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Abstract

This study evaluated the efficacy of biopesticides against major insect pests of cucumber (Cucumis
sativus L) in Lekbeshi, Surkhet, Nepal. A randomized complete block design experiment was
conducted with four treatments: Beauveria bassiana (1 mL/L), Bacillus thuringiensis (2 mL/L), Jholmol
(1:5 concentration), and an untreated control. After the third spray, B. bassiana reduced red pumpkin
beetle populations from 1.4 to 0.4 insects per plant, while B. thuringiensis reduced fruit fly
populations from 2.8 to 1.6 insects per plant, compared to the control (4.2 to 2.2). At 60 days after
transplanting, B. thuringiensis-treated plants were significantly taller (137.45 cm) than control plants
(111.28 cm). Fruit damage was lowest in B. thuringiensis-treated plots (1.8% and 0.69 kg damage
weight) compared to the control (3.8% and 0.69 kg). While yield attributes showed no significant
differences, total yield was highest in B. bassiana-treated plots (35.58 t/ha) compared to the control
(17.8 t/ha). Economic analysis revealed that B. bassiana treatment had the highest benefit-cost ratio
(4.19), followed by B. thuringiensis (2.9), control (2.8), and Jholmol (2.3). These findings suggest that
biopesticides, particularly B. bassiana and B. thuringiensis, can effectively manage major cucumber
pests while improving yield and economic returns, offering a sustainable alternative to chemical
pesticides in subtropical regions.
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Statement of Sustainability: This study shows a comprehensive evaluation of biopesticides such as B. bassiana and B. thuringiensis
in controlling major pests of cucumber in Surkhet, Nepal. By significantly reducing pest populations and improving yield, these
biopesticides present a sustainable alternative to chemical pesticides, aligning with the Sustainable Development Goals (SDGs),
particularly SDG 2 (Zero Hunger) and SDG 15 (Life on Land). This research promotes environmentally friendly pest management
practices that enhance agricultural productivity and economic returns while minimizing adverse impacts on health and ecosystems.

1. Introduction

Cucumber (Cucumis sativus L) is a significant cucurbitaceous vegetable cultivated under various environmental
conditions, including open fields and greenhouses, for both local consumption and export (Mallick, 2022; Subedi et al.,
2024). In Nepal, cucumber cultivation has seen substantial growth due to its economic importance and demand in the
market (Khanal and Dhakal, 2020). According to the latest data from the Ministry of Agriculture and Livestock
Development, the total area under cucumber cultivation in Nepal is approximately 11,000 ha, with an annual production
of around 160,000 metric tons. The average productivity of cucumber in Nepal is about 14.5 metric tons per hectare
(MOALD, 2023), which is relatively low compared to other leading cucumber-producing countries, indicating potential
for yield improvement through better pest management practices. Biopesticides, derived from biological sources such
as naturally occurring toxins, are used to manage (Prabha et al., 2016; Thapa et al., 2022). According to the European
Environmental Agency (EEA), a biopesticide is a pesticide in which the active ingredient is a virus, fungus, bacteria, or a
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natural product from a plant source. These agents work by causing specific biological effects rather than chemical
poisoning (Glare and Nollet, 2015). Biopesticides act through various mechanisms, such as non-specific multi-site
inhibitors, neuromuscular toxins, metabolic toxins, growth regulators, and intestinal disruptors, which help reduce pest
populations (Fenibo et al., 2022). The diverse mechanisms of action of biopesticides decrease the likelihood of pest
resistance, a common issue with chemical pesticides (Dara, 2017). Biopesticides, made from living microorganisms or
natural products, are known for their economic viability, environmental friendliness, and target specificity (Archana et
al., 2022). They have the potential to control yield loss without compromising crop quality. One of the most commonly
used microbial biopesticides is the bacterium B. thuringiensis (Kumar et al., 2021).

Many cucumber farmers lack appropriate knowledge and information about effective pest control management,
leading to significant production challenges. Red pumpkin beetle, fruit fly, spotted cucumber beetle, aphid, and mites
are common pests that can be effectively managed and controlled using biopesticides applied at weekly intervals
(Sharma et al., 2016; Srivastava and Joshih, 2021). However, due to a lack of know-how and ignorance, farmers often
resort to using chemical pesticides indiscriminately to combat pest infestations (Dhopte, 2020). Studies have shown that
fruit flies and red pumpkin beetles can cause yield losses ranging from 30 to 100% in cucumbers (Miah, 2018). In Surkhet
district, traditional pest management practices such as using cow urine, Jholmol, and wood ash are temporarily effective
but not sufficient for long-term control. Poor knowledge and techniques in pest management persist in many regions,
and the application of chemical pesticides degrades the quality of vegetables, posing health risks to consumers.
Haphazard and irrational pesticide use harms the environment by eroding soil surfaces, reducing agricultural
productivity, and affecting micro and macro flora and fauna (Adhikari, 2017). The excessive use of synthetic pesticides
results in pest resurgence and introduces new pests, increasing production costs and affecting the quality and quantity
of cucumbers (Abrol and Shankar, 2014).

The objective of the study is to evaluate the efficacy of biopesticides in controlling major pests of cucumbers in
Surkhet district, Nepal. Specifically, it aims to assess the impact of biopesticides on the population of red pumpkin beetle
(Aulacophora foveicollis) and fruit fly (Drosophila melanogaster), evaluate the effect of biopesticides on yield and yield-
related parameters of cucumber, and analyze the economic benefits of using biopesticides in cucumber cultivation.

2. Materials and Methods

2.1. Study Site

The research was conducted in Lekbeshi, Surkhet, Nepal (28°29'30" N, 81°45'40" E) from February 25 to July 2023.
This river basin area has a subtropical climate with hot summers, cool winters, and a distinct wet season. The sandy loam
soil was suitable for cucumber cultivation, and the field had proper irrigation and drainage systems. During the
experiment, total rainfall was 3902 mm, with a peak of 49 mm in the 16th week after planting. Temperatures ranged
from 14 to 34°C, with maxima during the fruiting stage, and relative humidity was 40-50%. This data was obtained from
the Weather station of Lekhbesi, Surkhet, Nepal.

2.2. Experimental Design and Treatments

The experiment was conducted using a Randomized Complete Block Design (RCBD) to evaluate the efficacy of
different biopesticides in controlling major pests of cucumber. The study comprised four treatments, each replicated
five times, with a total experimental area of 148.5 m? (13.5 x 11 m) and individual plot sizes of 1.5 m? (1 x 1.5 m). The
spacing between plants was maintained at 60 ¢cm, and rows were spaced 45 cm apart. A 1 m gap was maintained
between replications, and a 25 cm buffer was left between plots to prevent cross-contamination.

The treatments included: (1) B. bassiana (1 mL/L water), an entomopathogenic fungus known for its effectiveness
against various insect pests; (2) B. thuringiensis (2 mL/L water), a gram-positive bacterium producing insecticidal
proteins; (3) Jholmol (1:5 concentration), a traditional botanical pesticide made from leaf extracts, cow urine, cow dung,
and spices; and (4) a Control treatment, where no biopesticides were applied, and only standard crop management
practices were followed. The biopesticides were administered using a knapsack sprayer at seven-day intervals during
the peak infestation period, starting ten days after transplanting. Care was taken to prevent drift between plots to ensure
the accuracy of the results.
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2.3. Cultural Operation

The plot was prepared by thorough tilling with a disc Plow, followed by cross-plowing twice using a disc harrow. On
March 4th, the land was leveled, and all stubbles, weeds, and residues were removed. Farmyard manure (FYM) was
incorporated to enhance soil nutrient content. Dynasty, a hybrid cucumber variety popular in the terai and mid-hill
regions, was selected for the study. Seeds were purchased locally and sown on February 18™. Seedlings were
transplanted at the 3-leaf stage on March 8™, planted 10-15 cm deep in the prepared land. Gap filling was performed
in the second week after transplanting to address early insect damage. Crop management involved timely weeding,
irrigation, fertilizer application, and removal of unwanted plant parts. The recommended doses of fertilizer and FYM
were manually incorporated during land preparation. Hand weeding was carried out on April 12, and irrigation was
provided as needed. Mustard straw was used as a bio-mulch to conserve soil moisture and control weeds. For plant
support, staking was implemented by creating four holes in each plot and fixing logs to facilitate tendril climbing.

2.4. Parameters

Data were collected on several parameters in the field, including insect population, fruit damage, fruit characteristics,
and plant height. The insect population, specifically red pumpkin beetle and fruit fly numbers, was manually counted
just before spraying and at 1, 3, and 6 days after spraying in each plot. Fruit damage was assessed by recording the
number and weight of fruits damaged by these pests at each harvest. Fruit characteristics such as length, diameter, and
weight were measured using a scale and Vernier caliper. Plant height was measured from ground level to the plant tip
at 30, 45, and 60 days after transplanting using scales and measuring tapes.

2.5. Statistical Analysis

Data entry and processing were carried out using Microsoft Office Excel 2016. Analysis of variance (ANOVA) and
mean estimation were done with the R Studio (version 4.3.1). Duncan's Multiple Range Test (DMRT) was used to
determine significant differences between mean values at a 5% level of significance.

3. Results and Discussion

3.1. Effects on Plant Height (cm)

Table 1 shows the impact of B. bassiana, B. thuringiensis, and Jholmol on plant height at 30, 45, and 60 days after
transplanting (DAT), compared to untreated control plants. At 30 DAT, there were no significant differences between
the treatments. However, at 45 and 60 DAT, significant differences were observed at the 5% and 1% levels respectively
based on the F-test. The B. thuringiensis treatment resulted in the tallest plants at 137.45 c¢cm, followed by Jholmol at
127.23 cm. These results indicate that B. thuringiensis and Jholmol have growth-promoting effects in addition to their
insecticidal properties. The enhanced plant height under B. thuringiensis treatment might be attributed to its ability to
produce insecticidal proteins that not only target pests but may also promote plant growth by reducing pest-related
stress and damage (Jouzani et al., 2017). The findings align with previous studies, which have reported similar growth
benefits from B. thuringiensis, likely due to its suppression of pest populations that otherwise divert plant resources
from growth to defense mechanisms (Sayed and Behle, 2017).

Table 1. Plant height of cucumber at 30 DAT, 45 DAT, 60 DAT in Surkhet, Nepal.

Treatment 30 DAT 45 DAT 60 DAT
B. bassiana 94.760 120 120.30
B. thuringiensis 10570 111.23 137.45
Jholmol 93.296 109.18 127.23
Control 88.860 100.73 111.28
F-test ns * *k

LSD 11.87 12.79 12.365
SEm () 0.96 1.03 1.0

CV (%) 9.10 8.42 7.23
Grand mean 94.62 110.28 124.06

*= Significant, ns = not significant, DAT= Days after transplanting; LSD= Least Significant Difference; SEm = Standard error mean; CV= Coefficient of
Variation.

Jholmol, a botanical pesticide, also demonstrated significant growth-promoting effects, albeit slightly less
pronounced than B. thuringiensis. This could be due to its composition, which includes nutrients and bioactive
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compounds from cow urine, cow dung, and plant extracts, potentially providing a nutrient boost and enhancing
microbial activity in the soil, thereby promoting plant growth (Gurung and Azad, 2013). B. bassiana, while effective in
increasing height compared to the control, was less potent than the other two biopesticides. This differential
effectiveness could be due to the specific modes of action of these biopesticides, where B. thuringiensis primarily targets
larvae through crystal proteins, and Jholmol works through multiple mechanisms, including repellence and toxicity, but
perhaps less directly influences growth (Dara, 2024; lida et al., 2023).

3.2. Effects on Diversity of Insects

The diversity of insect pests in cucumber crops significantly influences crop health and yield (Hossain et al., 2018;
Ratnadass et al., 2012). In this experiment, various pests were observed, with red pumpkin beetles being the most
predominant. Field observations revealed that the red pumpkin beetle population was substantially higher than other
pests, consistent with previous studies in similar agroecological zones (Hassain, 2013; Islam, 2015; Miah, 2018). These
beetles primarily feed on leaves and flowers, reducing photosynthetic capacity and causing yield losses (Chandi et al.,
2022). Their high prevalence underscores the need for effective management strategies (Patel and Dabhi, 2021). Other
pests, including fruit flies, melon flies, and melon aphids, were also present, albeit in lower numbers, contributing to the
overall pest pressure on cucumber crops (HGIC, 2021). Fruit flies pose a significant concern due to their ability to infest
and damage fruits, potentially leading to substantial economic losses (10 to 30%) in commercial cucumber production
(Papadopoulos et al., 2024). Fruit fly larvae cause internal damage that renders fruits unmarketable (Sapkota et al., 2010).
Melon flies similarly target fruits, while melon aphids cause direct damage by feeding on plant sap and act as vectors
for various plant viruses (Dhillon et al., 2005). The relatively lower population of these pests compared to red pumpkin
beetles and fruit flies may reflect differences in pest pressure or seasonal variations. This observed diversity of insect
pests highlights the complex pest dynamics in cucumber cultivation and emphasizes the necessity of a comprehensive
pest management approach that addresses multiple pest species to ensure optimal crop protection and yield (Azad et
al., 2013; Jia and Wang, 2021).

3.2.1. Effect of Biopesticides on Red Pumpkin Beetle Population

The application of biopesticides B. bassiana, B. thuringiensis, and Jholmol significantly affected the population of
red pumpkin beetles across three separate sprays, as shown in Table 2. The initial beetle populations were highest in
the control group, with B. bassiana showing the lowest numbers before application. One day after the first spray, B.
bassiana had a marked reduction in the beetle population, decreasing from 3.0 to 1.4, while the control group had only
a slight decrease from 4.6 to 3.4. This trend continued with B. bassiana consistently showing the lowest beetle counts,
reaching as low as 0.4 beetles per plant by the sixth day after the first spray. The superior efficacy of B. bassiana can be
attributed to its unique mode of action, where fungal spores infect and proliferate within the insect, eventually causing
death (Keswani et al., 2013; Wang et al., 2021). This method is particularly effective because it targets the insect's natural
defenses, leading to high mortality rates even at low doses (Bahadur, 2023). The persistence of B. bassiana in the
environment further contributes to sustained pest suppression (Acharya et al., 2015; Inglis et al., 1997), as evidenced by
the consistently low beetle numbers across the six days following each spray.

For the second spray, the trend observed in the first spray persisted. Before the second spray, the beetle population
was highest in the control group (4.6 beetles per plant) and lowest in the B. bassiana treatment (1.8 beetles per plant).
One day after the second spray, B. bassiana again showed the highest efficacy, reducing the beetle population from 1.8
to 1.4, whereas the control group saw a minimal decrease from 4.6 to 3.8. By the sixth day after the second spray, B.
bassiana maintained the lowest beetle population at 0.4, demonstrating sustained pest control. B. thuringiensis showed
a slower reduction in beetle numbers, decreasing from 3.0 to 1.6 beetles per plant, while Jholmol reduced the population
from 4.0 to 1.8 beetles per plant. These results highlight the superior efficacy of B. bassiana due to its mode of action,
where fungal spores infect and proliferate within the insect, leading to high mortality rates (Keswani et al., 2013). In
contrast, B. thuringiensis works by producing crystalline proteins that disrupt the insect's digestive system, leading to a
slower decline in population (Kumar et al., 2021). Jholmol, though effective, showed moderate efficacy, possibly due to
its less well-documented mechanism involving repellent properties and mild toxicity (Rogers, 2012). The third spray
further reinforced the effectiveness of B. bassiana. Before this spray, the beetle population was again highest in the
control group (4.2 beetles per plant) and lowest in B. bassiana (1.4 beetles per plant). One day after the third spray, B.
bassiana reduced the beetle population to 0.6, while the control group had a slight reduction from 4.2 to 3.4. By the
sixth day, B. bassiana maintained a low beetle count of 0.6, significantly lower than B. thuringiensis (1.2) and Jholmol
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(1.6). The consistent low beetle counts in the B. bassiana treatment across all sprays highlight its persistence in the
environment and ability to provide long-term pest suppression (lida et al., 2023). B. thuringiensis and Jholmol, while
effective, were less efficient, with B. thuringiensis reducing beetle numbers through digestive disruption (Redmond et
al., 2020) and Jholmol through its repellent and mildly toxic properties (Azad et al., 2013). The control group consistently
had the highest beetle populations, underscoring the necessity of biopesticide application for effective pest
management.

Table 2. Effect of biopesticides on red pumpkin beetle population in Surkhet, Nepal.

Treatments 1%t Spray 2" Spray 3" Spray

BS 1DAS 3DAS 6DAS BS 1DAS 3 DAS 6DAS BS 1DAS 3 DAS 6DAS
B. bassiana 3.0 14 1.0 0.4 1.8 14 1.2 04 1.4 0.6 0.4 0.6
B. thuringiensis 3.2 1.6 1.8 1.6 3.0 34 34 1.6 3.0 1.8 1.8 1.2
Jholmol 4.2 2.8 2.6 1.8 4.0 3.2 3.6 1.8 3.6 2.0 1.8 1.6
Control 4.6 34 34 3.0 4.6 38 4.0 2.2 4.2 34 2.8 2.2
F_test * *%* *k%k *k%k *k%k *k%k *k%k *%* *k%k *k%k *k%k *%
LSD (0.05) 1.025 1.03 0.95 0.77 094  0.99 0.88 0.74 0.93 0.62 0.58 0.71
SEm (%) 0.117 0.11 0.109 0.06 0.10 0.081 0.07 0.24 0.075 234 0.06 0.05
CV (%) 19.83 32.53 3143 33.27 20.5 24.56 21.16 36 22.19 1.95 24.95 36.88
Grand Mean 3.75 2.3 2.2 0.77 335 295 3.05 1.5 3.05 1.95 1.7 14

*= Significant, ns = not significant, DAS= Day after Spray; LSD= Least Significant Difference; SEm = Standard error mean; CV= Coefficient of Variation;
BS= Before Spray.

3.2.2. Effect of Biopesticides on Fruit Fly Population

Before the second spray, the fruit fly population was highest in the control group (4.2) and lowest in the B. bassiana
treatment (0.8). After spraying, there was a significant reduction in the insect population. One day after the second spray,
the population of fruit flies decreased markedly, with B. bassiana reducing the population from 2.0 to 0.8, B. thuringiensis
from 3.2 to 2.0, Jholmol from 3.2 to 2.0, and the control from 4.2 to 3.0 (Table 3). By the third day after the second spray,
B. bassiana showed continued effectiveness, maintaining the lowest population at 1.0, while B. thuringiensis and Jholmol
both had populations of 2.2. The control group remained the highest at 3.6. On the sixth day, the fruit fly population
was similar in all treatments except for the control, which was significantly lower at 1.25 compared to B. bassiana, B.
thuringiensis, and Jholmol, each maintaining a population of 2.0. These results highlight the efficacy of B. bassiana in
reducing fruit fly populations rapidly and sustainably (Homayoonzadeh et al., 2022; Tomar et al., 2024). For the third
spray, similar trends were observed. B. bassiana, B. thuringiensis, and Jholmol significantly reduced fruit fly counts from
before spraying to three days after spraying, followed by a partial rebound by the sixth day. B. bassiana reduced the
population from 1.8 to 0.6 by the third day, then slightly increased to 1.0 by the sixth day. B. thuringiensis lowered counts
from 2.8 to 1.6 by the third day and then to 1.8 by the sixth day. Jholmol saw a reduction from 3.4 to 1.8, remaining
stable by the sixth day. The control group also showed a reduction from 4.2 to 2.2 by the third day, ending at 2.4 by the
sixth day. By the sixth day, counts in all treatments had somewhat recovered, yet B. bassiana maintained lower
populations overall.

Table 3. Effect of biopesticides on fruit fly population in Surkhet, Nepal.

Treatment 2" Spray 3" Spray

BS 1 DAS 3 DAS 6 DAS BS 1 DAS 3 DAS 6 DAS
B. bassiana 2.0 0.8 1.0 2.0 1.8 1.2 0.6 1.0
B. thuringiensis 3.2 2.0 2.2 2.0 2.8 2.2 1.6 1.8
Jholmol 32 2.0 2.2 2 34 2.2 1.8 1.8
Control 42 3.0 36 1.25 4.2 34 2.2 24
F_test * * *kk *kk * * *% *%
LSD (0.05) 1.20 1.36 0.67 0.65 1.34 1.34 0.84 0.58
SEm (%) 0.09 0.11 0.05 0.04 0.10 0.10 0.06 0.04
CV (%) 27.79 50.89 21.69 229 32 435 39.41 24.24
Grand Mean 3.15 1.92 2.25 1.85 3.05 2.25 1.55 1.75

*= Significant, ns = not significant, DAS= Day after Spray; LSD= Least Significant Difference; SEm = Standard error mean; CV= Coefficient of Variation;
BS= Before Spray

The consistent reduction in fruit fly numbers, especially after the second and third sprays, indicates that regular
application of B. bassiana can effectively manage fruit fly infestations, leading to reduced fruit damage and better yield
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quality (Toledo et al, 2007). The results highlight the importance of understanding the mode of action and
environmental interactions of biopesticides to optimize their use in integrated pest management strategies (Fenibo et
al., 2022). The superior efficacy of B. bassiana can be attributed to its unique mode of action. This entomopathogenic
fungus infects its host through contact with its conidia (spores). Upon adhering to the insect cuticle, the conidia
germinate and penetrate the insect’s exoskeleton, reaching the hemocoel (body cavity). There, it proliferates, producing
toxins that weaken the insect's immune response, eventually leading to death. This mode of action is particularly
effective because it targets the insect’'s natural defenses, leading to high mortality rates even at low doses (Rogers,
2012). The repeated application of B. bassiana, a biopesticide, builds up a reservoir of spores in the environment, leading
to sustained pest suppression and consistently low beetle numbers for six days after each spray (Wang et al., 2021). In
contrast, B. thuringiensis works through the production of crystalline (Cry) proteins that disrupt the insect's digestive
system. When ingested by the insect, these proteins are activated in the alkaline environment of the gut, forming pores
in the gut cells and causing cell lysis and septicemia (Bravo et al., 2007).

Although effective, B. thuringiensis efficacy can be influenced by environmental factors and pest developmental
stage, potentially contributing to less pronounced pest suppression compared to B. bassiana, while insect-feeding
behavior also affects B. thuringiensis uptake, with non-feeding stages being less susceptible (Becker et al., 1992). Jholmol,
a traditional biopesticide, showed moderate efficacy. The exact mechanism by which Jholmol affects pests is less well-
documented, but it may involve a combination of repellent properties and mild toxicity. Jholmol is believed to have
antimicrobial properties that can deter pests and inhibit their development (Dhakal et al., 2019). The use of Jholmol as
a biopesticide is particularly interesting as it represents a traditional and potentially sustainable option for pest
management (Maligimani, 2024). Its effectiveness may vary depending on the formulation and application method, and
further research is needed to fully understand its mechanisms and optimize its use (Agrawal et al., 2016). The superior
performance of B. bassiana across multiple pest species underscores its potential as a versatile and sustainable solution
for pest control in Surkhet, Nepal.

Table 4. Effect of biopesticide on decay loss of cucumber due to pest in Surkhet, Nepal.

Treatment Damage (%) Damage Weight (kg)
B. bassiana 2.2 0.83

B. thuringiensis 1.8 0.69

Jholmol 2.0 0.77

Control 38 0.69

SEM (%) 0.062 0.02

LSD 0.76 0.31

cv 22.66 26.45

F- Test Frk *

Grand mean 245 0.86

*= Significant, ns = not significant, DAS= Day after Spray; LSD= Least Significant Difference; SEm = Standard error mean; CV= Coefficient of Variation;
BS= Before Spray.

3.3. Effects on Fruit Infestation

It is evident from Table 4 that the total number of fruits damaged in each plot is higher control condition followed
by B. bassiana (2.2) The minimum number of fruits damaged was obtained from B. thuringiensis (1.8). Similarly, a higher
number of unmarketable fruits were recorded under Control conditions (3.8) and B. bassiana (2.2) was recorded. The
descending order of comparative efficacy of several insecticides based on damage weight was B. thuringiensis > Control
> Jholmol > B. bassiana. The results of statistical analysis showed that the damage weight number was significantly
variation among the bio-pesticides used. Damage weight was observed to be least in B. thuringiensis (0.69) and control
condition.

The data on fruit infestation further supports the efficacy of biopesticides. B. thuringiensis showed the least fruit
damage, suggesting that it is highly effective in preventing fruit infestation, possibly due to its bactericidal properties
that target insect larvae (Chandrakasan et al., 2022). B. bassiana, while effective, resulted in slightly higher damage
compared to B. thuringiensis, but still significantly reduced damage compared to the control. Jholmol, although less
effective than B. thuringiensis, also contributed to lower damage levels. These findings suggest that B. thuringiensis and
B. bassiana are particularly useful in reducing fruit damage, thereby improving marketable yield (Skinner et al., 2014).
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3.4. Effect of Biopesticides on Yield Attributing Characters

The attributes measured were fruit length, average fruit weight, and fruit diameter. Statistical analysis using ANOVA
showed no significant (P > 0.05) differences between any treatments and the control for all three yield parameters (Table
5). Fruit length ranged from 17.61 cm to 18.27 cm, fruit weight from 269.46 g to 282.22 g, and diameter from 4.538 mm
to 5.0 mm across treatments. However, these small numerical differences were statistically non-significant as determined
by the LSD test at the 5% level. The coefficient of variation was moderately high for fruit weight (24.60%). Despite the
lack of statistically significant differences, the observed numerical trends may provide insight into the interaction
between biopesticides and plant growth (Azad et al, 2013; Sampiano, 2022). B. bassiana, known for its
entomopathogenic properties, not only targets insect pests but may also influence plant health indirectly by reducing
pest pressure. Studies by Azad et al. (2013) and Wei et al., (2020) have demonstrated that B. bassiana can colonize plant
roots and promote growth, potentially explaining the observed fruit dimensions in this treatment group. B. thuringiensis
works primarily through the production of crystalline toxins that target insect digestive systems. This mode of action is
specific to pest control and does not directly affect plant physiological processes (Tetreau et al., 2021). However, by
reducing pest numbers, B. thuringiensis-treated plants might have experienced less biotic stress, contributing to the
moderately high fruit weight observed. Similar findings were reported by Cebolla and Berry (2023), where B. thuringiensis
application resulted in improved plant vigor and yield in various crops.

Table 5. Effect of biopesticide on yield attributing character of cucumber in Surkhet, Nepal.

Treatment Fruit Length (cm) Fruit Weight (kg) Fruit Diameter (mm)
B. bassiana 18.270 250.94 4.538

B. thurigiensis 17.99 258.11 4.606

Jholmol 17.61 269.46 4.872

Control 18.12 282.22 5.0

LSD 343 89.92 0.669

SEm(+) 0.27 7.29 0.054

F-test ns ns ns

CV (%) 13.83 24.60 10.22

LSD = Least Significant Difference; SEm = Standard error mean; CV= Coefficient of Variation.

Jholmol, a traditional organic formulation, includes a mixture of locally available biocontrol agents and nutrients. Its
effect on yield attributes, though less documented, can be attributed to the combined action of these agents providing
both pest control and nutrient supplementation. The observed fruit dimensions in the Jholmol treatment align with
those reported by Sorathiya et al. (2023), who noted improvements in crop yield and quality with the use of similar
organic formulations. The control group, exhibiting the highest fruit weight and diameter, may reflect the absence of
any biotic stressors typically managed by biopesticides (Radames et al.,, 2018). This observation underscores the role of
pest pressure in modulating yield attributes. However, it also raises questions about the potential trade-offs between
pest management and yield optimization, a topic explored by Green et al. (2020) in their review of biopesticide
applications in integrated pest management (IPM) systems. The high coefficient of variation for fruit weight suggests a
considerable degree of variability within treatments, (Bartaula et al.,, 2019; Ene et al., 2016). This aspect warrants further
investigation to isolate and understand the contributory elements more precisely.

Table 6. Effect of biopesticides on total yield and yield related parameters of cucumber in Surkhet, Nepal.

Treatment Total Yield (kg) Total Fruit Number Productivity (t/ha)
B. bassiana 14.10 32.0 35.58

B. thuringiensis 8.32 29.6 29.0

Jholmol 6.10 24.0 23.6

Control 5.09 0.53 17.8

LSD (0.05) 2.16 6.64 6.05

SeM (%) 0.17 17.20 0.69

F_ test *kk *kk *kk

LSD= Least Significant Difference; SEm = Standard error mean

3.5. Total Yield and Yield Related Parameters

The study demonstrated that the application of biopesticides significantly enhanced cucumber yield compared to
the untreated control (Table 6). Specifically, B. bassiana achieved the highest fruit yield at 35.58 mt/ha, while the control
treatment recorded the lowest yield at 22.7 mt/ha. B. thuringiensis and Jholmal treatments also showed improved yields
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of 29.6 mt/ha and 24.0 mt/ha, respectively. The effectiveness of these biopesticides can be attributed to their pest-
control properties. B. bassiana, an entomopathogenic fungus, infects and kills insects, thus reducing pest pressure and
promoting plant health (lida et al., 2023; Pedrini, 2022). Similarly, B. thuringiensis produces toxins that target specific
insect larvae, leading to reduced crop damage and better fruit set (Bravo et al., 2007; Palma et al,, 2014; Roh et al., 2007).
Jholmal, an organic concoction, provided moderate yield improvements, likely due to minor pest suppression and
nutrient supplementation (Bhusal and Udas, 2020). The lower yield in the control treatment underscores the importance
of pest management in maintaining crop productivity. The variability in yield among treatments, as indicated by the
coefficient of variation, suggests that factors such as environmental conditions and pest populations influence the
efficacy of biopesticides. These findings align with previous studies, such as those by Rani et al. (2021) and Rogers (2012),
which reported similar increases in crop yield with the use of biopesticides. The study highlights the need for careful
selection and application of biopesticides to optimize crop performance.

4. Conclusion

It can be inferred from the results of the present investigation that the insecticides had no effect on the flowering
behavior in Cucumber but caused significant variation in terms of red pumpkin beetle and fruit fly population. The
number of damaged fruit and weight percent of fruit infestation (by number and weight) was lowest under Bacillus
thuringensis followed by Jholmol. The potential effect of botanicals/bio-pesticides can be unraveled when studied under
multiple seasons which have been seriously limited in current research. Nevertheless, we must keep in mind that
chemical insecticides are detrimental to human health, the environment, and beneficial insects and may lead to long-
term problems related to pest resistance and resurgence as well. It is also suggested to use botanicals like Jholmol and
B. thuringiensis for safe use and to promote the fruit quality in cucurbits. Future studies must prioritize exploring the
potential efficacy of botanicals and bio-pesticides against red pumpkin beetle and Fruit fly while decreasing the use of
chemical insecticides at the same time.
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