by organophosphate
(Jeyanthi and Kombairaju, 2005).
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Table 1 : Insecticides usage pattern against L. orbonalis on eggplant

Number of Number of
Number of . . .
NIR Place of C . . . sprays/ crop | insecticides
. ommonly used insecticides farmers
No.| collection interviewed season used
(mean +SE) | (mean +SE)
1. Almora  |Organic by default, rarely fenvalerate 12 0.7 £0.06 1.0
5> |Bhubaneshwar Acephate, phosglon'e, chlorantrapiliprole, emamectin 6 18.83 42.57 5334033
benzoate, flubendiamide, acetamaprid
Phosalone, acetamaprid, acephate, emamectin benzoate,
3. Coimbatore |flubendiamide, spinetoram, fipronil, deltamethrin, 5 22.8 +1.71 8 +0.7
fenvalerate
Chlorantraniliprole, endosulfon, profenophos, corboryl,
4. Delhi chlorpyriphos, deltamethrine, dimethoate, emamectin 3 20 £1.15 7.3 £0.8
benzoate, endosulfan
. |Fipronil, emamectin benzoate, phosalone, fenvalerate,
5. Dharmzpuri phlc,)salone, chlorantraniliprole, ﬂulfendiamide, dimethoate 8 22.6242.18 7.6220.37
Acetamaprid, acephate, emamectin benzoate, spinetoram,
6. Guntur deltamethrin, cartap-hydrochloride, fipronil, 7 21.42 £1.32 7.28 £0.52
alphamethrin, profenophos
Emamectin benzoate, acetamaprid, fipronil, acephate,
7. Nagpur |fenvalerate, cartap-hydrochloride, spinetoram, 6 18.33 £1.05 7+0.5
chlrorantraniliprole
3. Pune L.argel.y organic, ocaasionally treated with spinetoram and 10 374132 0.9 +0.31
fipronil
Fipronil, acephate, alphamethrin, profenophos,
9. Raichur ac.etarnapn'd, caltap-hy.drochloride, emamectin benzoate, 9 21,55 +1 38 3.88 £0.58
spinetoram, triazophos, monocrotophos,
chlorantraniliprole
Spinosad, fenvalerate, deltamethrin, phosalone,
10. Varanasi |flubendiamide, cartap-hydrochloride, chlorantraniliprole, 5 20 +0.7 7+0.54
emamectin benzoate
Bengaluru |Insecticide susceptible (Being maintained since 2012)
1. (Lab S) ) ) )

Insecticide resistance monitoring

The usage pattern of insecticide to manage L. orbonalis
indicated that, the insecticides groups viz., organophosphate,
carbamate, pyrethroids, synthetic actinomycetes derived
chemicals, amide and cartap hydrochloride were commonly
used in most of the eggplant growing location. The LCs

S (Table 2).

helps to determine the resistance ratio against the applied
insecticides. In present study, the dose-mortality bioassays
with insecticides like fenvalerate, phosalone, emamectin
benzoate and flubendiamide demonstrated different levels of
toxicity against the filed collected L. orbonalis compared Lo-
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Fig. 5 : Frequency of pesticide used across the eleven eggplant growing regions of India
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The bioassay using fenvalerate depicted that, the LCjs
of Nagpur (128.7 ppm) was highest followed Delhi (114.2
ppm) and least observed in case of Coimbatore (37.2 ppm)
populations over Lo-S (table 2) and the range of LCs
observed from 1.62 to 259.2 ppm. Similar trend was
observed (35.0 ppm to 226.33 ppm) against cypermethrin
10EC on L. orbonalis (Ranjith Kumar, 2014).

For phosalone the highest LCs, was Nagpure (632.0
ppm) followed by Delhi (483.3 ppm) and least was from
Coimbatore (167.5 ppm) population over Lo-S (table 2).
Phosalone insecticide has widest LCsy range from 1.2 to
632.0 ppm in all the populations. The result was supported
with a maximum range of LCsy from 140.5 to 1322.5 ppm
against monocrotophos on 14 L. orbonalis populations across
India (Ranjith Kumar, 2014). But the spectrum of LCs, was
comparatively low when quinolphos used as insecticide
against fourteen L. orbonalis populations (Ranjith Kumar,
2014).

Thiodicarb displayed the highest LCs, in Guntur (264.2
ppm) followed Nagpur (262.8 ppm) and least was observed
in Coimbatore (83.2 ppm) population over Lo-S (table 2).
The thiodicarb LCs, range was 83.2-264.2 ppm in all the
tested populations. The data was supported with the LCs, of
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50-313.53 ppm in 14 population collected across India
(Ranjith Kumar, 2014).

The LCs, of flubendiamide was highest in Nagpur (83.7
ppm) followed by Delhi (53.0 ppm) and least was observed
in Coimbatore (7.34 ppm) over Bengaluru (Lo-S) (table 4).
The range of LCsy was 7.34-83.7 ppm in all the tested
populations. Similalry, for Punjab local populations 11.2 ppm
were reported (Kodandaram et al., 2013) and 2.10-28.20 ppm
in 14 L. orbonalis species tested across India (Ranjith
Kumar, 2014).

Emamectin benzoate displayed the least LCs, value
compared to other insecticides, in which highest was
observed in Delhi (0.46 ppm) followed by Nagpur (0.38
ppm) and least was observed in Coimbatore (0.06 ppm)
population over Lo-S (table 4). Among all the chemicals use
the emamectin benzoate has shown greater mortality with
least LCsy value (0.06-0.46 ppm) and fold changes (9-46
folds) against all the tested field populations (Table 2).
Similar toxicity range of LCsy value (302.8 ppm) was
reported in neonate L. orbonalis larvae (Anil and Sharma,
2010) and from 0.061 to 0.24 ppm in Leucinodes spp in
Punjab (Kaur et al.,, 2014).

Table 2 : Insecticide resistance pattern in field populations of L. orbonalis

. . 2 .
Insecticide Population (II;I(’:;(I)) Slope +SE LovI:(;:lmli:)Sper X het?lg(i%enelty Resistance ratio
Guntur 93.9 3.2+0.2 56.8 | 1255 3933 58.1
Coimbatore 61.2 2.8+ 0.56 30.8 | 97.5 1.02 (4) 37.2
Fenvalerate Nagpur 208.5 | 2.2+0.56 | 103.5 | 603.2 2.87(3) 128.7
Delhi 185.7 | 3.1+0.53 | 98.05 | 412.9 6.35 (4) 114.2
Bengaluru (Lo-S) | 1.62 | 2.2+0.42 0.85 3.57 2.62 (4) -
Guntur 191.1 1.9+0.2 109.1 | 281.1 391 (3) 159.3
Coimbatore 167.5 | 2.3£0.34 123.8 | 245.2 7.0 (4) 139.6
Phosalone Nagpur 632.0 | 2.1+0.09 | 315.8 | 2560.5 0.74 (3) 526.6
Delhi 483.3 | 1.93+£0.14 | 243.7 | 957.5 0.96 (3) 402.8
Bengaluru (Lo-S) 1.2 1.2+ 0.21 0.521 | 2.42 1.91 (3) -
Guntur 0.19 1.1+ 0.10 0.07 | 0.26 1.2(3) 19
Coimbatore 0.06 1.3+ 0.14 0.03 0.09 0.62 (4) 9
Emamectin benzoate Nagpur 0.38 29+0.21 | 0.220 | 1.390 8.62 (4) 38
Delhi 046 | 1.91+0.19 | 0.231 | 0.953 3.77 3 46
Bengaluru (Lo-S) | 0.01 | 1.4 +0.07 | 0.004 | 0.051 3.17(3) -
Guntur 2642 | 22+0.21 | 122.1 | 468.1 2.4 (3) 22.8
Thiodicarb Coimbatore 83.2 1.6+0,32 | 42.78 | 193.2 6.9 (4) 7.2
Nagpur 2628 | 1.9+0.14 | 1459 | 534.6 7.3 (4) 22.6
Delhi 106.5 | 1.82+ 0.39 | 55.37 | 278.4 2.4 (3) 9.17
Bengaluru (Lo-S) | 11.61 | 1.7320.32 | 5462 | 23.56 4.73) -
Guntur 429 | 1.72+£0.10 | 224 | 94.02 2903 186.5
Flubendiamide Coimbatore 7.34 | 099+0.10 | 3.23 | 16.72 6.2 (4) 31.9
Nagpur 83.7 | 2.11+£0.21 | 40.00 | 253.9 3903 363.9
Delhi 53.0 | 1.92+0.28 | 2691 | 118.0 3.7(3) 230.4
Bengaluru (Lo-S) | 0.23 | 1.21+£0.26 | 0.09 1.01 2.1 (3) -

Conclusion

The present investigation revealed that, the insecticide
usage pattern across India with the extent of insecticide
resistance in various field collected populations of L.
orbonalis. Thus, it is important to examine each possible
factor that leads to the evolution of insecticide resistance.
Lack of resistance in certain populations does not exclude
resistance risk in the future. Hence, the insecticide resistance

management strategies should essentially include atleast
moderately tolerate eggplant cultivar, monitoring of
population by pheromone traps, need-based application of
effective and softer insecticides in rotation with
biopesticides, botanicals and bioagents. Understanding the
level of insecticide resistance before a control measure is
deployed would help in effective resistance management of
L. orbonalis.
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