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[bookmark: OLE_LINK3]Text S1. The details of soil Hg and Cd fraction analysis
[bookmark: OLE_LINK14][bookmark: OLE_LINK10][bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK11][bookmark: OLE_LINK567][bookmark: OLE_LINK19][bookmark: OLE_LINK260]The Hg and Cd fractions in soil were determined by sequential extraction procedures of Tessier et al. (1979). Five fractions were extracted as follows: (1) The exchangeable fraction (EXC) was extracted with 8 mL 1.0 M MgCl2·6H2O (pH=7) for 1 h at 25 ℃. (2) The carbonate bound fraction (CAR) were extracted with 8 mL 1.0 M NaOAc–HOAc (pH=5.0) for 5 h at 25 ℃. (3) The Fe/Mn oxide bound fraction (OX) were extracted with 20 mL NH4OH·HCl in 25% acetic acid for 4 h at 96 ℃. (4) The organic matter bound fraction (OM) were extracted first with 3 mL 0.02 M HNO3 and 5 mL of 30% H2O2, and pH was adjusted to 2 with HNO3. Then samples were shaken for 3 h at 85 ℃. After cooling, 5 mL 3.2 M NH4OAc in 20% HNO3 was added and agitated for 30 min. (5) The residual fraction (RES) was calculated by subtracting the sum of the first four steps from the difference of the total extraction amount. After each step, the mixtures were centrifuged at 4000 g for 15 min, the supernatants were separated and the residual material underwent extracted with each of the other extraction solutions in the indicated order. The resulting supernatants were diluted to a constant volume of 50 mL using deionized water and filtered through a 0.45–μm filter membrane for subsequent analysis.The contents of Hg and Cd were measured by Atomic Fluorescence Spectrometer (AFS 8520) and inductively coupled plasma mass spectrometer (ICP–MS, Ultimate 3000–i CAP QC).
[bookmark: OLE_LINK274]Text S2. The details of extraction of iron–manganese plaques from roots
[bookmark: OLE_LINK7][bookmark: OLE_LINK285][bookmark: OLE_LINK286]The specific method is as follows: the whole roots were rinsed with deionized water, followed by immersing in 60 mL mixed solution containing 0.03 M sodium citrate (Na3C6H5O7) and 0.125 M sodium bicarbonate (NaHCO3) and 1.2 g sodium hydrosulfite (Na2S2O4) at room temperature for 1 h. After DCB extraction, the roots were rinsed three times with deionized water and poured into the DCB extract solution, and made up to 100 mL with deionized water. The Fe, Mn and Cd concentrations in the DCB extraction solution were determined by inductively coupled plasma mass spectrometry (iCAP Q, Thermo Scientific, USA). However, the Hg concentration in iron–manganese plaques was not detected by Atomic Fluorescence Spectrometer (AFS 8520), therefore not listed. 
Text S3. The details of high–throughput sequencing analysis
[bookmark: OLE_LINK4][bookmark: OLE_LINK49][bookmark: OLE_LINK48]Microbial DNA was extracted from soil samples using the E.Z.N.A.® soil DNA Kit (Omega Bio–tek, Norcross, GA, U.S.) according to manufacturer’s protocols. The final DNA concentration and purification were determined by NanoDrop 2000 UV–vis spectrophotometer (Thermo Scientific, Wilmington, USA), and DNA quality was checked by 1% agarose gel electrophoresis. The V3–V4 hypervariable regions of the bacteria 16S rRNA gene were amplified with primers 338F (5’–ACTCCTACGGGAGGCAGCAG–3’) and 806R (5’–GGACTACHVGGGTWTCTAAT–3’) by thermocycler PCR system (GeneAmp 9700, ABI, USA). Purified amplicons were pooled in equimolar and paired–end sequenced (2 × 300) on an Illumina MiSeq platform (Illumina, San Diego,USA) according to the standard protocols by Majorbio Bio–Pharm Technology Co. Ltd. (Shanghai, China). In addition, the raw fastq files were quality–filtered by Trimmomatic and merged by FLASH. Operational taxonomic units (OTUs) were clustered with 97% similarity cutoff using UPARSE (version 7.1 http://drive5.com/uparse/) with a novel ‘greedy’ algorithm that performs chimera filtering and OTU clustering simultaneously. The taxonomy of each 16S rRNA gene sequence was analyzed by RDP Classifier algorithm (http://rdp.cme.msu.edu/) against the Silva (SSU123) 16S rRNA database using confidence threshold of 70%. The Kyoto Encyclopedia of Genes and Genomes (KEGG) was used to predict the functional and metabolic potentials using PICRUSt2.
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[bookmark: _Hlk154075121][bookmark: OLE_LINK17][bookmark: OLE_LINK6][bookmark: _GoBack]Fig. S1 Procedure for the preparation of BC and FMBC

















Fig. S2 Effect of BC and FMBC on soil pH and EC 
[bookmark: OLE_LINK65][bookmark: OLE_LINK64][bookmark: OLE_LINK66]Notes: The lowercase letters indicate the difference in pH under different treatments (P < 0.05), the capital letters indicate the difference in EC under different treatments (P < 0.05).


















[bookmark: OLE_LINK259]Fig. S3 The concentrations of Fe (a), Mn (b) and Cd (c) in the iron–manganese plaques of rice roots



















[bookmark: OLE_LINK2][bookmark: OLE_LINK1] Fig. S4 The correlations between Cd concentrations and Fe (a), Mn (b) concentrations in the iron–manganese plaques










	Adsorbents
	pH
	ABET (m2 g−1)
	Vtot  （cm3 g−1)
	Average pore diameter (nm）
	Bulk elemental composition (wt%)
	Ash（%）

	
	
	
	
	
	C
	H
	N
	S
	

	BC
	10.06 ± 0.01
	6.17
	0.0356
	23.07
	70.66
	2.18
	0.96
	0.47
	17%

	FMBC
	10.24 ± 0.01
	4.65
	0.0430
	37.03
	47.38
	1.53
	0.81
	0.13
	39%


[bookmark: OLE_LINK9]Table S1 Physiochemical properties of BC and FMBC





























	pH
	EC
(µs cm–1)
	CEC
(cmol+ kg–1)
	TOC
(g kg–1)
	TN
(g kg–1)
	TP
(g kg–1)
	TK
(g kg–1)
	Heavy metal

	
	
	
	
	
	
	
	Hg 
(mg kg–1)
	Cd
(mg kg–1)

	6.19
	13.64
	12.13 
	31.63
	1.42 
	1.00
	16.67 
	[bookmark: OLE_LINK15]5.40
	[bookmark: OLE_LINK16]0.76












[bookmark: OLE_LINK8]Table S2 The basic physicochemical properties of paddy soil
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