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	Fig. S1 Experimental design schematic diagram. Initial inoculum suspensions were prepared by mixing 20 g of unsterilized raw soil with 100 mL of sterilized phosphate-buffered saline (PBS, 0.2 M) for five minutes in a blender at maximum speed. We constructed four dilution gradients of microbial diversity levels to prepare microbial inocula (50 mL of inoculum containing 10 g of unsterilized raw soil per microcosm), which included undiluted (100, D0), 10-3 dilution (D3), 10-6 dilution (D6), and 10-9 dilution (D9)). A total of 40 microcosms were prepared (2.5 kg soil per plastic pot (after γ-ray sterilization); 4 dilutions × 5 replicates × 2 plant treatments (YN999 and LM4)).
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	Fig. S2 Number of intersecting ASVs among dilution levels (a) bacterial community, (b) fungal community. Undiluted (100, D0); 10-3 dilution (D3); 10-6 dilution (D6); 10-9 dilution (D9).
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	Fig. S3 Relative abundance of the bacterial phyla (a), fungal class (b) in YN999 and LM4 inoculated with soil suspensions at four                                                         dilution levels. Undiluted (100, D0); 10-3 dilution (D3); 10-6 dilution (D6); 10-9 dilution (D9).
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	Fig. S4 Soil nutrient contents and bio-activity indices under four dilution gradients: undiluted (100, D0); 10-3 dilution (D3); 10-6 dilution (D6); 10-9 dilution (D9). BG (mmol gh-1), β-glucosidase; XYL (mmol gh-1), β-xylosidase; CBH (mmol gh-1), β-D-cellubiosidase; PHOS (mmol g-1 h-1), phosphatase; NAG (mmol g-1 h-1), N-acetyl-β-glucosaminidase（mmol g-1 h-1）; DOC (mg C kg-1), dissolved organic carbon; PNR (mg NO2--N kg-1 soil h-1), potential nitrification rate; DON (mg N kg-1), dissolved organic nitrogen; NH4+ (mg N kg-1), ammonia nitrogen; NH3- (mg N kg-1), nitrate nitrogen; AP (mg kg-1), available phosphorus; AFe(g  kg-1), available iron; ACu(mg kg-1), available copper; AMn (mg kg-1), available manganese. Data are in the form of mean ± standard error. The differences of soil nutrients and bio-activity indices were tested by using Tukey’s test in SPSS 27. Undiluted (100, D0); 10-3 dilution (D3); 10-6 dilution (D6); 10-9 dilution (D9).
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	Fig. S5 Random-forest prediction of four soil functional indicators by top 20 bacterial ASVs (a-dc). Percentage increase in the mean squared error (MSE) of variables was used to estimate the importance of these predictors, and higher MSE% values implied more important predictors.
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	Fig. S6 Random-forest prediction of four soil functional indicators by top 20 fungal ASVs(a-dc). Percentage increase in the mean squared error (MSE) of variables was used to estimate the importance of these predictors, and higher MSE% values implied more important predictors. 
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	[bookmark: _Hlk176893320]Fig. S7 Rhizosphere bacterial and fungal stability of four dilution gradients under planting of two genotypes of wheat (YN999 and LM4). The microbial co-occurrence network was constructed using 10 samples per treatment for a total of 40 samples. Visualization of constructed networks in 8 4 soils mixed ratios treatment (a. b). Bacteria and fungi were shown in two colors (bacteria: orangepink, fungi: green). Positive and negative links were shown in another two colors (positive: pinkyellow, negative: light greenblue). Details of network topological attributes are listed in Table. S5. (c-eb) Natural connectivity of bacterial co-occurrence networks in D0、LM4 and YN999dilution gradient, as determined by sequentially removing 100% of nodes sorted by betweenness centrality. (fc) The robustness of bacterial-fungal co-occurrence networks, measured as the proportion of taxa remaining after 50% of taxa are randomly removed from each network. (g. hd) Network stability indicators（network cohesion）under four soil dilution.Network stability indicators（positive cohesion and negative cohesion）under four soil dilution and plant variety. (ie)Identification of core species. The Zi-Pi method to reveal core hubs of all dilution treatment under different plant variety network. Undiluted (100, D0); 10-3 dilution (D3); 10-6 dilution (D6); 10-9 dilution (D9).








Supplementary Tables
Table. S1 Primers and PCR conditions used for high throughput sequencing in this study
	
	Primer
	Primer sequence (5’- 3’)
	Target gene
	Subfragment length (bp)
	PCR condition
	References

	Bacteria
	515F
	GTGCCAGCMGCCGCGGTAA
	16S-V4 
	300
	Initial denaturation at 95°C for 3 min, followed by 35 cycles of 30 s at 95°C, annealing for 30 s at 55°C, and elongation for 45 s at 72°C. The last step involved extension at 72°C for 10 min.
	(Walters et al., 2016)

	
	806R
	GGACTACHVGGGTATCTAAT
	
	
	
	

	
Fungi
	
ITS5-1737F
	
GGAAGTAAAAGTCGTAACAAGG
	
ITS1
	
307
	Initial denaturation at 95°C for 5 min, followed by 35 cycles of 45 s at 94°C, annealing for 50 s at 58°C, and elongation for 30 s at 68°C. The last step involved extension at 68°C for 10 min.
	
(Jiao et al., 2018)

	
	ITS2-2043R
	GCTGCGTTCTTCATCGATGC
	
	
	
	


 

Table. S2 P-values for the influence of dilution, variety, and their interactions on the microbial α-diversity in the two-way ANOVA. * p < 0.05, ** p < 0.01, *** p < 0.001. “ns” means no significance.
	[bookmark: _Hlk171686330]
	Bacteria
	Fungal

	
	Richness index
	Shannon index
	AVD
	Richness index
	Shannon index
	AVD

	Plant (YN999/LM4)
	**
	ns
	ns
	**
	*
	ns

	Dilution (D0/D3/D6/D9)
	***
	***
	**
	***
	***
	**

	Plant & Dilution
	***
	ns
	ns
	ns
	*
	ns

	R2
	0.906
	0.764
	0.318
	0.618
	0.906
	0.597





Table. S3 P-values for the influence of dilution, variety, and their interactions on the biogeochemical parameters in the two-way ANOVA. SMC, Soil moisture content; TN, total nitrogen; NH4+, ammonia nitrogen; NH3-, nitrate nitrogen; NAG, N-acetyl-β-glucosaminidase; DON, dissolved organic nitrogen; PNR, potential nitrification rate; PHOS, phosphatase; AP, available phosphorus; TC, total carbon; AG, α-glucosidase; BG, β-glucosidase; CBH, β-D-cellubiosidase; XYL, β-xylosidase; DOC, dissolved organic carbon; AK, available potassium; a, available calcium; AFe, available iron; AMn, available manganese; ACu, available copper; AZn, available zinc; AMg, available magnesium; * p < 0.05, ** p < 0.01, *** p < 0.001. “ns” means no significance.
	　
	Variety
	Dilution
	  Dilution × Variety
	

	　
	F
	p
	F
	p
	F
	p
	Adjust R2

	pH
	2.64
	ns
	2.86
	ns
	5.42
	**
	0.34

	SMC
	5.491
	**
	13.86
	***
	2.63
	**
	0.30

	TN
	144.60
	***
	1.27
	ns
	0.25
	ns
	0.78

	NO3-
	75.92
	***
	6.98
	***
	18.94
	***
	0.79

	NH4+
	40.45
	***
	4.63
	**
	3.012
	*
	0.59

	NAG
	3.71
	ns
	19.67
	***
	12.99
	***
	0.70

	DON
	85.99
	***
	12.95
	***
	6.16
	**
	0.77

	PNR
	3.37
	ns
	35.92
	***
	1.93
	ns
	0.73

	PHOS
	43.95
	***
	65.27
	***
	4.63
	**
	0.86

	AP
	70.69
	***
	7.62
	***
	0.37
	ns
	0.692

	TC
	10.65
	**
	3.063
	*
	0.94
	ns
	0.28

	AG
	15.88
	***
	1.83
	ns
	9.54
	***
	0.52

	BG
	14.83
	***
	40.29
	***
	3.37
	ns
	0.78

	CBH
	14.24
	***
	15.93
	***
	13.49
	***
	0.71

	XYL
	14.24
	***
	31.64
	***
	6.83
	***
	0.76

	DOC
	29.32
	***
	30.89
	***
	4.15
	*
	0.77

	AK
	0.73
	ns
	2.44
	ns
	0.99
	ns
	0.093

	ACu
	0.024
	ns
	1.77
	ns
	1.39
	ns
	0.06

	AFe
	3.46
	ns
	6.679
	***
	13.485
	***
	0.59

	AMn
	0.78
	ns
	5.17
	**
	1.833
	ns
	0.28

	AZn
	5.23
	*
	2.84
	ns
	2.88
	ns
	0.28

	ACa
	66.72
	***
	21.63
	***
	13.52
	***
	0.81

	AMg
	68.19
	***
	22.40
	***
	11.91
	***
	0.81





Table. S4 P-values for the influence of dilution, variety, and their interactions on keystone taxa in the two-way ANOVA. * p < 0.05, ** p < 0.01, *** p < 0.001.
	
	Dilution
	Variety
	Dilution & Variety

	
	F
	p
	F
	p
	F
	p

	Bacterial ASV6
	15.664
	***
	3.359
	0.076
	5.789
	**

	Fungal ASV11
	63.183
	***
	2.084
	0.159
	1.099
	0.364





[bookmark: _Hlk190807860]Table. S5. Network topological parameters. The microbial co-occurrence network was constructed using 10 samples per treatment for a total of 40 samples.
	
	D0
	D3
	D6
	D9

	Node
	593
	466
	525
	518

	Link
	17582
	7857
	10428
	11243

	Average degree
	59.598
	33721
	39.764
	43.409

	Diameter
	5
	5
	5
	4

	Density
	0.1
	0.073
	0.076
	0.084

	Modularization
	1.181
	4.827
	4.827
	5.315

	Statistic influence
	49681.016
	25504.897
	32921.784
	34104.683

	Average CC
	0.455
	0.394
	0.402
	0.414

	Average network distance
	0.252
	2.39
	2.366
	2.322

	Note: Average, CC：Average Clustering Coefficient.


Table. S5. Network topological parameters.
	
	Node
	Link
	Average degree
	Diameter
	Density
	Modularization
	Statistic influence
	Average CC
	Average network distance

	D0
	584
	16688
	57.151
	6
	0.098
	2.008
	54196.574
	0.575
	3.348

	D3
	434
	7439
	34.281
	6
	0.079
	13.525
	21724.781
	0.555
	3.463

	D6
	464
	7741
	33.366
	6
	0.072
	4.731
	23011.432
	0.552
	3.512

	D9
	476
	10643
	44.718
	8
	0.094
	10.168
	29361.894
	0.596
	3.423

	D0
	635
	17599
	55.43
	6
	0.087
	58.188
	62557.437
	0.553
	3.383

	D3
	471
	8682
	36.866
	7
	0.078
	6.242
	26017.507
	0.551
	3.47

	D6
	460
	8299
	36.083
	6
	0.079
	69.832
	24755.788
	0.536
	3.466

	D9
	447
	7306
	32.689
	6
	0.073
	12.928
	22434.221
	0.537
	3.512

	Note: Average, CC：Average Clustering Coefficient.
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Supplementary methods
Method S1. Assays for characterization of soil physicochemical properties and extracellular enzyme activities.
[bookmark: _Hlk187526886][bookmark: _Hlk187526904][bookmark: _Hlk187526928][bookmark: _Hlk187526944][bookmark: _Hlk187526960][bookmark: _Hlk187526982][bookmark: _Hlk187527028][bookmark: _Hlk187527006][bookmark: _Hlk187526996][bookmark: _Hlk187527062][bookmark: _Hlk187527043][bookmark: _Hlk187527074]Fresh soil dissolved organic carbon (DOC), dissolved organic nitrogen (DON), NH₄⁺ and NO₃⁻ were extracted with a 0.05 M K₂SO₄ solution (1:5 w/v) for 1 hour (at 200 rpm and 20 °C). The DOC and DON were measured by a TOC analyzer (TOCVWP; Shimadzu, Japan), while the NH₄⁺ and NO₃⁻ were measured using a continuous - flow autoanalyzer (AA3; Seal, Norderstedt, Germany). Soil total carbon (TC) and total nitrogen (TN) were determined with a Vario Max element analyzer (Vario Max, Elementar, Langenselbold, Hesse, Germany). Available phosphorus (AP) was measured using a UV-Vis spectrophotometer (UV-2600; Shimadzu, Kyoto, Japan). For soil pH measurement, air - dried soil was mixed with distilled water at a soil-water ratio of 1:2.5 (w/v), extracted for 30 minutes, and then determined by a pH meter. Potential nitrification rates (PNR) were extracted with a 1 M KCl solution and determined using the p-aminobenzenesulfonic acid colorimetric method. Soil extracellular enzyme activities related to carbon decomposition (including β-D-cellubiosidase (CBH), α-glucosidase (AG), β-glucosidase (BG), and β-xylosidase (XYL)), chitin degradation (including N-acetyl-β-glucosaminidase (NAG)), and phosphorus mineralization (including acid phosphatase (PHOS)) were quantified from 1 g of soil using fluorometry as previously described(Bell et al., 2013; Luo et al., 2023) (Bell et al., 2013; Luo et al., 2023). 
Method S2. DNA extraction and amplicon sequencing 
[bookmark: _Hlk182945389]According to the instructions of the Power Soil DNA extraction Kit (MoBio, San Diego, USA), 0.45 g of soil sample was used for DNA extraction. After the DNA was extracted, its concentration was determined using a Nano Drop spectrophotometer (Thermo Scientific, Wilmington, USA), and its quality was detected by 1% agarose gel electrophoresis. High - throughput sequencing was performed on the Illumina Miseq PE250 (Illumina, San Diego, CA, USA) platform of Guangzhou Mega gene. The primers 515F-806R (Walters et al., 2016) and ITS1-ITS2(Jiao et al., 2018) were used to amplify the V4-1 region of the bacterial 16s rRNA gene and the fungal ITS1-2 region, respectively. All polymerase chain reactions were carried out in a 50 μL system. The polymerase chain reaction (PCR) amplification conditions and primer sequences are listed in Table. S2. After amplification, the PCR products were detected by 1% agarose gel electrophoresis. Subsequently, the PCR products were purified, quantified, and mixed in equal amounts to construct a library, which was then sequenced on the Illumina Miseq PE250 platform (Illumina, San Diego, CA, USA).
Method S2. Criteria for classifying β-NTI values and their significance
A βNTI greater than 2 indicates significantly more than the expected phylogenetic turnover, which is interpreted as a variable selection of deterministic processes; a βNTI less than -2 indicates significantly less than the expected phylogenetic turnover, which is interpreted as a homogeneous selection of deterministic processes ( homogeneous selection of deterministic processes); if βNTI is between -2 and 2, it indicates that the observed differences in phylogenetic composition are the result of stochastic processes. Across all samples, the number/total of |βNTI| < 2 = stochastic contribution, and the number/total of |βNTI| > 2 = deterministic contribution.(Stegen et al., 2012) If |βNTI| > 2, it indicates a significant deviation between the observed β-mean nearest taxonomic distance (βMNTD) and null βMNTD distributions, and the community assembly is driven by deterministic processes. When βNTI > 2, it shows a significantly higher phylogenetic turnover than expected (variable selection), whereas βNTI < - 2 indicates a significantly lower phylogenetic turnover than expected (homogeneous selection). Conversely, when |βNTI| < 2, stochastic processes are at work in the community.
[bookmark: _Hlk187353684]Method S2S3. Methods for the construction of microbial co-occurrence networks and the calculation of Zi-Pi values and the significance of the dataCriteria for classifying β-NTI values and their significance
The normalized taxonomic classification data along the output from the co-occurrence analysis were both fed into the software package Gephi(Griffith et al., 2016; Veech, 2013).Five samples (five replicates) under planting conditions (two wheat genotypes ×four dilution treatments) were used to construct the microbial networks, and the OTUs detected in more than 2 samples were selected for network construction. Spearman's correlation coefficients between the selected OTUs were calculated in the ‘psych’ package in R software. A valid co-occurrence was considered as a robust correlation between the OTUs, when the correlation coefficient (r) was greater than 0.6, or less than −0.6 and p values < 0.05, corrected by the Benjamini–Hochberg method. The co-occurrence networks were visualized using Gephi software. Each node represents one OTU, and each edge represents a strong and significant correlation between the two nodes.
Visualizing the topological roles of individual nodes discloses the impacts of the nutrient loading level on key microbial populations. Topologically, different ASVs (nodes) play different roles within the network (Guimerà et al., 2007). The topological roles of distinct ASVs can be characterized by two parameters: within-module connectivity (Zi), which depicts how well a node is connected to other nodes within its own module, and connectivity among modules (Pi), which shows how well a node links to different modules (Guimerà and Nunes Amaral, 2005; Ning et al., 2022). Zi and Pi are calculated as the method described by Guimerà and Nunes Amaral in 2005 (Guimerà and Nunes Amaral, 2005). According to the simplified classification utilized in networks (Olesen et al., 2007), the nodes in a network are divided into four sub-categories: (i) peripheral nodes (Zi ≤ 2.5, Pi ≤ 0.62), which possess low Z and P values (i.e., they have only a few connections and are almost always linked to species within their modules); (ii) connectors (Zi ≤ 2.5, Pi > 0.62), which have a low Z but a high P value (i.e., these nodes are highly connected to several modules); (iii) module hubs (Zi > 2.5, Pi ≤ 0.62), which have a high Z but a low P value (i.e., they are highly connected to many species in their own modules); and (iv) network hubs (Zi > 2.5, Pi > 0.62), which have high Z and P values (i.e., they function as both module hubs and connectors) (Guimerà and Nunes Amaral, 2005; Zhou et al., 2011).
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