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Abstract

Rice, a staple food for over half the global population, is crucial for food
security, economic stability, and cultural significance. Its production,
however, is threatened by pests like the Yellow Stem Borer (YSB), which
causessubstantial yield losses, especiallyin rice-dominantregionslike Nepal.
This study focuses on evaluating the effectiveness of biological, botanical,
and chemical pesticides against YSB in spring rice crops of Ratuwamai,
Morang, Nepal. For this, we apply biological methods/pathogens like
Bacillus thuringiensis, to target YSB; botanical pesticides, derived from
plants like Azadirachtin and Mugworth, act as repellents; while chemical
pesticides such as Cypermethrin, Chlorpyriphos and Cartap Hydrochloride
offer rapid control but come with environmental risks. Among those six
pesticides used, the present findings revealed that chlorpyriphos 20%
EC have minimum mean dead heart with 4.92% and cypermethrin 10%
EC have minimum mean white ear head with 2.44% respectively after
application of first and second dose of treatments respectively. Likewise,
most plant yield attributes were superior where chlorpyriphos was used.
Though bacillus and azadirachtin reduced the dead heart and white ear
head symptoms, they couldn't give good yield than that of chemical
pesticides. Thence, through our research we investigated the impacts of
different biological, botanical and chemical pesticides in controlling YSB
population densities, and influencing yield and yield attributing characters
from the field experiment.

Keywords: Dead heart, Pesticides, Spring rice, White ear head, Yellow stem
borer

INTRODUCTION

Rice is a crucial source of food for over half of the world’s population for about 3.5
billion people, predominantly in Asia and Africa. Its global context is shaped by
its significance to food security, economic livelihoods, and cultural importance
(Roopwan et al,, 2023; Rajput et al., 2020; Fukagawa & Ziska, 2019). Historically
rooted in the fertile deltas of Asia, rice production has grown substantially to meet
rising demands, making it the second most produced grain after maize. Nations
like China and India dominate in rice cultivation, influencing international prices
and trade policies (Schneider & Asch, 2020). Climate plays a pivotal role, with
monsoons dictating yields in many regions. Excessive water usage, deforestation,
and chemical inputs have posed sustainability challenges. As urbanization and
climate change threaten traditional rice farming landscapes, there’s an urgent
need for innovative, sustainable practices (Eliazer Nelson et al., 2019). Innovations
such as the System of Rice Intensification (SRI) are emerging to address these
challenges. Globally, the rice trade is highly politicized, with countries holding
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reserves to prevent food shortages. The balance between ensuring food security, maintaining economic stability, and
upholding ecological sustainability is central to the global discourse on rice production (Glover, 2011).

Rice holds a significant place in Nepal’s agricultural landscape, contributing to both food security and cultural
practices. As a staple diet for a majority of its population, rice is cultivated across the Terai plains, hills, and even some
mountain regions (Kakshapati et al., 2022; Gadal et al., 2019). A report published by MoALD in 2023 revealed the
cultivation of rice on 1.48 million hectares of land, resulting in a total production of 5.13 million tons, with an average
yield of 3.47 tons per hectare in Nepal (MoALD, 2023). The diverse topography and varying climate conditions result
in a variety of rice types, tailored to specific altitude and rainfall conditions. While the Terai belt, with its flatlands
and ample water sources, produces the bulk of Nepal’s rice, hill and mountain terraces demonstrate the resilience
of farmers in adapting to challenging terrains. However, Nepal’s rice production faces multiple challenges (Chandio
et al,, 2021). Despite the potential of the Terai region, outdated farming practices and lack of access to modern
technology limit yield enhancements. Water scarcity, exacerbated by changing monsoon patterns due to climate
change, further impacts yields (Karki et al., 2021). Additionally, while the government has introduced subsidies and
support for rice farmers, infrastructure challenges and market inefficiencies hamper growth. Still, there’s an increased
emphasis on organic and traditional rice varieties, attracting niche markets and promoting sustainability (Gadal et
al, 2019). Furthermore, community-based approaches and indigenous knowledge play a crucial role in preserving
and enhancing rice cultivation in Nepal amidst changing global and environmental dynamics (Chandio et al., 2021).

Further, Yadav et al. (2023a) indicated that 52.4% of rice crop losses result from damage caused by various pathogens,
animal pests, and weeds. Yellow stem borer (YSB) is also a significant pest that affects rice cultivation, causing
substantial yield losses globally and in Nepal (Nyaupane, 2022). Internationally, YSB has been a concern in many rice-
growing countries of Asia, where traditional and high-yielding rice varieties are equally vulnerable. Infestation leads
to “dead hearts” in young plants and “whiteheads” in older ones, both resulting in reduced grain production. Global
trade, climate change, and monoculture practices have inadvertently facilitated the spread and intensity of this pest
(Kattupalli et al., 2021). In the Nepalese context, the challenge is magnified due to the country’s reliance on rice as
a staple and its central role in agricultural livelihoods. The diverse topography of Nepal, spanning the Terai plains to
hilly terraces, offers varied habitats for YSB (Choudhary et al., 2022). While modern pesticides and control measures
are available, many farmers, especially in remote areas, rely on traditional methods, which might not be as effective
against severe infestations. The limited resources and lack of access to advanced agricultural practices exacerbate the
problem (Chandio et al., 2021).

Both globally and in Nepal, integrated pest management (IPM) practices, which combine cultural biological, botanical,
and chemical methods, are being promoted as sustainable solutions (Roopwan et al., 2023; Kakshapati et al., 2022;
Kafle et al., 2014). Further, Sharma et al. (2022) and Yadav et al. (2023b) stated that effective screening of invasive
pests can greatly assist in identifying and controlling these organisms. Continued research, farmer education, and
international cooperation are vital to tackle the YSB challenge effectively. Farmers employ a multi-faceted approach
to combat the Yellow Stem Borer (YSB) menace in rice fields. One prevalent method is the use of resistant rice varieties,
bred specifically to reduce susceptibility to YSB. Alongside, cultural practices like adjusting planting dates can disrupt
the life cycle of the borer, thereby reducing its impact. Yadav et al. (2022a) and Yadav et al. (2022b) reported that the
proper understanding of lifecycle and behavior of pests is crucial for effective pest management; the more information
available about their lifecycle and behavior, the greater the likelihood of successful management. Furthermore,
pheromone traps are used to monitor and reduce adult YSB populations (Katti, 2021). Biological control, involving
the introduction of natural predators like Bacillus, has gained traction as an eco-friendly alternative to control YSB
populations. This environmentally friendly method minimizes harm to beneficial insects and reduces the need for
chemical interventions. However, its effectiveness can be influenced by factors like local biodiversity and climate
conditions (Estiati, 2020). Derived from plants, botanical pesticides are naturally occurring insecticides. Neem, for
instance, acts as a repellent and antifeedant against YSB. While botanical pesticides are biodegradable and less toxic
to non-target organisms, their efficacy can sometimes be lower than chemical counterparts, requiring frequent
applications (Adhikari et al., 2020). Chemical Pesticides remain a common choice for rapid and effective control.
Chemical formulations target various YSB life stages, ensuring reduced infestation. However, their overuse can lead
to resistance in pest populations. Additionally, non-judicious application poses environmental risks, potentially
harming beneficial organisms and contaminating water sources. While chemical pesticides are available, their use is
approached with caution due to environmental and health concerns, pushing for an increased focus on integrated
pest management (Sah & Sharma, 2023; Mishra et al., 2021). Further, Yadav et al. (2023c¢) reported a rising trend
among farmers towards adopting integrated pest management approaches for controlling pests in their crops. Thus,
by exploring the most effective measures against YSB, this study addresses potential yield losses which in turn, aids
for economic security of the community. Given these precedents, it's paramount to evaluate alternative methods,
such as biological and botanical pesticides, in the Ratuwamai context. This research will offer insights into sustainable
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pest control measures that uphold ecological balance, benefiting both current and future generation.
MATERIALS AND METHODS
Experimental Location and Design

The research was meticulously conducted in a farmer’s field from February to June 2023 at Ratuwamai municipality in
Morang district of Nepal. Using a sophisticated Randomized Complete Block Design (RCBD), seven distinct treatments
were introduced. These treatments underwent three replicates, culminating in a comprehensive 21 individual plots.

Treatments

Six rigorously selected pesticides and a control without any treatment were subjected to testing. The experiment
involved seven different treatment groups namely; T1 involved the use of Bacillus thuringiensis var krustaki at a rate
of 2ml/lit, T2 and T3 involved the application of Azadirachtin and Mugworth leaf extract at a rate of 2ml/lit and 15ml/
lit, respectively, T4 used Cypermethrin at a rate of 1.5ml/lit, T5 involved the use of Chloropyriphos at a rate of 2ml/I, T6
utilized Cartap Hydrochloride at a rate of 20kg/ha, while T7 was an untreated control plot.

Table 1. Lists of pesticides applied in research plots.

SN Generic Name Trade Name Notation Dose

1 Bacillus thuringiensis var krustaki 15% SC Minchu+ T1 2ml/lit
2 Azadirachtin 0.03% Multineem T2 2ml/lit
3 Mugworth leaf extract - T3 15ml/lit
4 Cypermethrin 10% EC Cyper-10 T4 1.5ml/lit
5 Chloropyriphos 20% EC Dhanvan-20 T5 2ml/lit
6 Cartap Hydrochloride 4% G Cartap T6 20kg/ha
7 Control - T7 -

Plot Dimensions and Planting

A precision layout was employed. Each plot was exactly 2x2 meters squared. To prevent cross-contamination and
allow for unhindered maintenance, a buffer zone of 0.5 meters was established between plots. Given the 20 cm
spacing both between plants as well as between rows, each plot perfectly accommodated 100 rice plants.

Cultivation Practices

The study focused on “Chaite Dhan-4" variety of spring rice, which is commonly cultivated by farmers in the research
location. The Chaite Dhan-4 variety was transplanted from nursery beds to main research field after extensive soil
preparation. All plots adhered to regional cultivation practices, which included irrigation frequency, soil fertility
management, and weed control. Each pesticide was systematically applied using knapsack sprayer at two pivotal
growth stages of the rice plants, timed with the pest population reaching its economic threshold level. The first
treatment aimed at the vegetative phase, while the second targeted the reproductive phase, with a strict 20-day
interval to ensure consistent growth response. The crop was harvested when most of the crops had reached 80%
maturity stage, and crop cutting was conducted manually using sickles.

Data Collection and Observation
Dead Hearts % & White ear Heads %

Initial data for dead hearts were taken one day prior to the first spray of pesticides from ten randomly selected hills of
eachindividual plots. Subsequent observations were then noted on 5, 10, and 15 days after first treatment application.
For white ear heads, similar post-second application counts were taken. White ear heads were initially observed one
day before the second application of pesticides. Further observations were made on 5, 10, and 15 days after the
second spray. The percentage of dead hearts and white heads was calculated, and the mean was determined:

Dead Hearts % = (Number of dead hearts / Total number of tillers) x 100.

White ear Head % = (Number of white ear head / Total number of tillers with panicle) x 100. (Chatterjee & Mondal,
2014)

Plant Height and Number of tillers

Once the rice plants reached their full length in terms of growth, their height was measured from the base to the tip,
and the number of tillers or side shoots branching from the main plant was counted.
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Filled grains % and Unfilled grains %

At the pinnacle of their maturity, rice plants were gently subjected to panicle cutting, allowing for an accurate count
of both filled and unfilled grains.

Filled Grains % = (Number of filled grains / Total number of grains) * 100
Unfilled Grains % = 100 - filled grains %
Test Weight and Grain Yield

Ensuring minimal grain loss, the harvested rice was subjected to assessments. Moisture content of the harvested
crops was measured using a moisture meter, and the yield was calculated from the 1 m? sections of each plot. The test
weight was carefully documented, ensuring a consistent moisture content of 13% across samples.

Test Weight = Weight of 1000 Grains
Statistical Analysis

The data collected over the span of the research months was diligently entered into MS Excel for initial scrutiny.
Parameters such as dead hearts %, natural enemies/predators count, white ear heads %, plant height, filled grains
% and unfilled grains %, test weight, and grain yield per hectare formed the foundation for analysis. To meet the
assumptions of the statistical tests, data underwent necessary transformations: square root for dead hearts % and
white ear heads %, and arc sine for filled and unfilled grain percentages as given by Gomez & Gomez (1984). The
final analysis was executed in R-Studio, using relevant statistical tests to determine significant differences among
treatments.

RESULTS
Impact of Pesticides on Dead Hearts Percentage Following the First Spray

Before the application of pesticides at 1 day before 15 spray, the Economic Threshold Level for dead hearts had exceed
(mean DH %= 7.61%). Upon the application of the seven different treatments to the spring rice fields, variations were
observed in the outcomes concerning dead heart percentages. For Bacillus treatment, a day prior to the first spray,
we observed a dead heart percentage of approximately 7.89%. This percentage somewhat increased noticeably to
8% just five days after the treatment. By the 10th and 15th day post-spray, the dead heart percentage stabilized at
6.65% and 5.87% respectively, indicating the effectiveness of the treatment in the initial days. Remarkably, the mean
percentage of dead hearts after the first spray stood at 6.84%. The Azadirachtin treatment, began with a higher initial
dead heart percentage of 7.4%. However, by the 15th day, it had reduced to 6.34%, averaging at 6.68% after the
first spray. On the other hand, the Mugwort treatment commenced with a dead heart percentage of 8.98%, which
saw a little drop to 8.39% by the fifteenth day. It's evident that while treatments like Cypermethrin, Chloropyriphos
and Cartap Hydrochloride had varying levels of impact on dead heart percentages, there was a more pronounced
reduction in dead hearts number, especially with Chloropyriphos, which saw a highest drop in DH% from 7.11%
before spray to 4.18% by the 15th day. The overall effectiveness of different treatments following the first spray,
as indicated by the mean percentage of dead hearts after spraying, showed that Chloropyriphos 20% EC was the
most efficient and significantly superior (4.92%) among all treatments in reducing dead hearts. It was followed by
Cartap Hydrochloride 4% G and Cypermethrin 10% EC, with percentages of 5.23% and 6.01%, respectively. Bacillus
thuringiensis var kurstaki 15% SC showed similar efficacy to Azadirachtin 0.03%. Mugwort demonstrated the least
effectiveness, with the highest percentage of dead hearts recorded at 8.58%. The untreated control exhibited 7.69%
dead hearts. The mean percentage of dead hearts at 1 day before spraying (dbs) and at 5, 10, and 15 days after
spraying (das) is detailed in Table 2.

Impact of Pesticides on White ear Heads Percentage Following the Second Spray

Before applying pesticides at 1 day before 2" spray, the Economic Threshold Level for white ear head had neared (mean
WH %= 4.93%). Post the second spray, the Bacillus treatment showcased a consistent reduction in white ear heads
percentage, from an initial 3.71% a day before the spray to 2.78% by the fifteenth day. Azadirachtin again displayed
similar patterns as observed post the first spray, with a continuous decline in both white ear heads percentage from
5.06% to 4.11%. Mugwort recorded much smaller change in white ear head from 6.64% before spray to 6.19% at 15
days after spray. Chemical pesticides such as Cypermethrin, Chloropyriphos and Cartap Hydrochloride were better
pesticides in reducing white ear head in spring rice in our study. Among six pesticides used, Cypermethrin was found
to have best performances (low mean WH = 2.44%) in terms of declining the white ear head in rice experimental
plots after 15 days of spray. This was followed by Cartap Hydrochloride (WH = 2.88%) and Chloropyriphos (WH =
3.39%) which were in par with each other for efficacy. Likewise, biological pesticides like as Bacillus thuringiensis var
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krustakiwas found to be less effective (WH = 3.39%) than that of other chemical pesticides applied but was in par with
Chloropyriphos and Cartap Hydrochloride. However, botanical pesticides such as Azadirachtin and Mugwort were
found to have least performances in suppressing pest number with white ear head of 4.74% and 6.69% respectively.
The control group have highest level of infestation of 7.78%. The mean white ear head percentage (WH%) at 1 day
before spray (dbs) followed by 5, 10 and 15 days after spray (das) is illustrated in Table 3.

Influence of Pesticides on Yield and Yield Attributing Characters

Finally, assessing the impact on yield and its attributing characters, the Bacillus treatment resulted in an average
plant height (PH) of 88.23 cm. The filled grain percentage (FG%) stood at a promising 78.59%, while the unfilled
grains (UG%) were at 21.41%. The test weight (TW) was recorded at 23 gm, with an overall yield per hectare (YH) of
5.11 tons. Similar observations were made for other treatments, with each showcasing unique patterns in terms of
yield and its attributing characteristics. There was no notable difference in plant height among the treatments, which
could be attributed to genetic characteristics and variations in fertilizer dosages reaching the rice roots. Nonetheless,
Cypermethrin 10% EC exhibited superior performance in terms of plant height at 89.15 cm, followed by Azadirachtin
0.03% and Chloropyriphos 20% EC at 88.42 cm and 88.33 cm, respectively. The number of filled grains of rice showed
statistically significant differences across the various pesticide treatments (see Table 4). Chloropyriphos 20% EC
resulted in the highest number of filled grains at 82.48%, followed closely by Cartap Hydrochloride 4% G at 81.70%
and Cypermethrin 10% EC at 80.53%. Bacillus thuringiensis var kurstaki 15% SC, Azadirachtin 0.03%, and Mugwort
leaf extract followed suit with 78.59%, 76.57%, and 74.54% filled grains, respectively, while the control exhibited the
lowest number of filled grains at 68.11%. Significant variations were also observed in the number of unfilled grains
of rice due to different pesticides (see Table 4). Chloropyriphos 20% EC had the lowest number of unfilled grains at
17.52%, followed by Cartap Hydrochloride 4% G at 18.30% and Cypermethrin 10% EC at 19.47%. Bacillus thuringiensis
var kurstaki 15% SC, Azadirachtin 0.03%, and Mugwort leaf extract showed 21.41%, 23.43%, and 25.46% unfilled
grains, respectively, while the control had the highest number of unfilled grains at 31.89%. Similarly, there were no
significant variations in test weight among the six treatments. However, chemical treatments such as Chloropyriphos
20% EC, Cartap Hydrochloride 4% G, and Cypermethrin 10% EC exhibited the highest test weights at 25.67 gm, 24.33
gm, and 23.67 gm, respectively, while the control plots had the least test weight at 20.67 gm. The grain yield was found
to be significantly different due to those applied pesticides in our research study. The maximum yield was obtained
from Chloropyriphos 20% EC (6.71 ton/ha) in our field which was succeeded by Cartap Hydrochloride 4% G (5.96 ton/
ha), Cypermethrin 10% EC (5.59 ton/ha), Bacillus thuringiensis var krustaki 15% SC (5.11 ton/ha), Azadirachtin 0.03%
(4.79 ton/ha) and Mugworth leaf extract (4.39 ton/ha). The minimum grain yield was recorded in control individual
units (4.01 ton/ha). The above description is represented in Table 4:

Table 2. Incidence of dead hearts (DH) before and after first spray of pesticides.

Treatments 1DAS 5 DAS 10 DAS 15 DAS Pooled
) o _ 7.89® 8.00% 6.65% 5.87° 6.843<
Bacillus thuringiensis var krustaki
(2.81) (2.83) (2.58) (2.42) (2.61)
. . 7.40% 7.53% 6.16%° 6.34%° 6.682¢
Azadirachtin
(2.71) (2.73) (2.47) (2.51) (2.57)
8.98% 9.13? 8.22° 8.392 8.58°
Mugworth leaf extract
(2.97) (3.00) (2.84) (2.87) (2.90)
. 8.38%® 6.86°° 5.972 5.19° 6.01b¢
Cypermethrin
(2.89) (2.62) (2.44) (2.28) (2.45)
. Vol T2 5.69° 4.88° 4.18° 4.92¢
Chloropyriphos
(2.66) (2.38) (2.21) (2.04) (2.22)
. 23050 5.97° 5.21° 4.52° 5.23¢
Cartap Hydrochloride
(2.70) (2.44) (2.28) (2.12) (2.28)
6.21° 7.00%° 7.71° 8.392 7.69%
Control
(2.49) (2.64) (2.77) (2.89) (2.77)
Mean 7.61 717 6.40 6.13 6.56
cv 8.287 8.307 9.059 9.141 8.791
SEM 0.051840 0.04893 0.051792 0.05003 0.050018
F-test ns ns * ** *

Note: Values are the mean of three replications at different days of observation; DAS: Days after spray; CV: Coefficient of variation; ns: non-significant;
**: Significant at 1% level of significance; *: Significant at 5% level of significance; SEM: Standard error of mean; Values with the same letters in a
column are not significantly different at 5% level of significance by DMRT test and parenthesized values indicate square root transformation values.
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Table 3. Incidence of white earheads (WH) before and after second spray of pesticides.

Treatments 1DAS 5 DAS 10 DAS 15 DAS Pooled
, o , 3.71¢ 417 3.246¢ 2.78 3.39%
Bacillus thuringiensis var krustaki
(1.93) (2.04) (1.80) (1.67) (1.84)
) . 5.06%¢ 5.53% 4580 4.11¢ 4.74°
Azadirachtin
(2.24) (2.35) (2.13) (2.02) (2.17)
6.64° 7.16° 6.712 6.19° 6.69°
Mugworth leaf extract
(2.55) (2.65) (2.56) (2.45) (2.55)
. 3.91¢ 2.93¢ 2.44¢ 1.96¢ 2.44¢
Cypermethrin
(1.98) (1.71) (1.56) (1.40) (1.56)
. 4.832b¢ 3.88¢ 3.38% 291« 3.39k¢
Chloropyriphos
(2.20) (1.97) (1.84) (1.70) (1.84)
. 4.24b¢ 3.34¢ 2.88" 2.43 2.88b¢
Cartap Hydrochloride
(2.05) (1.82) (1.69) (1.55) (1.69)
6.112° 7.07° 8.04* 8.232 7.78
Control
(2.47) (2.66) (2.83) (2.87) (1.79)
Mean 493 4.87 4.47 4.09 447
cv 9.733 9.693 10.571 11.531 10.483
SEM 0.045931 0.04426 0.04741 0.05064 0.04683

Note: Values are the mean of three replications at different days of observation; DAS: Days after spray; CV: Coefficient of variation; ***: Significant at 0.1% level of

significance; *: Significant at 5% level of significance; SEM: Standard error of mean; Values with the same letters in a column are not significantly different at 5% level of

significance by DMRT test and parenthesized values indicate square root transformation values.

Table 4. Effect of pesticides on yield and other plant characters.

Treatments PH (cm) FG% UG% TW (gm) Yield (ton/ha)
, o , 78.59 21414

Bacillus thuringiensis var krustaki ~ 88.232 23.00° 5.11«

(62.44) (27.56)
o 76.57¢ 23.43¢

Azadirachtin 88.42° 22.67° 4.794
(61.05) (28.95)
74.54f 25.46°

Mugworth leaf extract 85.412 21.332 4.39¢%
(59.69) (30.31)

. 80.53¢ 19.47¢

Cypermethrin 89.152 23.67° 5.59b¢

(63.81) (26.19)
. 82.48° 17.529

Chloropyriphos 88.332 25.67° 6.712

(65.25) (24.75)
. 81.70° 18.30f

Cartap Hydrochloride 85.832 24.332 5.96°
(64.67) (25.33)
68.119 31.89°

Control 85.00° 20.67° 4.01¢
(55.62) (34.38)

Mean 87.19 77.50 22.49 23.05 5.22

cv 2.79 0.2454 0.5376 13.89 7.82

SEM 5.922 0.023 0.023 10.254 0.166

Note: Values are the mean of three replications at different days of observation; PH: Plant height; FG: Filled grains; UG: Unfilled grains; TW: Test weight; CV: Coefficient
of variation; ns: non-significant; ***: Significant at 0.1% level of significance; SEM: Standard error of mean; Values with the same letters in a column are not significantly

different at 5% level of significance by DMRT test and parenthesized values indicate arc sine transformation values.
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The data suggests that while certain treatments like Chloropyriphos and Cypermethrin demonstrate a substantial
reduction in pestimpact, but it might require a more balanced approach, considering both pest control and ecological
impact. The efficacy of treatments also has a pronounced influence on the yield and its attributing characters.

DISCUSSION

The varying degree of pest incidence and their responses to different six pesticides in spring rice plants highlight
the delicate balance between pest management and environmental sustainability in our experiment. Of those six
treatments plus a control applied, all three chemical pesticides were dominant in controlling pest population indicated
by minimum dead hearts percentage (4.92%) in chloropyriphos 20% EC and minimum white ear head percentage
(2.44%) in cypermethrin 10% EC. Our findings were in consistent with that of Roopwan et al. (2023) and Kakshapati
et al. (2022) which pointed chemical treatments to be most effective in suppressing yellow stem borer other than
biological and botanical treatments in short term totally can be attributed to active nature and rapid mode of action
of pesticides used as well with better yields. However, Yadav et al. (2022c) highlighted that botanical pesticides play a
significant role in reducing pest infestations sustainably. Furthermore, chlorpyriphos is a common organophosphate
pesticide employed in controlling a variety of pests in different crops.

In a field experiment by Karki et al. (2023), Chlorpyriphos 20 EC @ 2ml/litre was identified as more effective in reducing
yellow stem borer incidence in spring rice compared to other treatments. This was further supported by Sawant et al.
(2019) and Karki et al. (2023) in line with our experiment. While chemical pesticides have shown significant reductions
in borer pests, biological agents like Bacillus and botanical pesticides such as azadirachtin have also been effective in
the long term. Commercial formulations containing Bacillus thuringiensis have proven to be a viable alternative for
controlling various insect pests as mentioned in different papers (Sah & Sharma, 2023; Estiati, 2020; Balasubramamiam
and Kumar, 2019; Kumari et al., 2019). The treatment involving Bacillus demonstrated a gradual decrease in dead heart
and white earhead occurrences throughout the observation period in our experiment. The toxins produced by this
bacterium can damage the gut tissues of the larvae, causing gut paralysis, which leads to cessation of feeding and
ultimately the death of the larvae due to starvation and damage to the mid-gut epithelium (Chatterjee & Mondal,
2014).

In our recent research, Bacillus thuringiensis var kurstaki was found to be less effective against rice yellow stem borer,
resulting in a gradual reduction in insect incidence and a decrease in the occurrences of dead heart and white ear
heads in the field, albeit with mild yield impacts compared to other chemical pesticides used. However, its efficacy
may be compromised in populations of yellow stem borers that have developed resistance to the bacterium’s
insecticidal proteins (Rajput et al., 2020). Research by Roopwan et al. (2023), Adhikari et al. (2020), Madhu et al. (2020)
and Ogah et al. (2011) supported neem oil/azadirachtin as an effective alternative remedy against yellow stem borers.
In contrast, Azadirachtin, though less proficient against dead hearts, exhibited a modest reduction in pest population.
Dougoud et al. (2019) and Hashemitassuji et al. (2014) highlighted the effectiveness of neem-based pesticide due to its
disruption on insect metabolism, causing female infertility, hindering molting, and possessing antifeedant properties.
Mugwort’s performance aligns with recent studies by Kakshapati et al. (2022) and Gao et al. (2020), underscoring its
natural insect-repelling qualities, albeit necessitating careful monitoring of broader ecological implications.

However, Hashemitassuji et al. (2014) concluded that environmental factors such as temperature, humidity, and
precipitation affected the efficacy of the pesticides, resulting in an increase in pest populations even after treatment in
linewith ourresearch. Eventhough the outcomes of various treatments varied, Kaur and Singh (2021) demonstrate how
important it is to evaluate the short-term yield benefits of each treatment against any potential long-term ecological
implications. It’s crucial to take into account the fact that pests will eventually become resistant to particular chemical
treatments. For instance, despite having demonstrated that cypermethrin showed notable immediate effectiveness,
as has been shown for other pesticides used in rice farming, its long-term performance may be called into question
if pests become resistant (Norton et al., 2010). In addition to rendering treatments ineffective, this kind of resistance
can cause pests to resurface in worse forms. Although our findings shed light on the treatments’immediate efficacy,
more research must take a comprehensive approach that takes into account cultural dynamics, economic viability,
resistance patterns, and wider environmental and health impacts (Yadav et al., 2024). Such extensive research in the
future guarantees that the solutions are not only useful in the long run but also effective in the immediate term.

CONCLUSION

Rice cultivation in Ratuwamai, Morang, Nepal, faces the persistent challenge of the yellow stem borer (YSB). Our
study evaluates biological, botanical, and chemical pesticides, revealing Bacillus and Azadirachtin as potent and
ecologically sensitive options. These alternatives reduce pest impact while preserving beneficial predator populations,
marking a sustainable approach crucial for optimal yields and ecological balance. Despite immediate benefits,
chemical pesticides like Cypermethrin and Chloropyriphos pose ecological risks, emphasizing the need for a nuanced
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perspective. Beyond field boundaries, considerations extend to environmental and health impacts. Balancing short-
term gains with long-term sustainability is vital. This study offers a blueprint for rice cultivation—harmonizing
productivity with sustainability through continuous research, community collaboration, and integrating modern
science with traditional wisdom. The goal: productive and sustainable fields, fostering harmonious coexistence with
nature.
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