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Table S1. The temperature sensitivity of SOC decomposition calculated based on the mean annual temperature (Q10-MAT) of the original sampling site and the standardized temperature sensitivity to a common‐set temperature of 10 oC and 20 oC. Different lowercase letters indicate differences between different Q10 value estimations in each zone (Duncan test, P < 0.05). 

	Climatic zone
	Q10-MAT
	Q10-CT

	
	
	10oC
	20oC

	Top soil
	
	
	

	All
	3.40±0.24a
	3.10±0.21a
	2.46±0.17b

	<5oC
	3.58±0.21Aa
	3.04±0.17Ab
	2.36±0.14Ac

	5-10oC
	3.35±0.18ABa
	3.02±0.17Aa
	2.45±0.13Ab

	>10oC
	3.19±0.14Ba
	3.15±0.21Aa
	2.48±0.18Ab

	Subsoil
	
	
	

	All
	2.68±0.21a
	2.31±0.18a
	2.10±0.24b

	<5oC
	2.96±0.18Aa
	2.27±0.13Ab
	1.85±0.09Ac

	5-10oC
	2.64±0.10ABa
	2.31±0.21Aab
	2.17±0.16ABb

	>10oC
	2.56±0.24Ba
	2.34±0.15Aa
	2.13±0.14Bb





Table S2. Oligotrophic- and Copiotrophic-associated bacterial/fungal phyla defined in the study from available studies.
	Bacteria
	Oligotroph
	references

	
	Acidobacteria
	Fierer et al., 2007; Fierer et al., 2012

	
	Chloroflexi
	Phung et al., 2004; Pepe-Ranney et al., 2016; 

	
	Verrucomicrobia
	Cederlund et al., 2014; Pepe-Ranney et al., 2016

	
	Gemmatimonadetes
	Cederlund et al., 2014;

	
	Copiotroph
	

	
	Firmicutes
	Bastida et al., 2015

	
	α-Proteobacteria
	Fierer et al., 2012; Francioli et al., 2016

	
	β-Proteobacteria
	Fierer et al., 2007; Morrisey et al., 2016

	
	γ-Proteobacteria
	Leff et al., 2015; Morrisey et al., 2016

	
	Actinobacteria
	Padmanabhan et al., 2003

	
	Bacteroidetes
	Fierer et al., 2007; Fierer et al., 2012

	
	
	

	Fungi
	Oligotroph
	

	
	Basidiomycota
	Yao et al., 2017; Li et al., 2021

	
	Mortierellomycota
	Cleveland et al., 2007

	
	Copiotroph
	

	
	Ascomycota
	Leff et al., 2015;
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Figure captions
Fig. S1. The relationship of mean annual temperature (MAT, oC) and precipitation (MAP, mm) with latitude (A) and longitude (B) of the sampling sites.
Fig. S2. Examples of relationships modeling between SOC decomposition rate (SDR, ng C g-1 soil h-1) and the incubation temperature (oC) using exponential and quadratic functions from four deserts and two soil depths in the study site.
Fig. S3. Pathways model with variables (boxes) and potential causal relationships (arrows) for the effects of climate, edaphic, substrate and microbial properties on the temperature sensitivity (Q10) of SOC decomposition rate. 
Fig. S4. The spatial variation of temperature sensitivity (Q10) of SOC decomposition with longitude (A) and latitude (B) at the top (0-10 cm, green) and deep (30-50 cm, pink) soils across the northern China’s deserts. Least square regression coefficients and significant values are shown.
Fig. S5. Relationships of substrate quantity (SOC, g C kg-1 soil) and quality (B µg C g-1 SOC h-1; C2930:C1620 ) with mean annual precipitation (MAP, mm) in the top (0-10 cm, green) and deep (30-50 cm, pink) soil. Least square regression coefficients and significant values are shown. 
Fig. S6. Relationships of the microbial abundance (A-C), diversity (D-F) and community composition (G-I) with mean annual precipitation (MAP, mm) in the top (0-10 cm, green) and deep (30-50 cm, pink) soil. Least square regression coefficients and significant values are shown. 
Fig. S7. Relationships of the ratio of the relative abundance of oligotrophic over copiotrophic taxa in bacterial (A) and fungi (B) communities with mean annual precipitation (MAP, mm) in the top (0-10 cm, green) and deep (30-50 cm, pink) soil. Least square regression coefficients and significant values are shown.
Fig. S8. Relationships of the microbial biomass specific respiration with mean annual precipitation (MAP, mm) in the top (0-10 cm, green) and deep (30-50 cm, pink) soil. Least square regression coefficients and significant values are shown.
Fig. S9. Relationships of the edaphic properties with mean annual precipitation (MAP, mm) in the top (0-10 cm, green) and deep (30-50 cm, pink) soil. Least square regression coefficients and significant values are shown.
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