P-ISSN: 2618-0723
E-ISSN: 2618-0731

NAAS Rating: 5.04
www.extensionjournal.com

€xten5ion(ﬂjoumal

International Journal of Agriculture Extension and Social Development
Volume 8; Issue 2; February 2025; Page No. 342-344

Received: 18-12-2024
Accepted: 22-01-2025

Indexed Journal
Peer Reviewed Journal

A review of artificial intelligence in agriculture: Applications, challenges, and future
prospects
Ranjeet Kumar
RMD College of Agriculture and Research Station, Ambikapur, Chhattisgarh, India
DOI: https://www.doi.org/10.33545/26180723.2025.v8.i2e.1703

Corresponding Author: Ranjeet Kumar

Abstract

Artificial Intelligence (Al) has emerged as a transformative force in agriculture, enhancing productivity, precision, and sustainability. This
paper reviews the current state of Al applications in agriculture, including precision farming, crop monitoring, pest and disease detection,
and supply chain optimization. Additionally, it explores the challenges associated with Al adoption, such as data limitations, high costs, and
the need for technological literacy among farmers. The paper concludes with an outlook on the future of Al in agriculture, emphasizing the
potential for increased efficiency and sustainability.
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1. Introduction

Agriculture is a critical sector that supports global food
security and economic stability. With the growing world
population and climate change challenges, traditional
farming methods struggle to meet the increasing food
demand. Al offers innovative solutions through data-driven
decision-making, automation, and predictive analytics,
improving agricultural efficiency and sustainability.

2. Applications of Al in Agriculture

2.1 Precision Farming

Al-powered precision farming utilizes data from satellite
imagery, drones, and 10T sensors to optimize resource use,
monitor soil health, and improve crop yields. Machine
learning algorithms analyze large datasets to provide
insights into irrigation scheduling, nutrient management,
and yield predictions. 10T sensors collect soil pH, nutrient
levels, and Al suggests corrective measures. Smart irrigation
systems use Al to regulate water usage based on real-time
weather conditions and soil data thus reduces water wastage
and ensures crops get the exact amount needed. Al analyzes
past crop performance, soil health, and weather patterns to
predict yields and suggest ways to improve production. Al-
powered autonomous tractors, drones, and robotic
harvesters perform planting, weeding, and harvesting with
precision thus reduces labor costs and improves efficiency.

2.2 Crop Monitoring, Pest & Disease Detection and weed
control

Al-based computer vision and deep learning models can
detect early signs of plant diseases, nutrient deficiencies,
and pest infestations. Automated monitoring systems help
farmers take timely corrective actions, reducing crop losses
and minimizing pesticide usage. Al-powered weeding
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robots like "See & Spray" apply herbicides only where
needed.

2.3 Agricultural Robotics and Automation

Autonomous tractors, robotic harvesters, and Al-driven
weeding machines enhance efficiency in farm operations.
These technologies reduce the dependency on manual labor
and increase productivity by performing repetitive tasks
with high precision.

2.4 Weather Forecasting and Climate Adaptation
Machine learning models analyze historical climate data to
provide accurate weather forecasts, helping farmers make
informed decisions about planting and harvesting schedules.
Al-driven climate models also assist in developing strategies
for climate-resilient agriculture.

2.5 Livestock Monitoring & Health Management
Al-based facial recognition and wearables track animal
health, detect diseases early, and improve breeding
decisions thus helps in efficient dairy and poultry farming.

2.6 Supply Chain Optimization

Al enhances supply chain management by predicting market
demand, optimizing logistics, and reducing food wastage.
Smart algorithms analyze market trends to assist farmers in
making data-driven decisions regarding storage and
distribution.

3. Challenges in Al Adoption in Agriculture

Despite its potential, Al adoption in agriculture faces several
challenges:
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3.1 High Initial Costs

Al technologies, such as drones, sensors, and automated
machinery, require significant investment, making them
unaffordable for small-scale farmers. Limited access to
funding and subsidies slows adoption.

3.2 Lack of Digital Infrastructure

Many rural areas have poor internet connectivity and lack
cloud computing facilities, which are essential for real-time
Al data processing. Without strong infrastructure, Al-
powered solutions cannot function optimally.

3.3 Limited Technical Knowledge & Skill Gap

Farmers may lack technical expertise to use Al tools
effectively. Training programs and extension services are
required but often unavailable or insufficient.

3.4 Data Quality & Availability Issues
Al models rely on high-quality, real-time data, but
agricultural data is often incomplete, inconsistent, or
unavailable. Data collection methods vary, leading to
accuracy and standardization challenges.

3.5 Resistance to Change

Traditional farmers may be reluctant to adopt Al due to fear
of technology, cultural resistance, or trust issues. Adoption
requires a mindset shift, which takes time.

3.6 Cyber security & Data Privacy Concerns

Al systems collect sensitive agricultural data (e.g., soil
health, crop yields, weather patterns), which can be misused
if not properly secured. Lack of clear regulations on data
ownership and privacy raises ethical concerns.

3.7 Adaptability to Diverse Farming Conditions

Al models trained on data from developed regions may not
perform well in diverse climate conditions, soil types, and
farming methods in developing countries. Customization
and localization of Al solutions require additional effort and
investment.

3.8 Ethical & Social Concerns

Large-scale Al adoption may lead to job losses in traditional
farming roles. Risk of big corporations controlling Al-based
agriculture, marginalizing small farmers.

3.9 Energy Consumption & Sustainability Issues
Al-powered solutions, such as high-computing servers,
autonomous machines, and sensors, consume significant
energy. The carbon footprint of Al in agriculture needs to be
addressed for sustainable farming.

3.10 Lack of Government Policies & Support

In many countries, there are no clear regulations or policies
for Al in agriculture. Without proper incentives, research
funding, and Al-friendly policies, adoption remains slow.

4. Future Prospects of Al in Agriculture

Al's future in agriculture looks promising with
advancements in deep learning, edge computing, and
blockchain integration. The development of affordable and
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user-friendly Al tools will enable widespread adoption.
Collaborative efforts among governments, research
institutions, and agribusinesses can further drive Al-driven
agricultural transformation. The key future prospects of Al
in agriculture are:

4.1 Al-Driven Autonomous Farming

Self-driving tractors, drones, and robotic harvesters will
become more advanced, reducing labor dependency. Al will
enable real-time decision-making, optimizing sowing,
irrigation, and harvesting with minimal human intervention.

4.2 Smart & Sustainable Precision Farming

Al will further refine precision farming, ensuring crops get
exact nutrients and water needed, reducing waste.
Integration of Al with 10T and blockchain will create fully
automated, transparent supply chains.

4.3 Al-Enhanced Crop Monitoring & Disease Prediction
Al-powered hyperspectral imaging and sensors will detect
crop diseases before they spread. Machine learning models
will predict disease outbreaks based on climate patterns,
allowing proactive interventions.

4.4 Al-Powered Climate-Resilient Farming

With climate change impacting agriculture, Al will help
develop drought-resistant, flood-resistant, and heat-tolerant
crops. Al-driven weather forecasting models will help
farmers plan ahead, minimizing losses.

4.5 Al in Livestock & Dairy Farming

Al-based animal health monitoring will detect diseases,
improve breeding strategies, and optimize milk production.
Al-powered robotic milking systems will enhance efficiency
and reduce labor costs.

4.6 Advanced Al-Based Supply Chain & Market
Forecasting

Al will predict market demand more accurately, preventing
food wastage and stabilizing prices. Blockchain & Al
integration will improve food traceability, ensuring quality
control.

4.7 Al-Powered Smart Greenhouses & Vertical Farming
Automated greenhouses will use Al for optimal light,
temperature, and humidity control. Al-driven vertical farms
will maximize food production in urban areas, reducing land
use.

4.8 Al-Enabled Agri-Fintech & Smart Subsidies

Al will help in automated loan approvals for farmers by
analyzing crop health and soil conditions. Smart subsidy
allocation will ensure funds reach deserving farmers based
on Al-based eligibility assessments.

4.9 Al-Driven Genetic Engineering & Smart Seeds

Al will accelerate crop genome sequencing, developing
seeds with higher vyields, pest resistance, and improved
nutrition. Al models will customize seed recommendations
based on specific soil and climate conditions.
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410 Al-Powered Waste Reduction & Circular
Agriculture
Al will help reduce food waste by optimizing storage,
transportation, and distribution. Al-driven composting
solutions will convert agricultural waste into bio-fertilizers
and biofuels

5. Conclusion

Al is revolutionizing agriculture by enabling data-driven
decision-making, automation, and sustainability. Despite
challenges such as high costs and data limitations, continued
research and innovation will pave the way for widespread
Al adoption. Future developments should focus on making
Al accessible, ethical, and beneficial for farmers of all
scales, ensuring food security and environmental
sustainability.
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