Elemental composition-based prediction of persistent free radicals concentration and g-Factor in lignocellulose-derived biochar combining interpretable machine learning and experimental analysis
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Fig. S1 IQR-based boxplot.
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Fig. S2 ROC curve analysis of different machine-learning models for PFRs concentration.
[image: g_factor_roc_group]
Fig. S3 ROC curve analysis of different machine-learning models for g-Factor.
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Fig. S4 Conditional PDP analysis of H for g-Factor based on similar O/C. [image: SHAP_interaction_H_OC_gfactor_TNR_clean]
Fig. S5 SHAP interaction heatmap.
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Fig. S6 Linear relationship between elemental composition and PFRs concentration: (a) C, (b) H/C, (c) H, (d) O, (e) O/C.
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Fig. S7 linear relationship between elemental composition and g-Factor: (a) C, (b) H/C, (c) H, (d) O, (e) O/C.
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Fig. S8 The relationship between H/C and PFRs signal: (a) CL, (b) LG, (c) PH.
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Fig. S9 3D scatter plots of O/C, H, and g-Factor.
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Fig. S10 Spearman correlation validation between elemental composition and PFRs: (a) concentration, (b) g-Factor.



Table S1 Machine learning dataset
	Biomass
	H
	O
	O/C
	H/C
	C
	contents(1020 Spins/g)
	g-Factor value
	Source

	Corncob
	4.24 
	4.19 
	0.14 
	0.69 
	73.94 
	0.7366 
	2.0030 
	[1]

	Corncob
	4.19 
	4.14 
	0.13 
	0.68 
	73.94 
	0.8455 
	2.0029 
	

	Corncob
	4.02 
	3.95 
	0.11 
	0.64 
	75.54 
	1.0974 
	2.0028 
	

	Corncob
	3.73 
	3.73 
	0.09 
	0.60 
	74.46 
	1.4047 
	2.0027 
	

	Corncob
	3.19 
	3.19 
	0.07 
	0.53 
	72.05 
	2.0651 
	2.0026 
	

	Corncob
	3.09 
	3.09 
	0.07 
	0.51 
	72.00 
	2.1901 
	2.0025 
	

	Corncob
	1.81 
	1.81 
	0.06 
	0.34 
	63.82 
	1.8366 
	2.0024 
	

	Corncob
	1.78 
	1.78 
	0.05 
	0.32 
	66.68 
	1.6667 
	2.0024 
	

	Coconut shell
	2.91 
	24.54 
	0.43 
	0.85 
	41.06 
	0.1849 
	2.0033 
	

	Coconut shell
	2.70 
	22.99 
	0.38 
	0.74 
	43.85 
	0.3513 
	2.0032 
	

	Coconut shell
	2.51 
	21.46 
	0.35 
	0.72 
	41.66 
	0.4338 
	2.0031 
	

	Coconut shell
	2.42 
	20.71 
	0.32 
	0.69 
	41.93 
	0.4884 
	2.0030 
	

	Coconut shell
	2.35 
	19.97 
	0.31 
	0.63 
	44.63 
	0.6413 
	2.0030 
	

	Coconut shell
	2.28 
	19.25 
	0.27 
	0.61 
	45.19 
	0.7605 
	2.0029 
	

	Coconut shell
	2.12 
	17.19 
	0.24 
	0.57 
	44.83 
	1.1312 
	2.0028 
	

	Coconut shell
	2.07 
	16.54 
	0.23 
	0.56 
	44.11 
	1.2650 
	2.0027 
	

	Coconut shell
	2.03 
	15.92 
	0.22 
	0.55 
	44.57 
	1.3827 
	2.0027 
	

	Coconut shell
	1.78 
	13.24 
	0.19 
	0.48 
	44.72 
	1.8682 
	2.0026 
	

	Coconut shell
	1.25 
	10.18 
	0.14 
	0.34 
	44.57 
	2.1142 
	2.0025 
	

	Coconut shell
	1.18 
	9.82 
	0.13 
	0.32 
	43.75 
	2.0147 
	2.0024 
	

	Coconut shell
	0.44 
	3.79 
	0.04 
	0.12 
	43.65 
	0.2510 
	2.0024 
	

	Bamboo wood
	3.35 
	13.80 
	0.22 
	0.82 
	48.86 
	0.8203 
	2.0030 
	

	Bamboo wood
	3.28 
	13.27 
	0.21 
	0.79 
	49.62 
	0.8338 
	2.0029 
	

	Bamboo wood
	2.95 
	9.79 
	0.17 
	0.70 
	50.85 
	1.0184 
	2.0028 
	[1]

	Bamboo wood
	2.85 
	8.63 
	0.16 
	0.69 
	49.68 
	1.0657 
	2.0027 
	

	Bamboo wood
	2.24 
	3.93 
	0.08 
	0.69 
	39.00 
	1.5847 
	2.0026 
	

	Bamboo wood
	0.97 
	1.66 
	0.03 
	0.21 
	55.27 
	0.7176 
	2.0025 
	

	Rice straw
	3.23 
	17.63 
	0.29 
	0.80 
	48.60 
	0.3983 
	2.0032 
	

	Rice straw
	3.09 
	16.49 
	0.28 
	0.76 
	49.10 
	0.4516 
	2.0031 
	

	Rice straw
	2.47 
	12.66 
	0.24 
	0.61 
	48.67 
	0.8629 
	2.0030 
	

	Rice straw
	2.06 
	11.62 
	0.22 
	0.51 
	48.91 
	1.3895 
	2.0029 
	

	Rice straw
	1.77 
	10.68 
	0.19 
	0.45 
	47.44 
	2.0938 
	2.0028 
	

	Rice straw
	1.42 
	10.68 
	0.18 
	0.35 
	48.91 
	1.7248 
	2.0027 
	

	Rice straw
	0.89 
	6.43 
	0.15 
	0.21 
	51.49 
	0.4623 
	2.0026 
	

	Rice husk
	4.15 
	16.23 
	0.23 
	0.96 
	51.75 
	0.3610 
	2.0032 
	

	Rice husk
	4.10 
	16.06 
	0.23 
	0.95 
	52.06 
	0.4273 
	2.0031 
	

	Rice husk
	3.99 
	15.63 
	0.23 
	0.92 
	51.99 
	0.4540 
	2.0031 
	

	Rice husk
	3.39 
	13.24 
	0.23 
	0.81 
	50.23 
	0.6607 
	2.0030 
	

	Rice husk
	2.81 
	11.95 
	0.22 
	0.70 
	48.42 
	0.9583 
	2.0029 
	

	Rice husk
	2.25 
	13.06 
	0.20 
	0.55 
	48.96 
	1.4001 
	2.0028 
	

	Rice husk
	1.32 
	10.78 
	0.17 
	0.34 
	46.61 
	1.4554 
	2.0027 
	

	Rice husk
	0.81 
	9.87 
	0.16 
	0.21 
	45.66 
	0.6384 
	2.0026 
	

	Pine wood
	4.40 
	23.49 
	0.27 
	0.80 
	65.88 
	0.4314 
	2.0033 
	

	Pine wood
	4.14 
	21.68 
	0.26 
	0.78 
	63.71 
	0.4581 
	2.0032 
	

	Pine wood
	3.97 
	20.95 
	0.23 
	0.73 
	65.64 
	0.5042 
	2.0031 
	

	Pine wood
	3.82 
	19.81 
	0.22 
	0.68 
	66.93 
	0.5309 
	2.0030 
	

	Pine wood
	3.26 
	15.46 
	0.16 
	0.54 
	73.01 
	0.8926 
	2.0029 
	

	Pine wood
	3.15 
	14.83 
	0.15 
	0.53 
	71.28 
	0.9986 
	2.0028 
	[1]

	Pine wood
	2.73 
	11.62 
	0.12 
	0.43 
	76.61 
	1.9645 
	2.0027 
	

	Pine wood
	1.42 
	3.01 
	0.03 
	0.20 
	83.54 
	0.5562 
	2.0026 
	

	Woody
	4.14 
	4.09 
	0.12 
	0.67 
	74.40 
	0.9339 
	2.0029 
	[2]

	Woody
	3.95 
	3.95 
	0.10 
	0.61 
	77.79 
	1.2723 
	2.0028 
	

	Woody
	3.32 
	3.32 
	0.08 
	0.54 
	73.97 
	1.9401 
	2.0026 
	

	Woody
	2.83 
	2.83 
	0.07 
	0.49 
	69.40 
	2.4167 
	2.0025 
	

	Woody
	2.41 
	2.41 
	0.06 
	0.42 
	68.23 
	2.7323 
	2.0025 
	

	Woody
	2.13 
	2.13 
	0.06 
	0.37 
	69.32 
	2.4899 
	2.0025 
	

	Woody
	1.64 
	1.64 
	0.05 
	0.31 
	63.20 
	1.3650 
	2.0024 
	

	Woody
	1.37 
	1.37 
	0.04 
	0.25 
	64.78 
	1.0199 
	2.0024 
	

	Woody
	0.99 
	0.99 
	0.02 
	0.17 
	68.27 
	0.9363 
	2.0024 
	

	Sludge
	3.23 
	12.72 
	0.20 
	0.78 
	49.90 
	0.8840 
	2.0029 
	[3]

	sludge
	3.11 
	11.57 
	0.19 
	0.72 
	51.64 
	0.9462 
	2.0028 
	

	Sludge
	2.61 
	5.86 
	0.11 
	0.61 
	51.41 
	1.2826 
	2.0027 
	

	Sludge
	2.17 
	3.85 
	0.07 
	0.66 
	39.48 
	1.6701 
	2.0025 
	

	Sludge
	2.10 
	3.78 
	0.06 
	0.63 
	40.00 
	1.8277 
	2.0025 
	

	Sludge
	1.59 
	2.58 
	0.05 
	0.49 
	38.98 
	1.7697 
	2.0025 
	

	Sludge
	0.99 
	1.76 
	0.03 
	0.21 
	56.25 
	0.7217 
	2.0025 
	

	Hard wood 
	4.07 
	21.16 
	0.24 
	0.75 
	65.45 
	0.4834 
	2.0032 
	[4]

	Hard wood 
	3.56 
	18.36 
	0.19 
	0.63 
	67.35 
	0.5814 
	2.0030 
	

	Hard wood 
	3.41 
	17.12 
	0.17 
	0.57 
	71.46 
	0.7247 
	2.0029 
	

	Hard wood 
	2.95 
	13.17 
	0.14 
	0.50 
	71.10 
	1.2912 
	2.0028 
	

	Hard wood 
	2.44 
	9.75 
	0.10 
	0.38 
	77.50 
	2.2577 
	2.0027 
	

	Hard wood 
	2.06 
	7.78 
	0.09 
	0.32 
	77.52 
	1.7045 
	2.0026 
	

	Hard wood 
	1.48 
	3.73 
	0.04 
	0.21 
	84.13 
	0.5882 
	2.0026 
	

	Woody 
	2.80 
	23.77 
	0.40 
	0.80 
	42.22 
	0.2659 
	2.0033 
	[5]

	Woody 
	2.22 
	18.53 
	0.26 
	0.60 
	44.67 
	0.8855 
	2.0029 
	

	Woody 
	2.01 
	15.33 
	0.22 
	0.52 
	46.41 
	1.5092 
	2.0027 
	

	Woody 
	1.91 
	14.23 
	0.20 
	0.50 
	45.58 
	1.6431 
	2.0026 
	

	Woody 
	1.72 
	12.77 
	0.18 
	0.46 
	44.76 
	1.9698 
	2.0025 
	

	Woody 
	1.52 
	11.53 
	0.16 
	0.40 
	45.93 
	2.1849 
	2.0025 
	

	Woody 
	1.45 
	11.20 
	0.16 
	0.38 
	46.11 
	2.2087 
	2.0025 
	

	Woody 
	0.71 
	7.26 
	0.08 
	0.20 
	43.04 
	1.2050 
	2.0024 
	

	Woody 
	0.46 
	4.13 
	0.04 
	0.12 
	44.05 
	0.3373 
	2.0024 
	

	Woody 
	3.32 
	19.62 
	0.31 
	0.83 
	47.73 
	0.3315 
	2.0032 
	

	Woody 
	2.89 
	15.56 
	0.27 
	0.74 
	46.92 
	0.5181 
	2.0031 
	

	Woody 
	2.85 
	15.25 
	0.26 
	0.70 
	48.77 
	0.5977 
	2.0030 
	

	Woody 
	2.56 
	13.28 
	0.24 
	0.64 
	47.81 
	0.7039 
	2.0030 
	

	Woody 
	2.29 
	12.34 
	0.23 
	0.58 
	47.65 
	0.9850 
	2.0029 
	

	Woody 
	1.83 
	11.00 
	0.19 
	0.45 
	48.56 
	1.9879 
	2.0028 
	

	Woody 
	1.59 
	11.20 
	0.18 
	0.39 
	48.44 
	2.2005 
	2.0027 
	

	Woody 
	0.92 
	7.26 
	0.16 
	0.22 
	50.45 
	0.5011 
	2.0026 
	

	Woody 
	3.58 
	13.99 
	0.23 
	0.83 
	51.78 
	0.6017 
	2.0030 
	

	Woody 
	1.99 
	12.57 
	0.20 
	0.50 
	47.88 
	1.6505 
	2.0027 
	

	Woody 
	1.25 
	10.46 
	0.17 
	0.32 
	47.00 
	1.2476 
	2.0026 
	

	Corncob
	1.31 
	10.52 
	0.15 
	0.35 
	45.19 
	2.1726 
	2.0025 
	[6]

	Corncob
	0.84 
	8.09 
	0.10 
	0.23 
	44.23 
	1.4759 
	2.0024 
	

	Corncob
	1.03 
	9.23 
	0.12 
	0.28 
	43.91 
	1.7747 
	2.0024 
	

	Corncob
	0.65 
	6.43 
	0.07 
	0.17 
	45.55 
	0.9400 
	2.0024 
	

	Corncob
	0.54 
	5.15 
	0.06 
	0.14 
	45.86 
	0.6152 
	2.0024 
	

	Pine wood
	1.16 
	9.85 
	0.18 
	0.30 
	46.78 
	1.0406 
	2.0026 
	

	Pine wood
	1.28 
	10.68 
	0.18 
	0.34 
	45.29 
	1.4932 
	2.0026 
	

	Pine wood
	1.04 
	8.91 
	0.17 
	0.25 
	49.27 
	0.6849 
	2.0026 
	

	Pine wood
	2.57 
	11.17 
	0.21 
	0.64 
	48.00 
	1.1233 
	2.0028 
	

	Pine wood
	1.63 
	11.73 
	0.19 
	0.41 
	48.23 
	1.7708 
	2.0027 
	

	Bagasse
	1.03 
	10.14 
	0.16 
	0.26 
	47.51 
	0.9568 
	2.0026 
	

	Bagasse
	1.89 
	6.12 
	0.07 
	0.28 
	81.72 
	1.2256 
	2.0026 
	

	Bagasse
	1.55 
	4.67 
	0.05 
	0.23 
	81.61 
	0.6712 
	2.0026 
	

	Bagasse
	3.50 
	3.50 
	0.09 
	0.57 
	73.24 
	1.6738 
	2.0026 
	

	Bagasse
	2.22 
	2.22 
	0.06 
	0.39 
	67.54 
	2.6801 
	2.0025 
	

	Rice husk
	1.55 
	1.55 
	0.04 
	0.28 
	66.08 
	1.1514 
	2.0024 
	

	Rice husk
	1.13 
	1.13 
	0.02 
	0.21 
	65.23 
	0.9430 
	2.0024 
	

	Maize straw
	1.91 
	3.32 
	0.05 
	0.57 
	40.42 
	1.9578 
	2.0025 
	

	Maize straw
	1.23 
	2.28 
	0.04 
	0.28 
	52.40 
	0.9544 
	2.0025 
	

	Coconut shell
	2.78 
	12.03 
	0.12 
	0.44 
	75.84 
	1.8072 
	2.0028 
	

	Enteromorpha
	1.71 
	6.12 
	0.06 
	0.25 
	80.86 
	0.8758 
	2.0026 
	

	Rice straw
	4.09 
	4.02 
	0.12 
	0.66 
	74.87 
	1.0369 
	2.0028 
	[7]

	Rice straw
	3.56 
	3.56 
	0.09 
	0.59 
	72.57 
	1.5385 
	2.0027 
	

	Rice straw
	3.39 
	3.39 
	0.08 
	0.55 
	73.78 
	1.8092 
	2.0026 
	

	Rice straw
	2.95 
	2.95 
	0.07 
	0.50 
	70.53 
	2.3621 
	2.0025 
	

	Rice straw
	2.73 
	2.73 
	0.07 
	0.48 
	68.05 
	2.5198 
	2.0025 
	

	Rice straw
	2.64 
	2.64 
	0.07 
	0.46 
	68.29 
	2.6022 
	2.0025 
	

	Rice straw
	2.58 
	2.58 
	0.06 
	0.46 
	67.74 
	2.6686 
	2.0025 
	

	Pine wood
	2.51 
	2.51 
	0.06 
	0.44 
	67.79 
	2.7114 
	2.0025 
	

	Pine wood
	2.32 
	2.32 
	0.06 
	0.41 
	67.12 
	2.7194 
	2.0025 
	

	Pine wood
	2.17 
	2.17 
	0.06 
	0.38 
	68.89 
	2.5938 
	2.0025 
	

	Pine wood
	2.08 
	2.08 
	0.06 
	0.36 
	70.02 
	2.3479 
	2.0025 
	

	Pine wood
	2.00 
	2.00 
	0.06 
	0.35 
	67.95 
	2.1897 
	2.0025 
	

	Pine wood
	1.67 
	1.67 
	0.05 
	0.32 
	62.85 
	1.5085 
	2.0024 
	

	Pine wood
	1.59 
	1.59 
	0.04 
	0.29 
	65.61 
	1.2464 
	2.0024 
	

	Pine wood
	1.40 
	1.40 
	0.04 
	0.25 
	66.39 
	1.0797 
	2.0024 
	

	Pine wood
	1.33 
	1.33 
	0.03 
	0.22 
	71.34 
	0.9820 
	2.0024 
	

	Pine wood
	1.18 
	1.18 
	0.03 
	0.22 
	65.57 
	0.9574 
	2.0024 
	

	Pine wood
	1.06 
	1.06 
	0.02 
	0.20 
	63.85 
	0.9375 
	2.0024 
	

	Pine wood
	1.03 
	1.03 
	0.02 
	0.19 
	65.91 
	0.9363 
	2.0024 
	

	Sewage sludge
	3.18 
	12.16 
	0.19 
	0.76 
	50.45 
	0.9313 
	2.0029 
	[8]

	Sewage sludge
	2.75 
	7.47 
	0.13 
	0.64 
	51.30 
	1.1676 
	2.0027 
	

	Sewage sludge
	2.44 
	4.68 
	0.09 
	0.57 
	51.57 
	1.4212 
	2.0026 
	

	Sewage sludge
	1.74 
	2.85 
	0.06 
	0.51 
	40.68 
	1.9187 
	2.0025 
	

	Sewage sludge
	1.39 
	14.63 
	0.05 
	0.44 
	37.46 
	1.4022 
	2.0025 
	

	Sewage sludge
	1.11 
	2.18 
	0.04 
	0.25 
	53.60 
	0.7836 
	2.0025 
	

	Corn stalks
	2.10 
	11.72 
	0.22 
	0.51 
	49.05 
	1.2586 
	2.0029 
	[9]


	Bamboo 
	2.00 
	11.51 
	0.21 
	0.49 
	49.09 
	1.5556 
	2.0028 
	

	Pig manure 
	1.90 
	11.31 
	0.20 
	0.47 
	48.59 
	1.8791 
	2.0028 
	

	Pig manure 
	1.57 
	11.00 
	0.18 
	0.39 
	48.78 
	2.1450 
	2.0027 
	

	Laminaria 
	1.23 
	10.27 
	0.18 
	0.32 
	46.31 
	1.2119 
	2.0026 
	[10]

	Laminaria 
	1.13 
	9.82 
	0.17 
	0.28 
	48.71 
	0.8692 
	2.0026 
	

	Laminaria 
	1.10 
	9.50 
	0.17 
	0.27 
	48.77 
	0.8033 
	2.0026 
	

	Laminaria 
	0.99 
	8.09 
	0.16 
	0.23 
	51.31 
	0.5798 
	2.0026 
	

	Cigarettes 
	3.88 
	15.18 
	0.23 
	0.90 
	51.68 
	0.4984 
	2.0031 
	[11]

	Cigarettes 
	3.08 
	12.57 
	0.22 
	0.76 
	48.89 
	0.8007 
	2.0029 
	

	Cigarettes 
	2.93 
	12.31 
	0.22 
	0.72 
	48.94 
	0.8773 
	2.0029 
	

	Cigarettes 
	2.43 
	13.24 
	0.20 
	0.59 
	49.51 
	1.2058 
	2.0028 
	

	Cigarettes 
	2.32 
	13.15 
	0.20 
	0.57 
	48.65 
	1.3073 
	2.0028 
	

	Cigarettes 
	2.09 
	12.92 
	0.20 
	0.54 
	46.75 
	1.4928 
	2.0027 
	

	Cigarettes 
	2.02 
	12.75 
	0.20 
	0.51 
	47.04 
	1.5753 
	2.0027 
	

	Cigarettes 
	1.91 
	12.31 
	0.19 
	0.44 
	52.04 
	1.7567 
	2.0027 
	

	Cigarettes 
	1.80 
	12.16 
	0.19 
	0.43 
	50.40 
	1.7834 
	2.0027 
	

	Cigarettes 
	1.49 
	11.36 
	0.18 
	0.38 
	46.97 
	1.6849 
	2.0027 
	

	Cigarettes 
	1.46 
	11.17 
	0.18 
	0.37 
	46.91 
	1.6147 
	2.0027 
	

	Cigarettes 
	1.15 
	10.29 
	0.16 
	0.29 
	47.02 
	1.1132 
	2.0026 
	

	Cigarettes 
	0.95 
	9.99 
	0.16 
	0.24 
	48.18 
	0.8121 
	2.0026 
	

	Rice straw
	3.50 
	17.84 
	0.19 
	0.61 
	68.76 
	0.6243 
	2.0029 
	[12]

	Rice straw
	2.90 
	12.76 
	0.13 
	0.48 
	72.28 
	1.4617 
	2.0028 
	

	Rice straw
	2.86 
	12.55 
	0.13 
	0.46 
	73.98 
	1.6337 
	2.0028 
	

	Rice straw
	2.54 
	10.48 
	0.11 
	0.40 
	75.76 
	2.1867 
	2.0027 
	

	Rice straw
	2.32 
	9.23 
	0.10 
	0.36 
	77.10 
	2.1263 
	2.0026 
	

	Rice straw
	2.29 
	8.92 
	0.09 
	0.35 
	78.68 
	2.0033 
	2.0026 
	

	Rice straw
	1.98 
	7.05 
	0.08 
	0.29 
	80.60 
	1.4365 
	2.0026 
	

	Rice straw
	2.80 
	8.06 
	0.15 
	0.66 
	50.94 
	1.1115 
	2.0027 
	

	Rice straw
	2.66 
	6.35 
	0.12 
	0.63 
	50.69 
	1.2222 
	2.0027 
	

	Rice straw
	2.56 
	5.41 
	0.10 
	0.59 
	52.55 
	1.3446 
	2.0026 
	

	Rice straw
	2.34 
	4.21 
	0.08 
	0.70 
	40.29 
	1.5007 
	2.0026 
	

	Rice straw
	2.14 
	3.83 
	0.07 
	0.64 
	39.86 
	1.7511 
	2.0025 
	

	Rice straw
	2.07 
	3.67 
	0.06 
	0.61 
	40.68 
	1.8926 
	2.0025 
	

	Rice straw
	1.98 
	3.41 
	0.06 
	0.59 
	40.67 
	1.9443 
	2.0025 
	

	Rice straw
	1.80 
	2.95 
	0.06 
	0.53 
	40.88 
	1.9566 
	2.0025 
	

	Rice straw
	3.26 
	17.95 
	0.29 
	0.82 
	47.86 
	0.3584 
	2.0032 
	[13]

	Rice straw
	2.62 
	13.49 
	0.25 
	0.67 
	46.98 
	0.7038 
	2.0030 
	

	Rice straw
	2.25 
	12.03 
	0.23 
	0.57 
	47.55 
	1.0895 
	2.0029 
	

	Rice straw
	1.95 
	11.31 
	0.20 
	0.48 
	48.94 
	1.7130 
	2.0028 
	

	Corn straw
	1.70 
	10.37 
	0.19 
	0.42 
	48.61 
	2.1867 
	2.0027 
	

	Corn straw
	1.68 
	10.27 
	0.18 
	0.41 
	49.59 
	2.2266 
	2.0027 
	

	Corn straw
	1.44 
	10.89 
	0.18 
	0.36 
	47.79 
	1.8595 
	2.0027 
	

	Corn straw
	1.25 
	10.37 
	0.18 
	0.33 
	45.76 
	1.3438 
	2.0026 
	

	Corn straw
	1.22 
	10.06 
	0.18 
	0.30 
	48.17 
	1.1328 
	2.0026 
	

	Soft wood
	1.15 
	9.85 
	0.18 
	0.29 
	48.10 
	0.9747 
	2.0026 
	

	Soft wood
	1.05 
	9.23 
	0.17 
	0.26 
	47.97 
	0.7375 
	2.0026 
	

	Soft wood
	1.03 
	8.51 
	0.17 
	0.24 
	52.14 
	0.6059 
	2.0026 
	

	Soft wood
	0.98 
	7.68 
	0.16 
	0.22 
	53.28 
	0.5008 
	2.0026 
	

	Hard wood
	0.91 
	6.85 
	0.16 
	0.22 
	50.47 
	0.4619 
	2.0026 
	

	Hard wood
	3.77 
	14.70 
	0.23 
	0.88 
	51.24 
	0.5618 
	2.0030 
	

	Hard wood
	3.26 
	13.06 
	0.22 
	0.78 
	50.39 
	0.7314 
	2.0029 
	

	Crop 
	2.75 
	11.73 
	0.21 
	0.66 
	50.02 
	1.0408 
	2.0028 
	[14]

	Crop 
	2.17 
	17.84 
	0.25 
	0.58 
	45.21 
	1.0091 
	2.0028 
	

	Crop 
	1.84 
	13.72 
	0.19 
	0.49 
	45.16 
	1.7505 
	2.0026 
	

	Crop 
	1.66 
	12.30 
	0.18 
	0.44 
	44.79 
	2.0610 
	2.0025 
	

	Crop 
	1.59 
	11.87 
	0.17 
	0.41 
	46.06 
	2.1318 
	2.0025 
	

	Crop 
	1.38 
	10.87 
	0.15 
	0.36 
	46.37 
	2.2075 
	2.0025 
	

	Crop 
	1.11 
	9.50 
	0.13 
	0.31 
	43.24 
	1.8976 
	2.0024 
	

	Firewood
	0.91 
	8.51 
	0.11 
	0.26 
	42.33 
	1.6297 
	2.0024 
	

	Firewood
	0.77 
	7.68 
	0.09 
	0.21 
	44.50 
	1.3427 
	2.0024 
	

	Firewood
	0.68 
	6.85 
	0.08 
	0.18 
	44.58 
	1.0659 
	2.0024 
	

	Firewood
	0.61 
	6.03 
	0.07 
	0.16 
	46.39 
	0.8229 
	2.0024 
	

	Firewood
	0.57 
	5.60 
	0.06 
	0.15 
	47.23 
	0.7176 
	2.0024 
	

	Firewood
	0.51 
	4.76 
	0.05 
	0.13 
	46.13 
	0.5127 
	2.0024 
	

	Firewood
	0.48 
	4.45 
	0.05 
	0.13 
	43.71 
	0.4250 
	2.0024 
	

	Coal 
	1.52 
	2.48 
	0.05 
	0.48 
	38.29 
	1.6467 
	2.0025 
	

	Coal 
	1.51 
	2.37 
	0.05 
	0.46 
	39.22 
	1.5281 
	2.0025 
	

	Coal 
	1.35 
	2.18 
	0.05 
	0.41 
	39.09 
	1.2793 
	2.0025 
	

	Coal 
	1.28 
	1.97 
	0.04 
	0.40 
	38.66 
	1.1534 
	2.0025 
	

	Coal 
	1.28 
	1.97 
	0.04 
	0.39 
	39.48 
	1.0539 
	2.0025 
	

	Coal 
	1.21 
	2.28 
	0.04 
	0.27 
	54.05 
	0.8784 
	2.0025 
	

	Coal 
	1.15 
	2.28 
	0.04 
	0.26 
	52.61 
	0.8626 
	2.0025 
	

	Rice husk
	3.72 
	19.40 
	0.20 
	0.65 
	68.46 
	0.5562 
	2.0030 
	[15]

	Rice husk
	3.43 
	17.43 
	0.18 
	0.60 
	68.83 
	0.6774 
	2.0029 
	

	Rice husk
	3.31 
	15.77 
	0.17 
	0.56 
	71.39 
	0.8028 
	2.0029 
	

	Rice husk
	3.02 
	13.80 
	0.14 
	0.51 
	70.40 
	1.1309 
	2.0028 
	

	Rice husk
	2.68 
	11.31 
	0.11 
	0.41 
	78.22 
	2.1013 
	2.0027 
	

	Rice husk
	2.51 
	10.17 
	0.11 
	0.39 
	76.32 
	2.2486 
	2.0027 
	

	Rice husk
	2.37 
	9.54 
	0.10 
	0.37 
	77.03 
	2.2155 
	2.0027 
	

	Rice husk
	2.18 
	8.30 
	0.09 
	0.33 
	78.92 
	1.8583 
	2.0026 
	

	Rice husk
	2.03 
	7.47 
	0.08 
	0.31 
	79.32 
	1.5390 
	2.0026 
	

	Rice husk
	1.93 
	6.64 
	0.08 
	0.29 
	80.79 
	1.3442 
	2.0026 
	

	Rice husk
	1.77 
	6.64 
	0.07 
	0.27 
	78.93 
	0.9753 
	2.0026 
	

	Rice husk
	1.65 
	5.60 
	0.05 
	0.25 
	79.74 
	0.7968 
	2.0026 
	

	Rice husk
	1.60 
	5.19 
	0.05 
	0.24 
	81.34 
	0.7267 
	2.0026 
	

	Rice husk
	1.52 
	4.15 
	0.04 
	0.22 
	82.82 
	0.6290 
	2.0026 
	

	Rice husk
	1.95 
	12.44 
	0.20 
	0.48 
	48.64 
	1.7124 
	2.0027 
	

	Rice husk
	1.63 
	11.95 
	0.19 
	0.41 
	47.16 
	1.7867 
	2.0027 
	

	Rice husk
	1.58 
	11.55 
	0.19 
	0.39 
	47.97 
	1.7286 
	2.0027 
	

	Rice husk
	1.39 
	10.98 
	0.18 
	0.35 
	47.78 
	1.5284 
	2.0027 
	

	Rice husk
	1.30 
	10.53 
	0.17 
	0.33 
	47.61 
	1.3530 
	2.0026 
	

	Rice husk
	1.20 
	10.37 
	0.16 
	0.31 
	46.13 
	1.1936 
	2.0026 
	

	Rice husk
	1.07 
	10.22 
	0.16 
	0.27 
	46.92 
	1.0343 
	2.0026 
	

	Rice husk
	1.00 
	10.06 
	0.16 
	0.25 
	47.17 
	0.8852 
	2.0026 
	

	Rice husk
	0.91 
	9.94 
	0.15 
	0.23 
	47.93 
	0.7478 
	2.0026 
	

	Rice husk
	0.86 
	9.90 
	0.16 
	0.22 
	46.28 
	0.6733 
	2.0026 
	

	Rice husk
	1.08 
	1.97 
	0.04 
	0.24 
	54.68 
	0.7516 
	2.0025 
	

	Rice husk
	1.04 
	1.87 
	0.04 
	0.23 
	53.90 
	0.7329 
	2.0025 
	

	Rice husk
	1.01 
	1.76 
	0.03 
	0.22 
	55.08 
	0.7200 
	2.0025 
	

	Rice husk
	1.66 
	2.73 
	0.05 
	0.50 
	39.65 
	1.8574 
	2.0025 
	

	Bamboo
	4.98 
	14.58 
	0.14 
	35.13 
	1.70 
	0.0794 
	2.0026 
	[16]

	Corn stalks
	4.53 
	19.14 
	0.18 
	50.70 
	1.07 
	0.0967 
	2.0029 
	

	Pig manure
	3.68 
	11.64 
	0.12 
	37.96 
	1.16 
	0.1413 
	2.0028 
	

	Pig manure
	1.96 
	17.47 
	0.36 
	0.65 
	36.17 
	0.0745 
	2.0044 
	[17]

	Pig manure
	1.45 
	14.21 
	0.32 
	0.52 
	33.36 
	0.1396 
	2.0041 
	

	Pig manure
	0.67 
	5.36 
	0.14 
	0.28 
	28.71 
	0.1123 
	2.0034 
	

	Cellulose
	3.53 
	18.46 
	0.21 
	0.64 
	65.90 
	0.0163 
	2.0040 
	[18]

	Cellulose
	3.20 
	16.47 
	0.18 
	0.56 
	68.59 
	0.0193 
	2.0038 
	

	Cellulose
	2.89 
	15.27 
	0.16 
	0.50 
	70.06 
	0.0121 
	2.0004 
	

	Cellulose
	2.73 
	13.95 
	0.14 
	0.45 
	72.84 
	0.0201 
	2.0036 
	

	Cellulose
	2.43 
	12.74 
	0.13 
	0.39 
	75.04 
	0.0173 
	2.0036 
	

	Pine needles
	6.43 
	26.20 
	0.30 
	1.19 
	65.10 
	0.0538 
	2.0044 
	[19]

	Pine needles
	5.16 
	25.20 
	0.28 
	0.92 
	67.60 
	0.1520 
	2.0037 
	

	Pine needles
	4.38 
	19.70 
	0.20 
	0.71 
	73.60 
	0.2230 
	2.0032 
	

	Wheat straw
	6.10 
	30.90 
	0.38 
	1.19 
	61.50 
	0.0368 
	2.0042 
	

	Wheat straw
	4.32 
	25.80 
	0.28 
	0.76 
	68.30 
	0.0735 
	2.0036 
	

	Wheat straw
	3.13 
	19.60 
	0.19 
	0.50 
	75.80 
	0.1330 
	2.0031 
	

	Corn stalks
	7.12 
	26.10 
	0.30 
	1.33 
	64.20 
	0.0125 
	2.0040 
	

	Corn stalks
	5.08 
	23.00 
	0.25 
	0.87 
	69.70 
	0.0248 
	2.0038 
	

	Corn stalks
	4.42 
	14.60 
	0.14 
	0.67 
	78.60 
	0.0111 
	2.0035 
	

	Peanut shells
	5.70 
	45.20 
	0.72 
	1.45 
	47.20 
	0.0109 
	2.0045 
	[20]

	Peanut shells
	2.67 
	24.60 
	0.27 
	0.47 
	68.10 
	4.3900 
	2.0044 
	






















Table S2 Performance evaluation parameters of different machine-learning models for PFRs concentration and g-Factor prediction
	Performance evaluation parameters
	Model
	Train R2
	Test R2
	Train MSE
	Test MSE
	AUC

	PFRs concentration prediction
	XGBoost
	0.9916
	0.7193
	0.0041
	0.1376
	0.9614

	
	Gradient Boosting
	0.9919
	0.7328
	0.0040
	0.1310
	0.9643

	
	SVR 
	0.8760
	0.7786
	0.0607
	0.1086
	0.9886

	
	Shallow NN
	0.8788
	0.7797
	0.0593
	0.1080
	0.9771

	
	Random Forest
	0.9186
	0.7553
	0.0398
	0.1200
	0.9600

	
	Ensemble
	0.9683
	0.7768
	0.0155
	0.1095
	0.9714

	
	

	
	XGBoost
	0.9949
	0.6351
	7.12 × 10-10
	5.85 × 10-8
	0.9971

	
	Gradient Boosting
	0.9971
	0.6599
	4.10 × 10-10
	5.45 × 10-8
	0.9883 

	g-Factor prediction
	SVR 
	0.9325
	0.5767
	9.40 × 10-9
	6.79 × 10-8
	0.9868

	
	Shallow NN
	0.7005
	0.7647 
	4.17 × 10-8 
	3.77 × 10-8
	0.9780

	
	Random Forest
	0.9177
	0.6880
	1.15 × 10-8
	5.00 × 10-8 
	0.9956

	
	Ensemble 
	0.9784
	0.6573
	3.01 × 10-9
	5.49 × 10-8
	1.0000
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(b) Gradient Boosting
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