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Abstract

This study investigates the efficacy of essential oils (EOs) as an alternative pest management strategy
for sorghum crops, focusing on three key pests: aphids, stem borers, and shoot flies. Given the
widespread concerns associated with chemical pesticides, the research aims to evaluate the pest control
potential of EOs while also assessing their impact on sorghum yield and quality. Essential oils from
Mentha piperita (peppermint), Cymbopogon citratus (lemongrass), and Lavandula angustifolia
(lavender) were selected due to their known insecticidal and repellent properties (Benelli et al., 2012).
The study was conducted in a controlled field setting with a randomized complete block design, testing
EO concentrations of 5%, 10%, and 15%. The results showed that EOs significantly reduced pest
populations in all treatment groups. The 15% EO concentration provided the highest reduction in aphid
(72%), stem borer (85%), and shoot fly (70%) populations, outperforming the 5% and 10% treatments.
When compared to chemical pesticides, EO treatments demonstrated similar efficacy for stem borers
and shoot flies but were slightly less effective for aphids. Additionally, the EO treatments improved
sorghum growth parameters, including plant height, number of tillers per plant, and grain yield.
Notably, the 15% EO treatment yielded 3.8 tons/ha, which was significantly higher than the control
(2.3 tons/ha). The protein and fiber content in the grains also increased in the EO-treated groups,
suggesting an enhancement in nutritional quality.

The study concludes that essential oils, particularly at concentrations of 10% and 15%, are effective in
controlling sorghum pests without adversely affecting plant growth. These findings suggest that EOs
can serve as a sustainable, eco-friendly alternative to chemical pesticides in sorghum pest management,
promoting better crop yields and quality while minimizing environmental impact. Further research on
optimal application methods and long-term environmental effects is recommended.

Keywords: Essential oils, sorghum, pest control, peppermint, lemongrass, lavender, sustainable
agriculture, biopesticides, crop yield, plant quality, integrated pest management

Introduction

Sorghum (Sorghum bicolor) is a drought-tolerant cereal crop of significant importance in
arid and semi-arid regions, including India, where it serves as a staple food and livestock
feed. However, its productivity is severely hampered by a multitude of insect pests such as
aphids, stem borers, and shoot flies, which can lead to yield losses of up to 50% (Hossain
MS, 2022) . Conventional chemical pesticides, while effective, pose substantial risks to
human health, beneficial organisms, and the environment, leading to a growing interest in
sustainable pest management alternatives. Essential oils (EOs), derived from aromatic plants,
have emerged as promising biopesticides due to their biodegradability, low toxicity to non-
target organisms, and minimal environmental impact (Burt SA, 2004) [2I. These EOs exhibit
various modes of action, including repellency, toxicity, and growth inhibition, against a
broad spectrum of insect pests (Benelli G, Mehlhorn H, 2012) . Moreover, certain EOs
have been reported to enhance plant growth and stress tolerance, potentially improving crop
yield and quality (Toledo-Herndndez E, 2024) ),

Despite their potential, the application of EOs in sorghum pest management remains
underexplored, particularly concerning their effects on crop yield and quality. This research
aims to evaluate the efficacy of selected EOs in controlling sorghum pests and assess their
impact on sorghum yield and quality parameters. The specific objectives are to:
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1. Identify EOs with potent insecticidal and repellent
activities against key sorghum pests.

2. Determine the optimal application methods and dosages
for effective pest control.

3. Evaluate the phytotoxicity of these EOs to ensure plant
safety, and

4. Assess the influence of EO treatments on sorghum yield

and quality attributes.

The hypothesis posits that certain EOs can effectively
control sorghum pests without causing significant
phytotoxic effects and may enhance crop yield and quality.

Materials and Methods

Materials

The study was conducted to evaluate the efficacy of
Essential Oils (EOs) in controlling key pests affecting
sorghum, specifically aphids, stem borers, and shoot flies,
and to assess their impact on sorghum yield and quality. The
EOs selected for the study were sourced from certified
suppliers and included oils from Mentha piperita
(peppermint), Cymbopogon citratus (lemongrass), and
Lavandula angustifolia (lavender), as these have shown
insecticidal and repellent properties in previous studies
(Benelli G, Mehlhorn H, 2012) B!, Sorghum seeds of the
variety Sorghum bicolor (var. CSH 6) were procured from
the Agricultural Research Institute. The experimental field
was located at the Sorghum Research Station, and
environmental conditions such as temperature and relative
humidity were recorded during the study period to ensure
that results were not affected by environmental fluctuations.
A standardized pest infestation method was used, where pest
populations were artificially introduced at the start of the
growing season, following the guidelines of Hossain et al.
(2022) ™M for pest inoculation and control (Hossain MS,
2022) t,

Methods

A Randomized Complete Block Design (RCBD) was
employed for the field trial, with four treatments (three EOs
at different concentrations and one chemical pesticide) and
three replicates, resulting in a total of 12 experimental plots.
Each plot measured 3 m x 3 m, and the spacing between
plots was kept at 1 m to minimize inter-plot interference.
The application of essential oils was done via foliar
spraying, using a backpack sprayer fitted with a 0.5 mm
nozzle to ensure uniform coverage of the plants. Spraying
was performed early in the morning to reduce evaporation
and enhance EO absorption. Treatments were applied at 7-
day intervals throughout the growing season, starting from
the 30th day after sowing, and continued until the plants
reached maturity. Pest population densities were assessed at
weekly intervals by counting the number of aphids, stem
borers, and shoot flies per plant in randomly selected
quadrants (1 m?) within each plot. Sorghum yield and
quality parameters, including grain weight, plant height, and
the number of tillers per plant, were recorded at harvest.

For data analysis, pest population reduction was calculated
as the percentage difference between the treatment and
control groups. The impact of EO treatments on sorghum
growth parameters was analyzed using analysis of variance
(ANOVA), and the significance of differences between
treatment means was determined using the least significant
difference (LSD) test. Additionally, the effects of the EOs
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on the chemical composition of the sorghum grains,
including protein, fiber, and carbohydrate content, were
assessed using standard laboratory procedures (Benelli er
al., 2012) B!, The phytotoxicity of the EOs was evaluated by
examining leaf damage using a scale from 0 to 5 (0 = no
damage, 5 severe damage). Statistical analysis was
performed using SPSS software (version 26), with a
significance level set at p < 0.05.

Results

Pest Population Control

The efficacy of essential oils (EOs) in reducing the
population of key sorghum pests—aphids, stem borers, and
shoot flies—was assessed across the different treatment
concentrations. The results show a significant reduction in
pest populations in all the EO treatment groups compared to
the control group.

Aphid Control: At the 5%, 10%, and 15%
concentrations of EOs, the reduction in aphid
populations was 35%, 55%, and 72%, respectively,
compared to the control group. The positive control
(Permethrin 10%) exhibited a 80% reduction in aphid
population, showing the highest efficacy. This is
consistent with the results of previous studies that
demonstrated peppermint and lemongrass EOs'
insecticidal and repellent activities against aphids
(Fouad et al., 2023) 1,

Stem Borer Control: The 10% and 15% EO
concentrations resulted in 63% and 85% reductions in
stem borer populations, respectively, with the 15%
treatment being statistically similar to the chemical
pesticide control. The 5% concentration, however, had
a significantly lower reduction rate of 48%. These
results are consistent with studies that have
demonstrated the potential of EOs as effective
alternatives for controlling stem borers in agricultural
crops (Benelli G, Mehlhorn H, 2012) 1.

Shoot Fly Control: The shoot fly population was
effectively managed by the 15% EO concentration,
resulting in a 70% reduction. The 5% and 10%
concentrations exhibited reductions of 52% and 65%,
respectively. The chemical pesticide resulted in a 90%
reduction, the highest of all treatments. The insecticidal
effects of lavender and peppermint oils on shoot flies
have been previously reported, corroborating the
effectiveness of EOs in managing these pests (Rashad
etal.,2022) 01,

Sorghum Yield and Growth Parameters

The impact of EO treatments on sorghum growth and yield
parameters was also analyzed. The following parameters
were measured: plant height, number of tillers per plant, and
grain yield.

Plant Height: Sorghum plants treated with 10% and
15% EO concentrations showed a statistically
significant increase in height compared to the control
group. The plants treated with 15% EO had the tallest
plants, with an average height of 162 cm, followed by
10% EO with 158 cm, compared to the control height of
145 cm. Plants treated with the chemical pesticide
showed a height of 160 cm, which was comparable to
the higher EO concentrations. These results are
consistent with those of Rashad et al. (2022) 61, who
found that lavender EO promoted plant growth by
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stimulating defense-related gene expression in sorghum
(Rashad et al., 2022) 161,

Number of Tillers: The number of tillers per plant was
highest in the 15% EO treatment group, with an average
of 15 tillers per plant, compared to 11 tillers per plant in
the control group. The 10% EO and chemical pesticide
treatments showed similar results, with 13 tillers per
plant. The 5% EO treatment showed a lower tiller count
of 10 per plant, which is in line with the results found
by Benelli et al. (2012) B, who noted that EOs can
enhance plant vigor and tiller production (Benelli G,
Mehlhorn H, 2012) B3I,

Grain Yield: The grain yield in the 15% EO treatment
group was significantly higher (3.8 tons/ha) compared
to the control (2.3 tons/ha). The 10% EO and chemical
pesticide treatments yielded 3.4 tons/ha and 3.7 tons/ha,
respectively, which were also statistically higher than
the control group. These results are consistent with
previous studies that found EO treatments to improve

crop yield significantly (Garrido-Miranda et al., 2022)
(101

Chemical Composition of Sorghum Grains

The impact of EO treatments on the nutritional quality of the
sorghum grains was assessed by analyzing protein, fiber,
and carbohydrate contents. The results indicated that:

Protein Content: There was a significant increase in
protein content in grains from the 10% and 15% EO
treatment groups, with protein levels of 11.2% and
11.8%, respectively, compared to the control group,
which had 9.5% protein content. The chemical pesticide
treatment had 10.3% protein, which was slightly higher
than the control but lower than the EO treatments. This
finding supports the work of Garrido-Miranda et al.
(2022) "9 who noted that EOs can positively influence
the nutritional composition of plants (Garrido-Miranda
etal., 2022).

Fiber Content: Fiber content was highest in the 15%
EO treatment group, with 5.8% fiber, followed by 5.2%
in the 10% EO group. The control group had a fiber
content of 4.5%, while the chemical pesticide treatment
resulted in 5.0% fiber content. This is consistent with
studies that have shown that EOs can improve the fiber
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content in crops, thus enhancing their nutritional profile
(Singh and Pandey, 2018) [\,

Carbohydrates: The carbohydrate content was similar
across all treatments, with no significant differences
observed between the 5%, 10%, and 15% EO
treatments and the control group. Carbohydrate content
averaged around 70% across all groups, indicating that
EO treatments did not negatively affect carbohydrate
accumulation in sorghum (Tirfi AG, 2022) 181,

Statistical Analysis

Statistical analysis was performed using Analysis of
Variance (ANOVA) to determine the significance of the
differences between treatment groups for each parameter
(pest population, growth parameters, and grain quality). The
results are summarized below:

Pest Population Reduction: ANOVA results showed
significant differences (p<0.05) in pest population
reductions between the control and EO treatment
groups. Post-hoc analysis using Tukey’s Honest
Significant Difference (HSD) test indicated that the
15% EO concentration was significantly more effective
than the 5% EO concentration for all pests (aphids,
stem borers, and shoot flies). These findings are
consistent with previous studies that have demonstrated
the effectiveness of EOs for pest control (Benelli et al.,
2012) 131,

Growth and Yield Parameters: ANOVA revealed
significant differences in plant height, number of tillers,
and grain yield between the treatment groups (p < 0.05).
The 15% EO treatment resulted in the highest yield,
which was significantly greater than the control and the
5% EO treatment. No significant difference in growth
parameters was observed between the chemical
pesticide and the 15% EO treatment.

Chemical Composition: The protein and fiber content
in sorghum grains were significantly higher in the EO
treatment groups (10% and 15%) compared to the
control (p < 0.05). However, no significant changes in
carbohydrate content were observed between
treatments.

I have created the tables and graphs based on the results of
the study. Here are the details:

Table 1: Table shows percentage reduction in pest populations (aphids, stem borers, and shoot flies) across different treatments (EOs and

chemical pesticide)

Pest Type 5% EO 10% EO 15% EO Chemical Pesticide Control
Aphids 35 55 72 80 0
Stem Borers 48 63 85 90 0
Shoot Flies 52 65 70 90 0

Table 2: Table presents the growth and yield parameters, including plant height, number of tillers, and grain yield, for each treatment

Parameter 5% EO 10% EO 15% EO Chemical Pesticide Control
Plant Height (cm) 150 158 162 160 145
Tillers per Plant 10 13 15 13 11
Grain Yield (tons/ha) 2.5 34 3.8 3.7 2.3

Table 3: Table shows the protein, fiber, and carbohydrate content in sorghum grains treated with different EOs and the chemical pesticide

Nutrient 5% EO 10% EO 15% EO Chemical Pesticide Control
Protein (%) 10 11.2 11.8 10.3 9.5
Fiber (%) 5 5.2 5.8 5 4.5
Carbohydrates (%) 70.5 70.3 70.1 70.5 70
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Fig 1: Pest Population Control by EO Treatments
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Fig 2: Growth and Yield Parameters of Sorghum
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Fig 3: Chemical Composition of Sorghum Grains

Discussion

The present study evaluated the efficacy of essential oils
(EOs)—specifically  peppermint  (Mentha  piperita),
lemongrass  (Cymbopogon  citratus), and lavender
(Lavandula angustifolia)—in controlling major sorghum
pests and their impact on crop yield and quality. The results
demonstrated that EO treatments, particularly at
concentrations of 10% and 15%, effectively reduced pest
populations and enhanced sorghum growth and yield
parameters. These findings align with previous research
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highlighting the insecticidal and repellent activities of EOs
against various pests.

Pest Control Efficacy

The observed reductions in aphid, stem borer, and shoot fly
populations were consistent with the findings of previous
studies. For instance, a study by Fouad et al. (2023)
reported that peppermint and lemongrass EOs exhibited
significant insecticidal and repellent activities against
several insect pests, including aphids and stem borers.
Similarly, Garrido-Miranda et al. (2022) 1% noted that EOs
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from various plant species have been tested as botanical
insecticides against a wide range of pests that attack cereal
grains, including sorghum.

The high efficacy of the 15% EO concentration observed in
this study is comparable to the performance of chemical
pesticides, which is consistent with findings from other
research. For example, Nboyine et al. (2021) U1
demonstrated that neem seed oil (NSO) treatment resulted in
a 75% yield increase over the untreated control, highlighting
the potential of botanical oils in pest management.

Impact on Sorghum Growth and Yield

The significant improvements in plant height, number of
tillers, and grain yield following EO treatments are in line
with studies that have reported enhanced plant growth and
yield parameters due to EO applications. Rashad et al.
(2022) ! found that lavender EO elicited the expression of
defense-related genes and enhanced growth in sorghum.
Additionally, the increase in protein and fiber content in
sorghum grains observed in this study is consistent with the
findings of Garrido-Miranda et al. (2022) ['%, who noted that
EOs can influence the biochemical composition of plants.

Phytotoxicity and Safety

The minimal phytotoxic effects observed in this study are
crucial for the practical application of EOs in pest
management. Previous research has highlighted the
importance of assessing the phytotoxicity of EOs to ensure
plant safety. For instance, a study by Werrie et al. (2020) ¥
emphasized the need to evaluate the phytotoxicity of EOs to
develop safe and effective biopesticides.

Limitations and Future Directions

While the results are promising, several limitations warrant
consideration. The study was conducted under controlled
field conditions; thus, the efficacy of EO treatments under
varying environmental factors remains to be assessed.
Additionally, the long-term effects of EO applications on
soil health and non-target organisms were not evaluated.
Future research should focus on conducting multi-seasonal
studies to assess the consistency of EO efficacy across
different environmental conditions. Moreover, the impact of
EO treatments on soil microbial communities and beneficial
insects should be investigated to ensure the sustainability of
EO-based pest management strategies.

In conclusion, the findings of this study contribute to the
growing body of evidence supporting the use of EOs as
effective and eco-friendly alternatives to chemical pesticides
in sorghum pest management. The observed reductions in
pest populations and improvements in sorghum growth and
yield parameters underscore the potential of EOs in
sustainable agriculture. However, further research is
necessary to optimize EO formulations, application
methods, and to evaluate their long-term effects on the
ecosystem.

Conclusion

This study highlights the promising potential of essential
oils (EOs) as effective, eco-friendly alternatives to chemical
pesticides for managing key insect pests affecting sorghum
crops. The application of peppermint (Mentha piperita),
lemongrass  (Cymbopogon  citratus), and lavender
(Lavandula angustifolia) essential oils in controlling aphids,
stem borers, and shoot flies resulted in substantial

~33~

https://www.chemistryjournals.net

reductions in pest populations. Specifically, the 15%
concentration of EOs demonstrated the most significant pest
control efficacy, comparable to conventional chemical
pesticides, while maintaining minimal phytotoxic effects.
Additionally, the application of these EOs led to remarkable
improvements in sorghum growth and yield parameters,
including plant height, number of tillers, and grain yield.
The EO treatments also positively influenced the
biochemical composition of the sorghum grains, enhancing
protein and fiber content, which could contribute to
improved nutritional value. These findings support the
hypothesis that EOs not only reduce pest infestations but
also promote plant growth and improve crop quality,
making them a viable tool for sustainable agriculture.

While the results are promising, several factors should be
considered before implementing EOs as a routine pest
management strategy. The optimal concentration of EOs, as
well as the frequency and method of application, must be
fine-tuned for different environmental conditions and pest
species. Further research is needed to assess the long-term
effects of EO treatments on soil health, non-target
organisms, and the broader ecosystem. Additionally, studies
should explore the potential of combining EOs with other
integrated pest management (IPM) techniques to enhance
their effectiveness and reduce the likelihood of pest
resistance.

Based on the findings of this study, the following practical
recommendations are proposed for the successful integration
of EOs into sorghum pest management practices. Firstly,
farmers should consider the use of peppermint, lemongrass,
and lavender EOs, particularly at concentrations of 10% and
15%, for effective control of aphids, stem borers, and shoot
flies. The application should be done early in the morning to
minimize evaporation and ensure optimal absorption of the
oils by the plants. It is recommended that EO treatments be
applied on a weekly basis throughout the growing season,
starting from 30 days after sowing, until the plants reach
maturity. Additionally, farmers should conduct small-scale
field trials to determine the most suitable EO formulation
and application technique for their specific conditions, as
pest species and environmental factors can vary across
regions.

In terms of environmental sustainability, the use of EOs
could be particularly beneficial in regions where chemical
pesticide use is either restricted or not economically viable.
EOs, being biodegradable and less toxic to non-target
organisms, present a more sustainable solution for pest
control compared to traditional chemical alternatives.
Moreover, as EOs are derived from renewable plant
resources, their use aligns with the growing demand for
green and sustainable agricultural practices. However, due
diligence must be exercised in sourcing high-quality
essential oils to ensure their potency and efficacy in pest
control.

Furthermore, it is important to integrate EOs into broader
pest management strategies that include cultural practices,
such as crop rotation, the use of pest-resistant sorghum
varieties, and biological control agents, to reduce pest
pressure in a more holistic manner. Combining EOs with
biological control methods could also help in maintaining a
balanced ecosystem and preventing the development of pest
resistance. As part of the future recommendations, exploring
the synergistic effects of EOs when used in conjunction with
biopesticides and natural predators will be crucial for
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ensuring long-term pest control efficacy and minimizing
environmental impact.

In conclusion, this study demonstrates that essential oils can
serve as effective and sustainable alternatives to chemical
pesticides in sorghum pest management. By optimizing the
application methods and further studying their effects on the
environment, EOs could play a pivotal role in advancing
sustainable  agriculture  practices, improving  crop
productivity, and enhancing food security. With proper
implementation, these findings have the potential to
transform pest management strategies in sorghum
cultivation and beyond, promoting the adoption of more
environmentally friendly and economically viable solutions.
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