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Abstract

This systematic review examines the applications of emerging technologies in precision
agriculture, analyzing the roles of Geographic Information Systems (GIS), remote sensing, the
Internet of Things (loT), deep learning, and generative artificial intelligence in monitoring,
analyzing, and managing agricultural crops. The literature indicates that GIS and remote
sensing enable detailed analysis of land characteristics, detection of environmental stressors,
and prediction of crop performance, while 10T provides real-time data on soil, plant, and water
conditions, forming the foundation for intelligent decision-making and farm automation.
Artificial intelligence, particularly deep learning and generative models, can analyze complex
datasets and generate synthetic data to support early detection of diseases and pests, enhance
the quality of satellite and drone imagery, model crop growth, and simulate scarce datasets. The
review also highlights key challenges, including limited data availability, the need for high-
performance hardware and cloud computing, complexities in integrating spatial data with deep
learning models, and data security and privacy concerns. Furthermore, future opportunities,
such as advanced generative models, distributed Al, and leveraging 5G networks and edge
computing for real-time monitoring and decision-making, promise to improve accuracy. and
productivity. The article concludes that integrating these technologies can optimize resource
use, enhance productivity, and improve decision-making, paving the way toward smart,
sustainable, and data-driven agriculture while opening new horizons for research and practical
applications in comprehensive farm management.
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