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ABSTRACT

Eggplant (Solanum melongena) holds significant importance as a vegetable in regions
characterized by hot and wet climates. Brinjal plants face infestations from 26 insect pests and
several non-insect species, with the brinjal shoot and fruit borer (Leucinodes orbonalis Guenee)
standing out as a primary threat. This pest poses a significant challenge, causing crop damage
year-round. Yield losses attributable to this pest range from 70 to 92 percent. This scenario has
presented a challenge for farmers engaged in the commercial cultivation of brinjal. Upon reviewing
research papers, it was discovered that newer insecticides and biopesticides exhibited notable
superiority. Spinosad 45SC emerged as the top performer, followed by Indoxacarb 14.5SC and
Emamectin benzoate 0.5SG.
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1. INTRODUCTION

“Brinjal cultivation in India grapples with
significant challenges posed by a variety of pests
at different growth stages. Among these, the
shoot and fruit borer (Leucinodes orbonalis
Guenee) is widely acknowledged as the most
devastating, while other pests like the epilachna
beetle (Epilachna vigintioctopunctata Fab.),
jassid (Amrasca biguttula biguttula Ishida), aphid,
thrips, and whiteflies (Bemicia tabaci Gennadius)
further exacerbate the situation” (Abhishek and
Dwivedi 2021). Infestation on brinjal can reach as
high as 75 to 92%. Brinjal crop in India is
consistently attacked by at least 50 insect pests,
with Aphids, Jassids, Whiteflies, and Shoot and
Fruit Borers classified as major pests that
regularly affect the crop [1]. “Among the insect
pests, Leucinodes orbonalis Guenee
(Lepidoptera: Pyralidae) is the most significant”.
[2] It stands out as the most destructive and
consistently recurring pest, causing substantial
crop losses [3] and further more liable for
weakening of natural product this characteristic
ultimately impacts the market value of organic
produce [4] and [5]. The infestation intensity by
the pest can reach levels as high as over 90%
[6,7]. Yield losses have been estimated to range
from 86% [8] in Haryana to approximately 83 to
91% in Uttar Pradesh [9].

2. DAMAGING PATTERN AND BIOLOGY
OF Leucinodes orbonalis

During the initial stages of the crop, the female
moth typically deposits eggs on the undersides of
leaves near the midrib, at the apex of shoots, or
sometimes even on tender shoots
themselves[10,11]. Symptoms such as drooping,
wilting, or withering of shoots are commonly
observed during the early stages of growth as a
result of shoot damage. [12,13]. Following fruit
formation, larvae typically penetrate from the
underside of the calyx, bud, or fruit{14]. The
observed holes on the fruits serve as the exit
points for the larvae[ll]. Each year, significant
damage is observed, adversely impacting both
the quality and yield of the harvest[15].

It alone accounts for damage as high as 85.90%,
with documented instances of up to 100%
damage as well. The larvae bore into tender
shoots, leading to wilting and dead hearts. As
they progress, they bore into tender fruits,
rendering them unfit for human consumption.

Currently, (Leucinodes orbonalis) is recognized
as a primary pest of brinjal, causing significant
damage as both a shoot and fruit borer in
established crops in the main field (Halder et al.,
2015).

Damage is inflicted by caterpillars that start off
creamy white when young but transition to a light
pink hue as they mature, reaching a length of 18-
23 mm when fully grown. Typically, larvae
undergo 5-6 instars during their development
[16].

It appears to closely align with the developmental
stages of Leucinodes orbonalis, known as the
eggplant fruit and shoot borer. Let's dissect these
stages:

Newly hatched larva: Upon hatching, the larvae
are minuscule and exhibit a creamy or dirty white
hue, accompanied by a dark brown or light black
head. They possess three pairs of thoracic legs
and five pairs of pro-legs, a characteristic shared
by many moth larvae, including Leucinodes
orbonalis.

2nd instar larva: Resembles the first instar larva
but is larger in size and may appear somewhat
darker in color. This is also common in many
moth larvae as they moult and grow between
instars.

3rd instar larva: Longer than the 2nd instar
larva and darker in color. The prothoracic legs,
the legs near the head, are dark brown in color.
This stage represents further growth and
development.

4th instar larva: Takes on a more pinkish
coloration. This could indicate changes in the
larva's diet or metabolism as it progresses
through its development.

5th instar larva: It displays a pinkish-brown
coloration with three clearly defined segments in
the thorax and five pairs of well-developed
prolegs. This is likely the final instar before
pupation.

These descriptions align well with the
developmental stages typically observed in
Leucinodes orbonalis larvae. Monitoring these
stages can be crucial for implementing
control measures effectively and managing
infestations in eggplant crops (Shaukat et
al.,2018).
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Table 1. Newer insecticides and their mode of actions on insect pests

S.No.

Newer insecticides

Mode of action

1

(Chlorantraniliprole)
C18H14BrCL2N502

(Flubendiamide)
C23H22F7IN204S

(Thiacloprid)
C10H9CIN4S

(Carbofuran)
C10H1202

(Indoxacarb)
C22H17CIF3N307

(Emmamectin
benzoate)
C49H75NO013

(Spinosad)
C83H132N2020

Coragen binds to a specific receptor in muscles known as the
ryanodine receptor. When chlorantraniliprole attaches to this
receptor, it prompts muscle cells to release calcium, resulting in
abnormal muscle function. This results in paralysis and eventual
demise of the insect. The ryanodine receptor differs between
insects and mammals, with coragen binding much more strongly to
the insect receptor [17,18]. It primarily affects insects when ingested
(FHHERA, 2019). Additionally, coragen is toxic to insect eggs,
larvae, and pupae upon contact (Brugger et al., 2018) [19].

Masaki et al. [20] showed that FBD stimulates Ca2+ pump activity
is hindered by reducing the coupling between RyRs and the pump,
leading to a decrease in internal calcium concentration. This
particular mode of action of FBD causes various disruptions in
muscle function in the target insect, resulting in symptoms of
poisoning such as rapid cessation of feeding and contractile
paralysis and regurgitation leading to the death of insect.

Thiacloprid is an insecticide of the neonicotinoid class. Its
mechanism of action is akin to other neonicotinoids and entails
disrupting the insect's nervous system through. stimulating nicotinic
acetylcholine receptors[21,22].

It is a systemic insecticide, Carbofuran also has contact activity
against pests. It is one of the most toxic pesticides still in use
(APDM 2020).

Insecticidal activity takes place by blocking the sodium channels in
the insect nervous system, and it enters through both stomach and
contact routes(USEPA 2000).

Upon application to foliage, emamectin benzoate permeates the
leaf tissue, creating a reservoir within treated leaves. This reservoir
offers residual activity against pests that feed on foliage and ingest
the substance during feeding. The proposed formulation aims to
translocate within the tree's vascular system upon injection(USEPA
2009).

Spinosad's specific mode of action involves modifying the function
of nicotinic and GABA-gated ion channels, leading to rapid
excitation of the insect's nervous system. This results in involuntary
muscle contractions, tremors, paralysis, and ultimately, death [23].

Table 2. Bio pesticide and their mode of action on insect pest

S.No.

Bio pesticide

Mode of action

Bacillus thuringiensis

Beauveria bassiana

Metarhizium anisopliae

Neem oil

The most widely accepted primary mode of action of the Bt
toxin is the lysis of epithelial cells in the insect's midgut. The
toxin operates externally to the cells, entering the plasma
membrane without accessing the cytoplasm. [24]

Insect death is caused by starvation as the fungus takes over
the internal structures of the insect, ultimately resulting in
outward penetration of the cuticle and sporulation on the
mummified body of the host [25].

The fungus Metarhizium anisopliae strain F52 infects insects
upon contact. Upon attaching to the insect's outer surface, the
fungus spores germinate and initiate growth. By penetrating the
insect's external exoskeleton, they rapidly multiply inside,
ultimately leading to the insect's demise(USEPA 2003).

Most active component for repelling and killing pests [21]
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The pupal duration of the brinjal shoot and fruit
borer (BSFB) varies: during summer, it typically
spans 7-10 days, whereas in winter, it extends to
13-15 days(Shaukat et al.,2018). Pupation of this
pest typically occurs in the soil, as well as in
dried shoots, leaves, or plant debris that have
fallen to the ground[6]. The BSFB moth presents
a white hue, featuring a blackish-brown spot on
both the thorax and abdomen dorsum. Its wings
are whitish with a pinkish-brown tinge and are
adorned with small hairs along the apical and
anal margins[16].

3. EFFICACY OF VARIOUS
INSECTICIDES AND BIOPESTICIDES

“‘Research on chemical control of L. orbonalis
demonstrated that treatments with Emamectin
benzoate 5% SG and Coragen 18.5% SC were
the most effective. Azadirachtin 5% EC and
Bacillus thuringiensis 5% WP insecticides were
determined to be the least effective against shoot
and fruit borer. The remaining treatments,
including Spinosad 45% SC, Lambda cyhalothrin
5% EC, and Pyriproxyfen 5% EC +
Fenpropathrin 15% EC, were observed to be
moderately effective” [26] Naik and his co-
workers study resulted that In the chemical
control trial, profenofos at 0.1% and spinosad at
0.015% were identified as the most effective in
reducing shoot infestation of L. orbonalis, while
also resulting in higher brinjal fruit yield. Among
the 15 treatments tested, profenofos
demonstrated the highest effectiveness, followed
by spinosad when used individually. Combining
profenofos and spinosad with novaluron and
Azadirachtin proved highly effective in reducing
the population of L. orbonalis, while also resulting
in higher yields [27]. In another trial, Emamectin
benzoate 5SG at 50gm/lit emerged as the most
effective, exhibiting 8.71% shoot infestation and
7.22% fruit infestation. Following closely were
Spinosad 45 SC at 0.02ml/lit with 10.13% shoot
infestation and 7.69% fruit infestation, and
Cypermethrin 25 EC at 2ml/lit with 11.51% shoot
infestation [28].

“The following treatments were applied three
times at fifteen-day intervals, starting from the
onset of BSFB infestation: chlorantraniliprole
18.5 SC (0.4ml/l), spinosad 45 SC (0.5ml/l),
chlorpyriphos 10 SC (2ml/l), indoxacarb 14.5 SC
(Iml/), Bacillus thuringiensis (2g/l), Azadirachtin
0.03EC (5ml/l), Metarhizium anisoplae (2.5g/l),
Beauveria bassiana (2.5g/l), and chlorpyriphos
20EC (2.5 ml/l) were included in the study. The
mean shoot infestation was lowest in coragen-

treated plots (6.32%), followed by spinosad,
chlorpyriphos, and indoxacarb. Among the bio-
pesticides, Beauveria and Bt were identified as
effective treatments in reducing shoot infestation.
Coragen achieved the lowest fruit infestation rate
(8.25%) and the highest marketable fruit yield

(250.30g/ha), followed by spinosad and
chlorpyriphos” [29]. “Among the various
insecticidal treatments, the application of

Emamectin benzoate 25 WG at 0.4gm/lit resulted
in the lowest fruit damage at 6.95%,
accompanied by the highest yield of 351.46
gt/ha. However, it performed equally well as
Spinosad 45 SC at 0.5 ml/lit, which had a fruit
damage rate of 8.06% and a yield of 341.75
g/ha’[30]. The bio-insecticides and botanicals
examined comprised Emamectin benzoate 5 SG
at a rate of 75 g a.i’lha, Spinosad 45 SL at 18 g
a.ilha, NSKE at 5%, Karanj seed extract at 5%,
Onion extract at 5%, Garlic extract at 5%,
Tobacco extract at 5%, Cannabis (bhang) leaf
extract at 5%, and Wood ash at 10 g per plant.
These were compared against a control group.
The results indicated that plots treated with
Emamectin benzoate 5 SG (75 g a.i’lha) showed
the lowest infestation levels and yielded the
highest fruit yield at 313.85 g/ha. Following
closely were Spinosad 45 SL (18 g a.i’/ha) and
NSKE (5%), which yielded 300.58 and 284.33
g/ha of fruit, respectively. Conversely, the least
effective treatment was Wood ash (10 g/plant),
yielding only 225.14 g/ha of healthy fruits. The
highest cost-benefit ratio was achieved with
Emamectin benzoate 5 SG at 75 g a./ha
(1:21.23) treated plots. While Tobacco leaf
extract 5% treated plots were environmentally
friendly, they exhibited the lowest cost-benefit
ratio at 1:1.27. This study underscores the
potential of bio-insecticides and botanicals in
effectively managing brinjal shoot and fruit borer
infestations [31].

Jat and Shrivastva [32] The study demonstrated
that all treatments were significantly superior to
the control group. In terms of economic viability,
the newer insecticides, namely Spinosad 45 SC,
followed by Indoxacarb 14.5 SC and Emamectin
benzoate 5 SG, showed promising patterns. It
can be concluded that the most effective control
of brinjal shoot and fruit borer was achieved with
the insecticide Spinosad 45 SC after two sprays
at the recommended intervals and doses.

4. CONCLUSION

The BSFB, known as an oligophagous pest,
mainly targets brinjal and other vegetables
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belonging to the Solanaceae family. Its brief life
cycle and habit of boring into plants hinder the
growth and development of brinjal crops, causing
substantial losses for farmers. In efforts to control
this primary pest, farmers often resort to
excessive and indiscriminate use of insecticides.
However, this approach results in lingering
effects on human health, pest resurgence,
environmental damage, and the depletion of
natural enemy populations in fields.

To address the adverse effects linked with
insecticide usage, adopting biological control
agents for managing BSFB becomes the
preferred strategy. These agents provide a safe
solution for the environment, posing no threat to
human health and representing a completely
eco-friendly approach.

5. FUTURE ASPECTS

Opting for biological control agents instead of
insecticides is crucial for safeguarding the
environment and sustaining populations of
natural enemies.
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