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Q@j}gw Augmented Reality (AR) is a cutting-edge technology that enhances the real-world
&% environment by overlaying digital elements such as images, information and animations
ﬁj’g@ through devices like smartphones or smart glasses. In agriculture, AR is coming up as an

¢ supportive tool in promoting precision agriculture. This article introduces the concept of AR,

el outlines its main types (including marker-based and markerless), and highlights its practical
AL applications in areas such as crop monitoring, farmer training, equipment repair and resource
Cg,gg_@ management. The advantages of AR include better decision-making, increased efficiency,
&% and safer, interactive learning experiences for farmers. Despite its potential, barriers like high
e costs, inadequate infrastructure, low digital literacy, and concerns around data privacy remain
ey challenges to its wider adoption. Understanding both advantages and limitations associated
&%%513 with AR is crucial for using it to full potential in modern agricultural practices.
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Introduction

Z; Agriculture, a cornerstone of global food security and rural livelihoods, is undergoing a
@:@ significant transformation with the integration of emerging digital technologies. Digital
N E agriculture is referred as use of new and advanced technologies that can be integrated into the
c£25%0 system to help farmers in improving food production (Trendov et al., 2019). Among digital
ZE technologies, Augmented Reality (AR) is one such technology, that has huge scope in
02540 transforming traditional farming practices. It uses computer vision to add sounds, videos, 2255
“b graphics etc onto the real-world through devices like smartphones or smart glasses (Hurst et
. al, 2021). AR has transformed the way digital content is presented and experienced (Templin "
&% et al.2022). Augmented Reality is a technique to overlay additional information onto the real- &
~. world (Munoz et al., 2020). %50
~ Types of Augmented Reality in use .
There are two types of AR, depending on how it detects and place the virtual content, namely @&gﬁ
1. Marker-based AR: This type relies on target images, referred as markers (such as QR %
&

codes, printed images, or symbols), to place objects within a particular space. The markers
guide the application in placing the digital 3D content accurately. The device's camera scans
to trigger the display of digital information on that marker.
. Example: Seed Packaging with AR Codes - Scanning the seed packet displays crop variety
©  details, sowing instructions, and ideal climatic conditions.

UH 5 2. Marker less AR: In contrast, these does not rely on any physical markers. Instead, it uses
Q%ﬂ sensors like GPS, accelerometers, or the phone's camera to recognize the real-world
3%
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environment and place virtual elements accordingly. Marker-less AR can be classified into

four categories namely:

e Location-Based AR: Uses GPS and sensors to display virtual content depending on the
user's physical location (e.g., showing crop info at a specific farm plot).

e Contour-Based AR: Recognizes shapes or outlines (contours) of real-world objects to
place digital elements accurately (e.g., identifying leaf shape to show disease symptoms).

e Projection-Based AR: Projects light or images directly onto surfaces, creating
interactive 3D visuals without needing a screen (e.g., projecting irrigation patterns on
soil).

e Overlay AR: Replaces or enhances a real-world view with digital content (e.g., showing
nutrient levels overlaid on a real crop image).

Applications of AR in agriculture

1. Precision Farming: AR tools integrate with GPS and sensors to show precise data on
nutrient application, planting depth, or irrigation zones directly on the field.

2. Farmer training and education: AR allows farmers to become familiar with equipment’s
that they can use in field without the need to physically operate it..

3. Weed and off-types Detection: AR tools can detect and visually mark weed-infested or
off-types, enabling quick spot treatment and better control strategies.

4. Crop monitoring and management: AR apps when scanned onto the fields, can overlay
real-time data, like plant health, soil moisture etc, this allows farmers to understand and make
informed decisions.

5. Pest and disease identification: AR applications allow farmers to scan affected crops,
which then suggest symptoms, possible causes, and treatment suggestions with interactive
visuals.

Advantages of Augmented Reality (AR)

1. Access to virtual equipment: Augmented reality apps can show 3D models of equipment
with clear explanations, helping users explore and know about them. This enables learning
more practical and useful than traditional methods.

2. Improved decision-making: By seeing and understanding the real-time conditions such as
pest presence or soil moisture that are overlaid directly on their crops, farmers can make
better decisions.

3. Enhanced Safety: With the data provided, AR provides safety instructions and visual
warnings to farmers while doing tasks like spraying pesticides

4. Improved Training and Skill Development: AR helps farmers learn and understand
modern practices through interactive and practical training which improves their
understanding and skills of using those practices.

Challenges in adopting Augmented Reality

1. High cost: Initial investment in AR devices is little high that makes adoption difficult for
small and marginal farmers.

2. Internet and Infrastructure Requirements: For AR devices to operate, requires stable
internet connectivity and digital infrastructure for giving the 3D content.

3. Skill and Literacy Barriers: Digital literacy and technical skills are required to operate
AR devices, which many farmers may not possess.

4. Compatibility of devices: Compatible devices, such as smartphones, tablets or AR
glasses, are necessary for AR applications to work, which may not be affordable by everyone.
5. Security and Privacy Issues: Concerns regarding the privacy and security of farmers' data
may arise if data is misused.

Conclusion
Augmented Reality (AR) holds significant potential to transform agriculture by enhancing
decision-making, improving training, and promoting precision farming. Digital innovations
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are advancing rapidly, and it’s necessary for everyone to understand them for effective usage.
The extension professionals have bigger role, not just in understanding these technologies,
but also to conduct applied research and evaluate how far it is compatible to the farmers and
what can be done to improve the scenario. It is suggested that institutions that are directly
associated with farming community can integrate AR technologies in their training programs
to help farmers better understand the agricultural practices using these tools. However,
challenges such as cost, digital literacy, infrastructure gaps, and data privacy concerns must
be addressed to ensure inclusive and effective adoption. With proper support and policy
frameworks, AR has potential in empowering farmers with real-time, actionable insights.
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