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he integration of Artificial Intelligence (AI) and Machine Learning (ML) into agriculture 

and allied sciences is revolutionizing food production systems. With challenges such as 

climate change, resource scarcity, and the need for sustainable intensification, AI-driven 

technologies offer solutions ranging from precision farming and smart irrigation to livestock 

monitoring and aquaculture management. This article reviews the applications, benefits, 

challenges, and future prospects of AI and ML in agriculture and allied sciences, with 

emphasis on precision agriculture, animal husbandry, fisheries, forestry, and supply chain 

management. 

Introduction 
Agriculture is a cornerstone of global food security and rural livelihood. However, it faces 

mounting pressures due to increasing population, climate variability, soil degradation, and 

limited natural resources. To address these challenges, innovations in digital agriculture are 

being widely adopted. Artificial Intelligence (AI) refers to the ability of computer systems to 

simulate human intelligence for problem-solving, while Machine Learning (ML) is a subset 

of AI that enables systems to learn from data and improve over time. In agriculture and allied 

sciences, these technologies are enabling farmers to make data-driven decisions, thereby 

increasing efficiency, productivity, and sustainability (Kamilaris & Prenafeta-Boldú, 2018). 

Applications of AI and ML in Agriculture 
1. Precision Agriculture 

Precision farming integrates AI with IoT 

sensors, drones, and GPS to ensure site-

specific management of inputs. 

 Remote sensing and drones: Collect 

high-resolution images for monitoring 

crop stress, nutrient deficiencies, and 

irrigation needs. 

 ML-based models: Predict soil fertility, 

yield potential, and growth stages. 

 Variable Rate Technology (VRT): 
Enables targeted application of fertilizers 

and pesticides, reducing waste by up to 

20–30%. 

2. Crop and Soil Health Monitoring 

 Computer vision models detect pest attacks, nutrient imbalances, and diseases through 

leaf image recognition (Mohanty et al., 2016). 

T 

Fig: Flowchart of precision agriculture 
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 AI-powered mobile apps (e.g., Plantix, Crop In) provide instant advisory services to 

farmers. 

 ML-based soil fertility models help in fertilizer recommendations tailored to specific 

locations. 

3. Irrigation and Water Management 

Water scarcity makes irrigation efficiency vital. 

 AI-driven smart irrigation 

systems use soil moisture sensors, 

satellite data, and weather forecasts 

to optimize water use (Shamshiri et 

al., 2018). 

 ML algorithms regulate micro-

irrigation systems to supply exact 

water and nutrient requirements, 

reducing water wastage by 40–50%. 

4. Pest and Disease Management 

 Predictive analytics based on 

temperature, humidity, and rainfall forecast pest outbreaks (e.g., locust, stem borer, 

bollworm). 

 AI-enabled traps and camera systems identify early infestation. 

 Reduces pesticide usage and promotes eco-friendly Integrated Pest Management (IPM). 

5. Yield Prediction and Forecasting 

Accurate yield prediction helps in policy planning, insurance, and market decisions. 

 ML integrates satellite imagery, soil health data, and climate models for yield forecasts 

(Jeong et al., 2016). 

 Ensures better food security planning and minimizes market fluctuations. 

Applications of AI and ML in Allied Sciences 
1. Animal Husbandry 

 Wearable sensors and AI cameras monitor 

livestock activity, detect estrus cycles, and 

identify early disease symptoms. 

 ML models predict milk yield, optimize feed 

efficiency, and support genetic improvement 

programs (Caja et al., 2016). 

 Enhances profitability and animal welfare 

through precision livestock farming. 

2. Fisheries and Aqua-culture 

 AI-based systems monitor water quality 

(temperature, oxygen, pH) in aquaculture ponds. 

 ML predicts fish growth, feeding schedules, and disease risks (Zhou et al., 2020). 

 Computer vision automates fish grading, 

sorting, and biomass estimation. 

3. Forestry and Natural Resource Management 

 AI analyzes satellite images to detect 

deforestation, illegal logging, and biodiversity 

loss. 

 ML-based fire detection systems predict forest 

fires before they spread (Zhang et al., 2019). 

 Drones and sensors aid in wildlife 

conservation and habitat management. 

 

 

Fig: AI Based Smart Irrigation System 

Fig: Smart Dairy System 

Fig: AI in food supply chain and processing. 
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4. Food Processing and Supply Chain 

 AI enables automatic grading and sorting of fruits and vegetables based on size, colour, 

and defects. 

 ML algorithms optimize cold-chain logistics, reducing post-harvest losses (Kamilaris et 

al., 2018). 

 Blockchain integrated with AI ensures traceability of agricultural products. 

Benefits of AI and ML in Agriculture 
 Productivity enhancement: Optimized input use and yield gains. 

 Sustainability: Reduced chemical usage, resource conservation. 

 Cost efficiency: Minimized labour and input costs. 

 Climate resilience: Early warnings for weather extremes and pest outbreaks. 

 Farmer empowerment: Access to mobile-based advisory and decision-support tools. 

Challenges and Limitations 
 High cost of adoption and lack of infrastructure in rural areas. 

 Digital divide: Low digital literacy among smallholder farmers. 

 Data issues: Privacy, ownership, and need for localized datasets. 

 Technical barriers: Need for user-friendly AI tools in local languages. 

Future Prospects 
The convergence of AI with IoT, robotics, drones, big data, and blockchain will lead to: 

 Fully automated farms (smart farming). 

 Climate-smart agriculture with AI-driven risk management. 

 Wider adoption of robotic harvesting, autonomous tractors, and AI-guided drones. 

 Affordable, localized AI solutions for smallholder farmers in developing countries. 

Conclusion 
AI and ML are revolutionizing agriculture and allied sciences by making farming smarter, 

sustainable, and resilient. From precision farming to livestock monitoring and aquaculture, 

these technologies ensure higher productivity, reduced costs, and eco-friendly practices. 

However, democratizing access to AI through policy support, farmer training, and affordable 

technologies is crucial for widespread adoption. The future of farming lies in AI-driven 

digital agriculture, ensuring food and nutritional security for generations to come. 
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