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[ ABSTRACT

This study evaluated the field efficacy of various botanical insecticides against the rice yellow stem borer (Scirpophaga incertulas)
during the 2016-2017 seasons. Results indicated that Achook (Azadirachtin 0.03% EC) consistently demonstrated the lowest
incidence of dead heart (1.91%) and 2.50%) and white ear damage (2.89% and 3.59% ) consequently during both the year compared
to other insecticides and the untreated control. In both 2016 and 2017, Achook significantly reduced DH incidence to levels
statistically comparable to rynaxypyr 20 SC and dinotefuran 20 SG, outperforming other botanicals such as Neem Baan, Neemazal,
pongamia oil, and Nimbecidine. Similar trends were observed in WE incidence, with Achook showing the lowest damage, aligning
closely with the chemical insecticides. Achook (Aza. 0.03%) provided the highest incremental grain yield (42.08 q/ha) and net profit
(Rs 26,133.2/ha), outperforming other treatments such as Rynaxypyr 20 SC and Dinotefuran 20 SG. While Dinotefuran 20 SG showed
the lowest cost of protection (Rs 994/ha) and the highest benefit-cost ratio (24.82:1), neem-based products also demonstrated
significant yield increases over untreated plots. The pooled data over two years also revealed that all botanical insecticides were
significantly more effective in controlling DH and WE compared to untreated plots. Overall, all botanical insecticides were
significantly more effective than the untreated control plot.
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Introduction

Rice is the mostimportant staple food for over half of the world's
population, serving as a primary source of calories and protein
[13]. It is grown under diverse ecosystems such as flooded,
irrigated, rainfed lowland and upland conditions on
approximately 167.25 million hectares globally [3 and 17],
making itthe top food crop in terms of dietary intake worldwide.
Asia alone accounts for about 90% of the world's rice cultivation
and production. India, with 28% of the global rice cultivation
area, has the largest area dedicated to rice but ranks second in
production after China [19]. In India, rice is grown on 43.388
million hectares, producing 104.32 million tonnes with an
average yield of 2404 kg per hectare [1].
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Major rice-producing states include Uttar Pradesh, West Bengal,
Andhra Pradesh, Chhattisgarh, and Bihar. Bihar ranks fifth,
cultivating rice on 3.268 million hectares and producing 6.377
million tonnes [5]. Worldwide, around 52 per cent of rice
production is lost yearly due to biotic agents, of which 21 per
centis attributed to insect pests [20].

Rice is susceptible to over 100 insect species, with 20 of them
posingasignificant economic threat. Among the pests thataffect
rice, the yellow stem borer (YSB) is the most destructive. This
pest is active from April to October, while it hibernates from
November to March as a fully-grown larva in rice stubble. When
rice plants are attacked in the early stages, they produce empty
ears without grain. The extent of yield losses in rice due to YSB
has been estimated as 20-70 per cent [14 and 18]. In the state of
Jharkhand, yield losses from YSB have been reported to range
from 10-30% [11]. Various insecticides have been tested for
their effectiveness against YSB, with many studies reporting
their relative efficacy. However, over-reliance on chemical
pesticides and their excessive, unchecked use has raised
environmental and health concerns, making alternative pest
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control methods essential. Botanical insecticides offer an eco-
friendly and effective solution, presenting lower risks to the
environment and human health. Therefore, this study aims to
evaluate and compare the efficacy of botanical insecticides in
controlling yellow stem borerinrice fields.

Materials and Methods
Field trial on efficacy of botanical insecticides against yellow
stem borer of rice was conducted at Rice Research Farm, Birsa
Agricultural University, Kanke, Ranchi, Jharkhand during kharif
season in the year 2016 and 2017. The experimental plot was
situated at 23°17' North latitude and 82°19' East longitude an
altitude of 625 mt (location map 1) in randomised block design
with ten treatments (table 1) including untreated check and
three replications. Plot size was kept 20 m’with row spacing of
15 cm. Therice variety IR-8 was sown in July, 2016 and 2017 and
raised as per the recommended package of practices. Each of the
nine botanical insecticides was applied twice as a foliar spray
over the standing crop of rice starting forty days after the
transplanting (40 DAT) for the control of the dead heart and
ninety days after transplanting (90 DAT) for the control of white
ear. Observations were recorded on total number of dead hearts
(DH) and total no. of tillers (DH + healthy tillers) also white ear
observation were recorded from the total no. of the white ear
(WE) and total no. of panicles (WE+ healthy panicles) from 10
randomly selected hills at 4", 7" and 10" days after each spray
(DAS) of botanical insecticides
The formulae used for calculating per cent dead heart and white
earare given below-
Total no. of dead hearts (DH) in 10 hills

Per cent dead heart =------------------msmommmm s x 100

Total no. of tillers (DH + healthy tillers) in 10 hills

Total no. of white ear (WE) in 10 hills
Per cent white ear =----------------m oo x 100
Total no. of panicles (WE+ healthy panicles) in 10 hills

The data on yield were also recorded from each plot.
Additionally, per centincrease in yield was also calculated.

Table: 1 Details of selected commercial formulations of botanical insecticides

The benefit-cost ratio was also calculated for each botanical
insecticide and bio-pesticide. The formulae used for calculating
per centincreaseinyield is given below-

Increased yield in treatment plot
Per cent increase in yield=-------------------=-mmmmmmmeoo- x 100
Yield in control plot

Data were subjected to analysis of variance after transformation
of data as per the procedure suggested by Gomez and Gomez
[10] through SPSS software (version 29.0).
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Treatments Botanicals/Insecticides Formulation Dose ml or g/1 of water

T1 Neem Baan 1%EC 2 ml

T2 Neemazal 1% EC 2 ml

T3 Nimbecidine 0.03 % EC 5ml

T4 Multineem 0.03 % EC 5ml

TS5 Neemoil - 5ml

T6 Achook 0.03 % EC 5ml

T7 Pongamia oil (karanj oil) - 5ml

T8 Dinotefuran* 20 SG 05g

T9 Rynaxypyr* 20SC 0.3 ml

T10 Untreated Contol

Results and Discussion insecticides, although it was statistically at par with rynaxypyr

Field efficacies of different botanical insecticides against
riceyellow stem borer during2016-2017

Results on relative field efficacy of different botanical
insecticides against rice yellow stem borer during 2016-2017
are presented in Table 2. It had been observed that the overall
mean of dead heart (DH) incidence recorded at 4, 7, and 10 days
after application (DAA) during 2016 and 2017 showed a
significant effect of treatments. In 2016, Achook (Aza. 0.03%
EC) exhibited the lowest DH incidence which was found to be
1.91%, performing significantly better than all tested

20 SC (2.49% DH) and dinotefuran 20 SG (2.68% DH), followed
by Neem Baan (Aza. 1% EC) at 2.92% DH and Neemazal (Aza.
1% EC) at 3.22% DH. The highest DH incidence of 9.52% was
observed in the untreated crop. In 2017, similar trends were
observed, with Achook (Aza. 0.03% EC) again recording the
lowest DH at 2.50%, comparable to rynaxypyr 20 SC (3.08% DH)
and dinotefuran 20 SG (3.26% DH), followed by Neem Baan
(Aza. 1% EC) at 3.51% DH, Neemazal (Aza. 1% EC) at 3.83% DH,
pongamia oil (4.04% DH), and Nimbecidine (Aza. 0.03% EC) at
4.29% DH.

101.

© 2025 AATCC Review. All Rights Reserved.



Munna Yadav et al,, / AATCC Review (2025)

The unprotected crop recorded the highest DH damage at
9.88%. In both years, all botanical insecticides were
significantly more effective than the untreated control. The
overall mean incidence of white ear (WE) recorded at the dough
and pre-maturity stages during 2016 and 2017 demonstrated a
significant impact of botanical insecticides (Table 2). In 2016,
rice plants treated with Achook (Aza. 0.03% EC) exhibited the
lowest WE incidence at 2.89%, which was superior to all other
tested insecticides, although statistically on par with rynaxypyr
20 SC (3.38% WE), dinotefuran 20 SG (3.65% WE), and Neem
Baan (Aza. 1% EC) (3.97% WE). The untreated control plot
showed the highest WE damage at 11.53%. In 2017, similar
results were observed, with Achook (Aza. 0.03% EC) again
recording the lowest WE incidence at 3.59%, comparable to
rynaxypyr 20 SC (4.09% WE), dinotefuran 20 SG (4.36% WE),
and Neem Baan (Aza. 1% EC) (4.67% WE). The highest WE
damage wasrecorded at 12.23% in the untreated control plot. In
both years, the botanical insecticides proved significantly more
effective in reducing WE incidence compared to the untreated
control.

The findings of the present investigation are in close agreement
with the findings of [12] who reported that neem formulations
viz. Nimbecidine, Neemark, Neem Gold, Econeem, Neemzal and
Fortune were statistically at par with chlorpyriphos in terms of
suppression in the incidence of stem borer, hispa and leaf folder
infesting rice varieties, Kasturi and Basmati. The similar
observations were also obtained by [6,4 and 11].

Field efficacies of different botanical insecticides against
rice yellow stem borer for pooled data

The pooled mean incidence of dead heart (DH) caused by yellow
stem borer, recorded at 4, 7, and 10 days after application (DAA)
during 2016 and 2017, showed a significant effect of botanical
and chemical insecticides (Table 3). At 4 DAA, Achook (Aza.
0.03% EC) recorded the lowest DH incidence at 1.28%, which
was superior to most of the tested insecticides, followed by
rynaxypyr 20 SC (1.82% DH), dinotefuran 20 SG (1.91% DH),
and Neem Baan (Aza. 1% EC) (2.13% DH). The untreated crop
exhibited the highest DH incidence at 8.28%. At 7 DAA, Achook
again showed the lowest DH incidence at 2.20%, followed by
rynaxypyr 20 SC (2.80% DH), dinotefuran 20 SG (2.97% DH),
and Neem Baan (Aza. 1% EC) (3.17% DH), while the
unprotected crop recorded 9.56% DH incidence. Finally, at 10
DAA, Achook (Aza. 0.03% EC) continued to show the lowest DH
incidence at 3.14%, statistically similar to rynaxypyr 20 SC
(3.75% DH), and followed by dinotefuran 20 SG (4.02% DH),
Neem Baan (Aza. 1% EC) (4.34% DH), and Neemazal (Aza. 1%
EC) (4.68% DH). The highest DH incidence was observed in the
untreated crop at 11.27%. Across all observation periods, all
botanical insecticides demonstrated significantly greater
efficacy in reducing DH incidence compared to the untreated
control.

The pooled mean incidence of white ear (WE) caused by yellow
stem borer at the dough and pre-maturity stages during 2016
and 2017 revealed significant differences among treatments
(Table 3). At the dough stage, plants treated with Achook (Aza.
0.03% EC) recorded the lowest WE incidence at 2.80%, which
was superior to most other tested insecticides, though
statistically on par with rynaxypyr 20 SC (3.30% WE). This was
followed by dinotefuran 20 SG (3.57% WE), Neem Baan (Aza.
1% EC) (3.89% WE), and Neemazal (Aza. 1% EC) (4.22% WE).
The untreated control exhibited the highest WE incidence at
11.03%.

At the pre-maturity stage, Achook again demonstrated the
lowest WE incidence at 3.68%, comparable to rynaxypyr 20 SC
(4.17% WE) and dinotefuran 20 SG (4.44% WE), followed by
Neem Baan (Aza. 1% EC) (4.75% WE), Neemazal (Aza. 1% EC)
(5.09% WE), and pongamia oil (5.48% WE). The unprotected
crop recorded the highest WE incidence at 12.73%. Across both
stages, all botanical insecticides showed significantly greater
efficacy in reducing WE incidence compared to the untreated
control.

Dhuyo and Soomro (2007) [17] conducted a field experiment
using neem seed kernel extract against rice yellow stem borer
and found that comparable lowest dead heart was present in
comparison to untreated control. Similarly, [11] did a field
experiment using botanicals and chemical insecticides and
found that Fipronil (Neema 50SC) and neem extract caused
51.89% and 38.38% reduction of dead hearts respectively.
Chakraborty etal, (2011) [15] earlier reported that application
of botanical insecticides and recorded on yellow stem borer
were found to fall in line with those findings of the present
investigation indicating that maximum efficacy. [15] also
suggested that neem extract can be a suitable alternate option
for synthetic pesticide for controlling rice stem borer without
disrupting agro-ecosystem. [2] revealed that, among the neem
formulations, the treatment with Multineem 1.0% EC @ 2500
ml/harecorded lower yellow stem borer damage.

The two-year pooled mean yield of rice recorded during the
kharif seasons of 2016 and 2017 (Table 3) indicated that the
highest grain yield (49.70 q/ha) was achieved through foliar
spray with Achook (Aza. 0.03% EC), providing effective
protection against the major insect pest complex. This yield was
significantly higher than the lowest yield of 34.98 q/ha
observed in the unprotected crop. The yield achieved with
Achook was statistically on par with rynaxypyr 20 SC (48.50
g/ha) and dinotefuran 20 SG (47.75 q/ha), followed by Neem
Baan (Aza. 1% EC) (46.40 q/ha), Neemazal (Aza. 1% EC) (45.67
q/ha), pongamia oil (44.72 q/ha), and Nimbecidine (Aza. 0.03%
EC) (43.98 gq/ha). Previous studies, such as those by [7], have
also highlighted the efficacy of botanical insecticides in
enhancing rice yield. Dhaliwal's findings reported a higher rice
yield of 50.50 q/ha with monocrotophos and 46.4 q/ha using
Neemazal, compared to the minimum yield of 34.3 q/ha in the
unprotected crop. These results are consistent with the present
study, underscoring the effectiveness of botanical insecticides in
improving rice yield. Despite limited literature on the bio-
efficacy of botanical insecticides and their impact on rice yield,
the current study aligns with these findings, demonstrating that
botanical formulations can significantly enhance grain yield
compared to unprotected crops.

Economics of different botanical insecticides against rice
yellow stem borer

Data on economics of different treatments are presented in
Table 3. The grain and straw yield among the different
treatments were found to be ranging from 34.96 to 49.70 q ha™
and 45.47 to 64.61 q ha” respectively. All the botanicals were
found to be significantly superior in increasing the yield over
untreated check. The maximum incremental grain yield (42.08 q
ha') was obtained with the application of Achook 0.03 %
followed by Rynaxypyr 20 SC (38.65 q ha™) and Dinotefuran 20
SG (36.51 q ha™). Similarly, the maximum cost of incremental
grain yield (Rs 25760 ha™) was obtained with Achook 0.03 %
followed by Rynaxypyr 20 SC (Rs 23600 ha') and Dinotefuran
20SG (Rs22347.5ha™).
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Neem oil registered minimum cost of incremental yield (Rs
10395 ha -1) and it was followed by Multineem 0.03 % EC (Rs
11935 ha™) and Neembecidine 0.03 % EC (Rs 15750 ha™). The
cost of protection was lowest (Rs 994 ha™) for Dinotefuran 20 SG
followed by Karanj oil (Rs 1704 ha™) and Neem oil (Rs 2204 ha™).
However, the maximum cost of protection (Rs 3704 ha™) was
obtained for Neembecidine 0.03 % EC followed by Achook 0.03
% (Rs 3454 ha™) and Rynaxypyr 20 SC (Rs 3004 ha™). Based on
cost of protection, the maximum net profit (Rs 26133.2 ha™) was
obtained with Achook 0.03 % followed by Dinotefuran 20 SG (Rs
24673.7 ha') and Rynaxypyr 20 SC (Rs 24171.2 ha™). However,
the lowest net profit (Rs 9735.4 ha™) was obtained with the use
of Neem oil and it was followed by Neembecidine 0.03 % EC (Rs
14386 ha') and Multineem 0.03 % EC (Rs 11004.2 ha™). The
benefit-cost ratio was calculated based on cost of protection
wherein Dinotefuran 20 SG resulted in a maximum benefit-cost
ratio of 24.82:1 followed by Karanj oil (10.48:1) and Neem Baan
(8.20:1). However, the minimum benefit-cost ratio (3.88:1) was
obtained with Neembecidine 0.03 % EC followed by Multineem
0.03 % EC (4.06:1) and Neem oil (4.41:1).The findings of this
investigation align with those of [12], who reported that neem
formulations like Nimbecidine, Neemark, Neem Gold, Econeem,
Neemzal, and Fortune were as effective as chlorpyriphos in
reducing the incidence of stem borer, hispa, and leaf folder in
rice varieties Kasturi and Basmati, resulting in significantly
higher grain yields (30-31 q/ha) compared to untreated plots
(28 g/ha). Similarly, [6] found that monocrotophos and
Neemzal effectively reduced dead heartand white ear incidence,
leading to higher grain yields. [15] also suggested that neem
extract could be a viable alternative to synthetic pesticides for
controlling rice stem borer, and plant hoppers, and increasing
rice yield without disrupting the agro-ecosystem.

Conclusion

The results of this study demonstrate that botanical
insecticides, particularly Achook (Aza. 0.03%), are highly
effective in reducing the incidence of rice yellow stem borer
damage, leading to significantly higher grain yields and
economic returns compared to untreated controls. Achook
consistently outperformed other botanicals and was on par with
chemical insecticides like Rynaxypyr 20 SC and Dinotefuran 20
SG in terms of pest control and yield enhancement. The cost-
effectiveness and high benefit-cost ratio associated with these
treatments further underscore the potential of neem-based
formulations as viable, eco-friendly alternatives to synthetic
pesticides. These findings support the integration of botanical
insecticides into sustainable pest management strategies for
rice cultivation.

Future Scope

The future scope of this study includes optimizing botanical
insecticide formulations by improving concentration,
application methods, and synergistic combinations to enhance
efficacy against Scirpophaga incertulas. Further research should
evaluate the long-term environmental impact on beneficial
insects, soil microbiota, and non-target organisms while
assessing the degradation patterns of botanical insecticides
compared to synthetic alternatives. Resistance management
strategies, including integrated pest management (IPM)
approaches, need to be developed to mitigate potential
resistance in S. incertulas. Large-scale multi-location trials
across diverse agro-climatic zones and rice varieties will be
crucial for assessing the consistency of efficacy. Additionally,
economic feasibility studies should focus on cost-effectiveness
and farmer adoption, addressing potential barriers to large-
scale implementation. Investigating the physiological and
biochemical mechanisms underlying the action of Azadirachtin
and other botanicals will further elucidate their pest control
efficacy and potential secondary benefits, such as induced plant
resistance. Finally, integrating botanical insecticides with
sustainable agricultural practices, including organic farming
and climate-resilient rice cultivation, will contribute to
environmentally friendly and economically viable pest
managementstrategies.
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