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Abstract

Biochar as a soil amendment has great potential to increase soil fertility, sequester carbon, and reduce pollutants.
Biochar engineering significantly improves its performance by doping with different materials or using novel
technologies (nano, microbiological, genetic engineering). At the same time, the emergence of artificial
intelligence (Al) and machine learning (ML) has revolutionized the design, behavior prediction, and optimization
of the application of these advanced biochars in soil systems. This review article explores the convergence of
these two fields and analyzes emerging applications of Al in the development and use of engineered biochars for
soil science purposes. Key topics include predicting the properties of doped biochar, optimizing the production
process, modeling biochar-soil-plant-microbe interactions, monitoring and managing biochar applications in
precision agriculture, and remediation of contaminated soils. Current challenges such as the need for high-quality
data, model interpretability, and scalability are also discussed, and future perspectives are outlined. This review
shows that artificial intelligence is a powerful tool to accelerate the design of the next generation of “smart”
biochars and their targeted application to complex challenges of sustainable soil management.

Keywords: Artificial Intelligence (Al), Engineered Biochar, New Technologies, Soil Amendment, Soil Fertil
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