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[bookmark: _Hlk143794478]Figure S1. 13C CP/TOSS NMR spectra of all soil samples. Different chemical shift regions (0–215 ppm) represent diverse SOC molecular structures. 0–45 ppm, alkyl C; 45–60 ppm, N-alkyl/methoxy C; 60–95 ppm, O-alkyl C; 95–110 ppm, Di-O-alkyl C; 110–145 ppm, aromatic C; 145–165 ppm, phenolic C; 165–210, carbonyl C.
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Figure S2. Growth performance of soil bacteria at different culture temperatures. Different colors indicate distinct areas where the sample was collected.
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Figure S3. Effect of warming on soil physiochemical traits. a. Soil respiration. b. Maximum growth rate. c. Generation time. d. Lag phase time.
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Figure S4. Correlations between microbial physiologic traits and microbial diversity in type C and D climates of China. The color shows the correlation coefficient measured by the linear mixed-effects model. Statistical significance is supported by Wald type II χ² tests. The P values were adjusted by false discovery rate. *P < 0.05, **P < 0.01, ***P < 0.001. Cp: cold-preferring bacteria; Wp: warm-preferring bacteria.
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Figure S5. Standardized total effects of environmental variables on C losses in the humid continental and humid subtropical climates. Q10(SR) is the temperature sensitivity of soil respiration, and Q10BG is a composite variable that is composed of the temperature sensitivity of generation time, lag phase time and maximum growth rate. Cp: cold-preferring bacteria; Wp: warm-preferring bacteria.
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Figure S6. A priori model showing the effects of warming, alpha-diversity of cold- and warm-preferred bacteria, temperature sensitivity of soil respiration and bacterial growth on C losses. C losses are represented by the first components from principal component analysis performed with the relative factors that significantly affect C molecules. Q10BG is a composite variable that is composed of the temperature sensitivity of generation time, lag phase time and maximum growth rate. Cp: cold-preferring bacteria; Wp: warm-preferring bacteria.
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Figure S7. Relationships of temperature with microbial-derived alkyl C, plant-derived alkyl C, and alkyl C in the warming experiment.



[image: ]
Figure S8. Relationships between microbial and soil carbon properties with initial soil characteristics and environmental conditions.
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	Supplementary Tables
	

	Table S1. Details of sampling sites in this study.
	

	Sites
	Longitude
	Latitude
	MAT (°C)
	MAP (mm)
	Köppen climate classifications

	HL (Hailun)
	126.97°E
	47.82°N
	1.5
	556
	Dwb

	CC (Changchun)
	125.35°E
	44.74°N
	4.5
	520
	Dwa

	SY (Shenyang)
	123.86°E
	41.57°N
	8.3
	400
	Dwa

	YY (Yuanyang)
	113.36°E
	35.14°N
	14.4
	550
	Dwa

	FQ (Fengqiu)
	114.85°E
	34.89°N
	13.9
	615
	Dwa

	LA (Linan)
	116.52°E
	30.61°N
	16.1
	1613
	Cfa

	QZ (Quzhou)
	118.91°E
	27.24°N
	17.9
	1971
	Cfa

	ZX (Zixi)
	117.92°E
	27.75°N
	17
	1934
	Cfa

	JO (Jian’ou)
	118.72°E
	27.05°N
	18.8
	1664
	Cfa

	CT (Changting)
	116.52°E
	26.61°N
	19
	1700
	Cfa

	HY (Hengyang)
	112.18°E
	25.52°N
	18
	1500
	Cfa

	QX (Qingxin)
	112.72°E
	23.53°N
	21.6
	2215
	Cfa

	HK (Haikou)
	110.01°E
	19.72°N
	23.8
	1664
	Cwa

	MAT, mean annual temperature; MAP, mean annual precipitation.
Humid continental climate (Dwa, Dwb); Humid subtropical climate (Cfa, Cwa)




	Table S2.  Summary of dose–response curves for the spiked soil samples.

	 Sites
	Temperature (°C)
	Linear equation
	R2

	HL
	8
	y=0.9434x–0.7686
	0.9965 

	HL
	8
	y=0.9177x–0.5155
	0.9949 

	HL
	8
	y=0.9516x–0.7327
	0.9933 

	HL
	15
	y=0.9447x–0.636
	0.9957 

	HL
	15
	y=0.9279x–0.7646
	0.9968 

	HL
	15
	y=0.9488x–1.0106
	0.9908 

	HL
	20
	y=0.9384x–0.8536
	0.9935 

	HL
	20
	y=0.9385x–0.9669
	0.9930 

	HL
	20
	y=0.9229x–0.5411
	0.9933 

	HL
	25
	y=0.9082x–0.7966
	0.9934 

	HL
	25
	y=0.9411x–0.7394
	0.9959 

	HL
	25
	y=0.9198x–0.8083
	0.9918 

	HL
	35
	y=0.941x–0.5938
	0.9949 

	HL
	35
	y=0.9391x–0.8358
	0.9944 

	HL
	35
	y=0.9254x–0.7378
	0.9955 

	CC
	8
	y=0.9256x–0.7129
	0.9919 

	CC
	8
	y=0.9225x–0.5317
	0.9930 

	CC
	8
	y=0.9434x–0.7925
	0.9930 

	CC
	15
	y=0.9123x–0.8783
	0.9919 

	CC
	15
	y=0.9297x–0.9153
	0.9949 

	CC
	15
	y=0.9390x–0.8738
	0.9961 

	CC
	20
	y=0.9692x–0.9039
	0.9947 

	CC
	20
	y=0.9299x–0.8005
	0.9949 

	CC
	20
	y=0.9519x–0.7938
	0.9952 

	CC
	25
	y=0.9223x–0.479
	0.9913 

	CC
	25
	y=0.9529x–1.0086
	0.9948 

	CC
	25
	y=0.9493x–0.6897
	0.9956 

	CC
	35
	y=0.9447x–0.4371
	0.9948 

	CC
	35
	y=0.9457x–0.6302
	0.9938 

	CC
	35
	y=0.8847x–0.6497
	0.9883 

	SY
	8
	y=0.9276x–0.601
	0.9942 

	SY
	8
	y=0.9055x–0.3316
	0.9940 

	SY
	8
	y=0.9316x–0.9413
	0.9965 

	SY
	15
	y=0.9314x–1.3928
	0.9954 

	SY
	15
	y=0.9566x–1.0147
	0.9958 

	SY
	15
	y=0.9391x–1.3022
	0.9941 

	SY
	20
	y=0.9418x–0.7081
	0.9912 

	SY
	20
	y=0.9287x–0.8215
	0.9938 

	SY
	20
	y=0.9592x–0.7682
	0.9902 

	SY
	25
	y=0.9006x–0.6403
	0.9915 

	SY
	25
	y=0.9650x–0.8492
	0.9955 

	SY
	25
	y=0.8827x–0.2681
	0.9859 

	SY
	35
	y=0.9362x–0.5503
	0.9932 

	SY
	35
	y=0.9185x–0.5287
	0.9924 

	SY
	35
	y=0.9393x–0.6137
	0.9945 

	YY
	8
	y=0.9426x–0.9509
	0.9937 

	YY
	8
	y=0.9407x–0.6068
	0.9947 

	YY
	8
	y=0.9408x–0.846
	0.9962 

	YY
	15
	y=0.9476x–0.996
	0.9960 

	YY
	15
	y=0.9501x–0.8953
	0.9955 

	YY
	15
	y=0.9494x–1.0341
	0.9966 

	YY
	20
	y=0.9299x–0.6766
	0.9945 

	YY
	20
	y=0.9363x–0.6507
	0.9930 

	YY
	20
	y=0.9409x–0.4849
	0.9956 

	YY
	25
	y=0.9089x–0.5817
	0.9895 

	YY
	25
	y=0.9449x–0.5586
	0.9953 

	YY
	25
	y=0.9357x–0.8274
	0.9942 

	YY
	35
	y=0.9241x–0.7684
	0.9946 

	YY
	35
	y=0.9132x–0.6614
	0.9953 

	YY
	35
	y=0.8934x–0.5618
	0.9785 

	FQ
	8
	y=0.9520x–0.5454
	0.9913 

	FQ
	8
	y=0.9532x–0.7875
	0.9938 

	FQ
	8
	y=0.9423x–0.6606
	0.9919 

	FQ
	15
	y=0.9478x–1.0361
	0.9946 

	FQ
	15
	y=0.9457x–0.7527
	0.9968 

	FQ
	15
	y=0.9403x–0.7672
	0.9952 

	FQ
	20
	y=0.9294x–0.8101
	0.9928 

	FQ
	20
	y=0.9473x–0.994
	0.9922 

	FQ
	20
	y=0.9084x–0.5979
	0.9941 

	FQ
	25
	y=0.9306x–0.7128
	0.9940 

	FQ
	25
	y=0.9473x–1.3928
	0.9896 

	FQ
	25
	y=0.9579x–1.0189
	0.9936 

	FQ
	35
	y=0.9375x–0.846
	0.9960 

	FQ
	35
	y=0.8936x–0.4849
	0.9932 

	FQ
	35
	y=0.742x+0.0823
	0.8707 

	LA
	8
	y=0.9182x–0.8749
	0.9918 

	LA
	8
	y=0.9195x–0.8402
	0.9949 

	LA
	8
	y=0.9373x–0.8628
	0.9943 

	LA
	15
	y=0.9166x–0.4421
	0.9950 

	LA
	15
	y=0.9317x–0.8468
	0.9967 

	LA
	15
	y=0.9097x–0.887
	0.9939 

	LA
	20
	y=0.9638x–0.9903
	0.9959 

	LA
	20
	y=0.9049x–0.6752
	0.9899 

	LA
	20
	y=0.9195x–0.769
	0.9884 

	LA
	25
	y=0.9171x–0.7042
	0.9940 

	LA
	25
	y=0.9258x–0.5862
	0.9927 

	LA
	25
	y=0.9605x–0.9813
	0.9970 

	LA
	35
	y=0.9367x–0.8061
	0.9916 

	LA
	35
	y=0.9443x–0.7433
	0.9948 

	LA
	35
	y=0.9514x–0.6443
	0.9887 

	QZ
	8
	y=0.9320x–0.7807
	0.9969 

	QZ
	8
	y=0.964x–0.7989
	0.9966 

	QZ
	8
	y=0.9296x–0.7229
	0.9950 

	QZ
	15
	y=0.9218x–0.6664
	0.9951 

	QZ
	15
	y=0.9568x–0.7059
	0.9944 

	QZ
	15
	y=0.9317x–0.7195
	0.9942 

	QZ
	20
	y=0.9287x–0.6856
	0.9926 

	QZ
	20
	y=0.9071x–0.4808
	0.9936 

	QZ
	20
	y=0.8483x–0.4406
	0.9638 

	QZ
	25
	y=0.9208x–0.7086
	0.9927 

	QZ
	25
	y=0.9468x–1.0111
	0.9969 

	QZ
	25
	y=0.9541x–0.8374
	0.9947 

	QZ
	35
	y=0.9617x–0.8594
	0.9945 

	QZ
	35
	y=0.9071x–0.5286
	0.9958 

	QZ
	35
	y=0.9725x–0.8681
	0.9927 

	ZX
	8
	y=0.9517x–0.4795
	0.9926 

	ZX
	8
	y=0.9335x–0.7554
	0.9932 

	ZX
	8
	y=0.9468x–0.5097
	0.9968 

	ZX
	15
	y=0.9361x–0.8316
	0.9953 

	ZX
	15
	y=0.9416x–0.9052
	0.9963 

	ZX
	15
	y=0.9435x–0.7701
	0.9969 

	ZX
	20
	y=0.9349x–0.4688
	0.9947 

	ZX
	20
	y=0.9442x–0.5625
	0.9947 

	ZX
	20
	y=0.9368x–0.5443
	0.9943 

	ZX
	25
	y=0.9538x–0.5895
	0.9957 

	ZX
	25
	y=0.9213x–0.7365
	0.9951 

	ZX
	25
	y=0.9437x–0.9172
	0.9940 

	ZX
	35
	y=0.9386x–0.2335
	0.9898 

	ZX
	35
	y=0.9525x–0.7182
	0.9964 

	ZX
	35
	y=0.9580x–0.6886
	0.9941 

	JO
	8
	y=0.9236x–0.5643
	0.9930 

	JO
	8
	y=0.9521x–0.5951
	0.9963 

	JO
	8
	y=0.9381x–0.4241
	0.9939 

	JO
	15
	y=0.9636x–0.9171
	0.9947 

	JO
	15
	y=0.9384x–0.7628
	0.9940 

	JO
	15
	y=0.9348x–0.8781
	0.9956 

	JO
	20
	y=0.9876x–0.9315
	0.9963 

	JO
	20
	y=0.9148x–0.3958
	0.9940 

	JO
	20
	y=0.9361x–0.7227
	0.9921 

	JO
	25
	y=0.9045x–0.5165
	0.9958 

	JO
	25
	y=0.9393x–0.6942
	0.9953 

	JO
	25
	y=0.9091x–0.3859
	0.9931 

	JO
	35
	y=0.9468x–0.8088
	0.9956 

	JO
	35
	y=0.9562x–0.5749
	0.9940 

	JO
	35
	y=0.9259x–0.5271
	0.9931 

	CT
	8
	y=0.9497x–0.6896
	0.9942 

	CT
	8
	y=0.9466x–0.507
	0.9939 

	CT
	8
	y=0.9503x–0.6224
	0.9943 

	CT
	15
	y=0.9722x–0.774
	0.9966 

	CT
	15
	y=0.9319x–0.8517
	0.9962 

	CT
	15
	y=0.9403x–0.7942
	0.9919 

	CT
	20
	y=0.9381x–0.7998
	0.9950 

	CT
	20
	y=0.9536x–0.8422
	0.9951 

	CT
	20
	y=0.9259x–0.6916
	0.9943 

	CT
	25
	y=0.9319x–0.6642
	0.9940 

	CT
	25
	y=0.9280x–0.7215
	0.9972 

	CT
	25
	y=0.9471x–0.7797
	0.9957 

	CT
	35
	y=0.9648x–0.9286
	0.9964 

	CT
	35
	y=0.9595x–0.7863
	0.9971 

	CT
	35
	y=0.9290x–0.8328
	0.9963 

	HY
	8
	y=0.9217x–0.5542
	0.9929 

	HY
	8
	y=0.9428x–0.4812
	0.9959 

	HY
	8
	y=0.9435x–0.5384
	0.9952 

	HY
	15
	y=0.9384x–0.4069
	0.9962 

	HY
	15
	y=0.9147x–0.8422
	0.9940 

	HY
	15
	y=0.9458x–0.5092
	0.9922 

	HY
	20
	y=0.9014x–0.6773
	0.9936 

	HY
	20
	y=0.9571x–0.7982
	0.9954 

	HY
	20
	y=0.9619x–0.7303
	0.9937 

	HY
	25
	y=0.9196x–0.8656
	0.9888 

	HY
	25
	y=0.9508x–0.5671
	0.9957 

	HY
	25
	y=0.9450x–0.9566
	0.9956 

	HY
	35
	y=0.9442x–0.6754
	0.9904 

	HY
	35
	y=0.9172x–0.7148
	0.9899 

	HY
	35
	y=0.9318x–0.5914
	0.9945 

	QX
	8
	y=0.9404x–0.5612
	0.9954 

	QX
	8
	y=0.9300x–0.5264
	0.9933 

	QX
	8
	y=0.9444x–0.7808
	0.9959 

	QX
	15
	y=0.9155x–0.8231
	0.9965 

	QX
	15
	y=0.9571x–0.8733
	0.9966 

	QX
	15
	y=0.9342x–1.1425
	0.9955 

	QX
	20
	y=0.9365x–0.7055
	0.9933 

	QX
	20
	y=0.9190x–0.6123
	0.9930 

	QX
	20
	y=0.9407x–0.9435
	0.9939 

	QX
	25
	y=0.9581x–0.9054
	0.9905 

	QX
	25
	y=0.9486x–0.6455
	0.9960 

	QX
	25
	y=0.9484x–0.9923
	0.9944 

	QX
	35
	y=0.9508x–0.5597
	0.9943 

	QX
	35
	y=0.9304x–0.6129
	0.9957 

	QX
	35
	y=0.9118x–0.5026
	0.9923 

	HK
	8
	y=0.9249x–0.6589
	0.9911 

	HK
	8
	y=0.9400x–0.7435
	0.9940 

	HK
	8
	y=0.9346x–0.6508
	0.9969 

	HK
	15
	y=0.9375x–1.0548
	0.9960 

	HK
	15
	y=0.9237x–0.7847
	0.9956 

	HK
	15
	y=0.9340x–0.9773
	0.9968 

	HK
	20
	y=0.9418x–0.4284
	0.9952 

	HK
	20
	y=0.9288x–0.6762
	0.9941 

	HK
	20
	y=0.9489x–0.8427
	0.9957 

	HK
	25
	y=0.8961x–0.3890
	0.9904 

	HK
	25
	y=0.9364x–0.6145
	0.9942 

	HK
	25
	y=0.9205x–0.4134
	0.9948 

	HK
	35
	y=0.9373x–0.6693
	0.9933 

	HK
	35
	y=0.9141x–0.7375
	0.9938 

	HK
	35
	y=0.9380x–0.7170
	0.9962 





	Table S3. Warming effects on SOC fractions and microbial activities based on linear mixed-effects models. 

	Köppen climate classification
	C fraction
	Warming

	
	
	β
	t
	P

	Humid continental climate
	O-alkyl
	–0.0277
	–2.3551
	0.0185

	
	Alkyl
	0.0485
	4.4697
	7.83E–06

	
	Methoxy
	–0.0015
	–0.1320
	0.8949

	
	Di-O-alkyl
	0.0110
	0.8879
	0.3746

	
	Aryl
	–0.0044
	–0.3640
	0.7159

	
	O-aryl
	0.0121
	0.9548
	0.3397

	Humid subtropical climate
	O-alkyl
	–0.0320
	–3.7833
	0.0002

	
	Alkyl
	0.0257
	3.1125
	0.0019

	
	Methoxy
	–0.0171
	–1.7535
	0.0795

	
	Di-O-alkyl
	–0.0002
	–0.0265
	0.9788

	
	Aryl
	0.0081
	0.9796
	0.3273

	
	O-aryl
	0.0064
	0.6996
	0.4842





	Table S4. Relationships between the composition of thermal-sensitivity bacterial community and SOC molecules in all samples at each site.

	Köppen climate classification
	Sites
	Bacterial community composition
	Procrustes analysis
	Mantel test

	
	
	
	M2
	p
	R
	p

	Humid continental climate
	HL
	Cold response
	0.9662
	0.7524
	–0.096
	0.808

	
	
	Warm response
	0.9116
	0.3608
	–0.051
	0.642

	
	CC
	Cold response
	0.9491
	0.7453
	–0.186
	0.936

	
	
	Warm response
	0.9497
	0.6836
	–0.112
	0.857

	
	SY
	Cold response
	0.8319
	0.8319
	–0.204
	0.985

	
	
	Warm response
	0.9588
	0.6506
	–0.201
	0.929

	
	YY
	Cold response
	0.8068
	0.1084
	0.026
	0.416

	
	
	Warm response
	0.9891
	0.9684
	–0.147
	0.832

	
	FQ
	Cold response
	0.9168
	0.4697
	–0.167
	0.925

	
	
	Warm response
	0.7149
	0.024
	0.079
	0.261

	Humid subtropical climate
	LA
	Cold response
	0.8769
	0.3129
	–0.050
	0.600

	
	
	Warm response
	0.9168
	0.5108
	–0.040
	0.600

	
	QZ
	Cold response
	0.8982
	0.3125
	–0.008
	0.521

	
	
	Warm response
	0.7527
	0.0568
	0.212
	0.034

	
	ZX
	Cold response
	0.8798
	0.3445
	–0.009
	0.497

	
	
	Warm response
	0.7668
	0.0600
	0.250
	0.081

	
	JO
	Cold response
	0.9276
	0.5396
	–0.055
	0.679

	
	
	Warm response
	0.9054
	0.4298
	–0.059
	0.657

	
	CT
	Cold response
	0.8682
	0.2635
	–0.007
	0.488

	
	
	Warm response
	0.9486
	0.7097
	–0.145
	0.893

	
	HY
	Cold response
	0.8348
	0.1138
	–0.046
	0.578

	
	
	Warm response
	0.9026
	0.3969
	–0.054
	0.625

	
	QX
	Cold response
	0.8500
	0.2023
	–0.163
	0.854

	
	
	Warm response
	0.9677
	0.8026
	–0.273
	0.985

	
	HK
	Cold response
	0.9627
	0.8548
	0.478
	0.478

	
	
	Warm response
	0.8237
	0.1329
	0.142
	0.170





	Table S5. Temperature sensitivity of soil respiration rate under short-term incubation.

	Köppen climate classification
	Sites
	A
	B
	R2
	P value
	Q10

	Humid continental climate
	HL
	1.47
	0.047
	0.85
	< 0.0001
	1.60

	
	CC
	2.49
	0.024
	0.63
	< 0.001
	1.27

	
	SY
	1.53
	0.038
	0.92
	< 0.0001
	1.46

	
	YY
	1.70
	0.040
	0.74
	< 0.0001
	1.49

	
	FQ
	1.48
	0.043
	0.65
	< 0.001
	1.54

	Humid subtropical climate
	LA
	1.23
	0.051
	0.89
	< 0.0001
	1.67

	
	QZ
	1.77
	0.043
	0.66
	< 0.001
	1.54

	
	ZX
	1.01
	0.043
	0.58
	< 0.01
	1.54

	
	JO
	1.38
	0.038
	0.65
	< 0.001
	1.46

	
	CT
	1.08
	0.046
	0.72
	< 0.0001
	1.58

	
	HY
	0.97
	0.059
	0.81
	< 0.0001
	1.80

	
	QX
	1.62
	0.030
	0.39
	< 0.05
	1.35

	
	HK
	2.36
	0.021
	0.36
	< 0.05
	1.23





	Table S6. Temperature sensitivity of microbial growth under short-term incubation.

	Indicators
	Sites
	Köppen climate classification
	A
	B
	R2
	P value
	Q10

	Generation time
	HL
	Humid continental climate
	276
	–0.135
	0.78
	< 0.01
	0.26

	
	CC
	
	101
	–0.083
	0.92
	< 0.0001
	0.44

	
	SY
	
	230
	–0.112
	0.83
	< 0.0001
	0.33

	
	YY
	
	143
	–0.078
	0.48
	< 0.01
	0.46

	
	FQ
	
	177
	–0.124
	0.95
	< 0.0001
	0.29

	
	LA
	Humid subtropical climate
	290
	–0.131
	0.83
	< 0.0001
	0.27

	
	QZ
	
	192
	–0.104
	0.87
	< 0.0001
	0.35

	
	ZX
	
	359
	–0.128
	0.91
	< 0.0001
	0.28

	
	JO
	
	210
	–0.118
	0.95
	< 0.0001
	0.31

	
	CT
	
	248
	–0.121
	0.87
	< 0.0001
	0.30

	
	HY
	
	208
	–0.097
	0.71
	< 0.0001
	0.38

	
	QX
	
	181
	–0.107
	0.85
	< 0.0001
	0.34

	
	HK
	
	108
	–0.086
	0.66
	< 0.001
	0.42

	Lag phase time
	HL
	Humid continental climate
	392
	–0.0929
	0.98
	<0.0001
	0.39

	
	CC
	
	312
	–0.0800
	0.99
	<0.0001
	0.45

	
	SY
	
	700
	–0.1110
	0.80
	<0.0001
	0.33

	
	YY
	
	412
	–0.0729
	0.47
	<0.01
	0.48

	
	FQ
	
	427
	–0.0959
	0.95
	<0.0001
	0.38

	
	LA
	Humid subtropical climate
	614
	–0.0996
	0.70
	<0.001
	0.37

	
	QZ
	
	607
	–0.1030
	0.79
	<0.0001
	0.36

	
	ZX
	
	1123
	–0.1320
	0.97
	<0.0001
	0.27

	
	JO
	
	667
	–0.1160
	0.96
	<0.0001
	0.31

	
	CT
	
	771
	–0.1180
	0.88
	<0.0001
	0.31

	
	HY
	
	733
	–0.1080
	0.84
	<0.0001
	0.34

	
	QX
	
	525
	–0.1040
	0.88
	<0.0001
	0.35

	
	HK
	
	374
	–0.0857
	0.81
	<0.0001
	0.42

	Maximum growth rate
	HL
	Humid continental climate
	0.00914
	0.0431
	0.69
	<0.001
	1.54

	
	CC
	
	0.00880
	0.0496
	0.76
	<0.0001
	1.64

	
	SY
	
	0.00612
	0.0624
	0.79
	<0.0001
	1.87

	
	YY
	
	0.00847
	0.0549
	0.79
	<0.0001
	1.73

	
	FQ
	
	0.01020
	0.0499
	0.72
	<0.0001
	1.65

	
	LA
	Humid subtropical climate
	0.00661
	0.0627
	0.84
	<0.0001
	1.87

	
	QZ
	
	0.00661
	0.0574
	0.87
	<0.0001
	1.78

	
	ZX
	
	0.00507
	0.0634
	0.81
	<0.0001
	1.89

	
	JO
	
	0.00516
	0.0614
	0.90
	<0.0001
	1.85

	
	CT
	
	0.00715
	0.0554
	0.71
	<0.0001
	1.74

	
	HY
	
	0.00417
	0.0734
	0.90
	<0.0001
	2.08

	
	QX
	
	0.00753
	0.0534
	0.72
	<0.0001
	1.71

	
	HK
	
	0.00609
	0.0592
	0.74
	<0.0001
	1.81



	Table S7. Results of the principal component analysis (PCA) of SOC molecules across the 13 sites in northern and southern China.

	Köppen climate classification
	C molecules
	Loadings
	Correlations

	Humid continental climate
	Carbohydrate
	–0.38
	-0.74***

	
	Protein
	0.39
	0.76***

	
	Lignin
	0.49
	0.95***

	
	Lipid
	–0.33
	-0.64***

	
	Carbonyl
	0.35
	0.68***

	
	Char
	–0.47
	-0.89***

	
	Proportion of variance
	
	61.43%

	Humid subtropical climate
	Carbohydrate
	–0.38
	-0.60***

	
	Protein
	0.44
	0.70***

	
	Lignin
	0.44
	0.69***

	
	Lipid
	0.42
	0.67***

	
	Carbonyl
	–0.32
	-0.50***

	
	Char
	–0.43
	-0.67***

	
	Proportion of variance
	
	41.36%

	Loadings and correlations are listed using the first component of each factor; *** shows a significant correlation between the factor and the first component at 0.001 levels.
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