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rtificial Intelligence (AI) is emerging as a transformative technology in agriculture, 

enabling precision farming, real-time crop monitoring, predictive analytics, and resource 

optimization. The integration of machine learning (ML), deep learning (DL), remote sensing, 

robotics, and Internet of Things (IoT) technologies has significantly improved crop 

productivity, nutrient management, water-use efficiency, and pest control. This review 

synthesizes peer-reviewed research findings on AI applications in agriculture, focusing on 

yield prediction, soil health assessment, pest and disease detection, irrigation automation, and 

agricultural robotics. Evidence suggests that AI-based systems enhance yield prediction 

accuracy (85–95%), reduce pesticide use (30–50%), improve nutrient-use efficiency, and 

optimize irrigation scheduling (20–40% water savings). Despite these advancements, 

challenges such as data accessibility, infrastructure limitations, high implementation costs, 

and digital literacy gaps remain barriers to widespread adoption. Future research should 

emphasize AI integration with climate-smart agriculture, micronutrient management, carbon 

sequestration monitoring, and smallholder-inclusive digital platforms. 

Introduction 
Agriculture is undergoing a technological revolution driven by digital innovations, 

particularly Artificial Intelligence (AI). AI encompasses computational models capable of 

learning from data, recognizing patterns, and making predictions or decisions without explicit 

programming. In agriculture, AI is applied in crop monitoring, yield forecasting, soil fertility 

mapping, disease detection, irrigation scheduling, and autonomous machinery operation. 

Global food demand is projected to increase significantly due to population growth and 

climate variability. Traditional agricultural practices are often inefficient and resource-

intensive. AI offers data-driven solutions that enhance productivity while reducing 

environmental impact (Liakos et al., 2018; Kamilaris & Prenafeta-Boldú, 2018). 

Methodology 
This such as: 

 “Artificial Intelligence in agriculture” 

 “Machine learning crop yield prediction” 

 “Deep learning plant disease detection” 

 “AI soil nutrient mapping” 

 “Agricultural robotics and automation” 

Studies were screened based on: 

 Empirical validation 

 Reported accuracy metrics 

 Field-level experimentation 

 Quantitative performance indicators 
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The selected literature was categorized into major AI application domains: 

1. Precision agriculture 

2. Pest and disease detection 

3. Soil and nutrient management 

4. Yield prediction 

5. Agricultural robotics 

Results 
AI in Precision Agriculture 

Research indicates that AI-driven precision farming improves crop productivity by 10–25% 

through optimized input application (Liakos et al., 2018). Variable Rate Technology (VRT) 

combined with ML reduces fertilizer application by 15–30%, while AI-based irrigation 

scheduling systems achieve water savings of 20–40%. Remote sensing integrated with ML 

algorithms enhances nutrient deficiency detection accuracy up to 90% (Kamilaris & 

Prenafeta-Boldú, 2018). 

  

Pest and Disease Detection 

Deep learning models, particularly Convolutional Neural Networks (CNNs), have 

demonstrated 90–98% classification accuracy in plant disease detection (Mohanty et al., 

2016). Early detection systems significantly reduce pesticide usage (30–50%) and crop 

losses. Image-based AI systems enable real-time advisory services through smartphone 

applications, improving farmer decision-making efficiency. 
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Soil Health and Nutrient Management 

AI-based digital soil mapping techniques improve nutrient prediction accuracy by 20–35% 

compared to conventional interpolation (McBratney et al., 2003). Machine learning models 

predict soil organic carbon with high reliability (R² = 0.70–0.90). Integration of IoT soil 

moisture sensors and predictive algorithms enhances irrigation efficiency and nutrient-use 

efficiency (NUE). 

 

 
Yield Prediction 

Machine learning and deep learning models such as Random Forest, ANN, and LSTM 

achieve 85–95% yield prediction accuracy (Jeong et al., 2016). Satellite imagery combined 

with climate data significantly reduces forecasting errors. AI-based yield prediction supports 

crop insurance schemes, market planning, and policy decisions. 
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Agricultural Robotics 

AI-powered robotic weeders reduce herbicide usage by 60–90% (Duckett et al., 2018). 

Autonomous tractors decrease labor dependency and operational costs. Precision spraying 

robots minimize chemical drift and environmental contamination. 
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Discussion 
The findings demonstrate that AI significantly enhances productivity, efficiency, and 

sustainability in agriculture. AI contributes to: 

 Climate-resilient farming 

 Resource optimization 

 Reduction of chemical inputs 

 Improved soil health monitoring 

 Data-driven nutrient management 

For soil science research, AI enables digital micronutrient mapping (Zn, B, Fe), real-time soil 

health monitoring, and carbon sequestration assessment. 

However, adoption barriers include: 

 High initial investment 

 Data standardization issues 

 Limited rural connectivity 

 Smallholder accessibility constraints 

Future research should integrate AI with climate-smart agriculture, nano-fertilizers, carbon 

credit monitoring, and sustainable soil management systems. 

Conclusion 
Artificial Intelligence is redefining modern agriculture by enabling precision, automation, and 

predictive decision-making. Empirical research supports substantial improvements in yield 

prediction accuracy, resource-use efficiency, and pest management effectiveness. AI 

integration with soil science, nutrient management, and climate adaptation strategies will be 

critical for sustainable agricultural development. Policymakers and researchers must focus on 

inclusive digital ecosystems to ensure equitable adoption among smallholder farmers. 
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