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[bookmark: OLE_LINK32]1. Methods
S1. Soil physicochemical and enzyme activity analyses
[bookmark: OLE_LINK104]Soil pH was measured using a glass electrode at a soil-to-water ratio of 1:2.5 (v/w). Soil organic carbon (SOC) was determined using the potassium dichromate oxidation method with external heating. Total nitrogen (TN) analysis was based on Kjeldahl digestion. The quantification of total phosphorus (TP) was conducted using the molybdenum-antimony anti-spectrophotometric method after HClO₄-H₂SO₄ digestion. Ammonium nitrogen (NH₄⁺-N) and nitrate nitrogen (NO₃⁻-N) were extracted with 0.5 mol L⁻¹ KCl solution and determined using a continuous flow analyzer (AutoAnalyzer-AA3; Seal Analytical, Norderstedt, Germany). Available phosphorus (AP) was extracted using 0.5 mol L⁻¹ NaHCO₃ and measured spectrophotometrically (Bao, 2000).
[bookmark: OLE_LINK136]Soil enzyme activities related to carbon, nitrogen, and phosphorus cycling were assayed fluorometrically using 96-well microplates (Saiya-Cork et al. 2002). The following substrates were used: 4-MUB-β-D-glucoside for β-1,4-glucosidase (BG), 4-MUB-β-D-cellobioside for cellobiohydrolase (CBH), 4-MUB-N-acetyl-β-D-glucosaminide for β-1,4-N-acetylglucosaminidase (NAG), and L-leucine-7-amido-4-methylcoumarin for leucine aminopeptidase (LAP), and 4-MUB-phosphate for alkaline phosphatase (ALP). Briefly, 1 g (dry weight equivalent) of fresh soil was suspended in 125 mL of Tris-HCl buffer and shaken for 1 min. Reaction wells contained 150 μL of soil suspension and 50 μL of substrate solution. The final substrate concentration was 200 μM, which was sufficient for substrate saturation and enzyme activity measurement. Fluorescence intensity was recorded at excitation/emission wavelengths of 365/450 nm using a microplate reader (Infinite 200 PRO; Tecan Trading AG, Switzerland). Enzyme activities were expressed as the amount of substrate hydrolyzed per hour and gram of soil on a dry weight basis (nmol h⁻¹ g⁻¹).
S2. High-throughput sequencing and data processing
S2.1. DNA extraction, PCR amplification, and library construction
[bookmark: OLE_LINK139]Microbial genomic DNA was extracted from rhizosphere soil samples using the E.Z.N.A.® Soil DNA Kit (Omega Bio-Tek, USA) as per the manufacturer’s instructions. DNA integrity was assessed by 1% agarose gel electrophoresis. DNA concentration and purity were quantified using NanoDrop 2000 (Thermo Scientific, USA). Qualified DNA was used as the template to amplify the V3-V4 region of the bacterial 16S rRNA genes. The forward primer was 338F (5′-ACTCCTACGGGAGGCAGCAG-3′) and the reverse primer was 806R (5′-GGACTACHVGGGTWTCTAAT-3′). Each PCR reaction contained 15 μL of Phusion® High-Fidelity PCR Master Mix (New England Biolabs, USA), 2 μM of each primer, and 10 ng of template DNA. The thermocycling conditions were as follows: initial denaturation at 98°C for 1 min; 30 cycles of 98°C for 10 s, 50°C for 30 s, and 72°C for 30 s; and a final extension step at 72°C for 5 min.
PCR products were checked by 2% agarose gel electrophoresis. Amplicons were pooled in equimolar ratios and purified using a Gel Extraction Kit (Qiagen, Germany). Library preparation was done using the TruSeq® DNA PCR-Free Library Preparation Kit (Illumina, USA) with index barcodes. Library concentration and quality were assessed with a Qubit® 2.0 Fluorometer (Thermo Scientific) and Bioanalyzer 2100 (Agilent Technologies, USA), respectively. Paired-end sequencing (250 bp) was performed on the Illumina NovaSeq 6000 platform by Magigene (Guangzhou, China).
S2.3. Data processing and bioinformatic analysis
[bookmark: OLE_LINK140][bookmark: OLE_LINK141][bookmark: OLE_LINK1][bookmark: OLE_LINK142]Raw reads were merged using FLASH v1.2.11 (Magoc and Salzberg 2011). Quality filtering was performed to obtain high-quality clean tags using Fastp v0.20.0 (Chen et al. 2018). Chimeric sequences were removed using Vsearch v2.15.0 (Rognes et al. 2016), generating effective tags for downstream analyses. Amplicon sequence variants (ASVs) were inferred using the DADA2 pipeline implemented in QIIME2 v2022.2 (Callahan et al. 2016). Taxonomic annotation of ASVs was performed using the SILVA reference database (Lei et al., 2025). ASV tables were rarefied to the minimum sequencing depth across samples. The Simpson index was used to measure bacterial α-diversity and calculated using the picante package in R (Kembel et al. 2010). To quantify community heterogeneity, β-diversity analysis based on Bray-Curtis dissimilarity matrices was performed using the vegan packe in R (Okansen et al. 2013).
S3. Isolation and identification of rhizosphere bacteria
S3.1. Bacterial isolation and purification
[bookmark: OLE_LINK116][bookmark: OLE_LINK28]Rhizosphere bacterial isolation was performed using the method of Zhang et al. (2021) with minor modifications. Approximately 1 g of fresh rhizosphere soil was suspended in 9 mL of sterile distilled water and shaken at 200 rpm for 30 min. The resulting suspension was serially diluted (10⁻¹–10⁻⁵) with sterile water. Aliquots of 100 μL from the 10⁻³–10⁻⁵ dilutions were spread evenly on tryptic soy broth (TSB) agar plates. After incubation (28°C, 3 days), colonies with distinct morphologies were selected and purified by repeated streaking on fresh TSB agar plates. The purified isolates were preserved in 20% (v/v) glycerol and stored at −80°C.
TSB medium (per liter): pancreatic digest of casein, 17.0 g; papaic digest of soybean meal, 3.0 g; sodium chloride (NaCl), 5.0 g; dipotassium hydrogen phosphate (K₂HPO₄), 2.5 g; dextrose (glucose), 2.5 g; agar (for solid medium), 15.0 g; distilled water, 1000 mL; adjusted to pH 7.3 ± 0.2 and autoclaved at 121°C for 15 min before use.
S3.2. DNA extraction, PCR amplification, and 16S rRNA gene sequencing
[bookmark: OLE_LINK4]Alkaline lysis was used to extract genomic DNA from the purified isolates. Briefly, bacterial cells were suspended in 50 μL of sterile water. The cell suspension was heated at 95°C for 10 min and then centrifuged at 12,000 × g for 5 min. The supernatant containing genomic DNA was used directly as the PCR template. The bacterial 16S rRNA gene of each isolate was amplified using universal primers. The forward primer was 27F (5′-AGAGTTTGATCCTGGCTCAG-3′) and the reverse primer was 1492R (5′-ACGGCTACCTTGTTACGACTT-3′). PCR reactions were carried out in a total volume of 50 μL, containing 25 μL of 2× Taq Mix, 19 μL of sterile deionized water, 2 μL of each primer, and 2 μL of the DNA template. The thermocycling conditions were as follows: initial denaturation at 95°C for 10 min; 35 cycles of denaturation at 95°C for 45 s, annealing at 55°C for 45 s, and extension at 72°C for 1 min; followed by a final extension step at 72°C for 10 min. PCR products were checked by 1% agarose gel electrophoresis and subsequently sent to Sangon Biotech (Shanghai, China) for sequencing. The obtained gene sequences were aligned against the EzBioCloud database (https://www.ezbiocloud.net/) to identify closely related reference strains.
S4. Evaluation of plant growth-promoting traits of the isolated bacteria
[bookmark: OLE_LINK18][bookmark: OLE_LINK11]S4.1. Nitrogen fixation and phosphate solubilization analysis
Ashby nitrogen-free medium was used to assess the nitrogen-fixing activity of the isolated strains. Their phosphate solubilization ability was evaluated using Mongina organic phosphate medium and NBRIP inorganic phosphate medium (Nautiyal, 1999). Each strain was aseptically inoculated onto the respective agar media using a sterile inoculating loop. Plates were incubated at 28°C in an inverted position for 5 days, with colonies producing clear halos considered positive and subjected to secondary screening. The selected strains were cultured in TSB broth for 24 h. Then, 0.8 cm-diameter agar plugs were cut and placed onto the respective agar media. After incubation (28°C, 5 days), the diameter of the halo formed around each agar plug was measured. Halo formation was scored as follows: no halo = 0; halo diameter of 2.5 mm = 1; 2.5–5 mm = 2; and >5 mm = 3.
S4.2. Indole-3-acetic acid (IAA) production analysis
Bacterial IAA production was determined using the Salkowski colorimetric technique (Bano and Musarrat 2003). A stock solution of IAA (100 mg·L⁻¹) was prepared by dissolving 10 mg of IAA in a small amount of ethanol and diluting to 100 mL with deionized water. Standard solutions (0–100 mg·L⁻¹) were prepared and stored in the dark. The Salkowski reagent was freshly prepared by mixing 1 mL of 0.5 M FeCl₃ solution with 49 mL of HClO₄. One milliliter of each standard solution was mixed with an equal volume of the Salkowski reagent, followed by incubation in the dark for 30 min. Absorbance of the reaction mixture at 530 nm was measured to establish the standard curve. For quantification, each isolated strain was inoculated (1%, v/v) into TSB broth and cultured at 28°C with shaking (150 rpm) for 3 days. The culture supernatant was reacted with the Salkowski reagent, and the IAA concentration was determined using to the standard curve.
[bookmark: OLE_LINK19]S4.3 Siderophore production analysis
[bookmark: OLE_LINK20]Bacterial siderophore production was assessed using the Chrome Azurol S (CAS) assay (Perez-Miranda et al. 2007). When preparing the CAS reagent, all glassware was pretreated with 6 M HCl to remove trace iron. Six milliliters of 10 mM hexadecyltrimethylammonium bromide solution was diluted with deionized water in a 100 mL volumetric flask. A mixture of 1 mM FeCl₃ solution (1.5 mL) and 2 mM CAS solution (7.5 mL) was added to the same flask. Then, 4.307 g of anhydrous piperazine was dissolved in 30 mL of deionized water, and the pH was adjusted to 5.6 using HCl. The piperazine solution was transferred into the same flask, and the final volume was made up to 100 mL with deionized water. Each isolated strain was inoculated (1%, v/v) into TSB broth and incubated at 28°C 2 days. The culture was centrifuged at 10,000 × g for 10 min, and 100 μL of the supernatant was mixed with an equal volume of the CAS reagent. After 60 min of dark incubation, absorbance of the reaction mixture at 630 nm (A) was recorded. A reference absorbance (Ar) was obtained using uninoculated TSB broth prepared in the same manner. The relative siderophore production rate was calculated as:
[bookmark: OLE_LINK5]Relative siderophore production rate (%) = (Ar – A) / Ar × 100%.
S4.4. 1-Aminocyclopropane-1-carboxylate (ACC) deaminase activity analysis
Bacterial ACC deaminase activity was assayed following the method described by Penrose and Glick (Penrose and Glick 2003) with slight modifications. Each isolated strain was grown in nitrogen-free Dworkin and Foster (DF) medium (28°C, 125 rpm, 2 days). Cells were harvested by centrifugation (10,000 × g, 10 min) and washed three times with sterile DF medium. After that, cells were transferred to the DF medium supplemented with 0.5 g·L⁻¹ ACC that had been filter-sterilized and was added after autoclaving. Following incubation (28°C, 125 rpm, 2 days), cells were collected by centrifugation (8,000 × g, 10 min). The cell pellet was resuspended in 0.1 M Tris-HCl buffer (pH 8.5), followed by ultrasonication to disrupted cells. The supernatant was used as the crude enzyme extract.
[bookmark: OLE_LINK22][bookmark: OLE_LINK3]The reaction mixture containing 1 mL Tris-HCl buffer, 5 mM ACC, and 1 mL crude enzyme extract was incubated at 37°C for 30 min. The reaction was terminated by adding 50 μL 0.5 M HCl, followed by 300 μL of 0.2% 2,4-dinitrophenylhydrazine (in 2 M HCl). After color development (30°C, 15 min), 2 mL of 2 M NaOH was added to the reaction mixture, and the absorbance at 540 nm was measured. Enzyme activity was determined from a standard curve prepared with α-ketobutyrate and expressed as μmol α-ketobutyrate·min⁻¹·mg⁻¹ protein.
DF minimal medium (per liter): Glucose, 2.0 g; KH₂PO₄, 0.2 g; Na₂HPO,₄ 0.8 g’ MgSO₄·7H₂O, 0.2 g; FeSO₄·7H₂O, 0.01 g; CaCl₂, 0.02 g; trace element solution, 1 mL; and distilled water, 1000 mL; adjusted to pH 7.2 and autoclaved at 121°C for 15 min before use.
Trace element solution (per liter): H₃BO₃, 2.8 mg; ZnSO₄·7H₂O, 1.4 mg; MnCl₂·4H₂O, 1.8 mg; CuSO₄·5H₂O, 0.04 mg; and MoO₃, 0.02 mg.
S5. Construction and evaluation of the Synthetic Microbial Community (SynCom)
S5.1. Preparation of bacterial inoculant
A native SynCom was developed using four core strains with strong plant growth-promoting activities, designated Pseudomonas piscicola CH-RS23, Curtobacterium allii ZM-RS40, Acinetobacter oryzae ZM-RS39, and Peribacillus frigoritolerans CH-RS15. Each strain was inoculated into 20 mL of TSB broth in a 50 mL Erlenmeyer flask. The culture was shaken at 180 rpm, 28°C until the optical density reached approximately 10⁸ CFU mL⁻¹. The bacterial suspensions of the four strains were mixed in equal volumes to obtain the SynCom, maintaining the same final concentration as that of each strain (Li et al. 2024).
[bookmark: OLE_LINK9][bookmark: OLE_LINK2]S5.2. Preparation of wheat seedlings
The drought-sensitive wheat (Triticum aestivum L.) variety “Zhengmai 9023” (ZM) was originally bred by the Wheat Research Institute of the Henan Academy of Agricultural Sciences in collaboration with Northwest A&F University. ZM seeds were selected for uniform size and surface-sterilized with 70% ethanol for 1 min, followed by 2% sodium hypochlorite for 10 min. After five rinses with sterile distilled water, sterilized seeds were soaked until fully imbibed. For germination, seeds were placed on 1.4% water agar medium until coleoptiles emerged. Uniformly germinated seedlings were transplanted into cultivation bags (3–4 plants per bag) containing 800 mL of perlite mixed with vermiculite (3:2, v/v). Before transplanting, the substrate was supplemented with 350 mL of Hoagland’s nutrient solution per bag (Chen et al. 2022), with pH adjusted to 7.0 ± 0.2 and sterilized at 121°C for 25 min. Seedlings were grown under controlled conditions for two weeks and then thinned to two healthy plants per bag.
S5.3. Inoculation and drought treatments
[bookmark: OLE_LINK12]Seedlings were grown in a growth chamber at 26°C with a 14 h light/10 h dark photoperiod. One week after transplanting, 2.5 mL of the SynCom suspension (10⁸ CFU mL⁻¹) was applied to the root zone using a sterile syringe. Uninoculated controls received an equal volume of sterile water. Each treatment included 10 biological replicates. When seedlings reached the two-leaf stage, drought stress was imposed by adding 10% or 20% polyethylene glycol 6000 solution. Non-stressed controls were irrigated with sterile water. Six treatments were established: (1) uninoculated, no drought; (2) uninoculated, moderate drought; (3) uninoculated, severe drought; (4) inoculated, no drought; (5) inoculated, moderate drought; and (6) inoculated, severe drought. After 12 days of drought treatment, seedlings were carefully removed, and roots were gently washed. Root length, shoot height, fresh weight, and dry weight were measured to evaluate plant growth performance.


[image: ]2. Figures
[bookmark: OLE_LINK15][bookmark: OLE_LINK77]Fig. S1. Effects of different N addition levels on plant height (A) and biomass (B) of wheat crops across genotypes. CH, drought-tolerant “Changhan 58”; ZM, drought-sensitive “Zhengmai 9023”. N0, N90, and N180 represent the N treatments at 0, 90, and 180 kg ha⁻¹, respectively. Data are the mean ± SD (n = 18). Different lowercase letters indicate significant differences among N treatments within the same genotype (P < 0.05), and different uppercase letters indicate significant differences between genotypes under the same N level (P < 0.05).


[bookmark: OLE_LINK25][image: ]Figure S2 Non-metric multidimensional scaling (NMDS) analysis of rhizosphere bacterial community structure in two wheat genotypes under different N addition levels. N0, N90, and N180 represent the N treatments at 0, 90, and 180 kg N ha⁻¹, respectively. CH, drought-tolerant variety “Changhan 58”; ZM, drought-sensitive variety “Zhengmai 9023”.


[bookmark: OLE_LINK134][image: ]Fig. S3. Phylogenetic tree based on the 16S rRNA gene sequences of the isolated strains from this study and the reference strains retrieved from the EzBioCloud database. Tree was constructed using the neighbor-joining method. Different colors indicate distinct bacterial genera.
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[image: ]Fig. S4. Supplementary Fig. Sx. Effects of individual strains, the core SynCom, and a compatible non-core bacterial mixture on wheat seedling growth under PEG-simulated osmotic stress. Effects of individual core strains, the core SynCom, and a compatible non-core bacterial mixture on wheat seedling growth under PEG-simulated osmotic stress. ZM wheat seedlings were grown on sterile 1/2 MS agar plates under 0% and 10% PEG conditions and inoculated with individual strains, the four-strain core SynCom, or a compatible non-core bacterial mixture. Plant height (PH), root length (RL), and fresh weight were measured after inoculation. Bars represent mean ± SD (n = 10). Asterisks indicate significant differences compared with CK under the same PEG condition (*P < 0.05, **P < 0.01, and ***P < 0.001). CK, uninoculated control; Core, four-strain core SynCom; No-core, compatible non-core bacterial mixture; PH, plant height; RL, root length.

3. Tables
Table S1. Two-way ANOVA of soil physicochemical properties under different N addition levels across wheat genotypes in dryland.
	Soil property
	[bookmark: OLE_LINK40]Wheat genotype
	[bookmark: OLE_LINK41][bookmark: OLE_LINK38]N addition
	Genotype × N

	
	F
	P
	F
	P
	F
	P

	pH
	0.857
	0.373
	1.103
	0.363
	2.625
	0.113

	SOC (g kg-1)
	1.171
	0.300
	7.352
	0.008**
	1.151
	0.349

	TN (g kg-1)
	0.153
	0.702
	6.240
	0.014*
	0.683
	0.524

	TP (g kg-1)
	7.837
	0.016**
	2.804
	0.100
	1.020
	0.390

	NH₄⁺-N (mg kg-1)
	8.161
	0.014**
	9.480
	0.003**
	14.066
	<0.001***

	NO₃⁻N (mg kg-1)
	0.148
	0.707
	27.587
	<0.001***
	0.314
	0.736

	AP (g kg-1)
	0.042
	0.841
	2.876
	0.095
	0.677
	0.527


[bookmark: _Hlk219901118]Note: * P < 0.05, ** P < 0.01, and *** P < 0.001. SOC, soil organic carbon; TN, total nitrogen; TP, total phosphorus; NH₄⁺-N, ammonium nitrogen; NO₃⁻-N, nitrate nitrogen; AP, available phosphorus.


Table S2. Changes in soil physicochemical properties with different N addition levels and wheat genotypes.
	Wheat genotype
	N addition
	pH
	SOC (g kg-1)
	TN (g kg-1)
	NH₄⁺-N (mg kg-1)
	NO₃⁻-N (mg kg-1)
	TP (g kg-1)
	AP (g kg-1)

	[bookmark: OLE_LINK59]CH
	N0
	8.44 ± 0.033Aa
	8.61 ± 0.229Ab
	0.96 ± 0.025Ab
	6.15 ± 0.456Aa
	2.67 ± 0.076Ab
	0.83 ± 0.034Aa
	0.054 ± 0.0025Aa

	
	N90
	8.33 ± 0.023Aa
	9.66 ± 0.345Aa
	1.00 ± 0.009Aa
	4.40± 0.281Ab
	2.63 ± 0.215Ab
	0.90 ± 0.008Aa
	0.047 ± 0.0025Aa

	
	N180
	8.31 ± 0.058Aa
	9.16 ± 0.109Ab
	1.01 ± 0.002Aa
	3.71 ± 0.036Ab
	4.81 ± 0.415Aa
	0.88 ± 0.011Aa
	0.052 ± 0.0079Aa

	ZM
	N0
	8.35 ± 0.012Aa
	9.18 ± 0.238Ab
	0.94 ± 0.011Ab
	4.00± 0.184Bb
	2.66 ± 0.493Ab
	0.90 ± 0.012Ba
	0.061± 0.0041Aa

	
	N90
	8.37 ± 0.025Aa
	9.94 ± 0.322Aa
	1.02 ± 0.022Aa
	4.22 ± 0.230Ba
	3.02 ± 0.051Ab
	0.91 ± 0.029Ba
	0.045 ± 0.0039Aa

	
	N180
	8.28 ± 0.056Aa
	8.98 ± 0.182Ab
	0.99 ± 0.023Aa
	4.22 ± 0.178Ba
	4.73 ± 0.355Aa
	0.93 ± 0.003Ba
	0.048 ± 0.0051Aa


[bookmark: _Hlk219904146]Note: CH represents the drought-tolerant variety “Changhan 58” and ZM represents the drought-sensitive variety “Zhengmai 9023”. N0, N90, and N180 indicate the N treatments at 0, 90, and 180 kg N ha⁻¹, respectively. Data are the mean ± SD (n = 18). Different lowercase letters indicate significant differences among N treatments within the same genotype (P < 0.05), while different uppercase letters indicate significant differences between genotypes under the same N treatment (P < 0.05).



[bookmark: OLE_LINK10]Table S3. Two-way ANOVA of soil enzyme activities under different N addition levels across wheat genotypes in dryland.
	Enzyme activity
	Wheat genotype
	N addition
	Genotype × N

	
	F
	P
	F
	P
	F
	P

	BG (nmol h⁻¹ g⁻¹)
	2.337
	0.152
	1.423
	0.279
	0.087
	0.917

	CBH (nmol h⁻¹ g⁻¹)
	3.416
	0.089
	11.323
	0.002**
	2.628
	0.113

	[bookmark: OLE_LINK101]NAG (nmol h⁻¹ g⁻¹)
	1.275
	0.281
	4.228
	0.041*
	9.789
	0.003**

	[bookmark: _Hlk219901137]LAP (nmol h⁻¹ g⁻¹)
	0.014
	0.907
	0.152
	0.86
	2.474
	0.126

	ALP (nmol h⁻¹ g⁻¹)
	0.471
	0.506
	13.305
	<0.001***
	0.956
	0.412


Note: * P < 0.05, ** P < 0.01, and *** P < 0.001. BG, β-1,4-glucosidase; CBH, cellobiohydrolase; NAG, β-1,4-N-acetylglucosaminidase; LAP, leucine aminopeptidase; and ALP, alkaline phosphatase.

Table S4. Changes in soil enzyme activities with different N addition levels and wheat genotypes.
	Wheat genotype
	N addition
	BG (nmol h⁻¹ g⁻¹)
	CBH (nmol h⁻¹ g⁻¹)
	NAG (nmol h⁻¹ g⁻¹)
	LAP (nmol h⁻¹ g⁻¹)
	ALP (nmol h⁻¹ g⁻¹)

	CH
	N0
	0.037 ± 0.022Aa
	0.006 ± 0.003Ab
	0.007 ± 0.001Ab
	0.215 ± 0.019Aa
	0.082 ± 0.008Ab

	
	N90
	0.049 ± 0.004Aa
	0.011 ± 0.001Aa
	0.006 ± 0.002Aa
	0.198 ± 0.012Aa
	0.147 ± 0.036Aa

	
	N180
	0.050 ± 0.005Aa
	0.011 ± 0.002Aa
	0.009 ± 0.000Aa
	0.212 ± 0.017Aa
	0.143 ± 0.054Aa

	ZM
	N0
	0.049 ± 0.009Aa
	0.008 ± 0.000Ab
	0.006 ± 0.001Ab
	0.195 ± 0.013Aa
	0.082 ± 0.010Ab

	
	N90
	0.056 ± 0.008Aa
	0.010 ± 0.002Aa
	0.011 ± 0.002Aa
	0.221 ± 0.008Aa
	0.141 ± 0.013Aa

	
	N180
	0.057 ± 0.013Aa
	0.016 ± 0.004Aa
	0.008 ± 0.002Aa
	0.206 ± 0.027Aa
	0.177 ± 0.010Aa


Note: CH represents the drought-tolerant variety “Changhan 58” and ZM represents the drought-sensitive variety “Zhengmai 9023”. N0, N90, and N180 indicate the N treatments at 0, 90, and 180 kg N ha⁻¹, respectively. Data are the mean ± SD (n = 18). Different lowercase letters indicate significant differences among N treatments within the same genotype (P < 0.05), while different uppercase letters indicate significant differences between genotypes under the same N treatment (P < 0.05).

	Table S5 Differential analysis of the relative abundance of major phyla in rhizosphere bacterial communities associated with two wheat genotypes under different N addition levels.

	Genotype
	Nitrogen
	Acidobacteriota
	Proteobacteria
	Actinobacteriota
	Chloroflexi
	Bacteroidota
	Gemmatimonadota
	Myxococcota
	Verrucomicrobiota
	Nitrospirota
	Firmicutes

	CH
	N0
	0.215 ± 0.044Ab
	0.279 ± 0.052Aa
	0.087 ± 0.078Aa
	0.070 ± 0.022Aa
	0.130 ± 0.012Aa
	0.048 ± 0.013Aa
	0.039 ± 0.010Aa
	0.035 ± 0.001Aa
	0.044 ± 0.016Aab
	0.037 ± 0.015Aa

	
	N90
	0.384 ± 0.082Aa
	0.233 ± 0.091Aab
	0.061 ± 0.024Aa
	0.051 ± 0.010Aa
	0.063 ± 0.036Ab
	0.038 ± 0.006Aa
	0.042 ± 0.017Aa
	0.038 ± 0.007Aa
	0.028 ± 0.005Ab
	0.028 ± 0.012Aa

	
	N180
	0.253 ± 0.028Ab
	0.136 ± 0.012Ab
	0.088 ± 0.040Aa
	0.072 ± 0.008Aa
	0.014 ± 0.004Ac
	0.056 ± 0.016Aa
	0.058 ± 0.027Aa
	0.032 ± 0.010Aa
	0.065 ± 0.012Aa
	0.032 ± 0.010Aa

	ZM
	N0
	0.326 ± 0.055Aa
	0.226 ± 0.044Aa
	0.068 ± 0.024Aa
	0.062 ± 0.008Aa
	0.050 ± 0.019Aa
	0.042 ± 0.005Aa
	0.041 ± 0.010Aa
	0.047 ± 0.002Ab
	0.034 ± 0.009Aa
	0.030 ± 0.006Aa

	
	N90
	0.260 ± 0.013Ab
	0.117 ± 0.018Ab
	0.079 ± 0.028Aa
	0.068 ± 0.014Aa
	0.046 ± 0.057Aa
	0.048 ± 0.011Aa
	0.050 ± 0.020Aa
	0.059 ± 0.002Aa
	0.051 ± 0.023Aa
	0.042 ± 0.012Aa

	
	N180
	0.285 ± 0.054Aa
	0.191 ± 0.065Aab
	0.073 ± 0.026Aa
	0.059 ± 0.012Aa
	0.122 ± 0.023Aa
	0.057 ± 0.008Aa
	0.048 ± 0.026Aa
	0.059 ± 0.010Aa
	0.021 ± 0.003Aa
	0.035 ± 0.018Aa

	Note: CH represents the wheat variety "Changhan 58"; ZM represents the wheat variety "Zhengmai 9023". N0, N90, and N180 denote the N treatments at 0, 90, and 180 kg/ha, respectively. Different lowercase letters in a column indicate significant differences among different nitrogen levels within the same genotype (P < 0.05), while different uppercase letters indicate significant differences between the two genotypes under the same N level (P < 0.05).



	Table S6 PERMANOVA results for rhizosphere bacterial communities in two wheat genotypes under different N addition levels.

	Group
	Source
	Community distance
	F
	R2
	P

	Whole
	Genotype
	Bray-Curtis
	0.517
	0.033
	0.654

	
	N level
	Bray-Curtis
	0.415
	0.052
	0.877

	
	Genotype:N level
	Bray-Curtis
	1.256
	0.158
	0.277

	Genotype
	CH
	N0*N90
	Bray-Curtis
	0.853
	0.176
	0.5

	
	
	N0*N180
	Bray-Curtis
	0.564
	0.124
	0.6

	
	
	N90*N180
	Bray-Curtis
	1.095
	0.215
	0.2

	
	ZM
	N0*N90
	Bray-Curtis
	1.252
	0.238
	0.3

	
	
	N0*N180
	Bray-Curtis
	0.917
	0.187
	0.5

	
	
	N90*N180
	Bray-Curtis
	0.571
	0.125
	0.8

	N addition
	N0
	CH*ZM
	Bray-Curtis
	1.04
	0.206
	0.3

	
	N90
	CH*ZM
	Bray-Curtis
	1.406
	0.26
	0.2

	
	N180
	CH*ZM
	Bray-Curtis
	0.705
	0.15
	0.5

	Note: CH represents the wheat variety "Changhan 58"; ZM represents the wheat variety "Zhengmai 9023". N0, N90, and N180 denote the N treatments at 0, 90, and 180 kg/ha, respectively. * P < 0.05, ** P < 0.01, and *** P < 0.001.



	Table S7 Taxonomic information and plant growth-promoting traits of bacterial strains isolated from wheat rhizosphere soils.

	Strain ID
	Phylum
	Class
	Order
	Family
	Genus
	Species
	N fixationa
	P solubilizationb
	IAA production  (mg L-1)
	Siderophore production rate (%)
	ACC deaminase activity (μmol/(min mg-1))

	ZM-RS31
	Proteobacteria
	Gammaproteobacteria
	Moraxellales
	Moraxellaceae
	Acinetobacter
	Acinetobacter tibetensis
	2
	0
	5.864311
	67.63 
	0

	ZM-RS32
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Plantibacter
	Plantibacter flavus
	2
	0
	4.719072
	21.03 
	0.058938843

	ZM-RS33
	Proteobacteria
	Betaproteobacteria
	Burkholderiales
	Ralstonia_f
	Cupriavidus
	Cupriavidus neocaledonicus
	1
	0
	4.084088
	37.67 
	0.041914932

	ZM-RS34
	Proteobacteria
	Gammaproteobacteria
	Moraxellales
	Moraxellaceae
	Acinetobacter
	Acinetobacter oryzae
	1
	0
	3.823291
	39.73 
	0.049137197

	ZM-RS35
	Bacteroidetes
	Flavobacteriia
	Flavobacteriales
	Weeksellaceae
	Chryseobacterium
	Chryseobacterium indoltheticum
	0
	0
	0
	0.00 
	0

	ZM-RS36
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Cytobacillus
	Cytobacillus oceanisediminis
	0
	0
	0
	0.00 
	0

	ZM-RS37
	Proteobacteria
	Gammaproteobacteria
	Enterobacterales
	Erwiniaceae
	Pantoea
	Pantoea endophytica
	2
	0
	5.546819
	18.77 
	0.043978436

	CH-RS37
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Curtobacterium
	Curtobacterium allii
	3
	0
	5.013886
	53.50 
	0.053264206

	CH-RS38
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas alliivorans
	2
	0
	4.492292
	77.20 
	0.042430808

	ZM-RS38
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas paraglycinae
	1
	2
	7.020889
	11.13 
	0.03959349

	ZM-RS39
	Proteobacteria
	Gammaproteobacteria
	Moraxellales
	Moraxellaceae
	Acinetobacter
	Acinetobacter oryzae
	1
	0
	4.821123
	52.50 
	0.086796152

	ZM-RS40
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Curtobacterium
	Curtobacterium allii
	3
	3
	19.323704
	13.40 
	0.052490392

	ZM-RS41
	Proteobacteria
	Betaproteobacteria
	Burkholderiales
	Ralstonia_f
	Cupriavidus
	Cupriavidus phytorum
	1
	0
	3.800613
	23.87 
	0.035466481

	ZM-RS42
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Cytobacillus
	Cytobacillus oceanisediminis
	2
	0
	5.886989
	55.07 
	0.065129356

	ZM-RS43
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Clavibacter
	Clavibacter capsici
	0
	0
	0
	0.00 
	0

	ZM-RS44
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium algeriense
	1
	0
	4.231495
	0.00 
	0.041914932

	ZM-RS45
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium foliorum
	3
	0
	5.172632
	36.97 
	0.033402977

	CH-RS39
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium oxydans
	2
	0
	4.265512
	68.40 
	0.077252444

	CH-RS40
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas paraglycinae
	2
	0
	3.72124
	11.13 
	0.069772241

	CH-RS41
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas alliivorans
	2
	0
	7.996043
	0.00 
	0.021537826

	CH-RS42
	Proteobacteria
	Gammaproteobacteria
	Moraxellales
	Moraxellaceae
	Acinetobacter
	Acinetobacter oryzae
	0
	0
	0
	0.00 
	0

	CH-RS43
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas paraglycinae
	2
	0
	6.227159
	11.13 
	0.075704815

	CH-RS44
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Cytobacillus
	Cytobacillus oceanisediminis
	3
	0
	5.183971
	27.97 
	0.059712657

	CH-RS45
	Actinobacteria
	Actinomycetia
	Dermatophilales
	Arsenicicoccaceae
	Arsenicicoccus
	Arsenicicoccus bolidensis
	2
	1
	4.095427
	62.00 
	0.06461348

	CH-RS46
	Proteobacteria
	Gammaproteobacteria
	Moraxellales
	Moraxellaceae
	Acinetobacter
	Acinetobacter oryzae
	1
	0
	6.975533
	0.00 
	0.052490392

	CH-RS47
	Proteobacteria
	Alphaproteobacteria
	Rhizobiales
	Phyllobacteriaceae
	Phyllobacterium
	Phyllobacterium ifriqiyense
	2
	2
	5.274683
	79.50 
	0.043462561

	CH-RS48
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium foliorum
	3
	0
	5.3087
	74.67 
	0.041399056

	CH-RS49
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium murale
	3
	0
	6.113769
	23.87 
	0.032887101

	CH-RS50
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Fictibacillus
	Fictibacillus barbaricus
	0
	0
	0
	0.00 
	0

	CH-RS51
	Proteobacteria
	Alphaproteobacteria
	Rhizobiales
	Phyllobacteriaceae
	Phyllobacterium
	Phyllobacterium ifriqiyense
	2
	0
	5.274683
	79.37 
	0.02231164

	CH-RS52
	Proteobacteria
	Alphaproteobacteria
	Rhizobiales
	Phyllobacteriaceae
	Phyllobacterium
	Phyllobacterium ifriqiyense
	2
	0
	5.274683
	47.13 
	0.050942763

	CH-RS53
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas viridiflava
	0
	0
	6.32921
	57.93 
	0.02231164

	CH-RS54
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Plantibacter
	Plantibacter flavus
	3
	0
	5.739582
	26.63 
	0.059454719

	CH-RS55
	Actinobacteria
	Actinomycetia
	Micrococcales
	Micrococcaceae
	Arthrobacter
	Arthrobacter pascens
	0
	0
	4.809784
	69.20 
	0.038045862

	CH-RS56
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas paraglycinae
	0
	0
	5.08192
	11.13 
	0.03959349

	CH-RS57
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Rathayibacter
	Rathayibacter rubneri
	0
	0
	0
	0.00 
	0

	CH-RS58
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium algeriense
	0
	0
	4.231495
	0.00 
	0.033402977

	ZM-RS46
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas iranensis
	0
	0
	0
	0.00 
	0

	ZM-RS47
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas piscicola
	0
	0
	4.571665
	11.77 
	0.206737342

	CH-RS59
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas viridiflava
	0
	0
	0
	0.00 
	0

	CH-RS60
	Actinobacteria
	Actinomycetia
	Micrococcales
	Micrococcaceae
	Paenarthrobacter
	Paenarthrobacter aurescens
	0
	0
	0
	0.00 
	0

	ZM-RS48
	Proteobacteria
	Gammaproteobacteria
	Enterobacterales
	Yersiniaceae
	Serratia
	Serratia quinivorans
	0
	0
	0
	0.00 
	0

	ZM-RS49
	Actinobacteria
	Actinomycetia
	Micrococcales
	Micrococcaceae
	Paenarthrobacter
	Pseudomonas viridiflava
	0
	0
	0
	0.00 
	0

	ZM-RS50
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium algeriense
	0
	0
	4.231495
	0.00 
	0.041914932

	ZM-RS51
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium algeriense
	0
	0
	4.231495
	0.00 
	0.041914932

	CH-RS61
	Actinobacteria
	Actinomycetia
	Micrococcales
	Micrococcaceae
	Paenarthrobacter
	Paenarthrobacter aurescens
	0
	0
	3.630528
	78.87 
	0.039335551

	ZM-RS52
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium oxydans
	2
	0
	4.265512
	68.40 
	0.077252444

	ZM-RS53
	Proteobacteria
	Alphaproteobacteria
	Rhizobiales
	Phyllobacteriaceae
	Phyllobacterium
	Phyllobacterium ifriqiyense
	2
	0
	5.274683
	28.10 
	0.050942763

	CH-RS62
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Plantibacter
	Plantibacter flavus
	3
	0
	5.852972
	35.00 
	0.058938843

	ZM-RS1
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Peribacillus
	Peribacillus frigoritolerans
	1
	0
	5.909667
	38.47 
	0.045784003

	ZM-RS2
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Peribacillus
	Peribacillus frigoritolerans
	0
	0
	0
	0.00 
	0

	ZM-RS3
	Actinobacteria
	Actinomycetia
	Streptomycetales
	Streptomycetaceae
	Streptomyces
	Streptomyces roseifaciens
	3
	3
	4.798445
	12.83 
	0.051200702

	ZM-RS4
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Peribacillus
	Peribacillus frigoritolerans
	0
	0
	0
	0.00 
	0

	ZM-RS5
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Bacillus
	Bacillus zanthoxyli
	0
	0
	0
	0.00 
	0.012252057

	CH-RS1
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas chlororaphis subsp. aurantiaca
	0
	0
	0
	0.00 
	0

	CH-RS2
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas chlororaphis subsp. aurantiaca
	2
	2
	6.862143
	23.93 
	0.04088318

	CH-RS3
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Priestia
	Priestia aryabhattai
	0
	0
	0
	0.00 
	0

	CH-RS4
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Priestia
	Bacillus arachidis
	1
	0
	8.37023
	65.40 
	0.064097603

	CH-RS5
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Priestia
	Priestia aryabhattai
	2
	3
	3.766596
	40.60 
	0.043204622

	ZM-RS6
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Peribacillus
	Peribacillus frigoritolerans
	1
	0
	5.127276
	35.43 
	0.206737342

	ZM-RS7
	Firmicutes
	Bacilli
	Bacillales
	Planococcaceae
	Lysinibacillus
	Lysinibacillus pakistanensis
	1
	0
	3.857308
	67.23 
	0.03159741

	ZM-RS8
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Peribacillus
	Peribacillus frigoritolerans
	0
	0
	0
	0.00 
	0

	ZM-RS9
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Bacillus
	Bacillus zanthoxyli
	2
	0
	3.800613
	23.27 
	0.035208543

	ZM-RS10
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas piscicola
	1
	0
	4.106766
	25.50 
	0.789935257

	CH-RS6
	Proteobacteria
	Gammaproteobacteria
	Lysobacterales
	Lysobacteraceae
	Stenotrophomonas
	Stenotrophomonas lactitubi
	1
	0
	4.254173
	14.87 
	0.017410818

	CH-RS7
	Firmicutes
	Bacilli
	Bacillales
	Paenibacillaceae
	Paenibacillus
	Paenibacillus xylanexedens
	1
	0
	3.210985
	78.10 
	0

	CH-RS8
	Firmicutes
	Bacilli
	Bacillales
	Paenibacillaceae
	Paenibacillus
	Paenibacillus cucumis
	1
	3
	3.72124
	77.80 
	0.046041941

	ZM-RS11
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Priestia
	Priestia aryabhattai
	2
	0
	5.784938
	72.40 
	0.025148959

	ZM-RS12
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Priestia
	Bacillus zanthoxyli
	0
	0
	0
	0.00 
	0

	CH-RS9
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Fictibacillus
	Fictibacillus barbaricus
	2
	0
	5.320039
	15.67 
	0.050942763

	CH-RS10
	Actinobacteria
	Actinomycetia
	Streptomycetales
	Streptomycetaceae
	Streptomyces
	Streptomyces roseifaciens
	0
	0
	0
	0.00 
	0.015089376

	CH-RS11
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Priestia
	Priestia aryabhattai
	0
	0
	0
	0.00 
	0

	CH-RS12
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Priestia
	Priestia aryabhattai
	0
	0
	0
	0.00 
	0

	CH-RS13
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas piscicola
	0
	2
	4.571665
	11.77 
	0.206737342

	CH-RS14
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Rossellomorea
	Rossellomorea marisflavi
	2
	1
	4.719072
	59.27 
	0

	CH-RS15
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Peribacillus
	Peribacillus frigoritolerans
	2
	0
	4.51497
	28.20 
	0.032371224

	CH-RS16
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Bacillus
	Bacillus arachidis
	1
	2
	4.333546
	49.83 
	0.073641312

	CH-RS17
	Actinobacteria
	Actinomycetia
	Micrococcales
	Micrococcaceae
	Glutamicibacter
	Glutamicibacter nicotianae
	3
	0
	4.605682
	47.40 
	0.027470402

	CH-RS18
	Firmicutes
	Bacilli
	Bacillales
	Paenibacillaceae
	Paenibacillus
	Paenibacillus massiliensis subsp. massiliensis
	2
	1
	4.605682
	52.60 
	0.038303799

	CH-RS19
	Proteobacteria
	Gammaproteobacteria
	Lysobacterales
	Lysobacteraceae
	Stenotrophomonas
	Stenotrophomonas lactitubi
	0
	0
	4.118105
	76.33 
	0.046557817

	CH-RS20
	Firmicutes
	Bacilli
	Bacillales
	Paenibacillaceae
	Brevibacillus
	Brevibacillus formosus
	2
	0
	7.12294
	40.60 
	0.048879259

	CH-RS21
	Actinobacteria
	Actinomycetia
	Micrococcales
	Micrococcaceae
	Glutamicibacter
	Glutamicibacter nicotianae
	0
	0
	0
	0.00 
	0

	[bookmark: _Hlk234523339]ZM-RS13
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Bacillus
	Bacillus velezensis
	3
	0
	5.705565
	32.93 
	0.034950605

	ZM-RS14
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Bacillus
	Bacillus velezensis
	0
	0
	0
	0.00 
	0

	ZM-RS15
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Metabacillus
	Metabacillus idriensis
	1
	0
	3.857308
	28.93 
	0.060486471

	ZM-RS16
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Bacillus
	Bacillus arachidis
	2
	0
	5.388073
	20.47 
	0.048363383

	ZM-RS17
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Bacillus
	Bacillus velezensis
	0
	0
	0
	0.00 
	0

	CH-RS22
	Proteobacteria
	Betaproteobacteria
	Burkholderiales
	Comamonadaceae
	Variovorax
	Variovorax beijingensis
	0
	0
	0
	0.00 
	0

	CH-RS23
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	[bookmark: RANGE!G91]Pseudomonas piscicola
	2
	3
	6.136447
	28.70 
	0.703526013

	ZM-RS18
	Actinobacteria
	Actinomycetia
	Micrococcales
	Micrococcaceae
	Arthrobacter
	Arthrobacter rhizosphaerae
	2
	0
	4.095427
	15.60 
	0.120070159

	ZM-RS19
	Actinobacteria
	Actinomycetia
	Micrococcales
	Micrococcaceae
	Arthrobacter
	Arthrobacter rhizosphaerae
	0
	0
	0
	0.00 
	0

	CH-RS24
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Bacillus
	Bacillus halotolerans
	3
	0
	4.583004
	35.00 
	0.053522144

	CH-RS25
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium resistens
	1
	0
	3.641867
	16.10 
	1.173489128

	CH-RS26
	Actinobacteria
	Actinomycetia
	Cellulomonadales
	Jonesiaceae
	Sanguibacter
	Sanguibacter inulinus
	0
	0
	0
	0.00 
	0

	CH-RS27
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium foliorum
	2
	0
	3.517138
	12.70 
	0.350150894

	CH-RS28
	Actinobacteria
	Actinomycetia
	Micrococcales
	Micrococcaceae
	Glutamicibacter
	Glutamicibacter mishrai
	3
	0
	3.970698
	15.90 
	0.24517011

	[bookmark: _Hlk234523398]CH-RS29
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium natoriense
	2
	2
	4.583004
	19.53 
	0.441718899

	CH-RS30
	Proteobacteria
	Gammaproteobacteria
	Lysobacterales
	Lysobacteraceae
	Stenotrophomonas
	Stenotrophomonas bentonitica
	0
	0
	0
	0.00 
	0.024375145

	CH-RS31
	Proteobacteria
	Gammaproteobacteria
	Lysobacterales
	Lysobacteraceae
	Stenotrophomonas
	Stenotrophomonas lactitubi
	1
	0
	3.743918
	12.17 
	0.113105832

	CH-RS32
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium foliorum
	2
	2
	3.94802
	26.10 
	0.297789471

	ZM-RS20
	Proteobacteria
	Gammaproteobacteria
	Lysobacterales
	Lysobacteraceae
	Stenotrophomonas
	Stenotrophomonas bentonitica
	0
	0
	3.347053
	37.13 
	0.212669916

	CH-RS33
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas fungipugnans
	0
	0
	0
	0.00 
	0.024633083

	ZM-RS21
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Cytobacillus
	Cytobacillus oceanisediminis
	0
	0
	0
	0.00 
	0.04475225

	ZM-RS22
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium binotii
	2
	0
	3.460443
	12.87 
	0.522969382

	ZM-RS23
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium foliorum
	2
	0
	4.344885
	29.70 
	0.066419046

	CH-RS34
	Actinobacteria
	Actinomycetia
	Micrococcales
	Micrococcaceae
	Arthrobacter
	Arthrobacter pascens
	1
	0
	4.254173
	33.90 
	0.055585648

	ZM-RS24
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Bacillus
	Bacillus safensis subsp. safensis
	2
	0
	3.857308
	17.30 
	0.411798086

	ZM-RS25
	Proteobacteria
	Alphaproteobacteria
	Rhizobiales
	Rhizobiaceae
	Agrobacterium
	Agrobacterium tomkonis
	0
	2
	5.002547
	15.07 
	0.18713405

	ZM-RS26
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium murale
	2
	0
	4.084088
	25.83 
	0.533544843

	CH-RS35
	Actinobacteria
	Actinomycetia
	Micrococcales
	Micrococcaceae
	Arthrobacter
	Arthrobacter pascens
	1
	0
	3.630528
	15.80 
	0.157213238

	CH-RS36
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium foliorum
	0
	0
	0
	0.00 
	0.047589569

	ZM-RS27
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium thalassium
	2
	1
	3.675884
	0.00 
	0.524001135

	ZM-RS28
	Actinobacteria
	Actinomycetia
	Micrococcales
	Micrococcaceae
	Arthrobacter
	Arthrobacter globiformis
	2
	2
	3.925342
	68.93 
	0.157213238

	ZM-RS29
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Bacillus
	Bacillus australimaris
	1
	2
	3.902664
	0.00 
	0.111300265

	ZM-RS30
	Proteobacteria
	Gammaproteobacteria
	Lysobacterales
	Lysobacteraceae
	Stenotrophomonas
	Stenotrophomonas geniculata
	1
	0
	3.914003
	0.00 
	0.017926694

	a N-fixation ability was evaluated based on the size of the halo zone:0, no halo; 1, presence of halo; 2, halo diameter = 2.5–5 mm; 3, halo diameter > 5 mm. b Phosphate-solubilizing ability was evaluated based on the size of the halo zone: 0, no halo; 1, presence of halo; 2, halo  diameter = 2.5–5 mm; 3, halo diameter > 5 mm.



Table S8. Topological properties of rhizosphere bacterial co-occurrence networks under different N addition levels.
	Network metric
	N0
	N90
	N180

	Number of nodes
	1062
	1077
	1103

	Number of edges
	45381
	47112
	59835

	Average degree
	85.786
	87.896
	108.89

	Positive correlations (%)
	56.46
	50.73
	51.04

	Negative correlations (%)
	43.54
	49.27
	48.96

	Average clustering coefficient
	0.597
	0.574
	0.584

	Number of modules
	23
	17
	42

	Modularity
	3.107
	25.731
	14.575

	Average path length
	3.776
	3.608
	3.403

	Number of module hubs
	42
	35
	21

	Number of connectors
	232
	269
	130

	Number of network hubs
	0
	0
	0

	Total keystone nodes
	274
	304
	151


Note: N0, N90, and N180 indicate the N treatments at 0, 90, and 180 kg ha⁻¹, respectively.


	Table S9 BLAST comparison of 16S rRNA gene sequences between the isolated strains and high-throughput sequencing data.

	16S rRNA gene sequence
	Genus
	Isolated strain
	Sequence similarity (%)

	ASV_5
	Pseudomonas
	ZM-RS46
	100

	ASV_5
	Pseudomonas
	CH-RS56
	99.77

	ASV_5
	Pseudomonas
	CH-RS43
	99.77

	ASV_5
	Pseudomonas
	CH-RS40
	99.77

	ASV_5
	Pseudomonas
	ZM-RS38
	99.77

	ASV_6
	Variovorax
	CH-RS22
	98.84

	ASV_13
	Phyllobacterium
	ZM-RS53
	100

	ASV_13
	Phyllobacterium
	CH-RS52
	100

	ASV_13
	Phyllobacterium
	CH-RS51
	100

	ASV_13
	Phyllobacterium
	CH-RS47
	100

	ASV_18
	Pseudomonas
	ZM-RS10
	100

	ASV_18
	Pseudomonas
	ZM-RS47
	100

	ASV_18
	Pseudomonas
	CH-RS33
	98.84

	ASV_18
	Pseudomonas
	CH-RS23
	98.84

	ASV_18
	Pseudomonas
	CH-RS13
	98.37

	ASV_18
	Pseudomonas
	CH-RS2
	98.14

	ASV_18
	Pseudomonas
	CH-RS1
	98.14

	ASV_21
	Arthrobacter
	ZM-RS19
	100

	ASV_21
	Arthrobacter
	ZM-RS18
	100

	ASV_21
	Arthrobacter
	ZM-RS28
	98.78

	ASV_21
	Arthrobacter
	CH-RS35
	98.78

	ASV_21
	Arthrobacter
	CH-RS34
	98.78

	ASV_21
	Arthrobacter
	CH-RS61
	98.78

	ASV_21
	Arthrobacter
	ZM-RS49
	98.78

	ASV_21
	Arthrobacter
	CH-RS60
	98.78

	ASV_21
	Arthrobacter
	CH-RS59
	98.78

	ASV_21
	Arthrobacter
	CH-RS53
	98.78

	ASV_58
	Agrobacterium
	ZM-RS25
	99.01

	ASV_65
	Streptomyces
	CH-RS10
	98.05

	ASV_65
	Streptomyces
	ZM-RS3
	98.05

	ASV_70
	Curtobacterium
	ZM-RS43
	98.05

	ASV_70
	Curtobacterium
	ZM-RS40
	98.05

	ASV_70
	Curtobacterium
	CH-RS37
	98.05

	ASV_88
	Priestia
	CH-RS12
	100

	ASV_88
	Priestia
	CH-RS11
	100

	ASV_88
	Priestia
	ZM-RS12
	100

	ASV_88
	Priestia
	ZM-RS11
	100

	ASV_88
	Priestia
	ZM-RS9
	100

	ASV_88
	Priestia
	CH-RS5
	100

	ASV_88
	Priestia
	CH-RS3
	100

	ASV_88
	Priestia
	ZM-RS5
	100

	ASV_112
	Acinetobacter
	CH-RS46
	100

	ASV_112
	Acinetobacter
	CH-RS42
	100

	ASV_112
	Acinetobacter
	ZM-RS39
	100

	ASV_112
	Acinetobacter
	ZM-RS34
	100

	ASV_112
	Acinetobacter
	ZM-RS31
	100

	ASV_122
	Stenotrophomonas
	CH-RS30
	100

	[bookmark: _Hlk223536939]ASV_224
	Pseudomonas
	CH-RS41
	98.38

	ASV_224
	Pseudomonas
	CH-RS38
	98.38

	ASV_279
	Peribacillus
	CH-RS15
	100

	ASV_279
	Peribacillus
	ZM-RS8
	100

	ASV_279
	Peribacillus
	ZM-RS6
	100

	ASV_279
	Peribacillus
	ZM-RS4
	100

	ASV_279
	Peribacillus
	ZM-RS2
	100

	ASV_279
	Peribacillus
	ZM-RS1
	100

	ASV_313
	Rathayibacter
	CH-RS57
	98.55

	ASV_363
	Chryseobacterium
	ZM-RS35
	98.35

	ASV_387
	Bacillus
	ZM-RS16
	100

	ASV_387
	Bacillus
	CH-RS16
	100

	ASV_387
	Bacillus
	CH-RS4
	100

	ASV_612
	Serratia
	ZM-RS48
	100

	ASV_845
	Cytobacillus
	ZM-RS21
	100

	ASV_845
	Cytobacillus
	CH-RS44
	100

	ASV_845
	Cytobacillus
	ZM-RS42
	100

	ASV_845
	Cytobacillus
	ZM-RS36
	100

	ASV_969
	Cupriavidus
	ZM-RS41
	99.54

	ASV_969
	Cupriavidus
	ZM-RS33
	99.54

	ASV_1329
	Pantoea
	ZM-RS37
	99.54

	ASV_2340
	Bacillus
	ZM-RS29
	99.54

	ASV_2340
	Bacillus
	ZM-RS24
	99.54

	ASV_2340
	Bacillus
	ZM-RS15
	98.61

	ASV_3136
	Microbacterium
	ZM-RS26
	99.75

	ASV_3136
	Microbacterium
	CH-RS29
	99.75

	ASV_3136
	Microbacterium
	CH-RS36
	99.51

	ASV_3136
	Microbacterium
	ZM-RS23
	99.51

	ASV_3136
	Microbacterium
	CH-RS32
	99.51

	ASV_3136
	Microbacterium
	CH-RS27
	99.51

	ASV_3136
	Microbacterium
	CH-RS48
	99.51

	ASV_3136
	Microbacterium
	ZM-RS45
	99.51

	ASV_3136
	Microbacterium
	ZM-RS52
	99.26

	ASV_3136
	Microbacterium
	ZM-RS51
	99.26

	ASV_3136
	Microbacterium
	CH-RS58
	99.26

	ASV_3136
	Microbacterium
	CH-RS39
	99.26

	ASV_3136
	Microbacterium
	ZM-RS44
	99.26

	ASV_3136
	Microbacterium
	CH-RS25
	98.28

	ASV_3136
	Microbacterium
	ZM-RS27
	98.03

	ASV_3136
	Microbacterium
	ZM-RS22
	98.03

	ASV_3136
	Microbacterium
	CH-RS62
	98.03

	ASV_3136
	Microbacterium
	CH-RS54
	98.03

	ASV_3136
	Microbacterium
	ZM-RS32
	98.03

	ASV_3367
	Streptomyces
	CH-RS10
	98.05

	ASV_3367
	Streptomyces
	ZM-RS3
	98.05

	ASV_8265
	Curtobacterium
	ZM-RS40
	98.29

	ASV_8265
	Curtobacterium
	CH-RS37
	98.29

	ASV_10779
	Stenotrophomonas
	CH-RS31
	98.37

	ASV_10779
	Stenotrophomonas
	CH-RS19
	98.37

	ASV_10779
	Stenotrophomonas
	CH-RS6
	98.37

	ASV_10779
	Stenotrophomonas
	ZM-RS30
	98.14

	ASV_10779
	Stenotrophomonas
	ZM-RS20
	98.14

	ASV_11055
	Pseudomonas
	CH-RS41
	98.84

	ASV_11055
	Pseudomonas
	CH-RS38
	98.84




Table S10. Annotation of bacterial strains used in the synthetic microbial community.
	
	[bookmark: _Hlk213768823]Strain
	Phylum
	Class
	Order
	Family
	Genus
	Species

	[bookmark: _Hlk234523812]Core
	[bookmark: OLE_LINK91]CH-RS23
	Proteobacteria
	Gammaproteobacteria
	Pseudomonadales
	Pseudomonadaceae
	Pseudomonas
	Pseudomonas piscicola

	
	ZM-RS40
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Curtobacterium
	Curtobacterium allii

	
	ZM-RS39
	Proteobacteria
	Gammaproteobacteria
	Moraxellales
	Moraxellaceae
	Acinetobacter
	Acinetobacter oryzae

	
	CH-RS15
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Peribacillus
	Peribacillus frigoritolerans

	[bookmark: _Hlk234523237]No-core
	CH-RS14
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Rossellomorea
	Rossellomorea marisflavi

	
	ZM-RS13
	Firmicutes
	Bacilli
	Bacillales
	Bacillaceae
	Bacillus
	Bacillus velezensis

	
	CH-RS29
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium natoriense

	
	CH-RS49
	Actinobacteria
	Actinomycetia
	Microbacteriales
	Microbacteriaceae
	Microbacterium
	Microbacterium murale


[bookmark: OLE_LINK135]
[bookmark: OLE_LINK168]Table S11. Plant growth-promoting traits of bacterial strains used in the synthetic microbial community.
	
	Strain
	N fixation
	P solubilization
	IAA production
(mg L-1)
	[bookmark: OLE_LINK8]Siderophore production rate
(%)
	ACC deaminase activity
(μmol/(min mg-1))

	Core
	CH-RS23
	2
	3
	6.136
	28.70
	0.704

	
	ZM-RS40
	2
	3
	19.324
	13.40
	0.052

	
	ZM-RS39
	1
	0
	4.821
	52.50
	0.087

	
	CH-RS15
	2
	0
	4.515
	28.20
	0.032

	No-core
	CH-RS14
	2
	1
	4.719
	59.30
	0.034

	
	ZM-RS13
	3
	0
	5.706
	32.93
	0.035

	
	CH-RS29
	2
	2
	4.5836
	19.53
	0.442

	
	CH-RS49
	3
	0
	6.113769
	23.87
	0.033


[bookmark: OLE_LINK16]Note: N fixation ability was evaluated based on the size of the halo zone: 0, no halo; 1, presence of halo; 2, halo diameter = 2.5–5 mm; 3, halo diameter > 5 mm.
Phosphate solubilization ability was evaluated based on the size of the halo zone: 0, no halo; 1, presence of halo; 2, halo diameter = 2.5–5 mm; 3, halo diameter > 5 mm.
IAA, indole-3-acetic acid; ACC, 1-aminocyclopropane-1-carboxylate.


[bookmark: OLE_LINK149]
Table S12. Two-way ANOVA results for the effects of drought stress and SynCom inoculation on wheat seedling growth.

	Growth parameter
	Drought stress
	Inoculation
	Drought stress× Inoculation

	
	F
	P
	F
	P
	F
	p

	Plant height (cm)
	79.292
	<0.001***
	71.971
	<0.001***
	0.479
	0.631

	Root length (cm)
	352.02
	<0.001***
	2230.533
	<0.001***
	56.059
	<0.001***

	Aboveground fresh weight (g)
	42.308
	<0.001***
	30.798
	<0.001***
	1.038
	0.384

	Belowground fresh weight (g)
	23.483
	<0.001***
	127.53
	<0.001***
	5.118
	0.025*

	Total fresh weight (g)
	49.005
	<0.001***
	129.852
	<0.001***
	4.882
	0.028*

	Aboveground dry weight (g)
	101.995
	<0.001***
	65.788
	<0.001***
	5.557
	0.020*

	Belowground dry weight (g)
	57.379
	<0.001***
	67.085
	<0.001***
	5.272
	0.023*

	Total dry weight (g)
	151.627
	<0.001***
	116.536
	<0.001***
	8.835
	0.004**



Note: Drought stress and inoculation were used as fixed factors in the two-way ANOVA. Moderate and severe drought stress were induced by adding polyethylene glycol 6000 at concentrations of 10% and 20%, respectively, with 0% PEG as the non-stressed control. SynCom represents synthetic microbial community inoculation. *P < 0.05, **P < 0.01, and ***P < 0.001.
Table S13. Effects of different drought stress levels on wheat seedling growth.
	Growth parameter
	None
	Moderate
	Severe

	Plant height (cm)
	32.00±1.00a
	27.33±0.33b
	24.33±0.67c

	Root length (cm)
	33.17±1.59a
	26.75±0.14b
	19.50±0.29c

	Aboveground fresh weight (g)
	0.633±0.015a
	0.590±0.012a
	0.467±0.032b

	Belowground fresh weight (g)
	0.310±0.032a
	0.213±0.022b
	0.190±0.012b

	Total fresh weight (g)
	0.940±0.026a
	0.803±0.023b
	0.657±0.027c

	Aboveground dry weight (g)
	0.111±0.001a
	0.087±0.003b
	0.059±0.003c

	Belowground dry weight (g)
	0.044±0.001a
	0.040±0.001b
	0.026±0.001c

	Total dry weight (g)
	0.155±0.006a
	0.126±0.003b
	0.085±0.004c


[bookmark: OLE_LINK150]Note: Moderate and severe drought stress were induced by adding polyethylene glycol 6000 at concentrations of 10% and 20%, respectively. Data are the mean ± SD (n = 10). Different lowercase letters indicate significant differences between treatments under the same level of drought stress (P < 0.05).

Table S14. Effects of the synthetic microbial community on wheat seedling growth under different drought stress levels.
	[bookmark: _Hlk213769100][bookmark: _Hlk216683689]Growth parameter
	Drought stress
	Control
	Inoculation
	Increase (%)

	[bookmark: OLE_LINK73]Plant height (cm)
	None
	32.00±1.00b
	37.34±0.90a
	16.69

	
	Moderate
	27.33±0.33b
	31.60±0.30a
	15.62

	
	Severe
	24.33±0.67b
	28.50±0.28a
	17.14

	Root length (cm)
	None
	33.17±1.59b
	70.75±0.98a
	113.30 

	
	Moderate
	26.75±0.14b
	63.14±0.27a
	136.04 

	
	Severe
	19.5±0.29b
	41.33±0.67a
	111.95 

	Aboveground fresh weight (g)
	None
	0.633±0.015b
	0.767±0.015a
	21.17 

	
	Moderate
	0.590±0.011a
	0.687±0.038a
	16.44 

	
	Severe
	0.467±0.032a
	0.537±0.015a
	15.00 

	Belowground fresh weight (g)
	None
	0.310±0.032b
	0.677±0.061a
	118.39 

	
	Moderate
	0.213±0.022b
	0.530±0.012a
	148.83 

	
	Severe
	0.190±0.012b
	0.367±0.020a
	93.16 

	[bookmark: _Hlk216683999]Total fresh weight (g)
	None
	0.940±0.026b
	1.443±0.069a
	53.51 

	
	Moderate
	0.803±0.023b
	1.217±0.049a
	51.56 

	
	Severe
	0.657±0.027b
	0.903±0.035a
	37.44 

	Aboveground dry weight (g)
	None
	0.111±0.001b
	0.158±0.001a
	42.34 

	
	Moderate
	0.087±0.004b
	0.117±0.001a
	34.48 

	
	Severe
	0.059±0.003b
	0.075±0.001a
	27.12 

	Belowground dry weight (g)
	None
	0.044±0.001b
	0.067±0.001a
	52.27 

	
	Moderate
	0.040±0.001b
	0.049±0.002a
	22.50 

	
	Severe
	0.025±0.001a
	0.038±0.004a
	52.00 

	Total dry weight (g)
	None
	0.155±0.006b
	0.225±0.009a
	45.16 

	
	Moderate
	0.126±0.003b
	0.166±0.002a
	31.75 

	
	Severe
	0.085±0.004b
	0.113±0.004a
	32.94 


Note: Moderate and severe drought stress were induced by adding polyethylene glycol 6000 at concentrations of 10% and 20%, respectively. Data are the mean ± SD (n = 10). Different lowercase letters indicate significant differences between treatments under the same level of drought stress (P < 0.05).
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