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An Overview of Drones in Agriculture

Introduction

Drones, also known as small Unmanned Aerial Systems
(SUAS) or Unmanned Aerial Vehicles (UAVs), are
defined as aircraft without any human pilot, crew, or
passengers on board. For a drone to successfully take off,
fly, and land, it requires a mix of hardware and software
components. An operator has an option to add or mount
an operational system to drone such as a Raspberry Pi
computer that receives the commands from a ground
controller. This allows drones for automation of certain
data processing tasks such as weed detection in real-time
during flight. Drones are generally controlled by ground
control stations and have sensors, gyroscopes (for
stability), navigation systems, and rotors or fixed wings.
Drones are tools that can complete certain functions
depending on the user’s interests. The technology allows
operators to direct drones to perform complex tasks in
agriculture, ranging from precise crop monitoring to
efficient resource management, paving the way for a new
era of precision agriculture.

The use of drones to increase crop yield and reduce input
costs by corn, soybean, and wheat farmers could save an
estimated $1.3 billion annually (Doering, 2015). This
significant budgetary impact illustrates the potential of
drone use not only in enhancing agricultural efficiency
but also in contributing to the economic viability of
farming in the modern agriculture. This publication
explores how drone technology is transforming
agricultural practices, enhancing crop productivity, and
offering sustainable solutions to farming challenges,
while also touching on the limitations and challenges that
come with drones in agriculture. This will provide
readers with a thorough understanding of the utility of
this cutting-edge application of technology in
contemporary farming.

Components of a drone

Drones come in various sizes and configurations. Most
include the following features:
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Figure 1. Overhead view of an “eBee X” fixed wing drone
(Photo credit: https://ageagle.com/drones/ebee-x/)
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Battery: The battery provides power for the drone’s
functions, enabling all functions from propulsion to

navigation. For most drones, the battery life dictates
the length of flight time available before recharging

or replacement is necessary.

Propeller: Propellers are crucial for the drone's
movement and stability. In copter drones, propellers
generate lift by spinning at high speeds, allowing
operators to direct the drone to ascend, descend, and
maneuver through the air. In fixed wing drones, the
propellers primarily provide thrust, while the wings
generate the lift necessary for flight.

GPS Antenna: The GPS antenna helps operators
determine the drone’s position relative to the Earth's
surface. This positioning is vital for navigation,
enabling stable flight paths and precise location
tracking for tasks like mapping or targeted spraying.

Payload: The payload of a drone refers to any
equipment that the drone carries to perform specific
tasks. Common payloads include cameras for
capturing images or video, sensors for collecting
environmental data, and sprayers for agricultural
applications.

Landing Gear: The landing gear supports the drone
during takeoff and landing. It is designed to absorb
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Figure 2. Different components of a typical drone. (Phot by H. Kumar, University of Maryland)

the shock of landing, protecting the drone's body and
payload. For some models, operators can retract the
landing gear during flight to reduce drag.

Evolution of drone use in
agriculture

In 1921, the USDA along with the US Army used
manned aircraft for aerial spraying, which combined two
emerging technologies to combat pests in agriculture
(AgAir Update, 2021). The use of drones in agriculture
made a real breakthrough in agriculture in approximately
2011 due to the increased affordability and technological
advancements, such as lightweight cameras and sensors
(Frankelius et al., 2024). These conditions have led to a
rise in the use of drones for a variety of agricultural
applications, such as crop health monitoring, irrigation,
weed and disease detection, water and nutrient stress
measurements, and monitoring livestock conditions
(Veroustraete, 2015).

As technology continues to advance, the use of drones in
agriculture will continue to evolve, offering farmers new
and innovative ways to improve efficiency and crop
yields. The use of drones has significantly advanced
agriculture through the development of precision
spraying systems and the integration of artificial
intelligence and machine learning. These technologies
assist farmers with intelligent and real-time decision-
making. The rise in drone applications in agriculture
indicates that farmers support the use of drones for a
variety of uses. These include monitoring crop growth,
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early disease detection through crop color changes, cover
crop sowing, pesticide or fertilizer spraying,
management zone delineation, and optimizing irrigation
(Semantic AgriTech, 2023). These innovations have
contributed to more efficient use of resources as well as
reduced environmental impact. For instance, the
integration of artificial intelligence and machine learning
algorithms enables drones to collect crop health data and
help farmers to provide actionable insights, ultimately
leading to more informed decision-making and improved
crop yields. Furthermore, the use of drones for precision
spraying has the potential to minimize both chemical
usage and the risk of over-spraying, thereby providing
technology-driven smart agricultural practices and
economic benefits to farmers. As drone technology
continues to advance, drones will play an increasingly
significant role in the agricultural industry, creating a
new agricultural revolution and contributing to the
optimization of resource utilization and the reduction of
environmental impact (Ren et al., 2020).

Benefits and challenges of drones
in agriculture

As the use of drones in agriculture continues to grow, its
benefits and challenges become more prevalent. Their
use can help enhance agricultural output and on-farm
expertise, as well as save money and improve operational
efficiency and profitability (Rejeb et al., 2022). Drones
can also be used for better crop monitoring, scouting, and
control (Naji, 2019). Operators can use drones to offer an
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alternative viewpoint, support efficient planning, and
generate important data including mapping, plant health
data, elevation data, and orthomosaic images (detailed
aerial views created by stitching together multiple photos
taken from drones to form a single, large-format map)
(McCarthy et al., 2023).

However, there are many challenges associated with
drone usage, such as cost concerns, certification
requirements to operate drones, lack of experience in
interpreting data generated by drones, and managing
profit margins. These factors make some farmers hesitant
to use drones (McCarthy et al., 2023). The initial
investment in drone technology can be substantial, not
only financially but also in terms of the time required to
learn and effectively integrate this technology into regular
farming operations. Moreover, the actual return on this
investment can vary, depending on several factors
including crop yield improvements and cost savings in
areas such as resource management and monitoring
through the use of drones. Despite these challenges, the
potential benefits of using drones in agriculture are
significant, and ongoing research and development is
focused on maximizing the advantages while addressing
the associated limitations.

Examples of agricultural operations
using drones

Drones have become invaluable tools in modern
agriculture, offering precision, efficiency, and real-time
data collection. Here are some key agricultural operations
where drones are making a significant impact:

» Crop scouting: Operators can use drones to quickly
survey and report on crop health across vast areas,
identifying issues like pest infestations or nutrient
deficiencies earlier than traditional methods.

» Stand Count: Stand counts are also known as plant
counts. Operators can use drones to quickly survey
and report the number of plants across vast areas,
doing this more efficiently compared to counting
plants one-by-one with traditional methods.

» Spraying: Operators can use drones to spray
pesticides or fertilizers more precisely and quickly
than ground-based methods, reducing runoff and
increasing the effectiveness of these inputs.

» Cover crop seeding: Operators can use drones to
plant seeds at a faster rate and with less labor than
traditional methods, which is especially useful in

difficult-to-access areas. Drones can be used to seed
cover crops in any field with standing conditions.

» Crop yield estimation: By analyzing drone-
captured data, farmers can predict yield with greater
accuracy, which aids in market planning and
resource allocation.

» Irrigation management: Operators can use drones
to help design more efficient irrigation systems and
ensure that water distribution is even across all
crops. Data collected using drones can provide
information to generate irrigation management
zones.

» Plant disease assessment: Operators can use drones
to monitor plants for signs of disease, allowing for
targeted treatment that minimizes chemical use and
maximizes crop health.

» Water stress assessment: Operators can use drones
equipped with multispectral sensors to identify areas
of water stress in crops by analyzing how plants
absorb and reflect different wavelengths of light,
aiding in more precise irrigation management.

» Nutrient stress assessment: By capturing spectral
data, drones assist operators in identifying areas with
potential nutrient deficiencies, guiding precision
fertilization.

» Weed stress assessment: Operators can use drones
to spot weed outbreaks, allowing for precise
herbicide application, reducing costs and
environmental impact.

» Field topography: Operators can use high-
resolution drone images to assist in planning field
operations and optimizing best management
strategies based on changes in topography.

» Soil mapping: Operators can use drones equipped
with specialized sensors to create detailed maps of
soil characteristics, helping to optimize inputs like
seeds and fertilizers.

Conclusion

The use of drones has made a significant impact on the
agricultural industry in the last decade and will continue
to do so in the coming years. The use of drones in
agriculture comes with both challenges and benefits,
especially as drone usage increases in the future. The
potential benefits that come with increased usage will
lead to more research to explore new applications of the
technology while also aiming to reduce their current
limitations.
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Figure 3. Example of drone usage in the crop fields. Left: Precision scouting that
indicates the irregular crop standing due to planter issues. Image by G. Morata,
University of Florida. Right: Different colors show the different management zones
based on NDVI-Normalized Difference Vegetation Index. These management zones
can be used to adopt variable rate management practices. Image by Using
Pix4Dfields software (Pix4D S.A., Switzerland).
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