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Drone-Driven Pest Monitoring in Vegetable Fields
“Harpreet Malik®, Dr. Wajid Hasan?, Shubham Patel®, Ashish Kumar* and
Naval Kishore Meena*

'M.Sc. Scholar, Department of Vegetable Science, College of Horticulture Veer
Chandra Singh Garhwali Uttarakhand, University of Horticulture and Forestry
Bharsar, Pauri Gharwal, Uttarakhand, India
’Subject Matter Specialist (Entomology), Krishi Vigyan Kendra, Jahanabad-804432,
Bihar Agricultural University, Bihar, India
3Ph.D. Scholar, Department of Horticulture (Vegetable Science), Babasaheb Bhimrao
Ambedkar University, Vidya Vihar, Raebareli Road, Lucknow — 226025, India
*Ph.D Scholar, Department of Horticulture (Fruit Science), Rajasthan College of
Agriculture, MPUAT, Udaipur, Rajasthan, India
“Corresponding Author’s email: malik58088@gmail.com

Vegetable cultivation in India is highly labour-intensive and particularly vulnerable to
pest attacks, which can cause heavy vyield and quality losses. Traditionally, pest
monitoring depends on manual field scouting by farm workers, a method that is slow, labour-
demanding and often fails to detect early infestations. As pest populations can spread rapidly
in vegetable crops, delayed detection reduces the effectiveness of control measures. Recent
technological advancements have introduced drone technology, also known as Unmanned
Aerial Vehicles (UAVS), as a powerful tool in crop protection. Drones can quickly scan large
vegetable fields and capture high-resolution images of crop health. When combined with
advanced sensors and data analytics, they help identify pest-affected zones at an early stage.
This enables timely and precise interventions rather than blanket pesticide applications. As a
result, drone-based monitoring is promoting smarter, more efficient and environmentally
sustainable vegetable farming systems.

What Are Agricultural Drones and How Do They Work?

Agricultural drones are remotely piloted aerial devices equipped with cameras, sensors and
sometimes spraying mechanisms. These aircraft fly over crops, capturing high-resolution
imagery and sensor data that shows crop health, growth patterns, pest infestations, water
stress and more. Based on this data, farmers and agronomists can pinpoint pest hotspots early
— long before damage becomes visible at ground level.

Modern drones may carry:

e RGB cameras for visual imaging

o Multispectral sensors for plant health indices like NDVI

o Thermal cameras to detect temperature anomalies indicating pest or disease stress

e Spray systems for targeted treatments

High- tech analytics can even identify subtle changes in vegetation that signal early pest
attack, enabling rapid decision-making and site-specific pest control rather than blanket
chemical usage.

Why Drone Monitoring Is Needed in Vegetable Fields

Vegetable crops such as brinjal, tomato, okra, chilli, beans and leafy greens are especially
prone to rapid pest outbreaks, including aphids, whiteflies, fruit borers and mites. These pests
can spread quickly across dense plantings, causing major yield losses. Traditional scouting is:
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o Too slow for large fields

o Often misses early infestations

e Labour-intensive and costly

Drones can scan entire fields in minutes, highlighting stressed areas needing attention and
allowing farmers to act early. This saves time, reduces labour costs and minimizes yield
losses.

v PR :
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How Drones Detect Pests — The Technology Behind It
Drone pest monitoring combines aerial imagery with advanced computing to detect early
signs of infestation:

Multispectral Imaging

Cameras capture wavelengths beyond visible light, allowing detection of vegetation changes
before they are visible to the human eye — often indicating pest or disease stress.

Thermal Imaging

Heat maps from thermal sensors can show water stress or cooler/warmer areas that might
signal insect damage or disease presence in plants.

Machine Learning & Al

Some systems employ Al to recognize patterns specific to pest damage, enabling automated
identification and classification of pest-affected zones, which helps in precise management
decisions.

From this remote sensing data, software generates vegetation index maps and pest
distribution layers, guiding intervention decisions.

Table 1. Technologies Used in Drone-Based Pest Monitoring and Their Practical
Benefits
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e
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Technology :
Component What It Detects  How It Helps Farmers  Practical Outcome
RGB Camera Visible crop Prowde_s clear visual ~ Quick identification of
\magi damage, leaf overview of crop severely affected
maging . ) -
discoloration condition patches
Multispectral Early plant stress Detects pest or disease  Preventive pest control
Sensors not visible to eyes  stress at an early stage  and reduced crop loss
. Temperature Identifies stress due to .
Thermal Imaging variations in crop insect feeding or Locates hidden pest
Sensors . hotspots accurately
canopy disease
Al & Machine Pest-specific Automatically classifies Faster and more
. accurate decision-
Learning damage patterns pest-affected zones .
making
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\(egetatlon Crop vigour and Differentiates healthy Targeted pest £20%0
Indices (NDVI, 03%
etc.) health status and stressed plants management .
- R
GIS Mapping Spatial distribution  Converts data into easy- Site-specific 03@%0
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Precision Pest Monitoring: From Detection to Action %f@
Once drone data identifies potential pest infestations: @E
1. Farmers receive alerts or maps showing affected zones. 5%
2. Agronomists interpret the data to recommend intervention timing and type. e
3. Drone systems — or ground equipment — apply treatments targeted to specific problem %afﬁ
areas. i
This targeted approach reduces pesticide use, protects beneficial insects and lowers %ﬁ,? .
environmental impact while ensuring healthier crops. 1
. . . . Qoo
Benefits of Drone-Driven Pest Monitoring cizpe
a. Early Detection and Faster Response -

Drones identify pest stress before symptoms are visible on the plant, allowing timely and o805
more effective control.

b. Time and Labour Savings

Aerial monitoring covers large areas in a
fraction of the time required for manual
scouting, particularly useful for large
vegetable farms.

c. Reduced Chemical Use

Because drones enable spot-wise pest
management, farmers avoid blanket
spraying and can use less pesticide,
reducing chemical exposure and cost.

d. Better Yield and Quality

Early monitoring and precision pest control
help maintain vegetable quality and marketable yields. Farmers can also increase crop output
through improved pest management timing and accuracy.

&
Q

()

Case Examples: Emerging Evidence from Research
Studies from multiple agricultural research projects demonstrate drone impact:
o Drones captured more effective deposit coverage in pepper fields compared to ground

oo andls
L ) =
%

sprayers, aiding pest control. &%

e Research from the Indian Journal of Plant Protection highlights drones’ role in real-time QP
insect surveillance and precision IPM, linking them directly to sustainable pest control &g%:g@
and reduced chemical usage. EY
Together, these results highlight drones’ role in preventing widespread pest damage and @(?;6
optimizing management practices in vegetables. 9.0
0230450

Challenges in Adopting Drone Pest Monitoring 3%
Despite clear benefits, adoption faces hurdles: @%fp
a. High Initial Cost 5%
Advanced drones and sensors can be expensive for small and marginal farmers. Subsidy &%ﬁfg
schemes help, but cost remains a barrier in many regions. &%
3
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.
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b. Technical Knowledge Gap

Operating drones and interpreting aerial data requires training. Lack of technical support or
awareness limits adoption.

c. Regulatory Constraints

Drone operation regulations — such as registration, flight permissions and no-fly zones —
can complicate use, especially in rural areas.

Addressing these challenges through training, cooperative ownership and government
initiatives is key to wider adoption.

Integrating Drones with Other Technologies

The power of drone pest monitoring increases when linked with:

o Smartphone apps for field alerts

o Cloud analytics for storing and processing historical pest data

« Machine learning classifiers for automated pest detection

Such integration enables agri-decision support systems that empower farmers with actionable
insights rather than just data.

The Future: Al, Automation and Beyond

The future of drone pest monitoring lies in Al-driven automation, where drones
autonomously survey fields, detect pests using trained models and even recommend or
perform interventions. Such systems can:

« Improve detection accuracy

e Shorten response time

« Reduce reliance on manual interpretation

This holds promise for making precision pest monitoring accessible even to smallholder
vegetable growers.

Conclusion

Drone-driven pest monitoring is reshaping how vegetable pests are managed. By enabling
early detection, precision intervention and data-backed decisions, drones help farmers
improve yield, cut costs and protect crop quality while promoting environmentally
sustainable practices. As technology becomes more affordable and farmers more familiar
with its capabilities, drones are poised to become an indispensable tool in modern vegetable
pest management — truly a step toward smarter, safer and greener agriculture
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