[image: ]Figure S1. The sampled grassland regions with different degradation levels in grassland 1 (A) and grassland 2 (B). There were six levels of degradation in grassland 1 and five levels of degradation in grassland 2, which are represented by numerical indices. The magnitude of the number represents the level of degradation. A smaller numerical index indicates a lower degradation level.  
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Figure S2. Linear regressions between Bray-Curtis distance of bacterial community (at OUT level) and difference in soil nutrient contents in grassland 1 (A) and grassland 2 (B). Red line represents a significant correlation (P < 0.05), blue line represents a non-significant correlation (P > 0.05). r value indicates the correlation (Mantel test) between the community composition and soil nutrient contents. 
[image: ]Figure S3. Volcano plot for altered operational taxonomic unit (OTU) abundances (fold change > 2 and P-value < 0.05) in grassland 1 (A) and grassland 2 (B). The horizontal axis represents the average normalized OUT abundance, and the vertical axis represents the fold change. Red and blue circles indicate up- and down-regulated OTUs, respectively. The magnitude of the number represents the level of degradation. A smaller numerical index indicates a lower degradation level.

[image: ]Figure S4. Bacterial taxonomic biomarkers in relation to nutrient contents under grassland degradation. Each top 30 biomarker operational taxonomic units (OTUs) were ranked in descending order of the importance to the accuracy of the models in grassland 1 (A) and grassland 2 (B), respectively.

 [image: ]Figure S5. Heatmap showing the correlations between the Z-transformed habitat niche breadth (Bcom) of phyla and nutrient content sin grassland 1 (A) and grassland 2 (B). 
The red blocks in heatmaps represent positive correlation and the blue blocks represent negative correlation. “*”, “**”, “***” represent significant correlations with P values less than 0.05, 0.01, and 0.001, respectively. TP, total phosphorous; TN, total nitrogen; TK, total potassium; OM, organic matter.

Table S1. Soil properties of grassland regions under different degradation levels
	Grassland regions
	Bulk density(g/cm3)
	Moisture content (%)
	pH
	OM(g/kg)
	TN(g/kg)
	TP(g/kg)
	TK(g/kg)

	Grassland 1
	
	
	
	
	
	

	1
	1.51±0.03 d
	11.48±0.39 a
	6.05±0.18 c
	32.31±3.28 a
	1.79±0.12 a
	0.46±0.02 a
	22.45±0.27 c

	2
	1.64±0.04 c
	10.48±0.62 ab
	6.23±0.21 bc
	22.77±3.53 b
	1.35±0.22 b
	0.42±0.05 a
	22.04±0.38 c

	3
	1.67±0.01 bc
	8.99±0.13 b
	6.21±0.33 bc
	9.83±1.48 c
	0.52±0.10 c
	0.28±0.05 b
	23.18±0.25 b

	4
	1.74±0.03 ab
	6.83±0.12 c
	6.33±0.19 ab
	4.67±0.91 d
	0.29±0.02 d
	0.23±0.04 bc
	23.90±0.45 a

	5
	1.75±0.07 a
	7.25±0.32 c
	6.54±0.14 a
	4.44±0.35 d
	0.22±0.02 e
	0.22±0.02 bc
	23.77±0.83 a

	6
	—
	3.74±0.28 d
	6.58±0.11 a
	2.13±0.35 e
	0.14±0.02 f
	0.18±0.01 c
	23.82±0.29 a

	Grassland 2
	
	
	
	
	
	

	1
	1.63±0.08 ab
	12.72±1.22 a
	6.38±0.29 a
	20.11±2.70 a
	1.10±0.11 a
	0.46±0.04 a
	22.52±0.15 c

	2
	1.70±0.09 a
	10.23±0.72 a
	6.41±0.19 a
	14.73±1.65 b
	0.82±0.08 b
	0.39±0.02 b
	22.56±0.30 c

	3
	1.53±0.16 b
	11.02±3.77 a
	6.29±0.18 a
	12.86±3.41 b
	0.75±0.18 b
	0.34±0.03 c
	23.01±0.28 b

	4
	1.68±0.07 a
	5.36±2.55 b
	6.50±0.30 a
	3.04±0.68 d
	0.19±0.04 d
	0.22±0.03 e
	23.07±0.48 b

	5
	—
	4.88±0.93 b
	6.40±0.28 a
	5.02±0.74 c
	0.30±0.01 c
	0.28±0.02 d
	23.49±0.25 a


Note: Different lowercase letters in the same column represent a significant difference (P < 0.05) between soil properties in different degradation regions in grassland 1 and grassland 2. The magnitude of the number represents the level of degradation. A smaller numerical index indicates a lower degradation level. 
Table S2. Bacterial community richness and Shannon index in regions with different degradation levels in grassland 1 and 2.
	Grassland 1
	Richness
	Shannon
	Grassland 2
	Richness
	Shannon

	1
	3526±202 a
	9.61±0.19 a
	1
	3573±82 ab
	9.72±0.06 a

	2
	3446±205 ab
	9.52±0.19 ab
	2
	3709±207 a
	9.77±0.23 a

	3
	3313±137 ab
	9.25±0.11 b
	3
	3503±102 ab
	9.49±0.14 a

	4
	3226±258 b
	8.97±0.48 ab
	4
	3336±198 ab
	9.17±0.41 a

	5
	3275±185 ab
	9.32±0.38 ab
	5
	3021±341 b
	8.36±0.35 b

	6
	2930±241 c
	9.12±0.43 ab
	—
	—
	—


Note: Different lowercase letters in the same column represent a significant (P < 0.05) difference between Bacterial community richness and Shannon index in different degradation regions of grassland 1 and 2. The magnitude of the number represents the level of degradation. A smaller numerical index indicates a lower degradation level.

	Comparisons
	Grassland 1
	Grassland 2

	
	F
	P
	F
	P

	1 vs 2
	1.654
	0.055
	1.679*
	0.031

	1 vs 3
	2.827*
	0.007
	3.954*
	0.005

	1 vs 4
	5.441*
	0.007
	8.430*
	0.005

	1 vs 5
	7.587*
	0.007
	18.516
	0.005

	1 vs 6
	13.001*
	0.007
	—
	—

	2 vs 3
	3.580*
	0.007
	3.743*
	0.005

	2 vs 4
	8.590*
	0.007
	8.069*
	0.005

	2 vs 5
	11.194*
	0.007
	18.643*
	0.005

	2 vs 6
	17.559*
	0.007
	—
	—

	3 vs 4
	1.654*
	0.030
	8.103*
	0.008

	3 vs 5
	2.461*
	0.015
	17.475*
	0.005

	3 vs 6
	7.735*
	0.007
	—
	—

	4 vs 5
	1.470
	0.087
	5.210*
	0.005

	4 vs 6
	8.263*
	0.007
	—
	—

	5 vs 6
	6.856*
	0.007
	—
	—


Table S3. Permutational Multivariate Analysis of Variance (PERMANOVA) analysis (Adonis) of community composition variation at operational taxonomic unit (OTU) level among grassland regions with different degradation levels.











[bookmark: _Hlk79611077]Note: “*” represents a significant (P < 0.05) difference between the community composition in different regions. The magnitude of the value represents the level of degradation. A smaller numerical index indicates a lower degradation level.

Table S4. Community functional diversity across degradation levels. 
	Grassland regions
	Species Richness
	Shannon Diversity
	Number of KEGG Ortholog (KO) genes 
per sequence

	Grassland 1
	
	
	

	1
	6760±75 ab
	11.12±0.03 a
	1428.1±27.9 a

	2
	6694±78 a
	11.09±0.03 a
	1403.5±35.9 a

	3
	6818±99 bc
	11.20±0.05 b
	1549.1±73.5 b

	4
	6943±84 d
	11.24±0.06 b
	1616.4±76.4 b

	5
	6851±140 bcd
	11.20±0.04 b
	1558.5±54.6 b

	6
	6887±79 cd
	11.25±0.03 b
	1585.3±43.4 b

	Grassland 2
	
	
	

	1
	6851±119 a
	11.15±0.03 a
	1437.7±47.2 a

	2
	6896±113 ab
	11.16±0.03 a
	1433.7±34.4 a

	3
	6898±50 ab
	11.17±0.05 a
	1498.7±54.8 a

	4
	6997±143 bc
	11.28±0.06 b
	1638.9±111.7 b

	5
	7040±90 c
	11.29±0.01 b
	1742.5±30.5 b


Note: Different lowercase letters in the same column represent a significant (P < 0.05) difference in community functional traits between different grassland degradation regions in grassland 1 and grassland 2.
Table S5. Correlation between soil nutrient content and the average number of KEGG ortholog (KO) genes harbored by each sequence.
	Factors
	Grassland 1
	Grassland 2

	
	r
	P
	r
	P

	pH
	0.280
	0.098
	-0.031
	0.869

	OM
	-0.763*
	0.000
	-0.778*
	0.000

	TN
	-0.760*
	0.000
	-0.776*
	0.000

	TP
	-0.765*
	0.000
	-0.721*
	0.000

	TK
	0.685*
	0.000
	0.818*
	0.000


Note: “*” represents a significant (P < 0.05) correlation between the average number of KO genes carried by each sequence and an environmental factor. The magnitude of the number represents the level of degradation. A smaller numerical index indicates a lower degradation level.
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