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ABSTRACT

Tomato is an important vegetable crop, but its productivity is severely affected by tomato fruit borer,
Helicoverpa armigera. The present investigation was carried out during Rabi 2023-24 and 2024-25 under field
conditions in the Tarai and Bhabar region of Uttarakhand to evaluate the bio-efficacy of eco-friendly and
chemical insecticides against H. armigera. The experiment was laid out in a Randomized Block Design with
seven treatments and five replications. Treatments included Chlorantraniliprole 18.5 SC @ 150 ml ha™,
Emamectin benzoate 1.9 EC @ 200 ml ha™!, marigold as trap crop, Flubendiamide 39.35 SC @ 100 ml ha™,
neem oil @ 5 ml litre™!, Kunapa Jala @ 5 ml litre™!, and untreated control. Observations on larval population
were recorded at 3, 5, 10 and 15 days after spraying. Results revealed that Chlorantraniliprole 18.5 SC was the
most effective treatment during both years, recording the lowest larval population and highest reduction over
control (68.24% and 66.21% at 5 DAS during 2023-24 and 2024-25, respectively). It was followed by
Flubendiamide 39.35 SC and Emamectin benzoate 1.9 EC, which also provided effective suppression of the
pest. Among eco-friendly treatments, neem oil and Kunapa Jala showed moderate but consistent control,
whereas marigold alone was comparatively less effective. The untreated control recorded the highest larval
population throughout the study. The findings indicate that Chlorantraniliprole was the most effective option for
management of tomato fruit borer, while neem oil and Kunapa Jala can be integrated as safer alternatives in
sustainable IPM programmes.
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INTRODUCTION

Tomato, Lycopersicon esculentum Mill (Family:
Solanaceae) originated in Peruvian and Mexican
region. The Portuguese introduced tomato to India
(Peralta and Spooner, 2007). China being the
leading producer followed by India, Turkey, United
States and Egypt (FAO, 2024). In India, tomato is
grown over about 0.82 million ha with production
of nearly 21.2 million tonnes; major producing
states include Andhra Pradesh, Madhya Pradesh,
Karnataka, Gujarat and Uttar Pradesh. In
Uttarakhand, tomato occupies an important place in
hill agriculture with production estimated at about
0.28 million tonnes from approximately 0.03
million ha area (NHB, 2024). Recent studies have
shown that tomato consumption helps protect
against prostate and digestive tract cancers. Regular
intake of tomatoes may reduce prostate cancer risk
by up to 45% (Rai and Yadav, 2005). Tomatoes are
also beneficial in bronchitis, act as an intestinal
antiseptic, support kidney function, and are rich in

lycopene, a powerful antioxidant that protects cells
from free radical damage (Mandloi, 2013).

All parts of the tomato plant are susceptible to
attack by various insect pests, including tomato
fruit worms, potato aphids, stink bugs, leaf-footed
bugs, hornworms, and whiteflies. Singh et al.
(2023) reported that the incidence of major tomato
insect pests, including serpentine leaf miner,
whitefly, aphid, jassid, and fruit borer, was
significantly influenced by weather parameters,
highlighting the need for timely and effective pest
management strategies in tomato cultivation. Fruit
borer, Helicoverpa armigera Hubner (Lepidoptera:
Noctuidae), is a major pest of tomato and causes
serious losses in both yield and fruit quality (Singh
and Chahal, 1978; Tewari and Moorthy, 1984;
Reddy and Zehrm, 2004). Among these, the tomato
fruit borer, Helicoverpa armigera (Hiibner), is one
of the most destructive pests and can cause yield
losses of up to 93.7% (Afreen et al., 2017). Young
larvae initially feed on flower buds and foliage,
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while older larvae bore into fruits, leading to
significant yield reduction (Rath and Nath, 1997).
In the early stage, larvae scrape leaves and
developing fruits, causing affected leaves to dry up.
Third instar larvae feed on leaves, buds, and
flowers, whereas at the fruiting stage they mainly
attack fruits. Third and fourth instars usually enter
the fruit completely, while in the fifth instar only
the front half of the body remains inside the fruit
during feeding (Kumar, 1996). Such damaged fruits
become unsuitable for human consumption.
Farmers heavily depend on insecticides for pest
management in tomato. However, excessive and
indiscriminate use of these chemicals has resulted
in issues such as destruction of natural enemies,
environmental contamination, pest resurgence, and
development of resistance due to repeated use of
the same insecticide groups. Therefore, there is a
need to identify effective and eco-friendly
insecticides, particularly combination products with
novel and different modes of action that can be
integrated into IPM programmes. Keeping this in
view, evaluation of various insecticides and
ecofriendly products were undertaken to identify
viable options for managing the tomato fruit borer.

MATERIALS AND METHODS

The present investigation on the bio efficacy of
different management practices against tomato fruit
borer, Helicoverpa armigera, was conducted during
the Rabi season 2023-24 and 2024-25 under field
conditions in the Tarai and Bhabar region of
Uttarakhand using tomato as the test crop. The
experiment was laid out in a Randomized Block
Design with seven treatments and five replications
and recommended agronomic practices were
followed uniformly in all treatments. The plot size
was 4 x 3 m®> with 45 cm row-to-row spacing and
30 cm plant-to-plant spacing. The first spray was
administered nine weeks after transplanting, and
the second spray was applied at 15-day intervals,
for a total of two sprays. Each treatment, including
the control, was sprayed with 15 litres of water per
ha. Observations of the tomato fruit borer
(Helicoverpa armigera) larvae were recorded at 1
day before spraying, 3, 5, 10, and 15 days after
spraying. Seven treatments were evaluated against
tomato fruit borer, Helicoverpa armigera, under
field conditions. The treatments comprised T;:
Chlorantraniliprole 18.5 SC (Coragen) @ 150 ml
ha™!, T,: Emamectin benzoate 1.9 EC @ 200 ml
ha™!, T3: marigold as trap crop, T4: Flubendiamide
39.35 SC (Belt) @ 100 ml ha™, Ts: neem oil @ 5
ml litre™" of water, To: Kunapa Jala @ 5 ml litre™
of water, and T;: untreated control. These
treatments were applied for comparing their
efficacy in reducing pest infestation and improving
tomato yield. Treatments applied using high
volume sprayer.

Preparation of Herbal Kunapa Jala

Herbal Kunapa Jala was prepared by mixing cow
dung (10-15 kg), cow urine (10-15 L), jaggery (2
kg), sprouted whole urad (2 kg), mustard and neem
leaves (2 kg), straw water (5 L), local weeds (20
kg), buttermilk (1 L), and sufficient water to make
a total volume of about 52 L. All plant materials
were chopped into small pieces and thoroughly
mixed in a plastic drum or earthen pot. The mixture
was loosely covered and allowed to ferment for 15-
20 days with stirring twice daily (morning and
evening). After fermentation, the mixture was
filtered through cloth or mesh. For application, 1 L
of Kunapa Jala was diluted with 10 L water and
used as soil drench or foliar spray at 15-30 day
intervals during crop growth. Spray fluids of other
treatments were prepared by first mixing the
required quantity of pesticide in a small amount of
water and then adding it to the required volume of
water in the sprayer tank with proper stirring before
application. The data obtained for different
parameters were statistically analysed following
computer-based software OPSTAT.

Determination of amount of Insecticides-
Required amount of Insecticides -  Volume of
water  (littha) X  Desired  concentration
% Strength of Insecticides formulation
Preparation of Spray Solution:
Insecticidal spray solutions will be made using the
following formula:
Amount of Formulation =
required(%) X Volume required(litre)
Concentration of
toxicant in insecticidal formulation
RESULT AND DISCUSSION
Before spray data showed nonsignificant difference
among all the plots. After three days of treatment,
all treated plots showed a significant drop in larval
population, especially those treated with chemical
pesticides. Chlorantraniliprole 18.5 SC @150 ml/ha
(6.17 larvae/10 plants) had the lowest larval
population, with a 57.27% decrease over control,
followed closely by Flubendiamide 39.35 SC @100
ml/ha (6.25 larvae/10 plants, 56.70% reduction
over control). Emamectin Benzoate 1.9 EC at 200
ml/ha also performed well (6.83 larvae/10 plants, a
52.66% decrease over control).
Among the bio-rational and organic treatments,
Neem Oil (50.92%) and Kunapa Jala (48.27%).
showed moderate suppression. However, Marigold
(trap crop) recorded a larval population of 9.28
larvae/10 plants with only 35.68% reduction over
control, indicating relatively lower effectiveness
compared to other treatments. In contrast, the
untreated control recorded 14.43 larvae/10 plants,
confirming a steady increase in infestation where
no management was applied.
At five days after spraying, the insecticidal
treatments reached their peak efficacy. The lowest
larval population (4.50 larvae/10 plants) was again

Concentration
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recorded in Chlorantraniliprole 18.5 SC @150
ml/ha, resulting in the highest reduction over
control (68.24% reduction over control), followed
by Flubendiamide 39.35 SC @100 ml/ha (4.83
larvae/10 plants and 65.88% reduction over
control) and Emamectin Benzoate 1.9 EC @200
ml/ha (5.50 larvae/10 plants and 61.18% reduction
over control). Among the bio-rational treatments,
Neem Oil recorded a 60.00% reduction over
control, while Kunapa Jala achieved 56.47%
reduction over control. In contrast, Marigold
showed a lower performance with 10.10 larvae/10
plants and only 28.71% reduction over control,
indicating its limited effect as a standalone control
measure.

At ten days after application, a slight resurgence of
larvae was observed in most treatments due to the
declining residual effect of insecticides. However,
Chlorantraniliprole 18.5 SC maintained strong
control with 5.87 larvae/10 plants and 62.55%
reduction over control, followed by Flubendiamide
39.35 SC (6.33 larvae/10 plants with 59.57%
reduction over control) and Emamectin Benzoate
(6.83 larvae/10 plants with 56.38% reduction over
control). The performance of Neem Oil (7.17
larvae/10 plants with 54.26% reduction over
control) and Kunapa Jala (7.67 larvae/10 plants
with 51.06% reduction over control) remained
moderate. Whereas, Marigold recorded 10.81
larvae/10 plants with only 31.00% reduction over
control, indicating a decline in its effectiveness.
The control plot showed a further increase to 15.67
larvae/10 plants, reflecting uninterrupted pest
multiplication.

At fifteen days after spraying, the efficacy of most
treatments had further diminished, indicating the
cessation of residual activity. Nonetheless,
Chlorantraniliprole 18.5 SC @150 ml/ha remained
the most effective treatment, maintaining a larval
population of 6.77 larvae per 10 plants,
representing a 55.38% decrease over the control.
This was followed with Flubendiamide 39.35 SC
@100 ml/ha (7.17 larvae/10 plants, 52.75%
decrease over control) and Emamectin Benzoate
1.9 EC @200 ml/ha (7.33 larvae/10 plants, 51.65%

reduction over control).Among the bio-rational
treatments, Neem Oil recorded 7.67 larvae/10
plants with 49.45% reduction over control, while
Kunapa Jala recorded 8.00 larvae/10 plants with
47.25% reduction over control. In comparison,
Marigold recorded 11.43 larvae/10 plants with only
24.62% reduction over control, indicating the least
effectiveness among all treatments. The untreated
control continued to show high pest incidence
(15.17 larvae/10 plants).

During the field evaluation of different treatments
against Helicoverpa armigera larvae, significant
variations were observed in the reduction over
control (%ROC) across different days after
spraying  (DAS). Among all treatments,
Chlorantraniliprole 18.5 SC @ 150 ml/ha proved to
be the most effective, recording the highest
reduction over control of 68.24% at 5 days after
spray (5 DAS), followed by Flubendiamide 39.35
SC @ 100 ml/ha (65.88% at 5 DAS) and
Emamectin Benzoate 1.9 EC @ 200 ml/ha (61.18%
reduction over control at 5 DAS).

Among the botanicals, Neem oil exhibited a
promising reduction over control of 60.00% at 5
DAS, indicating moderate efficacy against the pest.
The Kunapa Jala treatment also showed a
noticeable reduction over control of 56.47% at 5
DAS, while Marigold (trap crop) showed its
highest reduction over control of only 35.68% at 3
DAS, which further declined to 28.71% at 5 DAS,
31.00% at 10 DAS, and 24.62% at 15 DAS,
indicating its limited effectiveness when used
alone.

In contrast, the untreated control plot maintained a
consistently high larval population with no
reduction throughout the observation period.
Overall, the results revealed that
Chlorantraniliprole 18.5 SC was the most effective
treatment in suppressing H. armigera larval
infestation, followed closely by Flubendiamide
39.35 SC and Emamectin Benzoate 1.9 EC. While
Neem Oil and Kunapa Jala can be integrated as
eco-friendly alternatives in an Integrated Pest
Management (IPM) program to reduce chemical
dependency and maintain environmental safety.

Table 1: Effect of different treatments on Helicoverpa armigera larval population during 2023-24
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Treatments No. of larva/10 plants
0 DAYS 3 DAYS 5DAYS 10 DAYS 15 DAYS
Mean Mean %ROC Mean | %ROC | Mean | %ROC | Mean | %ROC
Chlorantraniliprole18.50 6.17 4.50 5.87 6.77
sc 150ml/ha 10.08 (2.67) 57.27 (2.33) 68.24 (2.61) | 62.55 | (2.78) | 55.38
Emamectin benzoate 6.83 5.50 6.83 7.33
1.9Ec (Emal9) 200ml/ha 9.02 (2.79) 52.66 (2.59) 61.18 (2.79) | 56.38 | (2.87) | 51.65
Mari gold 9.28 10.10 10.81 11.43
8.93 (3.20) 35.68 (3.33) 28.71 (3.43) | 31.00 | (3.52) | 24.62
Flubendiamide 39.354 6.25 4.83 6.33 7.17
100ml/ha 9.94 (2.68) 56.70 (2.41) 65.88 (2.69) | 59.57 | (2.85) | 52.75
Neem oil 7.08 5.67 7.17 7.67
10.75 (2.83) 50.92 (2.56) 60.00 (2.85) | 54.26 | (2.93) | 49.45
Kunapa Jala 7.47 6.17 7.67 8.00
11.18 (2.9) 48.27 (2.67) 56.47 (2.94) | 51.06 | (2.99) | 47.25
Control 14.43 14.17 15.67 15.17
11.66 (3.92) 0.00 (3.89) 0.00 (4.08) 0.00 (4.02) 0.00
SEM 0.073 0.093 0.135 0.092 0.092
C.Dat 5% 0.226 0.288 0.420 0.288 0.286

Impact of various treatments on the population of Helicoverpa armigera larvae
in 2023-2024
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Second year 2024-25

The findings given illustrate the efficiency of
several insecticidal and organic treatments on the
larval population of Helicoverpa armigera in
tomato crops, as measured at 0, 3, 5, 10, and 15
days after application. Initially, at 0 days before
spraying, the larval population per ten plants
ranged between 8.80 and 11.21 larvae. The
Marigold plot had the lowest pre-treatment
population (8.80 larvae/10 plants), whereas the
untreated control had the highest (11.21). All other
treatments had modest larvae populations,
indicating a fair comparison of treatments.

After three days of application, chemical
insecticidal treatments showed a considerable
decrease in larvae population as compared to the

control. The Flubendiamide 39.35% @100 ml/ha
treatment had the lowest larval population (4.83
larvae/10 plants and a 55.33% reduction over
control), followed closely by Chlorantraniliprole
18.5 SC @150 ml/ha, which had (4.87 larvae/10
plants and a 55.03% reduction). Emamectin
Benzoate 1.9 EC @200 ml/ha also worked
effectively, lowering the larval population to 5.00
larvae/10 plants, a 53.79% reduction over the
control.

Among the bio-rational and organic treatments,
Neem Oil (5.30 larvae/10 plants, 51.02% reduction
over control) and Kunapa Jala (5.68 larvae/10
plants, 47.51% reduction over control) exhibited
moderate control. However, Marigold was least
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effective at this stage, recording 9.84 larvae/10
plants with only 9.04% reduction over control,
indicating its very weak suppressive effect. In
contrast, the control plot recorded 10.82 larvae/10
plants, showing a natural increase in pest
infestation without any management measure.

At five days after spraying, all treatments exhibited
further suppression of H. armigera larvae,
indicating their peak efficacy. Chlorantraniliprole
18.5 SC @150 ml/ha recorded the lowest larval
population of (4.47 larvae/10 plants with 66.21%
reduction over control), followed by Flubendiamide
SC 39.354 100ml/ha and Emamectin Benzoate
1.9Ec 200ml/ha with (4.83 larvae/10 plants,
63.44% reduction over control) and (5.27 larvae/10
plants, 60.16%  reduction over control),
respectively.

Neem Oil also showed moderate performance with
(5.50 larvae/10 plants, 58.40% reduction over
control), whereas Kunapa Jala (5.93 larvae/10
plants, 55.12% reduction over control) showed
reasonable suppression. Marigold recorded a high
larval population of 10.70 larvae/10 plants with
only 25.80% reduction over control, confirming its
poor efficacy compared to other treatments. The
untreated control plot had a very high larval
population of 13.22 larvae/10 plants.

At ten days after spraying, a slight increase in
larval population was observed in most treatments
due to the gradual decline in residual effect.
Chlorantraniliprole 18.5 SC @150 ml/ha recorded
(6.23 larvae/10 plants, 60.31% reduction (Emal9)
200ml/ha (6.53 larvae/10 plants, 58.40%) and (7.09
larvae/10 plants, 54.84%) reduction over control,
respectively.

Neem Oil (7.30 larvae/10 plants, 53.52%
reduction) and Kunapa Jala (7.83 larvae/10 plants,
50.13% reduction) continued to show moderate
control. Marigold recorded 10.93 larvae/10 plants
with only 30.39% reduction over control, which
was much lower compared to all other treatments.
The untreated control showed 15.71 larvae/10
plants.

Treatment efficacy decreased after fifteen days
after spraying. Chlorantraniliprole 18.5 SC @150
ml/ha was maintained (7.13 larvae/10 plants,
53.00% reduction over control), followed by
Flubendiamide SC 39.354 100ml/ha (7.43
larvae/10 plants, 51.02% reduction over control),
and Emamectin Benzoate 1.9 Ec (Emal19)200ml/ha
(7.57 larvae/10 plants, 50.14% reduction over
control). Neem Oil (7.80 larvae/10 plants, 48.61%
reduction over control) and Kunapa Jala (8.13
larvae/10 plants, 46.41% reduction over control)
were the two most effective bio-rational
choices.Marigold showed 11.30 larvae/10 plants
with only 25.34% reduction over control, indicating
very low and inconsistent effectiveness in reducing
larval population. The untreated control remained
the most infested with 15.18 larvae/10 plants.

Overall, the results indicate that Chlorantraniliprole
18.5 SC was the most effective treatment,
achieving the highest and most consistent reduction
in larval population throughout the observation
period, followed by Flubendiamide 39.35% SC and
Emamectin Benzoate 1.9 EC, both of which
provided excellent control and satisfactory residual
effects up to 15 days. Neem Oil, though less potent,
exhibited a good level of suppression and can be
recommended as a bio-rational alternative suitable
for integration into Integrated Pest Management
programs. Kunapa Jal, being an organic
formulation, provided moderate deterrence and
repellence, useful in organic cultivation systems.
However, the bio-rational, Neem Oil and Kunapa
Jala, also emerged as valuable alternatives for pest
suppression under eco-friendly management
systems. Although their immediate effects were
lower than those of synthetic insecticides, they
showed steady larval reduction and
environmentally safe profiles, which make them
suitable for inclusion in Integrated Pest
Management (IPM) programs and organic farming.
Thus, while Chlorantraniliprole 18.50 SC @150
ml/ha, Flubendiamide 39.35% @100 ml/ha, and
Emamectin Benzoate 1.9 EC @200 ml/ha remain
the most potent options for rapid suppression,
Neem Oil and Kunapa Jala represent
environmentally sustainable, farmer-friendly, and
cost-effective alternatives that support both crop
protection and ecological balance. Marigold, on the
other hand, showed only 9.04-30.39% reduction
over control and cannot be recommended as an
effective control treatment, though it may still be
used as a supplementary trap or companion crop in
IPM systems. Their integration into regular farm
practices can help tomato growers manage
Helicoverpa armigera effectively with minimal
ecological impact and improved sustainability.
During the field evaluation of different treatments
against Helicoverpa armigera larvae, significant
variations were observed in the reduction over
control (%ROC) across different days after
spraying  (DAS). Among all treatments,
Chlorantraniliprole 18.5 SC @ 150 ml/ha proved to
be the most effective, recording the highest
reduction over control of 66.21% at 5 days after
spray (5 DAS), followed by Flubendiamide 39.35
SC @ 100 ml/ha (63.44% at 5 DAS) and
Emamectin Benzoate 1.9 EC @ 200 ml/ha (60.16%
reduction over control at 5 DAS).

Among the botanicals, Neem oil exhibited a
promising reduction over control of 58.40% at 5
DAS, indicating moderate efficacy against the pest.
The Kunapa Jala treatment also showed a
noticeable reduction over control of 55.12% at 5
DAS, while Marigold (trap crop) showed its
highest reduction over control of only 30.39% at 10
DAS, which further declined to 25.80% at 5 DAS,
30.39% at 10 DAS, and 25.34% at 15 DAS,
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indicating its limited effectiveness when used

alone.

Table 2: Effect of Different Treatments on the Larval Population of Helicoverpa armigera during 2024-25

Treatments No. of larva /10 plants
0 3 DAYS 5DAYS 10 DAYS 15 DAYS
DAYS
Mean Mean %ROC Mean | %ROC Mean %ROC Mean %ROC
Chlorantraniliprole18.50sc 4.87 4.47 6.23 7.13
150ml/ha 9.88 (2.42) 55.03 (2.33) 66.21 (2.68) 60.31 (2.84) 53.00
Emamectin benzoate 5.00 5.27 7.09 7.57
1.9Ec (Emal9) 200ml/ha 8.94 (2.44) 53.79 (2.49) 60.16 (2.84) 54.84 (2.92) 50.14
Mari gold 9.84 10.7 10.93 11.30
8.80 (3.28) 9.04 (3.32) 25.80 (3.45) 30.39 (3.50) 25.34
Flubendiamide 39.354 4.83 4.83 6.53 7.43
100ml/ha 9.94 (2.41) 55.33 (2.41) 63.44 (2.74) 58.40 (2.89) 51.02
Neem oil 5.30 5.50 7.30 7.80
10.44 (2.50) 51.02 (2.54) 58.40 (2.88) 53.52 (2.96) 48.61
Kunapa Jala 5.68 5.93 7.83 8.13
10.70 (2.57) 47.51 (2.62) 55.12 (2.96) 50.13 (3.01) 46.41
Control 10.82 13.22 15.71 15.18
11.21 (3.43) 0.00 (3.76) 0.00 (4.08) 0.00 (4.02) 0.00
SEM 0.060 0.087 0.097 0.081 0.105
C.Dat 5% 0.186 0.271 0.302 0.253 0.326

Impact of various treatments on the population of Helicoverpa armigera larvae in
2024-2025

B Chlorantraniliprole18.50 SC ® Emamectin benzoate 1.9 EC Mari gold
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along with higher fruit yield compared to other

The present findings are in close agreement with
earlier reports on the bio-efficacy of newer
insecticides against Helicoverpa armigera. Patel et
al. (2016) reported that chlorantraniliprole 35 WG
@ 30 g ai/ha significantly reduced larval
population and recorded the lowest fruit damage,

treatments. Similarly, Abbas et al. (2015) observed
maximum larval mortality with chlorantraniliprole-
based combinations and spinetoram, indicating
their strong and prolonged effectiveness even up to
7-10 days after application. Further, Ambuleet al.
(2015b) also reported that chlorantraniliprole 18.5
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SC was highly effective in minimizing larval
population and fruit damage, and resulted in higher
marketable yield, followed by spinosad.

These  findings  corroborate  the  present
investigation, where chlorantraniliprole 18.5 SC @
150 ml/ha consistently recorded the lowest larval
population and highest reduction over control,
followed by flubendiamide and emamectin
benzoate. The  superior  performance  of
chlorantraniliprole may be attributed to its novel
mode of action and longer residual activity, which
ensures effective control of larval stages and
reduced crop damage.

The present study clearly demonstrated that
Chlorantraniliprole 18.5 SC was the most effective
insecticide for the management of Helicoverpa
armigera in tomato. During both years of
experimentation  (2023-24 and 2024-25), it
consistently recorded the lowest larval population
with the highest reduction over control, particularly
at 5 days after spraying. Our study is in accordance
with Bandhavi and Kumar (2022) who reported
significant reductions in larval infestation and fruit
damage of tomato with Chlorantraniliprole
compared to other insecticide and biopesticide
treatments. Likewise, Meena et al. (2022) observed
a substantial decrease in H. armigera larval
population along with higher marketable yield
under field conditions, attributing its effectiveness
to prolonged residual activity. These findings
support the present results, where
Chlorantraniliprole maintained more than 50%
larval reduction even at 10 and 15 days after
spraying.Flubendiamide (100 ml/ha) was effective
in reducing Helicoverpa  armigera larval
populations on tomato. In my study, the larval
count dropped from 9.94/10 plants pre-treatment to
4.83 at 3rd and Sth days after spray, with percent
reduction of 55-63%, reduction over control and
remained relatively low (7.43 larvae/10 plants) up
to 15 days. Fruit damage was significantly lower
than the untreated control, indicating good residual
activity. These results are similar to previous work
by Singh et al. (2025), where Flubendiamide
consistently reduced larval populations and fruit
damage, though slightly less than
Chlorantraniliprole. While my work demonstrated a
slightly higher initial larval population and
comparable percent reduction, both studies confirm
that Flubendiamide provides consistent larval
suppression over 15 days, making it a reliable
option for tomato pest management. After
Flubendiamide the highest Roc is 63.44%. Wadeet
al. (2020) reported that Emamectin Benzoate 5%
SG (@ 0.002%) was highly effective against
tomato pests, reducing leaf miner infestation to
11.71% and fruit borer infestation to 13.10%
(number basis) and 11.81% (weight basis), which
resulted in the highest yield of 32.65 t/ha. Similarly,

in my study, Emamectin Benzoate 1.9 EC (Emal9)
at 200 ml/ha showed strong pest suppression, with
leaf miner and fruit borer population reductions
ranging from 53.79% Roc to 60.16% Roc across
observations.The present findings are further
supported by earlier workersSafnaet al. (2018)
reported that chlorantraniliprole 18.5 SC @ 0.005
per cent was the most effective treatment, recording
minimum fruit infestation (13.82%) and showing
significant superiority over other treatments.
Similarly, Bassi et al. (2009) reported that
chlorantraniliprole applied at 10-60 g a.i./ha was
highly effective against Helicoverpa armigera.
Kousika et al. (2015) also documented that the
application of this insecticide significantly reduced
fruit damage and increased fruit yield in tomato.
These findings are in close conformity with the
present investigation, where chlorantraniliprole
18.5 SC @ 150 ml/ha consistently recorded the
lowest larval population and highest reduction over
control, confirming its superior efficacy against
tomato fruit borer. After Emamectin benzoate
marigold recorded larval population ranging from a
minimum of 8.80-11.30 larvae/10 plants at 0 days
and 15 days respectively, with percent reduction
over control varying between 9.04 and 30.39%.
The lowest larval population and higher reduction
over control were observed during the initial
observation period, while a gradual increase in
larval population was noticed at later stages.
Despite this increase, marigold-intercropped plots
consistently maintained lower larval density
compared to the untreated control, indicating its
effectiveness in reducing pest pressure on tomato.
These findings support Hussain and Bilal's (2007)
findings that marigold used as a trap crop
significantly decreased tomato fruit borer larvae by
drawing pests away from tomatoes, resulting in up
to 88.89% larval reduction and decreasing pest
pressure in an environmentally beneficial manner.
In contrast, the untreated control plot maintained a
consistently high larval population with no
reduction throughout the observation period.
Overall, the results revealed that
Chlorantraniliprole 18.5 SC was the most effective
treatment in suppressing H. armigera larval
infestation, followed closely by Flubendiamide
39.35 SC and Emamectin Benzoate 1.9 EC.
However, an Integrated Pest Management (IPM)
program can incorporate Neem Oil and Kunapa
Jala as environmentally benign substitutes to lessen
reliance on chemicals and preserve environmental
safety.

Recommendations

For farmers, integrating Neem Oil and Kunapa Jala
into pest management strategies provides a
sustainable and eco-friendly approach to reducing
the excessive use of synthetic pesticides. These bio-
rational treatments can be effectively utilized as
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preventive sprays during the early crop stages to
minimize initial pest buildup and protect young
plants from infestation. When used in rotation with
chemical insecticides, they help maintain effective
pest control while significantly lowering chemical
residues on crops and in the soil. In organic
farming systems, where the use of synthetic
pesticides is restricted, Neem Oil and Kunapa Jala
serve as safe, biodegradable, and residue-free
alternatives, offering reliable protection against a
wide range of insect pests. Moreover, their
continued use contributes to long-term soil and
crop health by enhancing the plant’s natural
resistance and promoting beneficial soil microflora.
Thus, their incorporation into pest management
programs  supports  sustainable  agriculture,
environmental safety, and improved crop
productivity.

CONCLUSION

The present study clearly demonstrated that among
all the evaluated treatments against tomato fruit
borer, Helicoverpa armigera, Chlorantraniliprole
18.5 SC @ 150 ml ha™ was consistently the most
effective in reducing larval population during both
years (2023-24 and 2024-25), recording the highest
reduction over control (about 66-68% at 5 DAS)
and maintaining more than 50% suppression even
up to 15 days after spraying. This was closely
followed by Flubendiamide 39.35 SC @ 100 ml
ha™' and Emamectin benzoate 1.9 EC @ 200 ml
ha™!, which also provided effective and sustained
control of the pest. Among the eco-friendly
treatments, Neem oil and Kunapa Jala exhibited
moderate but consistent suppression (around 50-
60% reduction at peak period), indicating their
suitability as safer alternatives in pest management
programs. In contrast, marigold as a trap crop
showed comparatively low and inconsistent
effectiveness, with reduction over control ranging
only between 9-35%, and thus cannot be relied
upon as a sole management strategy. The untreated
control recorded the highest larval population
throughout the study, confirming severe pest
buildup in absence of control measures. Overall,
the findings suggest that while chemical
insecticides like chlorantraniliprole remain the
most effective for rapid suppression of H.
armigera, integration of neem oil and Kunapa Jala
can provide environmentally safe and sustainable
options within an Integrated Pest Management
(IPM) framework, reducing chemical dependence
without compromising pest control.
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