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ABSTRACT
A field trial was conducted at the Uttar Banga Krishi Viswavidyalaya research farm in Pundibari, Cooch Behar, West

Bengal, India, to evaluate the effectiveness of pesticides against jassid and fruit borer.Except for Neem, the remaining five of the
insecticides displayed remarkable efficacy in suppressing fruit borer infestation and reducing damage. An organic insecticide,
Agniastra @ 30 ml/L, proved highly effective in significantly suppressing fruit borer populations, resulting in a marketable okra
yield of 11.84 t/ha. The use of chemical insecticides imidacloprid (30 g a.i./ha) and acephate (600 g a.i./ha) successfully reduced
fruit damage and increased yields to 11.72 t/ha. Neem @ 3 g a.i./ha was the least effective, while Spinosad @ 90 g a.i./ha and
Emamectin Benzoate @ 30 g a.i./ha demonstrated moderate effectiveness. Agniastra @ 30 ml/L is a promising option for
controlling fruit borer damage due to its health benefits and its potential to produce chemical-free export-quality produce. Moreover,
Agniastra @ 30 ml/L offers a practical and sustainable solution for safer, chemical-free export-oriented okra production.
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Introduction
Abelmoschus esculentus, a member of the

Malvaceae family and native to Africa, is commonly
known as ‘Okra’ or ‘Bhindi’ in India. It is cultivated in
tropical and subtropical regions worldwide and is
considered one of the most economically significant
vegetable crops23. Owing to its high nutritional value,
pleasing taste, and extended self-life after harvest, okra
has emerged as a prominent player in India’s export-
oriented vegetable market. It constitutes an impressive
60% share of the country’s fresh vegetable exports,
trailing only behind onions, and represents 30% of the
earnings from vegetable exports30.

Despite its economic significance, okra faces
numerous challenges, including both abiotic and biotic
stresses, with insect pests posing a major obstacle.
These pests, exhibiting polyphagous or oligophagous
behavior, afflict the crop from its seedling to harvesting
stages, leading to substantial yield losses. Okra is
attacked by many pest species, but the primary ones
are fruit borers such as Earias insulana and Earias
vittella, along with the sucking pest jassid (Amrasca

biguttula Ishida)6,7,11,16,18,20,22. These pests infest the
crop throughout its growth stages, causing significant
reductions in yield34. It has been reported that Fruit borers
cause sole damage to 3.5% to 90% across various parts
of the country7,20,27,30,31. The heavy infestation of pests
necessitates a substantial reliance on insecticides,
raising concerns about the toxic residues that may
remain on the fruits upon harvest, particularly since they
are often consumed with minimal cooking2. Furthermore,
the presence of pesticide residues poses the risk of
consignment rejection during export. It is worth noting
that despite India being a leading country in okra
production, its lack of share in exports is attributed to
the failure to produce chemical residue-free produce,
primarily due to reliance on synthetic pesticides.

These challenges need to be addressed through
ecologically sound, cost-effective, and economically
viable methods for controlling organic okra within
production systems that prioritize the right quality for
export purposes. In light of this, current investigations
were undertaken to determine the efficacy of
microorganism-derived insecticides, plant-based
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botanical insecticides in comparison with chemical
insecticides for promoting healthier and environmental
friendly practices.

Materials and Methods
Field trials were conducted during the 2016 and

2017 kharif seasons, from May 15 to August 14 each
year, at the Uttar Banga Krishi Viswavidyalaya
Instructional Farm in Pundibari, Cooch Behar, West
Bengal, India. The experimental site was located in the
Terai region of West Bengal at an elevation of 43.0
meters above mean sea level, with coordinates
26°19’86" N latitude and 89°23’53" E longitude. The site
features a medium-upland topography with a well-
developed irrigation and drainage system. The
experiment followed a Randomized Block Design (RBD)
with six treatments and three replications.The six
treatments included Emamectin benzoate (30 g a.i./ha),
Spinosad (90 g a.i./ha), Acephate (600 g a.i./ha),
Imidacloprid (30 g a.i./ha), Neem (3 g a.i./ha), Agniastra
(30 ml/L), and an untreated control (T7). The Arka
Anamika variety was directly sown in 4 × 3 m plots with
a spacing of 60 × 30 cm. Jeevamrut (a crude microbial
culture) was applied by diluting it with water as a
substitute for conventional NPK fertilizers after the final
soil tillage in the late afternoon at 14-day intervals.
Additionally, four application rounds of insecticides
applications were carried out at 15-day intervals.

Preparation and use of Jeewamrut : The
process outlined22 was followed to prepare the crude
microbial culture, Jeevamrut. The ingredients used
included 12 kilograms of fresh cow dung, 12 liters of
cow urine, 2.5 kilograms of jaggery, 2.5 kilograms of
chickpea flour, 1.5 kilograms of soil collected from an
uncultivated area, and 200 liters of water. Initially, fresh
cow dung was suspended in a mosquito net positioned
above a drum containing 150 liters of water, allowing it
to soak. After 48 hours, the cow dung within the mosquito
net was manually squeezed to release its contents into
the drum, followed by the addition of molasses, cow
urine, chickpea dust and a handful of uncultivated soil.
Over the following three days, the mixture was swirled
three times daily, alternating between clockwise and anti-
clockwise directions using a wooden or bamboo stick.
After 4-5 days, the indigenous microbial culture was
deemed ready for use. The application involved
spreading the diluted microbial culture evenly across the
plots, with application typically performed during late
afternoon hours.

Preparation of Agniastra : The biopesticide
Agniastra was formulated following the process22. The
ingredients included four kilograms of neem leaves, 500
grams of garlic, 500 grams of green chili, 500 grams of

tobacco powder, and 15 liters of cow urine. The
ingredients were thoroughly mixed in a basin and then
boiled for an hour. After boiling, the mixture was left to
rest at room temperature for 48 hours. It was then filtered
through a cloth and stored in bottles in a cool, dry place
for up to three months.

Mulching : Mulching was carried out using a
combination of paddy and mustard straw at a ratio of
approximately 3:1 between the rows of crops grown in
the plots. Chemical fertilizers were completely omitted
in the plots managed under bio-accelerated farming
utilizing indigenous microbial culture.

Data collection : Fruit borer data were collected
weekly from 10 randomly chosen plants. At every
harvest, evaluations were made on bore fruit determining
the percent reduction in damaged fruit resulting from
insecticide application.

Yield : Okra yield data were obtained from each
plot and weighed on electrical balance. This yield was
subsequently converted into kg/ha using the following
formula below.

Yield of plot in kg x 10,000 m2

Yield (kg/ha) =
      Area of subplot (m2)

Data analysis : SAS software (Version 9.2) was
used for data analysis. Each parameter was subjected
to a one-way ANOVA, and mean comparisons were
performed using the Least Significant Difference (LSD)
test at a 5% significance level.

Results
Across the applications, Agniastra @ 30ml/L

consistently demonstrated the highest effectiveness in
reducing the percentage of bored fruit across multiple
application applications, followed by Imidacloprid @ 30g
a.i./ha and Acephate @ 600g a.i./ha. In comparison,
Neem @ 3g a.i./ha was less effective, while Spinosad
@ 90g a.i./ha and Emamectin Benzoate @ 30g a.i./ha
provided moderate control. The untreated control group
had the poorest performance, highlighting the
importance of pest control measures in maximizing yield.

The pooled data over two years highlight the
effectiveness of various treatments in reducing the
percentage of bored fruit and increasing yield across
multiple application applications. In the first application,
Emamectin Benzoate @ 30g a.i./ha and Agniastra @
30ml/L showed the significantly highest reductions in
bored fruit, with reductions of 49.50% and 49.03%,
lowering the bored fruit percentage to 5.35% and 5.33%
respectively. This was followed by Imidacloprid at 30g
a.i./ha (47.39%) and Acephate @ 600g a.i./ha (47.31%),
which brought the bored fruit percentage down to 5.63%
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and 5.57%. Neem @ 3g a.i./ha showed the lowest
reduction of 18.73%, reducing bored fruit damage to
8.77%, indicating low efficacy.

During the second application, Agniastra @ 30ml/
L achieved the highest reduction in bored fruit, resulting
in a 53.02% decrease and 7.15% fruit damage. This

was followed by Acephate @ 600g a.i./ha and
Imidacloprid @ 30g a.i./ha, which reduced bored fruit
by 46.15% and 44.51%, respectively, leading to bored
fruit levels of 9.93% and 10.11%. The effectiveness of
Spinosad @  80g a.i./ha and Emamectin Benzoate @
30g a.i./ha decreased in the second application, with

TABLE-1: Effect of insecticide application on Fruit Borer infestation in okra and the corresponding reduction
                    in damage percentage during Kharif Season of 2016-17

Treatments I Application II Application III Application IV Application Yield
(Two-year (Two-year (Two-year (Two-year (t/ha)

pooled  pooled  pooled  pooled (Pooled
mean)  mean)    mean) mean) mean

of two
years

% of Reducti- % of Reducti- % of Reducti- % of Reducti-
bored on % bored on % bored on % bored on %
fruit fruit fruit fruit

T1=Emame- 5.35d 49.50a 10.47c 42.80d 7.10c 45.66d 2.03c 65.72c 10.55c
ctin benzoate (13.38)  (44.71)  (18.88) (40.86)  (15.46)  (42.51) (8.17)  (54.16)
@ 30g a.i./ha

T2= Spinosad 5.59c 46.70c 10.71c 42.81d 7.94c 44.14e 2.41c 59.65d 11.04b
@ 90g a.i./ha  (13.68)  (43.10)  (19.10)  (40.86)  (6.01)  (41.63)  (8.93)  (50.56)

T3=Acephate 5.57c 47.31b 9.93d 46.15b 7.32c 48.03b 2.05c 65.28c 11.72a
@ 600g a.i./ha  (13.64)  (43.46)  (18.37)  (42.79)  (16.05)  (43.87)  (8.22)  (53.90)

T4=Imidac- 5.63c 47.39b 10.11c 44.51c 7.46c 47.44c 2.06c 66.94b 11.72a
loprid @ 30g  (13.72)  (43.50)  (18.54)  (41.85)  (15.85)  (43.53) (8.26)  (54.91)
a.i./ha

  T5 =Neem 8.77b 18.73d 19.23b 17.94e 17.81b 20.90f 9.77b 22.58e 8.29d
@ 3g a.i./ha  (17.22)  (25.65)  (26.01)  (25.06)  (24.96) (27.21)  (18.22)  (28.37)

T6=Agniastra 5.33 d 49.03a 7.15e 53.02a 4.16d 58.60a 0.97d 68.50a 11.84a
@ 30ml/L  (13.34)  (44.44)  (15.50)  (46.73) (11.76)  (49.95)  (5.65)  (55.86)

T7=Untreated 10.88a - 27.79a - 30.52a - 19.17a - 7.45e
(1926) (31.81) (33.53) (25.97)

Pr>F <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001

LSD 0.1558 0.5102 0.1379 0.5405 0.4727 0.2929 0.4296 0.6619 0.2980

Note:The percentage of bored fruit and the percentage decrease in bored fruit (values in parentheses) are
angular transformed values. At the 5% probability level, means within a column that share the same letter are
not significantly different.
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reductions of 42.81% and 42.80%, and resulting in bored
fruit damage of 10.71% and 10.47%, respectively. Neem
@ 3g a.i./ha recorded the lowest reduction of 17.94%.
In comparison, the untreated control group exhibited a
significantly higher percentage of bored fruit at 27.79%.

In the third application, Agniastra @ 30ml/L
maintained its effectiveness, showing the highest
reduction in bored fruit of 58.60%, and reducing bored
fruit damage to 4.16%. This was followed by Acephate
@ 600g a.i./ha and Imidacloprid @ 25g a.i./ha, which
recorded reductions of 48.03% and 47.44%, decreasing
bored fruit damage to 7.32% and 7.46%, respectively.
Emamectin Benzoate @ 30g a.i./ha and Spinosad @
90g a.i./ha achieved reductions of 45.66% and 44.14%,
lowering bored fruit damage to 7.10% and 7.94%,
respectively. Neem @ 3g a.i./ha recorded the lowest
reduction at 20.90%. In contrast, the untreated control
group exhibited a significantly higher percentage of bored
fruit of 30.52%, underscoring the importance of these
treatments in effective pest management.

During the fourth application, Agniastra @ 30ml/
L remained highly effective, achieving a 68.59%
reduction in bored fruit, leading to a notable decrease in
the percentage of bored fruit, reducing it to 0.97% fruit
damage. This was followed by Imidacloprid @ 30g a.i./
ha, which achieved 66.94% significantly decreasing the
percentage of fruit borer damage to 2.06%. Emamectin
Benzoate @ 30g a.i./ha and Acephate @ 600g a.i./ha
also performed well, achieving pest reductions of 65.72%
and 65.28%, and reducing fruit damage to 2.03% and
2.05%, respectively. Neem @ 3g a.i./ha was the least
effective, achieving only 22.58% reduction in pests and
resulting in 9.77% fruit damage. The untreated control
group continued to show a significantly higher
percentage of bored fruit at 19.78%, highlighting the
necessity of consistent pest management strategies.

 Agniastra resulted in the highest yield increase
at 11.84 t/ha, followed closely by Imidacloprid @ 3g a.i./
ha and Acephate @ 600g a.i./ha, both achieving yields
of 11.72 t/ha. Spinosad @ 90g a.i./ha produced a yield
of 11.04 t/ha, while Emamectin Benzoate @ 30g a.i./ha
yielded 10.55 t/ha. Among the insecticides tested, Neem
@ 3g a.i./ha recorded the lowest yield at 8.29 t/ha,
compared to the untreated control at 7.45 t/ha. These
results demonstrate the effectiveness of these
treatments not only in reducing pest damage but also in
maximizing yield potential, ultimately contributing to
improved crop productivity and economic returns.

Discussions
The current investigation demonstrated that four

applications of Agniastra @ 30ml/L at 15-day application
at 15-day intervals lowered the borer infestation level to

0.97%, compared to 19.57% in the untreated control,
resulting in a yield of 11.84 t/ha.

This finding is supported by earlier researchers33,
they demonstrated that Agniastra @ 30ml/L at the same
concentration reduced fruit borer damage by 54.05%,
with a fruit infestation rate of only 1.75% after the third
application, resulting in a yield of 12.21 t/ha. The high
effectiveness of Agniastra @ 30ml/L is likely due to its
multi-component composition, which targets various
physiological processes in pests, leading to increased
mortality and decreased infestation rates.

Similarly, imidacloprid at 30 g a.i./ha and acephate
at 600 g a.i./ha, with yields of 11.72 t/ha, were the second
most effective treatments. These chemical insecticides
reduced the percentage of damaged fruit to 2.05% and
2.06%, respectively, compared to 19.17% in the
untreated control.

Acephate works by disrupting the nervous system
of pests, leading to paralysis and death, which explains
its consistent effectiveness.Bansode et al. (2015)3

observed 16.15% fruit infestation with Acephate @ 560
g a.i./ha, whereas our study recorded lower infestation
levels (2.05-9.93%), resulting in 46.15-65.28% protection
against fruit borer infestation with Acephate @ 600 g
a.i./ha, contradicting earlier findings.

Comparable results were reported17,25 which
found that imidacloprid application resulted in the lowest
incidence of fruit and shoot borer. It was also reported13

that imidacloprid 17.8% SL led to the lowest fruit borer
infestation, as indicated by the proportion of damaged
fruits (5.58%), which is consistent with the findings of
the present study. Conversely, another worker9 found
that imidacloprid at 30 g a.i./ha was less effective in
reducing fruit borer incidence. The finding of the present
study also align with earlier one4 who observed that plots
treated with imidacloprid at 40 g a.i./ha significantly
reduced fruit damage, achieving a 57.58% decrease.

Following the fourth application, Spinosad at 90
g a.i./ha showed moderate effectiveness in controlling
fruit borers and enhancing yields, as corroborated by
various studies. This treatment led to a 59.65% reduction
in fruit damage, with observed damage at only 2.41%
compared to 10.71% in untreated plots, resulting in a
yield of 11.04 t/ha. Similarly, Spinosad at 0.5 ml/L
produced a yield of 7.75 t/ha, as reported earlier19.
Additionally, Spinosad, which consists of spinosyn A and
spinosyn D, has been shown10,24 to be highly effective
against Earias vittella and to exhibit larvicidal and ovicidal
properties against lepidopteran pests such as
Helicoverpa armigera.

The microorganism-based pesticide Emamectin
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Benzoate at 30 g a.i./ha reduced fruit damage by 65.72%,
yielding 10.55 t/ha with only 2.03% fruit damage. These
findings corroborate earlier one5, demonstrating the
effectiveness of Emamectin Benzoate in controlling pest
infestations and increasing crop yields. Additionally,
Emamectin Benzoate at 0.36 g/L was found to be the
most effective, followed by Spinosad at 0.5 ml/L, resulting
in a yield of 8.92 t/ha. Previously it was12 observed that
Emamectin Benzoate 5 SG (200 g/ha) exceptionally
efficacious insecticide, with only 12.51% fruit damage.

In the current investigation, Neem at 3g a.i./ha
exhibited the least effectiveness, resulting in 22.58%
reduction in fruit damage, with 9.77% of fruit being
damaged, and a subsequent yield of 8.29 t/ha. Similarly,
neem oil32 demonstrated the lowest effectiveness in
providing reductions percentages of 27.31%, 31.44%,
and 35.88% of fruit damage. The earlier results14 were
similar to the present study, with observed damage of
39% in okra fruit with neem application, indicating it was
the least effective among the tested pesticides. It was15

also found inline results that Neem oil 0.03% EC brought
down fruit borer infestation to 19.99% after 14 days.

The untreated control group consistently exhibited
the highest level of bored fruit and minimum yield,
emphasizing the importance of pest control measures.
The lack of pest management in the control group leads
to unchecked pest populations, resulting in severe crop
damage and reduced productivity. This is consistent with
the research1, which found that untreated plots of
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