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Abstract- Drone technology has emerged as 

a transformative tool in modern agriculture, 

offering numerous applications such as crop 

health monitoring, weed management, 

evapotranspiration estimation, spraying, and 

other essential farm operations. Regularized 

smart-farming solutions are increasingly 

incorporating unmanned aerial vehicles 

(UAVs), which have proven to be highly 

versatile and efficient. The use of 

agricultural UAVs has expanded across 

various domains, including pesticide and 

fertilizer application, seed sowing, growth 

assessment, and field mapping. The demand 

for agricultural UAVs is anticipated to grow, 

driven by advancements in related 

technologies. This study explores the latest 

trends, applications, and innovations in 

agricultural UAVs, highlighting control 

technologies, equipment advancements, and 

real-world agricultural use cases. 

Additionally, the future prospects and 

challenges associated with agricultural 

UAVs are discussed. By operating safely 

and at high speeds, drones can efficiently 

cover large and small properties, aiding in 

resource, asset, and land management. Many 

farms now utilize drones to monitor water 

levels in reservoirs and access previously 

challenging areas, mitigating risks to 

operators and the environment. This study 

emphasizes the critical role of drones in 

enhancing crop quality, protecting fields, 

and improving overall agricultural 

productivity. Furthermore, it identifies some 

of the best agricultural drones currently 

available, providing insights into their 

features and benefits. 

Keywords: Drone; UAV; smart farming; 

fertilizer spraying; seed sowing; growth 

assessment; mapping. 

INTRODUCTION 

Agriculture, the backbone of global food 

security, has undergone a significant 

transformation with the advent of modern 

technology. Amid the rising demand for 

sustainable and efficient farming practices, 
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drone technology, or unmanned aerial 

vehicles (UAVs), has emerged as a pivotal 

innovation. These aerial systems are 

reshaping traditional agricultural practices 

by providing precision, efficiency, and 

scalability, making them indispensable in 

modern farming. 

Drones are revolutionizing agriculture with 

their unparalleled ability to gather vast 

amounts of data quickly and efficiently. 

Their applications range from pesticide 

spraying, replacing labor-intensive and 

hazardous conventional methods, to 

operating effectively in challenging terrains 

like hills. By integrating advanced 

technologies such as artificial intelligence 

(AI) and machine learning (ML) with high-

resolution Normalized Difference Vegetation 

Index (NDVI) imaging, drones provide 

critical insights into soil conditions, plant 

health, and crop yield predictions. Using 

image processing algorithms, individual 

plants can be located and analyzed to detect 

signs of stress, enabling farmers to take 

preventive actions to halt the spread of 

diseases. 

Data collected by drones, combined with 

satellite-based remote sensing, empowers 

farmers to address biotic stresses such as 

insect pests and diseases, optimize 

fertilization, rationalize irrigation, and adapt 

to climate change. The COVID-19 pandemic 

highlighted the potential of drones to 

mitigate agricultural labor shortages, 

creating new opportunities for their adoption 

amidst physical distancing measures and 

lockdown restrictions. 

As the global population is projected to 

reach approximately 10 billion by 2050, 

food production must increase by 70% to 

meet the growing demand. Automation, 

robotics, and the integration of big data, the 

Internet of Things (IoT), and AI in 

agriculture are pivotal for achieving this 

target. Drones, or unmanned aerial vehicles 

(UAVs), have become central to smart 

agriculture by significantly reducing labor 

hours, improving measurement accuracy, 

and enhancing productivity. Compared to 

traditional agricultural machinery, UAVs are 

cost-effective, easy to operate, and versatile, 

with applications in pest and fertilizer 

spraying, seed planting, weed detection, 

fertility assessment, field mapping, and crop 

forecasting. 

The rapid development of agricultural 

sensors, such as yield, weed, temperature, 

and humidity sensors, has amplified the 

potential of precision agriculture. UAVs 

equipped with multispectral and 

hyperspectral cameras capture high-

resolution aerial imagery, enabling detailed 

field analysis. Vegetation indices, such as 

NDVI, derived from UAV data, allow 

farmers to monitor crop health and detect 

field variations with precision. 

Despite their advantages, agricultural UAVs 

face technical challenges, including limited 

battery efficiency, short flight times, 

restricted communication ranges, and 

payload capacities. Overcoming these 

limitations is critical for the next generation 

of agricultural solutions. Addressing these 

challenges will require advancements in 

precision positioning, navigation, imaging 

technologies, sensor integration, and the 

development of innovative equipment and 

materials. 
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This review explores the latest trends, 

technologies, and applications of UAVs in 

agriculture. It highlights their role in 

enhancing productivity, sustainability, and 

resilience in modern farming. By examining 

current practices and identifying future 

opportunities, this study underscores the 

transformative potential of drones in 

achieving efficient, data-driven food 

production. 

Drones are versatile tools capable of 

performing a wide range of agricultural 

tasks, including crop health monitoring, pest 

and weed management, irrigation planning, 

and resource optimization. Equipped with 

advanced imaging systems, sensors, and 

software, agricultural UAVs offer high-

resolution aerial views that enable farmers to 

detect issues, assess crop health, and take 

timely corrective actions. This capability 

reduces labor dependency, minimizes 

resource wastage, and enhances overall 

productivity. 

One of the key applications of drones is in 

precision agriculture, where their use 

ensures the targeted application of 

fertilizers, pesticides, and water. This not 

only improves crop yields but also reduces 

the environmental footprint of farming 

practices. Moreover, drones facilitate 

efficient monitoring of large agricultural 

landscapes, providing data critical for 

decision-making and resource management. 

In addition to routine farming activities, 

drones are becoming increasingly essential 

for tasks that were once considered labor-

intensive or hazardous. For instance, 

monitoring water levels in reservoirs, 

surveying inaccessible areas, and mapping 

farmland boundaries are now simplified and 

safer with UAVs. The ability of drones to 

operate in challenging terrains and under 

diverse climatic conditions further 

underscores their significance. 

The global market for agricultural drones 

has witnessed exponential growth, driven by 

continuous technological advancements and 

the growing adoption of precision farming. 

However, despite their immense potential, 

challenges such as high initial costs, 

technical expertise requirements, regulatory 

constraints, and limited connectivity in rural 

areas remain barriers to widespread 

adoption. 

This study aims to provide a comprehensive 

overview of drone technology in agriculture, 

highlighting its current applications, trends, 

and potential future developments. By 

examining the benefits and challenges 

associated with UAV use in real agricultural 

settings, this paper seeks to underscore the 

transformative role of drones in achieving 

sustainable agricultural practices. 

AGRICULTURAL DRONE 

The evolution of drone technology is largely 

driven by the miniaturization of sensors such 

as pressure sensors, magnetometers, gyros, 

and accelerometers. These sensors are not 

only becoming smaller but are also 

demonstrating enhanced performance with 

each advancement [14,15]. The integration 

of strong CPUs, GPS modules, and extended 

digital radio ranges further accelerates the 

progress of drone technology. These 

advancements enable the development of 

smaller UAVs with increased payload 

capacities, resulting in more efficient 
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monitoring and management of distant 

agricultural fields [16,17]. 

Modern agriculture drones are equipped 

with cutting-edge embedded systems and 

motor technologies, ensuring precise control 

and adaptability for various field operations. 

They are designed to perform tasks such as 

crop health monitoring, pest control, 

irrigation planning, and fertilization with 

exceptional accuracy and minimal manual 

intervention. 

The operational mechanism of agricultural 

drones in the field is depicted in Fig. 1, 

showcasing their versatility and efficiency in 

enhancing agricultural practices. These 

drones collect critical data and provide 

actionable insights, empowering farmers to 

make informed decisions and optimize 

resource utilization. 

Fixed-Wing UAVs 

Fixed-wing UAVs are equipped with 

stationary wings in the form of aerofoils, 

which generate lift when the aircraft reaches 

a specific speed. Over the last decade, fixed-

wing UAVs and helicopters have dominated 

the unmanned aerial vehicle (UAV) market. 

Recently, however, the focus in precision 

agriculture has shifted towards multicopters, 

which now represent about half of all UAV 

models on the market [13]. 

Benefits, Drawbacks, and Uses 

Table 1 and Fig. 2 provide a comparative 

overview of fixed-wing UAVs, helicopters, 

and multicopters, highlighting their 

advantages, disadvantages, and applications. 

 

Helicopters 

Helicopter UAVs use a single set of 

horizontally rotating blades attached to a 

central post for lift and propulsion. These 

UAVs can fly forward, backward, hover 

over a target, and take off or land vertically. 

These unique capabilities make them ideal 

for operation in crowded or remote areas 

where fixed-wing drones cannot function. 

Fig. 3 illustrates a typical helicopter UAV. 

Multi-Copters 

Multi-copters, also known as rotorcraft, 

feature multiple sets of horizontally rotating 

blades (usually 4-8) to achieve lift and 

motion control. Recent advancements in 

artificial intelligence (AI) have 

revolutionized the use of semi-controlled 

drones for agricultural surveillance [18,19]. 

1. AI Integration 

Semi-controlled drones initially relied solely 

on sensor output for decision-making. With 

the incorporation of AI, drones can now 

process real-time data and make 

independent decisions based on prior 

training. This capability has enhanced 

agricultural productivity by enabling real-

time spatial variability mapping. 

2. Applications 

Multi-copters are widely used in agriculture 

for: 

Crop health monitoring 

Fertilizer and pesticide application 

Irrigation management 

Soil health assessment 

Collecting basic crop data for analytical 

models 
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3. Automation Potential 

While current drones are semi-automated, 

they are rapidly evolving towards full 

automation. The integration of GPS-based 

autonomous controls, along with advanced 

cameras, sensors, and data processing 

capabilities, has significantly expanded their 

utility in farming. 

Emerging Trends and Prospects 

The adoption of small UAVs in agriculture 

is growing rapidly due to their ability to: 

Collect spatial information for agricultural 

planning 

Perform real-time data analysis for 

predictive insights 

Reduce dependency on manual operations 

Despite challenges such as battery efficiency 

and payload limitations, drones are 

revolutionizing agricultural practices by 

offering precise and actionable data for 

improved decision-making. 

Potentials and Problems of Using Drones 

in Agriculture 

Drones have immense potential in 

agriculture, offering innovative solutions to 

various challenges. They can analyze soil 

and fields for planting schedules, irrigation, 

and soil nitrogen levels, creating 3D maps 

for precise soil analysis, including moisture 

content and erosion. Additionally, 

advancements in drone technology enable 

seed pod planting, where drones deposit 

nutrient-rich pods into prepared soil, 

reducing planting costs, though this method 

is not yet widely adopted. Crop monitoring, 

one of the most significant challenges for 

farmers, has been revolutionized by drones 

through multispectral data collection, 

providing early insights into crop health. 

Drones equipped with reservoirs can 

efficiently spray fertilizers, insecticides, and 

herbicides, reducing human exposure to 

chemicals and increasing spraying speed up 

to five times compared to traditional 

methods. They also aid irrigation by 

detecting moisture-deficient areas using 

thermal or multispectral sensors, ensuring 

timely and targeted water application. 

Furthermore, drones play a crucial role in 

assessing crop health by detecting visible 

and near-infrared light reflections to monitor 

stress levels and health changes over time. 

They improve crop surveillance by mapping 

landscapes and identifying areas requiring 

intervention, with applications extending to 

insurance claim verification. Drones are also 

effective in identifying and controlling 

weeds, pests, and diseases, reducing 

chemical usage and costs. With LiDAR 

sensors, drones estimate biomass by 

measuring canopy density and height, aiding 

yield predictions for crops like sugarcane 

and forest lumber. Additionally, drone 

flights can deter birds from damaging seeds. 

Despite these advantages, challenges such as 

high costs, limited accessibility, and 

technical expertise requirements must be 

addressed to maximize their utility in 

agriculture. 
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Benefits, Costs, and Savings in Using 

Drones in Agriculture 

Drones offer numerous benefits in 

agriculture, contributing to improved 

security, efficiency, and cost-effectiveness. 

Piloted by trained professionals, drones 

spray crops from a distance, safeguarding 

farmers and laborers from hazardous 

chemicals and unfavorable working 

conditions. With high field capacity and 

efficiency, drones can spray 50 to 100 acres 

per day, significantly outperforming 

traditional knapsack sprayers by operating 

up to 30 times faster.  

Drones also reduce wastage through high 

atomization, conserving 30% of the 

insecticides during spraying. They allow 

precise application of chemical fog on crops 

at various growth stages. Additionally, 

drones save up to 90% of water compared to 

conventional methods by employing ultra-

low volume spraying technology.  

This efficiency makes drone spraying 97% 

less expensive than traditional techniques. 

Built for durability, agricultural drones are 

easy to use and maintain, requiring minimal 

upkeep and offering a long productive 

lifespan. Replacement parts are readily 

available through drone service providers, 

ensuring seamless operation. These 

advantages make drones a transformative 

tool in modern agriculture, providing 

substantial savings and enhancing overall 

productivity. 

Problems and Bottlenecks in Using 

Drones in Agriculture 

1. Flight Time and Range: One of the 

primary limitations of agricultural drones is 

their short flight time, typically ranging 

from 20 to 60 minutes. This is due to the 

relatively large payloads they carry, which 

limit their endurance. As a result, drones can 

only cover a small portion of land per 

charge. To achieve longer flight times, the 

cost of the drone significantly increases. 
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2. Initial Cost: Agricultural drones, 

especially those equipped for surveying, can 

be quite expensive. For example, fixed-wing 

drones like Precision Hawk's Lancaster can 

cost up to $25,000. The price varies based 

on the required features, sensors, and 

payload capacities. Drones with additional 

hardware, software, or sensors tend to be 

more expensive. 

3. National Laws: In India, the 

operation of drones is governed by the Civil 

Aviation Regulations (CAR) issued by the 

Directorate General of Civil Aviation. As per 

the Unmanned Aircraft System (UAS) Rules 

2020, drone operators are required to obtain 

an Unmanned Aircraft Operator's Permit 

(UAOP) and seek permission for each flight 

through the Online Digital Sky platform. 

These regulations, including the No 

Permission No Takeoff (NPNT) policy, add 

complexity to drone usage in agriculture. 

4. Connectivity: A significant issue for 

many farmers is the lack of internet access 

on arable farms, which limits their ability to 

operate drones effectively. In such cases, 

farmers would need to invest in connectivity 

solutions or purchase drones with the ability 

to store data locally for later transfer and 

processing. 

5. Weather Dependency: Drones are 

heavily reliant on weather conditions, 

making them less effective in windy or rainy 

weather. Unlike traditional aircraft, drones' 

stability and flight capabilities are affected 

by adverse weather conditions, which can 

lead to delays or reduced efficiency. 

6. Knowledge and Skill: The ability to 

analyze drone-captured images requires 

specialized knowledge and skills, which the 

typical farmer may not possess. Farmers 

need to either hire skilled personnel who are 

proficient in image analysis software or 

invest time in learning how to process and 

interpret the data themselves. This additional 

expertise is a barrier to widespread adoption 

for some. 

These methods are easy to use and call for 

little data. However, due of their weak 

theoretical foundation, they are challenging 

to implement in complicated disciplines. 

 

 

Conclusions and Future Challenges 

This review paper has highlighted the 

transformative potential of drone technology 

in precision farming, specifically focusing 

on two key applications: crop monitoring 

and pesticide spraying. The paper examines 

significant advancements in drone 

structures, sensor development, and 

innovations in pesticide spraying 

technology, along with the integration of 

deep learning for data analysis. The 

application of sensors, Internet of Things 

(IoT), mechatronics, and other technologies 

in agriculture has become essential in recent 

years, enabling more efficient and precise 

farming practices. 

Drones have proven to be a valuable tool for 

mapping variability across agricultural fields 

and optimizing the use of agricultural inputs. 

Their utility extends beyond traditional crop 

monitoring to encompass diverse fields such 

as horticulture, forestry, fishing, and 

livestock management. Drones are 
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applicable throughout the entire crop 

lifecycle—from seed germination to 

harvesting—allowing farmers to identify 

underperforming areas of crops, thus 

providing more precise insights for informed 

decision-making. 

Over the last two decades, the drone market 

has seen remarkable growth, revolutionizing 

not just agriculture, but also industries like 

manufacturing and military sectors. This 

study emphasizes the importance of 

incorporating drones into agricultural 

practices to enhance crop quality and yields. 

Furthermore, it signals the need for further 

research and development to expand the 

range of drone applications in agriculture. 

Despite the promising advancements, 

several challenges remain, including the 

high cost of drones, regulatory hurdles, 

limited flight durations, and the need for 

technical expertise to interpret data 

effectively. As drone technology continues 

to evolve, overcoming these barriers will be 

crucial to maximizing the benefits of drones 

in agriculture. 

The future of agriculture lies in the 

widespread adoption of drone technology, 

and its integration into farm management 

systems will continue to drive innovations in 

crop monitoring, disease management, and 

precision application of resources, 

ultimately leading to more sustainable and 

efficient farming practices. 

Disclaimer 

The information presented in this document 

is intended for educational and 

informational purposes only. The views, 

findings, and conclusions expressed in this 

document are those of the author(s) and do 

not necessarily reflect the official policies or 

positions of any organization, institution, or 

company. While every effort has been made 

to ensure the accuracy and reliability of the 

information provided, the author(s) cannot 

guarantee the completeness or correctness of 

the content. Readers are encouraged to 

verify the information and consult with 

experts before making decisions based on 

the content. 

The author(s) do not assume any 

responsibility or liability for any errors, 

omissions, or outcomes related to the use of 

this document. The content is not intended 

to provide professional advice or 

endorsements, nor should it be construed as 

such. All trademarks, product names, and 

company names mentioned in this document 

are the property of their respective owners. 
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