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Supplementary Texts

[bookmark: _Hlk182045760]Text S1 Preparation of NC-ZVI
Nitrogen/carbon-doped zero-valent iron materials (NC-ZVI) were fabricated through mechanochemical ball milling (Li et al. 2023). Specifically, commercial micron-sized iron powder (mZVI) was mixed with the porous urea-doped biochar (NBC) powder (pyrolysis in an atmosphere furnace) at a carbon-to-iron mass ratio (C/Fe) of 10% in a ball mill tank. Fifty zirconia milling beads (6 mm diameter) were added to the mixture, and the tank was purged with nitrogen gas to establish an inert atmosphere. After sealing, the tank was placed on a planetary ball mill and processed at 400 revolutions per minute (r min−1) for 5 h. Following milling, the composite material was separated from the milling media under nitrogen protection to prevent oxidation and stored in an airtight container. For comparison, sulfur-doped ZVI (S-ZVI) was prepared using an identical procedure by ball-milling micron-sized iron powder with sulfur powder at a sulfur-to-iron mass ratio (S/Fe) of 10% for 20 h (Gu et al. 2017). 
Text S2 Characterization of NC-ZVI
The structural and chemical properties of NC-ZVI were systematically characterized using multiple analytical techniques. SEM (Hitachi Regulus 8100) and TEM (FEI Tecnai F20) were employed to analyze particle morphology, surface microstructure, and elemental distribution. Nitrogen adsorption-desorption isotherms measured at 77 K were used to calculate SSA through the BET surface area analyzer (Micromeritics ASAP 2460). XRD (X’Pert PRO MPD) with Cu Kα radiation was employed to qualitatively analyze the iron-based crystal types, such as Fe0, Fe-C, FeS, Fe2O3, and Fe3O4 in the prepared ZVI materials. The scanning range was set from 10° to 90°, and the rate was 0.10 S−1. XPS (Thermo Kalpha) was conducted to determine surface elemental composition and chemical states, with spectra calibrated to the C 1s peak at 284.8 eV. High-resolution N 1s spectra were deconvoluted using Avantage software into three components: pyridinic N (398.4 eV), pyrrolic N (399.6 eV), and graphitic N (401.1 eV)
[bookmark: _Hlk216171022]The characterization results demonstrated that NC-ZVI exhibited a nanoscale particle size, which was significantly smaller than that of mZVI and S-ZVI. Notably, commercial nZVI particles formed large aggregates due to inherent agglomeration defects, whereas N/C and sulfur modifications improved particle dispersion, with N/C showing superior anti-agglomeration effects. The BET surface area of NC-ZVI (18.12 m2 g−1) and S-ZVI (8.46 m2 g−1) increased by 6.6- and 3.1-fold compared to mZVI (2.74 m2 g−1), though remaining lower than commercial nZVI (27.38 m2 g−1). XRD analysis revealed a distinct Fe-C peak in NC-ZVI, corresponding to a martensitic structure formed by carbon supersaturation in α-Fe lattices (Gao et al. 2015). Raman spectroscopy further confirmed Fe-N and Fe-C-N bond formation (Gong et al. 2021). Sulfur modification generated FeS (ferrous sulfide) phases (Gu et al. 2017). XPS analysis showed 12.8% surface Fe0 content in NC-ZVI versus negligible Fe0 in S-ZVI, indicating effective oxide layer removal and enhanced Fe0 exposure through N/C coordination. Additionally, N 1s deconvolution identified three nitrogen species, pyridinic N, graphitic N, and pyrrolic N (Huang et al. 2022), confirming successful nitrogen incorporation during NC-ZVI mechanochemical synthesis.
In addition, electrochemical measurements were conducted using an 8-channel workstation (CHI 1040c, CH Instruments) with a three-electrode system: carbon rod (working), Ag/AgCl (reference), and Pt wire (counter) (Huang et al. 2022). Working electrodes were prepared by sonicating 20 mg ZVI material with 200 μL 5 wt% Nafion® in ethanol (30 min), followed by drop-casting 8 μL onto carbon rods. Then, the three electrodes were placed in a 50 mM Na2SO4 solution for electrochemical testing. Cyclic voltammetry (CV: −1 to 1 V, 100 mV s−1), electrochemical impedance spectroscopy (EIS: 10−2–105 Hz, −0.3 V initial potential), and Tafel analysis were executed sequentially. For the i-t curve, acetochlor was added to the Na2SO4 solution at 200 s to reach a concentration consistent with that of the degradation system. Each determination required reconfiguration of the reaction solution and repreparation of the carbon rod electrode.
Text S3 Determination of chlorophyll content in maize leaves
Fresh maize leaves (midribs removed) were rinsed three times with distilled water and gently dried with absorbent paper. The leaves were rapidly frozen in liquid nitrogen and ground into fine powder under dark conditions to prevent chlorophyll degradation. Precisely 0.1 g of powdered tissue was transferred to a 10 mL centrifuge tube containing 1 mL phosphate-buffered saline (PBS, pH 7.4). After vortex mixing, 4 mL of extraction solution (anhydrous ethanol: acetone = 1:2 v/v) was added to achieve a final volume of 5 mL. The mixture was thoroughly homogenized and incubated in darkness for over 3 h until complete tissue bleaching. Subsequently, the sample was centrifuged at 4000 rpm for 10 min, and 0.5 mL of supernatant was collected and diluted twofold with fresh extraction solution. Absorbance (A) was measured at 645 nm and 663 nm using a UV-Vis spectrophotometer (PE lambda 750) to calculate chlorophyll content via the Arnon equation (Zhang et al. 2023).
Text S4 Oxidative Damage Assessment in Maize Leaves
Reactive oxygen species (ROS) levels were quantified as follows: Fresh leaf tissue (0.1 g) was homogenized in PBS (pH 7.4) to prepare a 10% (w/v) tissue suspension. The homogenate was treated with an enzymatic digestion solution (containing 1% cellulase and 0.5% pectinase) and incubated at 37 °C for 30 min with intermittent cell disruption. The digested mixture was filtered through a 300-mesh nylon net, and the filtrate was centrifuged at 500 ×g for 10 min to pellet cellular debris. The pellet was washed twice with PBS to obtain a single-cell suspension, followed by resuspension in 1 mL PBS. Cells were incubated with 10 μM 2’,7’-dichlorodihydrofluorescein diacetate (DCFH-DA) in PBS for 30 min at 37 °C, followed by stimulation with 100 μM hydrogen peroxide (H2O2) to induce ROS production. After 60 min incubation, cells were collected by centrifugation at 1000 ×g for 10 min, and the supernatant was carefully aspirated. Fluorescence intensity (Ex/Em = 488/525 nm) was quantified using laser scanning confocal microscopy (Leica TCS SP8). Malondialdehyde (MDA) content, total phenol content, and total antioxidant capacity were analyzed using commercial assay kits (Nanjing Jiancheng Bioengineering Institute, China) following manufacturer protocols.
Text S5 Determination of iron content in maize and soil
[bookmark: _Hlk193636196]Maize plants iron analysis: Fresh maize roots and leaves (0.1 g) were digested in polytetrafluoroethylene (PTFE) tubes using the HNO3: HClO4: H2O2 mixture (5:2:1 v/v/v). The digestion process involved gradual heating from 100 °C (2 h) to 200 °C (10 h) until complete clarification. Cooled digests were diluted to 50 mL with deionized water, and iron concentration was determined via the ortho-phenanthroline colorimetric method at 510 nm using a UV-Vis spectrophotometer (Grillet et al. 2018).
[bookmark: _Hlk193636424]Soil iron species analysis: The content of amorphous iron, crystalline iron, and organic chelated iron in soil was determined according to the reported method (Wu et al. 2022). For amorphous iron, soil (1.0 g) was shaken with 0.2 M ammonium oxalate (1:50 w/v, pH 3.0) in darkness (25 °C, 2 h), centrifuged (4,000 ×g), and filtered. For crystalline iron, soil (1.0 g) was treated with 0.3 M sodium citrate and 1 M NaHCO3 (80 °C), supplemented with 0.5 g Na2S2O2, stirred for 15 min, and centrifuged to obtain free iron. The content of crystalline iron was calculated as the difference between amorphous iron and free iron. For organic chelated iron, soil (1.0 g) was extracted with 0.1 M sodium pyrophosphate (1:20 w/v, 25 °C, 2 h), followed by organic matter removal using KMnO4-H2SO4 oxidation. For total iron, soil (1.0 g) was extracted with 0.5 M HCl (1:20 w/v, 25 °C, 2 h). All extracts were analyzed by flame atomic absorption spectroscopy (ZEEnit 700P) with detection limits of 0.01 mg kg−1.
Text S6 Analysis of acetochlor and its degradation products in soil and maize
Sample preparation: Freeze-dried soil (5.0 g) or maize roots/leaves (0.5 g) were weighed into 50 mL PTFE centrifuge tubes. Acetonitrile (10 mL) and deionized water (5 mL) were added, followed by vortex mixing for 5 min. Subsequently, 4.0 g anhydrous MgSO4 and 1.0 g NaCl were added, and the mixture was vortexed for 1 min before centrifugation at 5000 rpm for 5 min. Then, 1.0 mL of the supernatant was transferred to a 2 mL centrifuge tube containing 50 mg primary secondary amine (PSA), 150 mg MgSO4, and 10 mg graphitized carbon black (GCB), followed by vortexing (1 min) and centrifuging (5000 rpm, 5 min). The final supernatant was filtered through a 0.22 μm filter membrane for analysis by UPLC-MS/MS analysis (Agilent 1290 Infinity ll-6470). 
Method validation: Stock solutions (100 mg L−1) of acetochlor and six metabolites in acetonitrile were serially diluted to concentrations of 10–5000 μg kg−1. Solvent and matrix-matched (soil, root, leaf) calibration curves demonstrated linearity. Sensitivity was defined by the limit of quantification (LOQ), equivalent to the lowest spiked concentration in recovery tests.
Chromatographic conditions: The chromatographic column used was an ACQUITY UPLC BEH C18 (50 mm × 2.1 mm, 1.7 μm); the mobile phase consisted of 0.1% formic acid aqueous solution (A) and acetonitrile (B). The gradient elution program was as follows: 0–2.5 min, 90% A–2% A; 2.5–3.5 min, 2% A; 3.5–3.6 min, 2% A–90% A; 3.6–4.0 min, 90% A. The flow rate was set at 0.3 mL min–1; the injection volume was 3 μL; and the column temperature was maintained at 35.0 °C. Mass spectrometry conditions: The mass spectrometry scanning mode was set to multiple reaction monitoring (MRM). For electrospray ionization in positive mode (ESI+), the ion source temperature was 550 °C; the electrospray voltage was 5500 V; the sheath gas pressure was 20 psi; the auxiliary gas pressure was 15 psi; the auxiliary heater gas pressure was 0 psi; and the collision gas pressure was 4 psi. For electrospray ionization in negative mode (ESI−), the ion source temperature was 550 °C; the electrospray voltage was −4000 V; the sheath gas pressure was 20 psi; the auxiliary gas pressure was 15 psi; the auxiliary heater gas pressure was 0 psi; and the collision gas pressure was 4 psi. Through the above conditions, the retention time of acetochlor and its degradation products was obtained (Fig. S17), and the average recovery of these substances in soil, maize root, and maize leaf was 79.4%–110.4%, and the relative standard deviation was 0.8%–5.4%, indicating that the accuracy and precision of the method were good and could be used for quantitative analysis.
[bookmark: _Hlk182045980][bookmark: _Hlk199751525]Text S7 Amphiphilic verification and adsorption/desorption experiments
[bookmark: _Hlk193644571]Amphiphilic verification: The hydrophilic-lipophilic balance of materials (nZVI, mZVI, NC-ZVI, or S-ZVI) was quantitatively assessed through two complementary approaches. Contact angle measurement: Surface hydrophobicity was determined via the static sessile drop method, where water contact angles  90° indicated hydrophobic dominance, while angles  90° suggested hydrophilic surfaces. Oil-Water Partitioning: Materials were dispersed in a biphasic system (n-hexane/water, 1:1 v/v). Hydrophilic particles accumulated in the aqueous phase, hydrophobic materials migrated to the organic phase, and amphiphilic materials exhibited interfacial distribution.
Aqueous phase adsorption experiments: 25 mg of ZVI material (nZVI, mZVI, NC-ZVI, or S-ZVI) was added to a 50 mL brown bottle. Then, 50 mL deionized water and 250 μL acetochlor stock solution (10000 mg L−1 in acetone, with acetone volume  0.5% to avoid co-solvent effects) were added, yielding an initial acetochlor concentration of 50 mg L−1 and material dosages of 0.5 g L−1. The mixture was purged with nitrogen for 30 min and incubated in a thermostatic shaker (25 °C, 150 rpm) in darkness for 12 h. At designated intervals (1, 3, 6, and 12 h), ZVI particles were magnetically separated, and the supernatant was transferred to a new vial. Adsorbed acetochlor was extracted by triple washing the ZVI with methanol (equal volume each time). Combined methanol extracts were analyzed to quantify acetochlor adsorbed on the material.
Soil phase desorption experiments: 25 mg of ZVI material (nZVI, mZVI, NC-ZVI, or S-ZVI) samples were enclosed in a Teflon mesh pouch and immersed in 40 mL brown sample bottles containing 25 g of acetochlor-contaminated soil (acetochlor concentration: 50 mg kg−1) and 25 mL of deionized water. The above series of sample bottles was shaken at 25 ℃, protected from light, and at 150 rpm for 12 h. The samples were removed and transferred to 50 mL centrifuge tubes, centrifuged at 8000 rpm for 10 min, and the supernatants were taken and passed through 0.22 μm nylon filter membranes for determination. Meanwhile, acetonitrile: water (2:1 v/v) was used to extract both the residual acetochlor in soil and adsorbed on the different ZVI materials. Acetochlor in the supernatant, soil, and material was determined using UPLC-MS/MS. Preliminary tests confirmed negligible adsorption of acetochlor onto the Teflon mesh. The total recovery of acetochlor in soil (both degraded and undegraded acetochlor) and material was ~ 98 % of the initial amount.
[bookmark: _Hlk182046015][bookmark: _Hlk199751539]Text S8 Soil sterilization experiments
Sterilized soil (100 g) was spiked with 0.25 mL acetochlor stock solution (1000 mg L−1 in acetone) in a 2 L beaker and thoroughly homogenized. After acetone evaporation in a fume hood, 400 g fresh soil was added to achieve a final acetochlor concentration of 5 mg kg−1. ZVI materials (nZVI, mZVI, NC-ZVI, or S-ZVI) were incorporated at 1000 mg kg−1 and uniformly mixed. The soil moisture was adjusted to 30% water-holding capacity and incubated in a climate-controlled chamber under 30 °C (day)/25 °C (night), 70% relative humidity, and 12 h light/dark cycles. Soil samples (~5 g) were collected at 1, 3, 7, 14, and 21 d, flash-frozen in liquid nitrogen, and stored at −80 °C until UPLC-MS/MS analysis. Microbial activity was suppressed throughout the experiment by periodic irrigation with 200 mg L−1 sodium azide (NaN3) solution.
[bookmark: _Hlk172899007][bookmark: _Hlk208346328][bookmark: _Hlk182046061]Text S9 Iron plaque characterization
Fresh maize root tips were sectioned and fixed in 2.5% glutaraldehyde (0.1 M phosphate buffer, pH 7.4) for 24 h at 4 °C, followed by post-fixation in 1% osmium tetroxide (90 min). Samples were dehydrated through an acetone gradient (30–100%), embedded in epoxy resin, and ultrathin-sectioned (70–90 nm) using a Leica UC7 ultramicrotome (Leica). Sections were stained with uranyl acetate-lead citrate and analyzed using a TEM equipped with EDS (Hitachi 7800). For SEM, fixed roots were rinsed in phosphate buffer, ethanol-dehydrated (50–100%), freeze-dried, and gold-sputtered (30 s) before imaging. The specimens were then analyzed using the SEM equipped with EDS (Hitachi Regulus 8100).
Text S10 Extraction of acetochlor from root iron plaque
[bookmark: _Hlk169963064]Maize roots (0.2 g) were rinsed and shaken in dithionite-citrate-bicarbonate (DCB) solution (0.03 mol L−1 Na3C6H5O7·2H2O, 0.125 mol L−1 NaHCO3, 0.172 mol L−1 Na2S2O4) at 25 ± 5 °C for 90 min. The extract was filtered through a 0.45 µm hydrophilic polyethersulfone membrane, and iron content was quantified by flame atomic absorption spectroscopy (ZEEnit 700P). Post-extraction roots were freeze-dried, and iron plaque mass was calculated by the ratio of extracted iron to root dry weight. Additionally, UPLC-MS/MS was used to determine the concentration of acetochlor and its metabolites in DCB extracts.
[bookmark: _Hlk183630315]Text S11 Determination of maize root exudates
Maize roots (100 mg fresh weight) were homogenized in pre-chilled 80% methanol containing 0.1% formic acid using a vigorous vortex. The homogenate was incubated on ice for 5 min and centrifuged at 15000 ×g (4 °C, 5 min). The supernatant was diluted with LC-MS grade water to 53% methanol, transferred to fresh tubes, and centrifuged again (15000 ×g, 4 °C for 10 min). The final supernatant was filtered (0.22 μm) for UHPLC-MS/MS analysis (Want et al. 2006). UHPLC-MS/MS analyses were performed using a Vanquish UHPLC system (Thermo Fisher) coupled with an Orbitrap Q ExactiveTM HF mass spectrometer in Biozeron Co., Ltd. Samples were injected onto a Hypesil Gold column (100×2.1 mm, 1.9 μm) using a 17-min linear gradient at a flow rate of 0.2 mL min−1. The eluents for the positive polarity mode were eluent A (0.1% FA in Water) and eluent B (Methanol). The eluents for the negative polarity mode were eluent A (5 mM ammonium acetate, pH 9.0) and eluent B (Methanol). The solvent gradient was set as follows: 2% B, 1.5 min; 2–100% B, 12.0 min; 100% B, 14.0 min; 100–2% B, 14.1 min; 2% B, 17 min. The Q ExactiveTM HF mass spectrometer was operated in positive/negative polarity mode with a spray voltage of 3.2 kV, a capillary temperature of 320 °C, a sheath gas flow rate of 40 arb, and an aux gas flow rate of 10 arb. Raw data were analyzed using Compound Discoverer 3.1 (Thermo Fisher) for peak alignment, feature extraction, and quantification. These metabolites were annotated using the KEGG database (https://www.genome.jp/kegg/pathway.html), HMDB database (https://hmdb.ca/metabolites), and LIPID Maps database (http://w lipidmaps.org/).
Text S12 Rhizosphere soil microbial community analysis
Total bacterial DNA was extracted from soil using the FAST DNATM Spin Kit for Soil. Subsequently, the quality and purity of DNA samples were assessed by 1% agarose gel electrophoresis, and the concentration was determined using NanoDrop. Samples that passed the quality assessment were used as templates for PCR amplification using genomic DNA. The DNA samples were submitted to Novogene Bioinformatics Technology Co. Ltd (Beijing, China) for high-throughput sequencing of bacterial 16S rRNA. The V4-V5 region was amplified with forward primer 515F and reverse primer 907R. The sequences of amplicons were sequenced on the Illumina Novaseq6000 platform. The raw data obtained from sequencing were first spliced and filtered to obtain valid data. Then, based on the valid data, they were passed through DADA2, and sequences with an abundance of less than 5 were filtered out to obtain the final Amplicon Sequence Variants (ASVs) (Bokulich et al. 2013; Liu et al. 2021). The Chao1, Shannon, and Simpson indices were used to describe the alpha diversity of soil, and Principal component analysis (PCoA) based on the Bray-Curtis distance was used to assess beta diversity. SIMPER analysis was performed via PRIMER-e v7 software (the similarity threshold set at 70%) to identify key phylum contributing to variations in the bacterial community.
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[bookmark: _Hlk208344921]Fig. S1 Soil remediation efficiency for NC-ZVI at 0–10000 mg kg−1.
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Fig. S2 Morphological characterization of ZVI materials. SEM images of (a) nZVI, (b) mZVI, (c) NC-ZVI, and (d) S-ZVI.

[image: ]
Fig. S3 Electrochemical analysis of ZVI materials. (a) The i-t curve of the electrode was modified by NC-ZVI. (b) Tafel curve and (c) electrochemical impedance spectroscopy for nZVI, mZVI, NC-ZVI, and S-ZVI.
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Fig. S4 Physiological response of ZVI materials to maize under acetochlor-contaminated soil. (a) Total phenol content and (b) total antioxidant capacity.
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Fig. S5 Toxicity assessment of acetochlor and its degradation products. (a, b) Chronic toxicity and (c, d) acute toxicity to daphnia magna and zebrafish for acetochlor, acetochlor OXA, acetochlor ESA, acetochlor 2-OH, CMEPA, EMA, and HEMA.
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[bookmark: _Hlk199751653][bookmark: _Hlk183544778][bookmark: _Hlk199752153]Fig. S6 Correlation analysis between maize biomass and pollutant residues. Relationships for (a) acetochlor ESA in maize leaf, (b) acetochlor ESA in maize root, (c) CMEPA in maize leaf, and (d) EMA in maize leaf.
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Fig. S7 Effect of ZVI materials on acetochlor removal in uncultivated soil. (a) Contents of acetochlor and its degradation products. (b) Acetochlor degradation kinetics.
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[bookmark: _Hlk182046231][bookmark: _Hlk175430675]Fig. S8 Degradation of acetochlor in aqueous solution by ZVI materials. (a) Degradation kinetics and (b) degradation rate constant (kobs) of acetochlor by nZVI, mZVI, NC-ZVI, and S-ZVI. Reaction conditions: materials = 0.5 g L−1, acetochlor = 50 mg L−1, no pH adjustment, anoxic.
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Fig. S9 Amphiphilic properties of NC-ZVI. (a) Contact angles for NBC and nZVI. (b) Partitioning of the ZVI materials in a water-oil (n-hexane) system.
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Fig. S10 Contribution of adsorption and degradation at different times (1, 3, 6, and 12 h) under NC-ZVI and S-ZVI treatment.
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[bookmark: _Hlk183544698]Fig. S11 Microbial community analysis under uncultivated soil and NC-ZVI-amended soil. (a) PCoA analysis. (b) Relative abundance of soil microorganisms at the genus level.
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[bookmark: _Hlk193615577]Fig. S12 Acetochlor degradation products content in maize root and iron plaque under ZVI materials. (a) Acetochlor OXA content. (b) Acetochlor OXA content.

[bookmark: _Hlk191052750][image: ]
Fig. S13 SEM images of root surfaces and SEM-EDS treated with acetochlor-contaminated soil (Control) and acetochlor-contaminated soil amended with NC-ZVI and S-ZVI.
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[bookmark: _Hlk199752073]Fig. S14 Effects of ZVI materials on soil physicochemical properties. (a) Total iron content and (b) soil pH. ns, not significant.
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[bookmark: _Hlk191051967]Fig. S15 Effects of NC-ZVI on acetochlor fate after pre-cultivation in NC-ZVI-amended soil for 21 d. (a) Acetochlor content in root iron plaque. (b) Acetochlor content in maize leaf.
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[bookmark: _Hlk177500769]Fig. S16 Soil microbial diversity indices. (a) Shannon index. (b) Simpson index.
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Fig. S17 Liquid chromatograms of acetochlor and its degradation products Acetochlor OXA, Acetochlor ESA, Acetochlor 2-OH, CMEPA, EMA, and HEMA in UPLC-MS/MS.

Supplementary tables

[bookmark: _Hlk199751276]Table S1 Physicochemical properties of acetochlor and its degradation products.
	Component
	Name
	CAS
	Structure
	Purity (%)

	2-Chloro-2’-methyl-6’-ethyl-N-ethoxymethyl
	Acetochlor
	34256-82-1
	[image: ]
	99.0

	Acetochlor oxalamic acid
	Acetochlor OXA
	194992-44-4
	[image: ]
	95.8

	Acetochlor ethane sulfonic acid sodium salt
	Acetochlor ESA
	947604-84-5
	[image: ]
	92.1

	Acetochlor-2-hydroxy
	Acetochlor 2-OH
	60090-47-3
	[image: ]
	99.7

	2-Chloro-n-(2-ethyl-6-methyl-phenyl)-acetamide
	CMEPA
	32428-71-0
	[image: ]
	99.3

	2-methyl-6-ethylaniline
	EMA
	24549-06-2
	[image: ]
	99.7

	2-Hydroxyethyl methacrylate
	HEMA
	196611-19-5
	[image: ]
	96.2




[bookmark: _Hlk199751320]Table S2 Average recovery rate and relative standard deviation (RSD) of acetochlor and its degradation products in soil and maize tissues at the addition level of 10–1000 µg kg−1.
	Sample
	Component
	Recovery rate at 10, 100, and 1000 µg kg−1 (%)
	RSD at 10, 100, and 1000 µg kg−1 (%)

	Soil
	Acetochlor
	103.5, 97.2, 100.7
	3.5, 1.9, 1.5

	Soil
	Acetochlor OXA
	79.4, 88.7, 98.6
	2.2, 1.6, 1.1

	Soil
	Acetochlor ESA
	85.7, 95.3, 91.5
	3.6, 3.0, 2.0

	Soil
	Acetochlor 2-OH
	91.4, 91.6, 96.3
	1.1, 1.8, 1.9

	Soil
	CMEPA
	96.4, 99.6, 95.6
	1.0, 1.1, 2.3

	Soil
	EMA
	89.8, 91.6, 98.9
	2.5, 2.4, 1.6

	Soil
	HEMA
	101.1, 110.4, 103.5
	1.7, 2.3, 2.8

	Maize root
	Acetochlor
	108.1, 95.1, 103.3
	1.8, 2.3, 1.2

	Maize root
	Acetochlor OXA
	86.6, 93.6, 97.9
	2.5, 1.1, 0.9

	Maize root
	Acetochlor ESA
	81.3, 93.1, 92.7
	1.3, 2.8, 1.9

	Maize root
	Acetochlor 2-OH
	94.9, 90.4, 80.4
	1.6, 3.1, 2.7

	Maize root
	CMEPA
	100.1, 88.6, 99.3
	2.1, 3.0, 1.7

	Maize root
	EMA
	97.6, 104.3, 95.2
	1.9, 3.0, 2.5

	Maize root
	HEMA
	100.0, 104.3, 101.9
	1.3, 3.0, 1.4

	Maize leaf
	Acetochlor
	97.4, 94.9, 101.1
	0.8, 2.4, 2.4

	Maize leaf
	Acetochlor OXA
	86.1, 81.7, 98.8
	1.8, 5.2, 0.8

	Maize leaf
	Acetochlor ESA
	90.9, 95.9, 87.9
	1.7, 4.5, 1.5

	Maize leaf
	Acetochlor 2-OH
	95.9, 85.5, 87.3
	1.5, 3.4, 2.5

	Maize leaf
	CMEPA
	98.5, 98.0, 99.4
	1.0, 5.4, 1.3

	Maize leaf
	EMA
	92.0, 93.8, 94.7
	1.5, 1.0, 2.7

	Maize leaf
	HEMA
	100.8, 105.0, 99.1
	3.1, 1.7, 2.2




Table S3 Element composition and SSA of different materials.
	Materials
	Element composition (%)
	SSA (m2 g−1)

	
	Fe
	C
	S
	O
	N
	H
	

	N-doped biochar
	ND
	90.21
	ND
	3.02
	4.63
	2.14
	151.29

	nZVI
	95.24
	ND
	ND
	4.76
	ND
	ND
	27.38

	mZVI
	97.23
	ND
	ND
	2.77
	ND
	ND
	2.74

	NC-ZVI
	89.71
	8.44
	ND
	0.11
	0.86
	0.88
	18.12

	S-ZVI
	91.64
	ND
	5.71
	1.21
	ND
	1.44
	8.46
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