Table S1   Soil properties of the sampling sites across grassland transects on the Qinghai-Tibet Plateau (QTP), Loess Plateau (LP) and Inner Mongolia Plateau (IMP) in Northern China.
	Transect
	No.
	pH
	BDb)
(g cm–3)
	Sand
(%)
	Silt
(%)
	Clay
(%)
	Fed
(g kg–1)
	Ald
(g kg–1)
	Feo
(g kg–1)
	Alo
(g kg–1)
	Fep
(g kg–1)
	Alp
(g kg–1)
	CaO
(g kg-1)

	QTP
	1
	7.08±0.18a)
	1.34±0.17
	31.5±2.98
	54.4±2.51
	14.1±0.68
	5.00±0.02
	0.76±0.02
	3.64±0.03
	0.94±0.01
	0.97±0.02
	0.11±0.00
	10.1

	
	2
	6.58±0.40
	1.14±0.12
	52.4±3.01
	38.8±2.46
	8.81±1.03
	3.07±0.06
	0.61±0.02
	3.52±0.06
	0.57±0.02
	0.92±0.01
	0.11±0.01
	20.2

	
	3
	6.86±0.05
	1.07±0.20
	60.7±2.08
	32.5±2.28
	6.81±0.61
	2.51±0.02
	0.65±0.01
	3.11±0.10
	0.67±0.01
	0.57±0.02
	0.11±0.00
	27.6

	
	4
	8.05±0.04
	1.46±0.21
	77.9±3.65
	16.8±2.80
	5.24±0.86
	0.66±0.02
	0.27±0.02
	1.12±0.07
	0.12±0.01
	0.06±0.00
	0.05±0.00
	54.2

	
	5
	8.09±0.03
	1.38±0.15
	62.3±6.09
	27.4±5.24
	10.3±1.13
	0.57±0.02
	0.32±0.03
	1.29±0.06
	0.12±0.01
	0.05±0.00
	0.05±0.00
	172.0

	
	6
	8.18±0.01
	1.60±0.10
	80.8±3.14
	13.3±1.9
	5.91±1.25
	0.46±0.03
	0.26±0.01
	1.00±0.03
	0.11±0.00
	0.04±0.00
	0.04±0.00
	168.0

	
	7
	8.36±0.21
	1.62±0.06
	55.4±4.36
	35.7±3.73
	8.95±1.10
	0.58±0.04
	0.32±0.02
	1.34±0.04
	0.18±0.01
	0.04±0.00
	0.06±0.00
	218.5

	
	8
	8.08±0.27
	1.29±0.08
	48.3±4.72
	35.1±2.96
	16.7±1.77
	0.99±0.05
	0.30±0.01
	2.04±0.02
	0.17±0.03
	0.06±0.00
	0.04±0.00
	61.6

	
	9
	8.42±0.07
	1.63±0.09
	78.4±7.44
	15.4±5.17
	6.17±2.30
	0.31±0.00
	0.21±0.03
	0.70±0.03
	0.11±0.01
	0.03±0.00
	0.04±0.00
	65.3

	
	10
	8.28±0.05
	1.68±0.20
	76.3±4.07
	16.6±3.23
	7.15±0.96
	0.41±0.02
	0.26±0.01
	1.03±0.05
	0.11±0.00
	0.03±0.00
	0.04±0.00
	55.6

	LP
	1
	8.08±0.03
	1.43±0.13
	45.2±1.20
	43.3±1.84
	11.5±0.75
	1.09±0.01
	0.36±0.01
	1.42±0.01
	0.12±0.00
	0.06±0.01
	0.05±0.00
	122.2

	
	2
	7.91±0.13
	1.16±0.20
	32.6±2.16
	58.4±1.83
	8.93±0.46
	0.64±0.01
	0.36±0.00
	1.58±0.03
	0.12±0.00
	0.05±0.00
	0.05±0.00
	72.7

	
	3
	8.13±0.08
	1.18±0.08
	48.6±2.61
	41.2±2.07
	10.2±0.65
	0.58±0.01
	0.42±0.01
	1.00±0.09
	0.12±0.01
	0.05±0.00
	0.04±0.00
	185.1

	
	4
	8.09±0.08
	1.27±0.11
	51.3±2.21
	39.5±2.03
	9.26±0.26
	0.50±0.03
	0.33±0.02
	0.95±0.04
	0.05±0.00
	0.03±0.00
	0.04±0.00
	164.3

	
	5
	8.16±0.07
	1.24±0.05
	76.5±3.91
	18.9±3.08
	4.65±0.86
	0.48±0.03
	0.32±0.01
	0.98±0.01
	0.04±0.00
	0.03±0.00
	0.04±0.00
	165.8

	
	6
	8.05±0.14
	1.20±0.08
	70.5±0.38
	23.3±0.30
	6.13±0.23
	0.40±0.01
	0.32±0.01
	0.99±0.00
	0.04±0.00
	0.03±0.00
	0.03±0.00
	147.7

	
	7
	8.11±0.15
	1.48±0.02
	79.8±1.97
	16.1±1.67
	4.10±0.30
	0.28±0.02
	0.25±0.01
	0.66±0.02
	0.01±0.00
	0.02±0.00
	0.03±0.00
	135.6

	
	8
	8.13±0.06
	1.28±0.06
	66.7±4.76
	26.1±3.71
	7.27±1.05
	0.32±0.00
	0.30±0.01
	0.95±0.00
	0.03±0.00
	0.02±0.00
	0.03±0.00
	144.7

	
	9
	8.45±0.14
	1.40±0.02
	83.9±3.17
	12.6±2.45
	3.54±0.79
	0.28±0.02
	0.23±0.01
	0.69±0.01
	0.03±0.00
	0.02±0.00
	0.02±0.00
	116.8

	
	10
	8.49±0.07
	1.45±0.03
	50.8±2.45
	40.7±2.00
	8.51±0.46
	0.48±0.02
	0.34±0.03
	1.43±0.01
	0.07±0.00
	0.03±0.00
	0.04±0.00
	118.3

	IMP
	1
	9.12±0.20
	1.78±0.14
	65.6±8.83
	30.6±7.93
	3.81±0.97
	0.32±0.01
	0.26±0.01
	0.59±0.02
	0.07±0.00
	0.05±0.00
	0.05±0.00
	65.0

	
	2
	7.74±0.13
	1.92±0.09
	76.0±1.59
	20.7±1.40
	3.27±0.29
	0.33±0.01
	0.31±0.01
	0.55±0.01
	0.07±0.01
	0.05±0.00
	0.07±0.00
	22.4

	
	3
	7.75±0.24
	1.24±0.06
	44.3±4.77
	48.9±4.41
	6.79±0.63
	0.65±0.00
	0.58±0.00
	1.84±0.07
	0.29±0.02
	0.11±0.01
	0.10±0.00
	36.5

	
	4
	7.36±0.16
	1.66±0.15
	65.9±1.54
	29.0±1.26
	5.10±0.41
	0.63±0.00
	0.35±0.01
	1.26±0.02
	0.13±0.01
	0.11±0.01
	0.07±0.00
	18.5

	
	5
	7.41±0.18
	1.06±0.10
	61.6±2.30
	32.1±1.75
	6.32±1.13
	0.56±0.06
	0.38±0.02
	1.25±0.01
	0.15±0.01
	0.10±0.00
	0.08±0.00
	27.0

	
	6
	7.73±0.15
	1.33±0.14
	59.2±4.42
	34.6±3.79
	6.16±0.82
	0.54±0.00
	0.39±0.03
	1.05±0.00
	0.15±0.01
	0.09±0.00
	0.09±0.01
	30.5

	
	7
	7.68±0.29
	1.48±0.12
	55.4±3.86
	38.4±3.66
	6.17±0.99
	0.45±0.06
	0.40±0.02
	0.92±0.00
	0.13±0.00
	0.07±0.00
	0.07±0.00
	55.1

	
	8
	7.95±0.07
	1.59±0.12
	59.3±5.99
	34.8±4.67
	5.93±1.39
	0.28±0.02
	0.30±0.02
	1.26±0.02
	0.21±0.01
	0.05±0.00
	0.06±0.00
	29.8

	
	9
	7.95±0.18
	2.11±0.83
	65.7±1.63
	29.8±1.38
	4.49±0.47
	0.29±0.00
	0.25±0.02
	0.83±0.01
	0.07±0.01
	0.04±0.00
	0.05±0.00
	27.2

	
	10
	7.92±0.11
	2.00±0.16
	85.1±1.78
	12.6±1.63
	2.32±0.20
	0.16±0.03
	0.19±0.03
	0.38±0.02
	0.05±0.00
	0.03±0.00
	0.04±0.00
	16.1


a) Data represent means ± standard deviations (n = 4).

b) BD: bulk density; Fed and Ald: free iron and aluminum oxides; Feo and Alo: amorphous iron and aluminum oxides; Fep and Alp: Complexed iron and aluminum oxides.

Table S2   Dominant Species of the sampling sites across grassland transects on the Qinghai-Tibet Plateau (QTP), Loess Plateau (LP) and Inner Mongolia Plateau (IMP) in Northern China.
	Transect
	No.
	Grassland type a
	Dominant Species

	QTP
	1
	MS
	Leymus chinensis; Bothriochloa ischaemum; Lespedeza bicolor; Viola philippica; Carex 

	
	2
	MS
	Carex; Themeda triandra Forssk; Artemisia gmelinii

	
	3
	MS
	Poa annua.; Artemisia argyi; Lespedeza bicolor

	
	4
	TS
	Artemisia gmelinii; Bothriochloa ischaemum; Wikstroemia chamaedaphne

	
	5
	TS
	Lespedeza davurica; Bothriochloa ischaemum; Artemisia gmelinii

	
	6
	TS
	Cleistogenes serotina; Artemisia gmelinii; Stipa capillata

	
	7
	TS
	Leymus chinensis; Carex; Artemisia scoparia

	
	8
	DS
	Cleistogenes serotina; Reaumuria songarica; Alopecurus aequalis

	
	9
	DS
	Aster altaicus; Cleistogenes serotina; Zygophyllum mucronatum

	
	10
	DS
	Reaumuria songarica; Suaeda glauca; Eragrostis Pilosa; Kalidium foliatum

	LP
	1
	MS
	Chloris virgata Sw.; Leymus chinensis; Phragmites australis

	
	2
	MS
	Setaria viridis; Ephedrae Herba; Agropyron cristatum

	
	3
	MS
	Setaria viridis; Cleistogenes serotina; Leymus chinensis

	
	4
	TS
	Stipa capillata; Agropyron cristatum; Leymus chinensis; Carex

	
	5
	TS
	Chenopodium glaucum; Stipa capillata; Leymus chinensis; Salsola collina; Cleistogenes serotina

	
	6
	TS
	Stipa capillata; Achnatherum sibiricum; Leymus chinensis

	
	7
	TS
	Carex; Cleistogenes serotina; Anemarrhena asphodeloides; Leymus chinensis

	
	8
	DS
	Salsola collina; Allium polyrhizum; Leymus chinensis

	
	9
	DS
	Allium bidentatum; Carex; Tribulus terrestris; Eragrostis pilosa

	
	10
	DS
	Tribulus terrestris; Allium mongolicum; Corispermum hyssopifolium; Salsola collina

	IMP
	1
	MS
	Carex; Carex parvula; Potentilla saundersiana

	
	2
	MS
	Bistorta vivipara; Carex parvula; Carex

	
	3
	MS
	Carex parvula; Potentilla saundersiana; Saussurea japonica 

	
	4
	TS
	Stipa capillata; Carex; Astragalus adsurgens

	
	5
	TS
	Stipa capillata; Carex; Leontopodium leontopodioides; Sibbaldianthe bifurca

	
	6
	TS
	Stipa capillata; Carex; Stipa purpurea

	
	7
	TS
	Leontopodium leontopodioides; Carex; Stipa purpurea

	
	8
	DS
	Poa annua; Eragrostis Pilosa; Astragalus membranaceus; Stipa capillata

	
	9
	DS
	Stipa capillata; Astragalus membranaceus; Carex; Artemisia desertorum

	
	10
	DS
	Stipa tianschanic; Stipa capillata; Ajania fruticulosa


a MS: meadow steppe; TS: typical steppe; DS: desert steppe.
Table S3   Variance inflation factor (VIF) and tolerance values of each environmental variable for microbial necromass carbon (MNC) and lignin phenols (LPs).
	Variablea)
	MNC
	
	LPs

	
	VIF
	Tolerance
	
	VIF
	Tolerance

	BGB + AGB
	3.30
	0.311
	
	3.14
	0.319

	Clay + Silt
	2.07
	0.482
	
	2.06
	0.484

	Fe and Al oxides
	4.33
	0.231
	
	4.97
	0.201

	pH
	1.28
	0.781
	
	1.32
	0.755

	MAT
	2.07
	0.483
	
	1.85
	0.540

	MAP
	2.34
	0.427
	
	2.42
	0.413


a) BGB: belowground biomass; AGB: aboveground biomass; MAT: mean annual temperature; MAP: mean annual precipitation.
Table S4   Effects of conversion coefficients of fungal necromass carbon (FNC) and bacterial necromass carbon (BNC) on FNC to soil organic carbon (FNC/SOC) and BNC to soil organic carbon (BNC/SOC) ratios in grassland soils in northern China.
	Conversion coefficient
	FNC/SOC (%)
	BNC/SOC (%)

	FNC: 9a)
BNC: 45a)
	29.0%–41.6%
	5.20%–7.91%

	FNC: 10.8b)
BNC: 31.3b)
	35.1%–50.3%
	3.61%–5.87%


a) Conversion coefficients based on Liang et al. (2019).
b) Conversion coefficients based on equations (2) and (3) used in the present study.
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Fig. S1   Glucosamine (GluN), galactosamine (GalN), mannosamine (ManN) and muramic acid (MurA) and total amino sugar contents in soil across different grassland types on the Qinghai-Tibet Plateau (QTP), Loess Plateau (LP), and Inner Mongolia Plateau (IMP) in northern China. Bars represent standard deviations of mean (n = 3). Different lowercase letters denote significant differences of amino sugars contents among different grassland types within the same Plateau, and different uppercase letters denote significant differences of amino sugars contents from the same grassland type among different Plateau (P < 0.05). MS: meadow steppe; TS: typical steppe; DS: desert steppe.
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Fig. S2   The pie chart shows contributions of plant-, bacterial-, and fungal-derived carbon to soil organic carbon across different grassland types on the Qinghai-Tibet Plateau (QTP), Loess Plateau (LP), and Inner Mongolia Plateau (IMP) in northern China. MS: meadow steppe; TS: typical steppe; DS: desert steppe.
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Fig. S3   Relationships between soil organic carbon (SOC), microbial necromass carbon to SOC ratio (MNC/SOC), and lignin phenols to SOC ratio (LPs/SOC) in soil across different grassland types on the Qinghai-Tibet Plateau (QTP), Loess Plateau (LP), and Inner Mongolia Plateau (IMP) in northern China.
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