
 

       
 

   
 
 

 
 

30 | P a g e  

Vigyan Varta an International E-Magazine for Science Enthusiasts 

 

www.vigyanvarta.in 

         E-ISSN: 2582-9467 
Popular Article 

 Sethi et al. (2025) Vol. 6, Issue 12 

December 2025 

Detection and Assessment of Plant Diseases 

through Drone Technology and Deep Learning 

Rabiranjan Sethi1*, Akash Patel1 and Sudhanshu Bakolia2 

1PG Scholar, M.Sc. (Ag.) Plant Pathology and Nematology, Post Graduate College of Agriculture,  

Dr Rajendra Prasad Central Agricultural University, Samastipur (808184), Bihar 
2PG Scholar, M.Sc. (Ag.) Plant Pathology, College of Agriculture,  

Swami Keshwanand Agricultural University, Bikaner (334006), Rajasthan 

 

Corresponding Author 

Rabiranjan Sethi 

Email: sethirabiranjan@gmail.com 

 
 
      

 

Drone, Deep Learning, Sensors, UAV 

How to cite this article: 

Sethi, R., Patel, A. and Bakolia, S. 2025. Detection and Assessment of Plant Diseases through Drone 

Technology and Deep Learning. Vigyan Varta 6 (12): 30-38. 

 

ABSTRACT 

The use of drone technology combined with deep learning is revolutionising the way plant 

diseases are detected and assessed in agriculture. Drones, equipped with high-resolution 

cameras and advanced imaging sensors, enable rapid and extensive monitoring of crop 

fields, capturing crucial visual and multispectral data from above.  Deep learning models 

then analyse this information to accurately and swiftly identify early disease symptoms, even 

across vast and varied terrains.  This synergy significantly reduces the need for manual field 

inspection, supports precise disease mapping, and enables timely, data-driven interventions. 

Integrating AI-powered systems with drones is also vital in regions with limited access to 

expert plant pathologists, democratizing disease management tools for all scales of farming. 

Ultimately, this integration enhances crop health monitoring efficiency, supports sustainable 

and productive farming practices and resilience in agricultural systems by empowering 

farmers with actionable intelligence for better disease management. 

 

INTRODUCTION 
 

etection, diagnosis, and assessment 

each represent distinct yet closely 

related steps in understanding and 

managing plant diseases within agriculture. 

Detection is the discovery of abnormal 

changes or signs in plants which suggest the D 
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presence of disease, such as altered colour, 

wilting, or the appearance of lesions on leaves 

or stems. Diagnosis goes a step further to 

identify the actual cause, pinpointing the 

specific pathogen or environmental factor 

responsible for the symptoms; this process 

might involve visual inspection, laboratory 

analysis, or modern molecular tools. Finally, 

assessment refers to the systematic evaluation 

of how much of the crop is affected, 

measuring the severity, spread, and potential 

impact of the disease on yield and quality. 

Together, these processes form the foundation 

for effective decision-making and help guide 

timely interventions to protect crop health and 

maximise productivity. 

Plant diseases carry profound economic 

implications for agriculture, directly impacting 

food security around the world. Diseases 

affecting staple crops can result in significant 

losses of both yield and quality, driving up 

production costs and leading to increased 

prices for consumers. It is estimated that up to 

40% of global crop yields are lost annually due 

to plant pests and diseases, amounting to over 

$220 billion in trade losses every year. These 

losses undermine the stability and availability 

of food supplies, putting millions of people at 

heightened risk of hunger and malnutrition, 

especially in regions heavily reliant on 

agriculture for subsistence. A well-

documented example of this impact is the Irish 

Potato Famine of the 19th century, when 

potato late blight led to widespread crop 

failure, severe famine, and the death or 

migration of millions. More recently, issues 

such as coffee rust in Central America and the 

spread of citrus greening disease in Europe 

have devastated local economies, caused job 

losses, and threatened the livelihoods of 

countless farm workers. These examples 

highlight the critical importance of effective 

plant disease management and early detection 

in safeguarding global food security and 

economic stability. Detecting plant diseases at 

an early stage plays a vital role in protecting 

crops and supporting the stability of 

agricultural economies. When infections are 

recognised promptly, farmers can act before 

the disease spreads, safeguarding harvests and 

preventing significant financial losses. Quick 

intervention also reduces the reliance on 

extensive chemical treatments, promoting 

healthier produce and preserving soil and 

environmental quality. With the advancement 

of automated tools and AI-powered 

monitoring, disease identification has become 

faster and more precise, allowing for resource 

allocation to be guided by accurate, up-to-date 

information. If diseases remain undetected for 

too long, the consequences can be severe, 

resulting in increased production costs, 

extensive crop damage, and, in extreme 

scenarios, jeopardising both local and broader 

food supplies. Early vigilance is fundamentally 

important for effective plant disease control, 

resilient cropping systems, and sustainable 

productivity in agriculture. 

Drone Technology: Rising Dawn in 

Agriculture 

Drone technology has rapidly emerged as a 

transformative force in modern agriculture, 

offering significant advancements in crop 

monitoring, disease detection, and resource 

management. Unmanned aerial vehicles 

(UAVs), or drones, are now integral to 

precision agriculture by providing detailed, 

timely, and scalable data for farmers, which 

was previously difficult to achieve through 

traditional means. Drones equipped with high-

resolution RGB, multispectral, and thermal 

cameras allow for comprehensive aerial 

surveys that can quickly assess large areas of 

farmland. These surveys enable early detection 
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of plant diseases, pest infestations, and water 

stress, leading to proactive intervention and 

minimised crop losses. For example, by using 

advanced imaging sensors, drones can identify 

subtle changes in crop colour and texture, 

which helps to diagnose the onset of disease 

well before symptoms become visible to the 

naked eye. One of the primary uses of drones 

is for the assessment of crop health. Sporting 

advanced cameras and sensors, drones glide 

over fields to collect images that capture subtle 

variations in plant colour, shape, and 

temperature. This bird’s-eye view lets farmers 

spot the earliest signs of disease or stress, so 

they can act before problems escalate and 

yields suffer. Spraying agricultural inputs is 

another domain where drones excel. They can 

be programmed to deliver precise amounts of 

fertilisers or pesticides, tailored to the specific 

requirements of different parcels within a 

field. This accuracy conserves resources, 

reduces environmental impact, and keeps field 

workers safer by minimising exposure to 

chemicals. Drones are also contributing to the 

automation of sowing. In areas where terrain is 

difficult or labour is scarce, UAVs can 

distribute seeds rapidly and uniformly, which 

accelerates planting and supports reforestation 

and crop establishment efforts in ways 

traditional methods cannot match. Farmers 

gain further benefits from drones in irrigation 

management. By using sensors that measure 

soil moisture and crop water usage, drones 

help direct water precisely where it is needed, 

reducing waste and improving the efficiency 

of irrigation systems. Additionally, drones 

frequently assist with mapping agricultural 

land. Their ability to produce high-resolution 

maps gives farmers the data they need for 

strategic planning, monitoring progress, and 

optimising resource allocation for future 

planting seasons. Even small-scale farmers are 

leveraging drone technology to improve 

productivity and resilience. By offering timely, 

actionable insights, drones empower growers 

to make better decisions that increase harvests, 

minimise losses, and ensure sustainability. 

Dutta et al ., 2020 

Drone technology: 

(DRONE- Dynamic Remotely Operated 

Navigation Equipment.) Any aircraft or flying 

machine operated without a human pilot such 

machines is called an unmanned aerial vehicle 

(UAV). A human operator can guide it 

autonomously or remotely using onboard 

computers and robots. 

Types of drones: 

  
Fixed wing drone 

 
Single rotor drone 
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Multi-rotor drone  

 
Hybrid drone 

 
Ducted fan drone 

Working Principles of Drones 

Drones, often called unmanned aerial vehicles, 

achieve flight by using multiple spinning 

propellers. These propellers create a lifting 

force that raises the drone into the air, with 

each rotor’s speed and direction being 

carefully controlled to steer, ascend, descend, 

and maintain balance. The drone’s onboard 

controller acts as its brain, constantly making 

split-second decisions to keep the craft stable 

and responsive. This controller relies on built-

in sensors—like accelerometers, gyroscopes, 

and GPS receivers which track the drone’s 

position, orientation, and movement. 

An operator can guide the drone remotely 

using a control device, such as a radio 

transmitter, or allow it to navigate 

autonomously along preset routes, often using 

detailed maps and GPS signals. Power comes 

from lightweight rechargeable batteries that 

supply energy to both the motors and the 

electronic systems. Drones designed for 

farming may carry extra equipment, such as 

cameras or sprayers, to perform specialised 

tasks in the field. All these parts work together 

so that the drone can hover, fly in precise 

directions, and carry out complex operations 

with accuracy and reliability. 

Let's discuss about the principles one by one 

1. Geospatial Technologies 

The principles of geospatial technology in 

drones are grounded in accurately gathering, 

processing, and interpreting spatial 

information from above. When a drone flies 

over an area, it uses various sensors such as 

high-resolution cameras and multispectral 

imagers to capture data about the land below. 

This data, tagged with coordinates from 

onboard GPS systems, allows each observation 

to be precisely mapped to a real location on 

Earth. 

 
Multispectral camera 

 
Hyperspectral camera 
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2. Sensors: 

Sensors are fundamental to geospatial 

technology in drones, as they are responsible 

for detecting, measuring, and recording 

physical properties from the environment 

during flight. Drones may be equipped with a 

variety of sensors, such as cameras for 

capturing images, multispectral sensors for 

analysing plant health, and thermal sensors for 

detecting heat variations in fields. These 

sensors convert real-world features like colour, 

temperature, and reflectance into digital data 

that can be precisely mapped and interpreted. 

The quality and type of sensor used directly 

influence the accuracy and usefulness of the 

spatial information gathered, allowing for 

targeted and informed decision-making in 

agriculture and other fields. 

 

Table 1. Different Sensors mounted on drones for plant disease detection and monitoring 

Remote Sensors Advantages Disadvantages Diseases  
Digital camera (RGB) Vegetation characteristics 

may capture grayscale or 

color pictures, and the visible 

spectrum allows for improved 

disease identification at the 

leaves' level. Lightweight, 

inexpensive, extremely easy 

to use, simple data 

processing, and minimal 

work environments. 

Reduced number of spectral 

bands and visibility of less 

light. Vulnerable to 

environmental factors. 

Cotton bacterial 

angular, Ascochyta 

blight, grapefruit 

citrus canker, sugar 

beet Cercospora leaf 

spot, rust, blights, 

smuts, spots 

Multispectral camera Low cost, fast frame imaging 

and high, more robust than 

RGB cameras, work 

efficiency; electromagnetic 

spectrum ranging from the 

visible to the Near-Infrared 

(NIR), allowing the 

calculation of different robust 

vegetation indices; sensing 

and recording radiations from 

the visible and invisible 

portions of the 

electromagnetic spectrum. 

Few bands, discontinuous 

spectrum, and low spectral 

resolution 

Blights, Blasts, 

viruses 

Hyperspectral sensing Capable of sensing and 

recording a wide variety of 

narrow bands and continuous 

spectra, giving researchers 

and farmers more insight into 

the spectral properties of 

illnesses and crops 

more expensive Blasts, Blights, and 

nematodes, viruses, 

rots, scabs, rusts 
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Thermal infrared 

cameras (InfraRed (IR) 

region consists of 

several spectral bands, 

including Near 

InfraRed (NIB), Short-

Wave Infra-Red 

(SWIR), Mid-Wave 

InfraRed (MWIR), 

Long-Wave InfraRed 

(LWIR), and Far 

InfraRed (FIR)) 

Sensitive to infrared 

spectrum, therefore it may be 

used day or night and is able 

to provide more data on plant 

health than other sensors 

Problems with the images' 

temporal and geographic 

resolutions; issues with the 

weather and lighting; 

problems with the variety of 

crop species and their 

development stages; 

problems with the height at 

which the photographs were 

taken. 

Recently used to 

monitor diseases 

such as Cercospora 

leaf spot, scab and 

mildews 

Fluorescence imaging Can determine how plant 

responses to various stresses 

affect photosynthesis. 

Has been used to detect a 

few diseases, difficult 

mildews, rust and cankers to 

use in field and greenhouse 

conditions 

Mildews, rusts, and 

cankers 

  (Abbas et al., 2023)

3. Software: 

Software is a key component in how drones 

use geospatial technology, as it converts the 

information gathered by sensors into practical 

outputs for users. Today’s drone software 

frequently makes use of artificial intelligence 

and machine learning, which allow the system 

to automatically spot trends, categorise 

features, and highlight unusual findings within 

the collected data. These intelligent tools can 

do various things, for example, pinpoint 

unhealthy plants, analyse field conditions, and 

forecast production by learning from previous 

information and refining their analyses. 

Applications like GIS, together with AI-

powered analytics, process complex spatial 

data quickly, offering users prompt and 

valuable recommendations. By leveraging AI, 

drone software can make decisions on its own, 

decreasing the need for manual oversight and 

improving the accuracy and speed of 

agricultural assessments. 

4. Application: 

Drones, empowered by artificial intelligence 

and specialised software, are revolutionising 

precision agriculture by offering farmers 

detailed insights into their fields. By flying 

over crops, drones collect high-resolution 

images and sensor readings, which are then 

processed by intelligent software to reveal 

patterns such as pest outbreaks, nutrient 

deficiencies, or irrigation needs. AI algorithms 

sift through this data, automatically identifying 

problem areas and suggesting targeted 

interventions, which help farmers use 

resources like water, fertiliser, and pesticides 

more efficiently. 

The integration of drones and smart software 

enables the creation of maps that show 

variations in soil, plant health, and moisture 

across different parts of a field. This spatial 

understanding allows growers to apply 

treatments only where needed rather than 

uniformly, reducing costs and environmental 

impacts. Moreover, advanced data analytics 

embedded in these systems can forecast yields, 

track crop growth, and help schedule farm 

activities with greater precision. Altogether, 

drones combined with AI-driven software turn 

raw field observations into practical 

recommendations, making agriculture more 

productive, sustainable, and responsive to 

changing conditions 

Deep Learning: 

Deep learning is a modern approach in 

artificial intelligence where computers make 
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sense of information by passing it through 

multiple levels within special systems known 

as neural networks. At each step, the network 

uncovers new features or patterns, with deeper 

layers recognizing ever more complex 

relationships in the data. Rather than being 

programmed with exact instructions, these 

systems learn to solve problems by absorbing 

examples and adjusting themselves over time. 

Because of this, deep learning excels at tasks 

like identifying items in pictures, interpreting 

natural language, or making forecasts, and it is 

rapidly changing how machines handle jobs 

that previously depended on human expertise.  

There are different neural networks, like 

Process of Drone and DL model integration 

for disease detection: 

1. Data Acquisition: The integration of 

drones with deep learning models begins with 

data acquisition. Drones equipped with 

appropriate cameras or sensors fly 

systematically over crop fields to capture a 

series of detailed images or video recordings. 

This aerial survey covers both healthy and 

potentially diseased plants, collecting visual 

data that represents different real-world crop 

conditions. The variety and clarity of the 

acquired data are fundamental to the 

effectiveness of later stages. 

2. Data Preparation: After collection, the raw 

images or sensor readings are transferred to a 

processing system. This stage involves 

cleaning the data to remove errors or irrelevant 

parts, adjusting for lighting or perspective, and 

often cropping or resizing the images for 

consistency. Additional steps like enhancing 

contrast or isolating specific colour bands can 

help emphasise features important for 

identifying plant health issues. Well-prepared 

data ensures the deep learning model receives 

clear, usable inputs for learning. 

3. Model Training: In the training phase, the 

prepared dataset—often labeled by experts to 

indicate which areas show disease or healthy 

growth—is used to teach the deep learning 

algorithm. The model analyzes these 

examples, adjusting itself to find subtle 

patterns and differences that correspond to 

various crop conditions. The more diverse and 

thorough the training data, the better the deep 

learning system becomes at recognizing and 

classifying signs of plant diseases. 

4. Prediction: Once the deep learning model 

has been trained, it is ready for real-world 

application. New images captured by drones 

are fed into the model, which then rapidly  

evaluates them for evidence of disease or 

stress. The system pinpoints affected zones on 

field maps or highlights problem areas, 

offering farmers timely, actionable insights. 

As fresh data accumulates, this prediction 

process can continue to improve, making 

detection more precise with each new round of 

analysis. 

Chen et al., 2020 
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Table 2. Disease detection using different DL models & networks: 

SL. 

No. 

Crop Diseases Covered Image 

Acquisition 

Number 

of 

Samples 

Feature 

Extraction 

Classifier Performance 

(%) 

1. Grape 1. Downy Mildew  

2. Powdery Mildew 

Digital 

Camera and 

Internet 

33 

images 

Texture Back-

propagation 

neural 

network 

100% 

2. Tomato 1. Powdery Mildew 

2. Early Blight 

From farms 

using high-

resolution 

cameras 

200 

images 

Texture Support 

Vector 

Machine 

99.50% 

3. Cotton Leaf Spot Digital Mobile 

Phone Camera 

500 

images 

Colour Neural 

Network-

based 

Classifier 

98.10% 

4. Cucumber 1. Downly mildew 

2. Powdery mildew 

3. Anthracnose 

Digital Colour 

Camera 

Not 

specified 

1. Shape 

2. Colour 

3. Texture 

Minimum 

distance 

classifier 

> 96% 

5 Betel vine Powdery Mildew High 

Resolution 

Camera 

30 

images 

Colour Colour Based 95.00 % 

6. Wheat 

 

1. Powdery mildew 

2. Leaf rust 

3. Leaf blight 

 

China fields 

using Nikon 

D80 Camera 

 

800 

images 

 

1. Colour 

2. Shape   

3. Texture 

 

Multi-

Classifier 

System Based 

on Support 

Vector 

Machine 

95.16% 

 

7. Leaf Rust 

 

Leaf Rust 

 

Fields using 

High 

Resolution 

Camera 

342 

images 

 

1. Colour 

2. Shape 

3. Texture 

 

Back-

propagation 

neural 

network 

84.80 % 

 

8. Paddy 

 

1. Brown Spot 

2. Bacterial Blight 

3. Leaf Blast 

4. Tungro 

Paddy Fields 

of Indonesia 

using Digital 

Camera and 

Internet 

700 

images 

 

Fractal 

Descriptor 

 

Probabilistic 

neural 

network 

 

83.55% 

 

9. Sugarcane 1. Sugarcane Ring spot 

2. Rust 

3. Yellow spots 

 

Fields in 

Indonesia 

using Digital 

Camera 

600 

images 

 

1. Texture 

2. Colour 

 

Support 

Vector 

Machine 

 

83.00% 

10. Maize 1. Leaf Blight 

2. Grey Leaf Spot 

3. Brown Spot 

 

Experimental 

Station of 

Hebei 

Agricultural 

University, 

China 

400 

images 

1. Shape 

2. Color 

3. Texture 

 

Particle 

swarm 

optimization 

 

82.33% 

 

Singh et al., 2021

Future prospectives: 

Looking forward, the integration of drones 

with deep learning technologies holds 

immense potential to transform agriculture 

even further. As drone hardware continues to 

advance, offering better sensors, longer flight 

times, and greater automation, data collection 

will become more precise and accessible to 

farmers of all scales. Simultaneously, deep 

learning models are expected to become more 

adaptable and accurate, able to recognise a 

wider variety of plant conditions and diseases, 

even in challenging environments. 

In the near future, real-time disease detection 

and automated alerts could become standard, 

allowing for immediate responses and more 

effective use of resources. Seamless 

connectivity with farm management systems 
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may enable automated application of 

treatments based on the drone’s findings, 

further optimising crop health and reducing 

losses. Continuous improvements in artificial 

intelligence will likely minimise human input, 

making these systems easier to use and 

affordable for small and large farms alike. 

On a larger scale, widespread adoption of 

drone and deep learning technologies could 

help monitor crop health at regional or 

national levels, enhancing food security and 

supporting sustainable agricultural practices. 

Overall, the future promises smarter, more 

resilient farming systems where early plant 

disease detection is routine, empowering 

growers to feed an ever-growing global 

population efficiently and responsibly. 

CONCLUSION: 

Bringing together drone technology and deep 

learning offers a promising solution for timely 

crop disease detection and management. By 

organising each step from capturing aerial 

images through careful preparation and model 

training, farmers benefit from a fast and 

thorough analysis of their fields, which wasn’t 

possible using conventional methods. This 

synergy makes disease identification quicker 

and more accurate, allowing targeted 

intervention and helping conserve agricultural 

resources. Progress in sensors and artificial 

intelligence will keep boosting detection 

abilities, while the flexibility of these systems 

ensures broad accessibility for different scales 

of farming. Collaborations among developers, 

scientists, and growers encourage adoption and 

maximise impact. As field monitoring and 

automated recommendations become routine, 

crop loss can be reduced, and farming can 

have less of an environmental footprint. 

Continued innovation in drone and deep 

learning integration stands to strengthen global 

food production and support the future of 

sustainable agriculture. 
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