


Materials and methods
1. Samples preparation before determination
50.0 g of each soil sample was immediately divided for soil moisture determination (10.0 g), dissolved organic carbon (DOC) and NH4+-N and NO3--N extraction (10.0 g). The remaining soil sample was air dried, grounded and sieved to obtain different sizes for pH determination (less than 2 mm, 10.0 g), available phosphorus (AP) determination (less than 0.85 mm, 2.5 g), for soil sucrase (S-SC) (0.06 g), soil urease (S-UE) (0.10 g) and soil acid phosphatase (S_ACP) (0.10 g) determination (less than 0.425 mm), and pollutants concentration and soil organic matter (SOM) determination (less than 0.149 mm, 0.10 g for pollutants and 1.0 g for SOM).
2. Soil metagenomic sequencing and data processing
The quality of DNA extract was checked on 1% agarose gel. The extracted and purified DNA was fragmented to an average size of about 400 bp using Covaris M220 (Gene Company Limited, China) for paired-end library construction, which was performed by using NEXTFLEX® Rapid DNA-Seq (Bioo Scientific, Austin, USA). Adapters containing the full complement of sequencing primer hybridization sites were ligated to the blunt-end of fragments.
The paired-end Illumina reads were trimmed of adaptors, and low-quality reads (length < 50 bp or with a quality value < 20 or having N bases) were removed by fastp [1]. Contigs with the length being or over 300 bp were retained for the subsequently gene prediction and annotation.
High-quality reads were aligned to the non-redundant gene catalogue using SOAPaligner [2] to calculate gene abundance at 95% identity.
3. Metabolite profiling
The LC-MS/MS non-targeted metabolomic analysis of rhizosphere soils was conducted according to the method described in a previous study [3]. Briefly, 1000 mg of rhizosphere soil sample was mixed with 1000 μl of extraction solution (methanol: water = 4:1 (v:v), which containing 0.02 mg/ml of internal standard (L-2-chlorophenylalanine)) and a 6mm diameter grinding bead in a 2 ml centrifuge tube for metabolite extraction.
Subsequently, the mixture was ground (-10℃, 50Hz, 6 minutes), followed by low-temperature ultrasonic extraction (5℃, 40Hz, 30 minutes), left at -20 ℃ for 30 minutes, then centrifuged (4℃, 13000 g, 15 minutes). The supernatant was dried by nitrogen blowing, and then re-dissolved by 120 μl of acetonitrile water (1:1) solution, followed by low-temperature ultrasonic extraction (5℃, 40Hz, 10 minutes), and centrifuged (4℃, 13000 g, 15 minutes). The supernatant was transferred to sample vials for metabolite profiling.
The LC-MS/MS analysis of sample was conducted on a Thermo UHPLC-Q Exactive HF-X system equipped with an ACQUITY HSS T3 column (100 mm × 2.1 mm i.d., 1.8 μm; Waters, USA) at Majorbio Bio-Pharm Technology Co. Ltd. (Shanghai, China). Sample quality control is performed throughout the entire analysis process to assess its stability. The quality control sample is made by mixing the extraction solution of all samples in equal volumes, and the volume of the quality control sample is the same as the sample volume.
Mobile phase A is water (containing 0.1% formic acid), mobile phase B is acetonitrile (containing 0.1% formic acid), mobile phase C is water (containing 6.5mM NH4HCO3), and mobile phase D is 95% methanol water (containing 6.5 mM NH4HCO3). Mobile phases A and B were used in positive mode, and mobile phases C and D were used in negative mode. The column temperature was 40℃ and the injection volume was 3 μl. The mass spectrometric data were collected using a Thermo UHPLC-Q Exactive HF-X Mass Spectrometer equipped with an electrospray ionization (ESI) source operating in positive mode and negative mode. The optimal conditions were set as followed: heater temperature at 425℃; sheath gas flow rate at 50 arb; Aux gas flow rate at 13 arb; spray voltage at 3500V in positive mode and -3500V in negative mode; Normalized collision energy, 20-40-60 eV; Full MS resolution was 60000; MS2 resolution was 7500; The scanning range was 70-1050 m/z.  
The preprocessing method is as follows: the detected metabolic features in any group of samples shall not be less than 80%. After filtering, for specific samples with metabolite levels below the lower limit of quantification, the minimum metabolite value was estimated and each metabolic signature was normalized to the sum. The response intensities of the sample mass spectrometry peaks were normalized using the sum normalization method to reduce errors caused by sample preparation and instrument instability, to obtain the normalized data matrix. Meanwhile, QC sample variables with relative standard deviation (RSD)>30% were excluded. Then the data was performed logarithmic transformation to obtain the final data matrix containing information such as retention time, mass to charge ratio (m/z) for subsequent analysis. Mass spectra of these metabolic features were identified by using the accurate mass, MS/MS fragments spectra and isotope ratio difference with searching in reliable biochemical databases as Human metabolome database (HMDB) and Metlin database.
Results
1. Heavy metal concentrations in fava bean seeds
Concentrations of heavy metals in fava beans were listed in Table S6. According to the National Standard for Food Security - Limits of Contaminants in Food (GB 2762-2022), the concentrations of Cd, As and Pb in fava beans did not exceed the safety limits, while the concentration of Ni exceeded the safety limits.
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