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1. More detailed methods of soil characterization
1.1 Methods for the analysis soil properties and Cd availability

Soil pH was measured with a Mettler-Toledo Seven Multi dual pH/conductivity meter after shaking for 30 min with a soil/water ratio of 1:2.5 (w/v). Cation exchange capacity (CEC) was determined using the NaOAc-compulsive extraction method (1 mol L-1, 33 mL for 5 g of soil, pH 8.2). The available phosphorus, available potassium, alkali hydrolyzed nitrogen were quantified using the acid molybdate-ascorbic acid method, as described by Murphy and Riley (1962). Soil organic carbon was assessed using the potassium dichromate volumetric method via the dilution heat technique, following the protocol outlined by Nelson et al. (1996).

The available Cd was analyzed using atomic absorption spectroscopy (Shimadzu AA-7000, Japan) and was extracted in 0.1 mol L-1 CaCl2 (soil/solution = 1:10). The total Cd content of soil was determined by atomic absorption spectroscopy after digestion with HF-HNO3-HClO4 (7:5:1, V/V/V) at 160 ℃ (Rashid. et al., 1986). The speciation of Cd fractions was determined using the Community Bureau of Reference (BCR). HAC, NH2OH·HCl, H2O2, and HF-HNO3-HClO4 were useing for the acid soluble, reducible, oxidizable, and residual fraction of Cd extractions, and atomic absorption spectroscopy was used to measure the Cd content extracted in each step (Ure et al., 1993).

1.2 Methods for the analysis soil enzyme activities

Soil sucrase activity was determined using 3,5-dinitrosalicylic acid colorimetric method. Specifically, incubating soil sample with sucrose (substrate) in phosphate buffer (pH 5.5) at 37℃ for 24 h. Glucose released is measured by adding 3,5-dinitrosalicylic acid (DNS) reagent, heated to 100℃ for 5 min. The red-brown compound formed is quantified at 540 nm using a spectrophotometer. Activity is calculated via a glucose standard curve.

Soil urease activity was determined using Indophenol colorimetric method and as following: Soil sample incubating with urea solution (10%) and citrate buffer (pH 6.7) at 37℃ for 2 h. Released NH3 is reacted with phenol-nitroprusside and hypochlorite under alkaline conditions to form indophenol blue. Absorbance is measured at 630 nm. Activity is determined using an NH4+-N standard curve.

Soil alkaline phosphatase activity was determined using Disodium phenyl phosphate method and as following: Soil sample is incubated with disodium phenyl phosphate (substrate) in modified universal buffer (pH 11) at 37℃ for 12 h. Released phenol is quantified by adding 0.3% 4-aminoantipyrine and K3Fe(CN)6, forming a red complex measured at 660 nm. A phenol standard curve is used to express activity

Soil catalase activity was determined using Disodium phenyl phosphate method and as following: Reacting soil with 3% H2O2 for 30 min at 30℃. The reaction is stopped by adding 1.5 M H2SO4. Residual H2O2 is titrated with 0.02 M KMnO4 until a faint pink endpoint. Activity is calculated based on KMnO4 consumed, representing decomposed H2O2.

2. Tables
Table S1 Properties of biochars.

	Properties
	Bamboo -derived biochar
	Pig carcassess-derived biochar
	Corn straw-derived biochar

	BET (m2 g-1)
	2.68
	25.51
	5.51

	CEC (cmol kg-1)
	20.19
	30.57
	23.18

	Total pore volume (m3 g-1)
	0.03
	0.11
	0.08

	Average pore size (nm)
	7.74
	8.57
	10.18

	pH
	9.04
	9.72
	9.12

	Ash (%)
	38.91
	47.39
	18.35

	C (%)
	58.17
	65.47
	58.42

	H (%)
	1.67
	0.71
	1.68

	O (%)
	12.40
	13.47
	12.74

	P (%)
	0.87
	8.13
	0.91

	Total Cd (mg kg-1)
	Not detectable
	Not detectable
	Not detectable


Table S2 The Transport Factor (TF), and Bioconcentration Factor (BCF) in Tagetes patula L. and Chinese cabbage under different treatments.
	Treatments
	Tagetes patula L.
	Chinese cabbage

	
	TF root-shoot
	BCF
	TF root-shoot
	BCF

	T
	1.87±0.22b
	0.36±0.35b
	0.31±0.01c
	0.10±0.01d

	TB
	1.89±0.29b
	0.35±0.32b
	0.35±0.02b
	0.13±0.01c

	TC
	1.68±0.31c
	0.34±0.25b
	0.51±0.02a
	0.15±0.01b

	TP
	4.24±0.28a
	0.53±0.33a
	0.51±0.01a
	0.17±0.02ab

	Control
	-
	-
	0.52±0.02a
	0.19±0.01a


Treatment abbreviations: T, Tagetes patula L. planted without biochar; TB, Tagetes patula L. + bamboo-derived biochar; TC, Tagetes patula L. + corn straw-derived biochar; TP, Tagetes patula L. + pig carcasses-derived biochar; Control, no Tagetes patula L. planting and no biochar application.

3. Figure captions

Fig. S1 Pearson’s correlation coefficients among soil properties, Cd form distribution, plants Cd accumulation and biomass (T: Tagetes patula L.; C: Chinese cabbage).

Fig. S2 Fourier transformed infrared spectroscopy of biochars.
Fig. S3 X-ray diffraction of biochar.
Fig. S4 Cadmium accumulation in Tagetes patula L. (A and B) and Chinese cabbage (C and D) under different treatments.

Fig. S5 Effects of biochar addition on the concentrations of chlorophyll (A), proline (B), soluble sugars (C), and MDA (D) in the leaves of Tagetes patula L. 

Fig. S6 Biomass of Tagetes patula L. (A) and Chinese cabbage (B) under different treatments.

Fig. S7 Standardized direct, indirect, and total effects of upstream latent variables on integrated Cd accumulation in Chinese cabbage based on the PLS-PM.
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Fig. S1 Pearson’s correlation coefficients among soil properties, Cd form distribution, plants Cd accumulation and biomass (T: Tagetes patula L.; C: Chinese cabbage).
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Fig. S2 Fourier transformed infrared spectroscopy of biochars.
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Fig. S3 X-ray diffraction of biochar.
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Fig. S4 Cadmium accumulation in Tagetes patula L. (A and B) and Chinese cabbage (C and D) under different treatments. 

Notes: Data points and error bars represent the mean ± standard deviation (n = 4). Different letters above the bars indicate statistically significant differences between treatments (P < 0.05). Treatment descriptions: T: Tagetes patula L. planted without biochar amendment; TB: Tagetes patula L. + bamboo-derived biochar; TC: Tagetes patula L. + corn straw-derived biochar; TP: Tagetes patula L. + pig carcassess-derived biochar; Control: No Tagetes patula L. planting or biochar application.  
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Fig. S5 Effects of biochar addition on the concentrations of chlorophyll (A), proline (B), soluble sugars (C), and MDA (D) in the leaves of Tagetes patula L. 

Notes: Data points and error bars represent the mean ± standard deviation (n = 4). Different letters above the bars indicate statistically significant differences between treatments (P < 0.05). Treatment descriptions: T: Tagetes patula L. planted without biochar amendment; TB: Tagetes patula L. + bamboo-derived biochar; TC: Tagetes patula L. + corn straw-derived biochar; TP: Tagetes patula L. + pig carcassess-derived biochar; Control: No Tagetes patula L. planting or biochar application.  
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Fig. S6 Biomass of Tagetes patula L. (A) and Chinese cabbage (B) under different treatments.

Notes: Data points and error bars represent the mean ± standard deviation (n = 4). Different letters above the bars indicate statistically significant differences between treatments (P < 0.05). Treatment descriptions: T: Tagetes patula L. planted without biochar amendment; TB: Tagetes patula L. + bamboo-derived biochar; TC: Tagetes patula L. + corn straw-derived biochar; TP: Tagetes patula L. + pig carcassess-derived biochar; Control: No Tagetes patula L. planting or biochar application.  
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Fig. S7 Standardized direct, indirect, and total effects of upstream latent variables on integrated Cd accumulation in Chinese cabbage based on the PLS-PM.
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