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Research Gap
Predicting biochar effectiveness is complex due to

non-linear interactions among soil physicochemical L ~N 9 O O
properties, amendment characteristics, and plant O
dynamics. Explainable ML models are essential to s . .
y. . P . . . . . : Cd Removed via Plant Tissue
guide practical decisions in contaminated agricultural ° * » ® ; _ :
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systems. Fig. 1— Average pH, EC, and organic matter across five treatments over 44 days. Biochar-amended treatments (A & B) consistently maintained alkaline pH (>8.0) and elevated

EC, sustaining conditions highly favorable for complete Cd immobilization throughout the entire experimental period.
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Artificial Neural Network (MLP) — Training & Evaluation Results
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Fig. 4 — Training convergence and observed vs. predicted for pH (R?=0.834) and EC (R?=0.908). Residual analysis confirms well-calibrated, unbiased predictions across the stratified by replicate to prevent data leakage.
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strength, nutrient release, and amendment Strong temporal generalization across all amendment scenarios. Fig. 6 — SHAP importance. Treatment type dominates pH (AR*1.4); experiment day
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real-time indicators of biochar-driven Cd
immobilization.
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Scalable circular economy framework
Waste-derived biochar coupled with explainable Al delivers a replicable decision-support tool that simultaneously advances soil health, food
safety, and organic waste valorization at the agroecosystem scale.
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