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[bookmark: OLE_LINK1]Table S1 The soil bulk density across the 0-50 cm profile of an alpine meadow, with depth intervals of 0-10, 10-20, 20-30, 30-40, and 40-50 cm.​

	Soil depth (cm)
	0-10
	10-20
	20-30
	30-40
	40-50

	Bulk density (g cm-3)
	0.82
	0.98
	1.05
	1.27
	1.30




Table S2 Mass, carbon (C), and nitrogen (N) recovery of bulk soil determined by density fractionation across the 0-50 cm profile of an alpine meadow, with depth intervals of 0-10, 10-30, and 30-50 cm. 

	Category
	Soil depth (cm)
	Ambient treatment
recovery (%)
	Warming treatment
recovery (%)

	Mass
	0-10
	97.0 ± 0.2
	96.8 ± 0.3

	
	10-30
	96.9 ± 0.4
	95.1 ± 0.9

	
	30-50
	95.3 ± 0.4
	94.2 ± 1.2

	
	
	
	

	C
	0-10
	97.4 ± 2.3
	96.9 ± 2.7

	
	10-30
	96.5 ± 4.9
	96.0 ± 3.9

	
	30-50
	96.2 ± 3.5
	94.8 ± 3.6

	
	
	
	

	N
	0-10
	96.9 ± 4.4
	97.3 ± 0.4

	
	10-30
	96.1 ± 3.8
	96.4 ± 3.7

	
	30-50
	95.9 ± 2.6
	93.9 ± 5.5



Data are presented as mean ± standard error (n = 5).

Table S3 PLFA biomarkers applied in this study..

	Category
	PLFA biomarkers

	Bacteria
	14:0 anteiso, 15:0 anteiso, 15:0 iso, 15:1 iso w6c, 16:0 anteiso, 16:0 iso, 16:1 w7c, 16:1 w9c, 17:0 anteiso, 17:0 iso, 17:0 cyclo w7c, 17:1 w8c, 18:1 w5c, 18:1 w7c, 19:0 cyclo w7c, 14:0, 15:0, 16:0, 17:0, 18:0

	
	

	Fungi
	16:1 w5c, 18:2 w6c, 18: 1 w9c

	
	

	Actinomycetes
	16:0 10-methyl, 17:0 10-methyl, 18:0 10-methyl 

	
	

	Others
	12:0 anteiso, 13:0 anteiso, 14:1 w9c, 15:0 DMA, 15:1 anteiso w9c, 15:1 w7c, 16:1 w6c, 16:3 w6c, 17:0 DMA, 17:1 iso w9c, 18:0 iso, 18:0 DMA, 18:1 w7c 10-methyl, 18:2 DMA, 19:0 anteiso, 19:1 w8c, 20:1 w9c, 20:0 10-methyl, 20:4 w6c, 21:1 w3c




Fig. S1 Responses of soil properties to 20-year experimental warming across the 0-50 cm soil profile of an alpine meadow, divided into five layers (0-10, 10-20, 20-30, 30-40, 40-50 cm). (a) belowground biomass (BGB), (b) soil pH; (c) soil water content (SWC); (d) soil organic carbon (SOC), (e) total nitrogen (TN); (f) the ratio of SOC to TN (C/N); (g) dissolved organic carbon (DOC); (h) ammonium nitrogen (NH4+-N); (i) nitrate nitrogen (NO3--N). Treatments are shown by color, with light blue representing the ambient treatment (CK) and red indicating the warming treatment (W). Bars denote mean values with standard errors (n = 5). Statistically significant differences between warming and ambient treatments within each soil layer are marked by symbols († P < 0.10, * P < 0.05, ** P < 0.01, *** P < 0.001).
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Fig. S2 Responses of soil microbial biomass and potential activity of exoenzymes to 20-year experimental warming across the 0-50 cm soil profile of an alpine meadow, divided into five layers (0-10, 10-20, 20-30, 30-40, and 40-50 cm). (a) Microbial biomass carbon (MBC); (b) microbial biomass nitrogen (MBN); (c) β-1, 4-glucosidase (BG); (d) β-1, 4-N-acetyl-glucosaminidase (NAG); (e) acid phosphatase (AP); (f) oxidase (OXE). Treatments are shown by color, with light blue representing the ambient treatment (CK) and red indicating the warming treatment (W). Bars denote mean values with standard errors (n = 5). Statistically significant differences between warming and ambient treatments within each soil layer are marked by symbols († P < 0.10, * P < 0.05, ** P < 0.01, *** P < 0.001).
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Fig. S3 Responses of soil total nitrogen (TN) in bulk soil and two soil fractions to 20-year experimental warming across the 0-50 cm profile of an alpine meadow, with depth intervals of 0-10, 10-30, and 30-50 cm. (a) Bulk soil; (b) light fraction (LF); (c) heavy fraction (HF). Treatments are shown by color, with light blue representing the ambient treatment (CK) and red indicating the warming treatment (W). Bars denote mean values with standard errors (n = 5). Statistically significant differences between warming and ambient treatments within each soil layer are marked by symbols († P < 0.10, * P < 0.05, ** P < 0.01, *** P < 0.001).
[image: tn_fraction]


Fig. S4 Responses of soil microbial PLFAs (phospholipid fatty acids) to 20-year experimental warming in the surface soil layer (0-10 cm) of an alpine meadow. (a) Total PLFA; (b) Bacteria PLFA; (c) Fungi PLFA; (d) Actinomycetes PLFA; (e) the ratio of Fungi to Bacteria (F/B); (f) the ratio of Gram-positive bacteria to Gram-negative bacteria (G+/G-). Treatments are shown by color, with light blue representing the ambient treatment (CK) and red indicating the warming treatment (W). Bars denote mean values with standard errors (n = 5). Statistically significant differences between warming and ambient treatments are marked by symbols († P < 0.10, * P < 0.05, ** P < 0.01, *** P < 0.001).
[image: plfa_figure]


Fig. S5 Associations of light fraction carbon (LF-C) with (a) total amino sugar carbon (AS-C), (b) Muramic acid carbon (MurN-C) and (c) Fungi-derived glucosamine carbon (F-GluN-C) across the 0-50 cm soil profile of an alpine meadow. Treatments are shown by color, with light blue representing the ambient treatment (CK) and red indicating the warming treatment (W, 20-year experimental warming, n = 5). 
[image: carbon_reg_fraction]

[bookmark: OLE_LINK4]Fig. S6 Conceptual diagram showing the effects of 20-year experimental warming on surface (0-10 cm) soil carbon and its fractions in an alpine meadow. The upward red solid arrows mean significant positive effects (P < 0.10). The upward red dashed arrows mean non-significant positive effects. The downward blue solid arrows mean significant negative effects (P < 0.10). The downward blue dashed arrows mean non-significant negative effects of warming treatments. AGB, aboveground biomass; BGB, belowground biomass; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; MurN, muramic acid; F-GluN, fungi-glucosamine; SOC, soil organic carbon; Light fraction C, light fraction soil carbon; Heavy fraction C, heavy fraction soil carbon.
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