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U@E he rapid advancement in drone technology has revolutionized various sectors, including (i 2
ﬁ“gw agriculture. This review explores the integration of drone technology in pest (;gj[;w

““ management, highlighting its potential to enhance efficiency, sustainability, and precision. By
o analyzing recent studies, this paper identifies key developments, applications, challenges, and
5% future prospects in the field.

“  Introduction

\ Pest management has traditionally relied on manual methods and conventional machinery.
3{ However, these approaches often lead to inefficiencies, environmental concerns, and
; economic losses. Drone technology, also known as unmanned aerial vehicles (UAVSs), offers
02550 innovative solutions by enabling precision agriculture practices. Drones equipped with
o advanced sensors, imaging tools, and application mechanisms provide real-time data and
@‘”O{ targeted pest control measures. This review synthesizes existing literature to evaluate the
effectiveness and implications of drone-based pest management.

N

“=  Applications of Drones in Pest Management

e Monitoring and Surveillance: Drones equipped with multispectral and hyperspectral
cameras can detect pest infestations at an early stage. For example, studies by Smith et al.
(2020) demonstrated the use of UAVs for identifying pest hotspots through thermal
imaging and NDVI (Normalized Difference Vegetation Index) analysis.

QE e Targeted Pesticide Application: Traditional pesticide spraying methods often result in

c£25%0 wastage and environmental contamination. Drones can mitigate these issues by delivering

ZE precise doses to affected areas. Research by Kumar and Patel (2021) highlighted a 30% ’

@gf’;fg;@ reduction in pesticide usage with UAVs compared to conventional methods. 0%
U;E e Biological Control: Beyond chemical applications, drones facilitate the dispersal of ;E

@L@ biological agents like predatory insects and parasitoids. A study by Zhang et al. (2022) %:ﬁ
“ e reported increased effectiveness in controlling pests such as aphids using drone-dispersed &%

@iwf@ ladybird beetles. [fjfﬁ
. ; Benefits of Drone Technology in Pest Management -

e Precision and Efficiency: Drones provide spatially and temporally accurate
interventions, reducing costs and labor.

e Environmental Sustainability: By minimizing pesticide overuse, drones contribute to
reduced soil and water contamination, as noted by Lee et al. (2019).

e Scalability: Drone applications are particularly beneficial for large-scale farming
operations where manual methods are impractical.

w Challenges and Limitations

Y e Technical Limitations: Battery life, payload capacity, and weather dependency are
Oone” significant constraints (Gao and Lin, 2020).
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e Economic Barriers: The high initial cost of drones and associated technologies limits
accessibility for small-scale farmers.

e Regulatory and Safety Concerns: Compliance with aviation regulations and ensuring
operational safety remain critical challenges.

Conclusion

Drone technology represents a transformative approach to pest management in agriculture.
By offering precise, efficient, and environmentally friendly solutions, UAVs address many
shortcomings of traditional methods. However, realizing their full potential requires
overcoming technical, economic, and regulatory barriers. Continued research and innovation
will play a pivotal role in shaping the future of drone-assisted pest management.

Future Prospects

Advances in Al and machine learning are expected to enhance the analytical capabilities of
drones, enabling autonomous pest identification and management. Additionally, innovations
in drone hardware, such as improved battery technologies and payload capacities, will further
expand their utility in agriculture. Collaborative frameworks involving policymakers,
technologists, and farmers are essential to address existing challenges and promote
widespread adoption.
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