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Supplementary Information (SI):
S2

Table S1 Chemical characteristics and water repellency classes of soils
	Dominant plant species (DPS)
	Treatments
	TOC 
(g kg-1 soil)
	TN
 (g kg-1 soil)
	C/N ratio
	WDPT 
(s)
	log10 WDPT 
(s)
	Water-repellent classesb

	PT
	PT1
	18.19 ± 0.53e
	1.73 ± 0.05e
	10.51 ± 0.32e
	0
	-1.00a
	Wettable

	
	PT2
	38.67 ± 0.22d
	2.09 ± 0.02d
	18.53 ± 0.30b
	28 ± 5
	1.44 ± 0.08
	Slight

	
	PT3
	42.03 ± 0.72c
	2.06 ± 0.02d
	20.41 ± 0.41a
	39 ± 5
	1.59 ± 0.06
	Slight

	
	PT4
	59.13 ± 0.63b
	4.08 ± 0.02c
	14.50 ± 0.19cd
	192 ± 55
	2.27 ± 0.12
	Strong

	
	PT5
	60.48 ± 0.30b
	4.44 ± 0.06b
	13.63 ± 0.24d
	790 ± 48
	2.90 ± 0.03
	Severe

	
	PT6
	69.52±1.55a
	4.66 ± 0.01a
	14.93 ± 0.36c
	4953 ± 487
	3.69 ± 0.04
	Extreme

	RP
	RP2
	33.02 ± 0.97b
	4.06 ± 0.04c
	8.13 ± 0.31c
	2 ± 1
	0.26 ± 0.21
	Wettable

	
	RP3
	61.59 ± 0.26a
	4.92 ± 0.09a
	12.51 ± 0.27b
	37 ± 3
	1.56 ± 0.04
	Slight

	
	RP4
	60.93 ± 0.62a
	4.65 ± 0.11b
	13.12 ± 0.22ab
	10 ± 2
	1.01 ± 0.1
	Slight

	
	RP5
	61.11 ± 0.97a
	4.51 ± 0.03b
	13.54 ± 0.15a
	24 ± 2
	1.38 ± 0.04
	Slight

	HR
	HR2
	34.70 ± 2.07b
	2.86 ± 0.02c
	12.14 ± 0.79a
	2 ± 1
	0.25 ± 0.24
	Wettable

	
	HR3
	36.32 ± 1.73b
	3.01 ± 0.01b
	12.05 ± 0.61a
	7 ± 2
	0.86 ± 0.12
	Slight

	
	HR5
	44.57 ± 0.80a
	3.77 ± 0.02a
	11.82 ± 0.28a
	20 ± 4
	1.29 ± 0.1
	Slight

	CV
	CV2
	32.24 ± 0.75c
	4.06 ± 0.03b
	7.95 ± 0.14b
	6 ± 2
	0.80 ± 0.11
	Slight

	
	CV4
	36.33 ± 0.53b
	4.87 ± 0.04a
	7.46 ± 0.15b
	10 ± 2
	0.99 ± 0.11
	Slight

	
	CV6
	44.03 ± 0.52a
	4.77 ± 0.15a
	9.24 ± 0.37a
	22 ± 4
	1.33 ± 0.09
	Slight

	AC
	AC1
	16.22 ± 0.25a
	1.44 ± 0.02a
	11.49 ± 0.20a
	0
	-1.00a 
	Wettable

	
	AC2
	16.62 ± 0.23a
	1.45 ± 0.01a
	11.26 ± 0.28a
	6 ± 2
	0.76 ± 0.14
	Slight


[bookmark: _Hlk128493176] a PT1 and AC1 had a mean WDPT of 0 s, and therefore the log10 WDPT was set at -1.00. b Based on Bisdom et al. (1993). The values are means of three replicates ± standard deviation. Different letters indicate significant differences of samples with different log10 WDPT intervals under the same vegetation species (p < 0.05)



























[bookmark: _Hlk126867934]Table S2 The SWR biomarker compounds identified by sequential extraction methods from all soils
	Extraction procedures
	Classes
	Compounds
	Origina
	Extraction procedures
	Fractions
	Compounds
	Origina

	DCM/MeOH extraction
	Db short-chain alkanoic (alkenoic) acids
	n-Hexadecanoic acid
	M
	 IPA/NH3 extraction
	ASb short-chain alkanoic (alkenoic) acids
	The same as D short-chain alkanoic acids

	
	
	n-Heptadecanoic acid
	M
	
	AS long-chain alkanoic acids
	The same as D long-chain alkanoic acids

	
	
	n-Octadecanoic acid
	M
	
	AS alkanols
	Hexadecanol
	O

	
	
	n-Hexadecenoic acid
	M
	
	
	Octadecanol
	O

	
	
	n-Octadecenoic acid
	M
	
	
	Eicosanol
	O

	
	D long-chain alkanoic acids 
	n-Nonadecanoic acid
	O
	
	
	Docosanol
	P

	
	
	n-Eicosanoic acid
	O
	
	
	Tetracosanol
	P

	
	
	n-Heneicosanoic acid
	O
	
	
	Pentacosanol
	P

	
	
	n-Docosanoic acid
	P
	
	
	Hexacosanol
	P

	
	
	n-Tricosanoic acid
	P
	
	
	Heptacosanol
	P

	
	
	n-Tetracosanoic acid
	P
	
	
	Octacosanol
	P

	
	
	n-Pentacosanoic acid
	P
	
	
	Dotriacontanol
	P

	
	
	n-Hexacosanoic acid
	P
	
	AS ω-hydroxyalkanoic acids
	16-Hydroxyhexadecanoic acid
	C

	
	
	n-Heptacosanoic acid
	P
	
	
	18-Hydroxyoctadecanoic acid
	C

	
	
	n-Octadecosanoic acid
	P
	
	
	22-Hydroxydocosanoic acid
	S

	
	
	n-Nonacosanoic acid
	P
	
	
	23-Hydroxytricosanoic acid
	S

	
	
	n-Triacontanoic acid
	P
	
	
	24-Hydroxytetracosanoic acid
	S

	
	
	n-Dotriacontanoic acid
	P
	
	
	25-Hydroxypentacosanoic acid
	S

	
	D alkanols
	Octadecanol
	O
	
	AS α, ω-dicarboxylic acids
	α, ω-Hexadecanedioic acid
	S

	
	
	Eicosanol
	O
	
	
	α, ω-Docosandioic acid 
	S

	
	
	Heneicosanol
	O
	
	
	α, ω-Triacontanedioic acid
	S

	
	
	Docosanol
	P
	
	AIb short-chain alkanoic acid
	The same as D short-chain alkanoic acids

	
	
	Tetracosanol
	P
	
	AI long-chain alkanoic acids
	The same as D long-chain alkanoic acids

	
	
	Hexacosanol
	P
	
	AI alkanols
	Hexadecanol
	O

	
	
	Heptacosanol
	P
	
	
	Octadecanol
	O

	
	
	Octacosanol
	P
	
	
	Eicosanol
	O

	
	D alkanes
	Heptadecane
	O
	
	
	Heneicosanol
	O

	
	
	Nonadecane
	O
	
	
	Docosanol
	P

	
	
	Eicosane
	O
	
	
	Tetracosanol
	P

	
	
	Heneicosane
	O
	
	
	Pentacosanol
	P

	
	
	Docosane
	O
	
	
	Hexacosanol
	P

	
	
	Tricosane
	O
	
	
	Heptacosanol
	P

	
	
	Tetracosane
	P
	
	
	Octacosanol
	P

	
	
	Pentacosane
	P
	
	
	Triacontanol
	P

	
	
	Hexacosane
	P
	
	AI ω-hydroxyalkanoic acids
	The same as AS α, ω-dicarboxylic acids

	
	
	Heptacosane
	P
	
	AI α, ω-dicarboxylic acids
	α, ω-Hexadecanedioic acid
	S

	
	
	Octacosane
	P
	
	
	α, ω-Octadecanedioic acid
	S

	
	
	Nonacosane
	P
	
	
	α, ω-Docosanedioic acid
	S

	
	
	Hentriacontane
	P
	
	
	α, ω-Tetracosanedioic acid
	S

	
	D ω-hydroxyalkanoic acids
	22-Hydroxydocosanoic acid
	S
	
	
	α, ω-Hexacosanedioic acid
	S

	
	D α, ω-dicarboxylic acids
	α, ω-Docosanedioic acid
	S
	
	
	α, ω-Octacosanedioic acid
	S

	
	
	
	
	
	
	α, ω-Triacontanedioic acid
	S


[bookmark: _Hlk130889602][bookmark: _Hlk127299630] a based-on Zhang et al. (2022), SFA are derived from microbes, and LFA, cutin and suberin are derived from plants. C, cutin; M, short-chain fatty acids (SFA); O, others; P, long-chain fatty acids (LFA); S, suberin. b D, AS, and AI refer to DCM/MeOH soluble fraction, DCM/MeOH soluble fraction of IPA/NH3 extract, and DCM/MeOH insoluble fraction of IPA/NH3 extract, respectively
Table S3 The absolute concentrations (log10 (µg g−1 TOC)) of all identified biomarkers in D fractions, AS fractions, and AI fractions significantly related to SWR (log10 WDPT (s))
	SWR biomarkersa
	Coef.b
	Sig.c
	SWR biomarkers
	Coef.b
	Sig.c

	D Hexadecanoic acid
	0.417
	0.002
	AS Nonadecanoic acid
	0.556
	0.000

	D Octadecanoic acid
	0.366
	0.007
	AS Docosanoic acid
	0.332
	0.014

	D Hexadecenoic acid
	-0.520
	0.000
	AS Tetracosanoic acid
	-0.305
	0.025

	D Eicosanoic acid
	-0.285
	0.037
	AS Hexacosanoic acid
	-0.386
	0.004

	D Heneicosanoic acid
	-0.591
	0.000
	AS Octadecosanoic acid
	0.594
	0.000

	D Docosanoic acid
	0.321
	0.018
	AS Hexadecanol
	0.277
	0.042

	D Tricosanoic acid
	0.437
	0.001
	AS Docosanol
	0.622
	0.000

	D Tetracosanoic acid
	0.403
	0.003
	AS Tetracosanol
	0.433
	0.001

	D Octadecosanoic acid
	-0.702
	0.000
	AS Heptacosanol
	-0.308
	0.024

	D Dotriacontanoic acid
	0.548
	0.000
	AS Dotriacontanol
	0.545
	0.000

	D Octadecanol
	0.414
	0.002
	AS ω-Hydroxytricosanoic acid
	0.506
	0.000

	D Heneicosanol
	-0.389
	0.004
	AS ω-Hydroxytetracosanoic acid
	0.450
	0.001

	D Hexacosanol
	0.309
	0.023
	AS ω-Hydroxypentacosanoic acid
	-0.371
	0.006

	D Octacosanol
	0.438
	0.001
	AS ω-Hydroxyheptacosanoic acid
	0.656
	0.000

	D Nonadecane
	-0.458
	0.000
	AS α, ω-Docosandioic acid
	0.499
	0.000

	D Heneicosane
	-0.443
	0.001
	AI Hexadecanoic acid
	0.334
	0.013

	D Tetracosane
	-0.324
	0.017
	AI Octadecanoic acid
	0.339
	0.012

	D Nonacosane
	-0.547
	0.000
	AI Hexacosanoic acid
	-0.297
	0.029

	D α, ω-Docosanedioic acid
	-0.353
	0.009
	AI Heptacosanol
	-0.385
	0.004

	AS Heptadecanoic acid
	0.334
	0.014
	AI ω-Hydroxyhexadecanoic acid
	0.491
	0.000

	AS Octadecanoic acid
	-0.330
	0.015
	AI α, ω-Octadecanedioic acid
	0.514
	0.000

	AS Octadecenoic acid
	-0.357
	0.008
	　
	　
	　


[bookmark: _Hlk128405285] a D, AS, and AI refer to DCM/MeOH soluble fraction, DCM/MeOH soluble fraction of IPA/NH3 extract, and DCM/MeOH insoluble fraction of IPA/NH3 extract, respectively. b Linear correlation coefficient. c Significant p-values.
Table S4 Model fit summary
	CMIN
	
	
	
	
	

	Model
	NPAR
	CMIN
	DF
	P
	CMIN/DF

	Default model
	24
	2.239
	4
	0.692
	0.56

	Saturated model
	28
	0
	0
	
	　

	Independence model
	7
	48.701
	21
	0.001
	2.319

	Zero model
	0
	185.5
	28
	0
	6.625

	RMR, GFI
	
	
	
	
	

	Model
	RMR
	GFI
	AGFI
	PGFI
	

	Default model
	0.037
	0.988
	0.915
	0.141
	

	Saturated model
	0
	1
	
	　
	

	Independence model
	0.425
	0.737
	0.65
	0.553
	

	Zero model
	0.58
	0
	0
	0
	

	Baseline Comparisons
	
	
	
	

	Model
	NFI
	RFI
	IFI
	TLI
	CFI

	
	Delta1
	rho1
	Delta2
	rho2
	

	Default model
	0.954
	0.759
	1.039
	1.334
	1

	Saturated model
	1
	
	1
	
	1

	Independence model
	0
	0
	0
	0
	0

	Parsimony-Adjusted Measures
	
	
	

	Model
	PRATIO
	PNFI
	PCFI
	
	

	Default model
	0.19
	0.182
	0.19
	
	

	Saturated model
	0
	0
	0
	
	

	Independence model
	1
	0
	0
	
	

	NCP
	
	
	
	
	

	Model
	NCP
	LO 90
	HI 90
	
	

	Default model
	0
	0
	5.264
	
	

	Saturated model
	0
	0
	0
	
	

	Independence model
	27.701
	11.109
	52.001
	
	

	FMIN
	
	
	
	
	

	Model
	FMIN
	F0
	LO 90
	HI 90
	

	Default model
	0.042
	0
	0
	0.099
	

	Saturated model
	0
	0
	0
	0
	

	Independence model
	0.919
	0.523
	0.21
	0.981
	

	RMSEA
	
	
	
	
	

	Model
	RMSEA
	LO 90
	HI 90
	PCLOSE
	

	Default model
	0
	0
	0.158
	0.742
	

	Independence model
	0.158
	0.1
	0.216
	0.003
	

	AIC
	
	
	
	
	

	Model
	AIC
	BCC
	BIC
	CAIC
	

	Default model
	50.239
	58.773
	97.975
	121.975
	

	Saturated model
	56
	65.956
	111.692
	139.692
	

	Independence model
	62.701
	65.19
	76.624
	83.624
	

	Zero model
	185.5
	185.5
	185.5
	185.5
	

	ECVI
	
	
	
	
	

	Model
	ECVI
	LO 90
	HI 90
	MECVI
	

	Default model
	0.948
	0.981
	1.08
	1.109
	

	Saturated model
	1.057
	1.057
	1.057
	1.244
	

	Independence model
	1.183
	0.87
	1.642
	1.23
	

	Zero model
	3.5
	2.757
	4.385
	3.5
	

	HOELTER
	
	
	
	
	

	Model
	HOELTER
	HOELTER
	
	
	

	
	0.05
	0.01
	
	
	

	Default model
	225
	315
	
	
	

	Independence model
	36
	43
	
	
	

	Zero model
	12
	14
	
	
	



[image: ][image: ]Fig. S1 Chain length distribution of DCM/MeOH extractable lipids (µg g−1 dried material) of vegetation leaves and roots. Notes: Error bars are ± SD (n = 6) of the mean
[bookmark: _Hlk132985829]Fig. S2 Chain length distribution of ester-bound lipids (µg g−1 dried material) upon BF3–MeOH hydrolysis of vegetation leaves and roots. Notes: Error bars are ± SD (n = 6) of the mean



[image: ][image: ]Fig. S3 Correlation heat map of the absolute (log10 (µg g−1 soil)) and relative concentrations (log10 (µg g−1 TOC)) of all identified biomarkers in D fractions (a, d), AS fractions (b, e), and AI fractions (c, f) with SWR (log10 WDPT (s)). Significant p-values correspond to * p < 0.05, ** p < 0.01. The blue and red colors in different cells indicate the positive and negative correlation between average concentration of specific biomarkers of all soils and SWR, respectively. The depth of the color represents the magnitude of the correlation coefficient (r) value. D, AS, and AI refer to DCM/MeOH soluble fraction, DCM/MeOH soluble fraction of IPA/NH3 extract, and DCM/MeOH insoluble fraction of IPA/NH3 extract, respectively
[bookmark: _Hlk129620153][bookmark: _Hlk129620110]Fig. S4 The group abundances of DCM/MeOH extractable lipids of leaves (a–c) and roots(d–e). a and d, Long-chain fatty acids (>C24 alkanes, >C22 n-alkanoic/alkenoic acids and alkanols); b, cutin (C14–C18 ω-hydroxyalkanoic acids); c and f, short-chain fatty acids (C16–C18 n-alkanoic and n-alkenoic acid); e, suberin (α, ω-dicarboxylic acids [C16–C24; saturated and substituted] and ω-hydroxyalkanoic acids [C20–C30; saturated and substituted]). PT, Pinus tabulaeformis Carr.; RP, Robinia pseudoacacia L.; HR, Hippophae rhamnoides L.; CV, Coronilla varia L.; AC, Agropyron cristatum (L.) Gaertn.. TOC, total organic carbon; TN, total nitrogen; C/N, TOC: TN ratio. Error bars represent standard deviations of the mean values (n = 6) with lowercase letters above bars indicating significant differences among vegetation species treatments in specific fraction at p < 0.05


[bookmark: _Hlk128595153][bookmark: _Hlk128490890][bookmark: _Hlk128492952][image: ]Fig. S5 Correlation heat maps of the ratio of the two separate compound groups and SWR (log10 WDPT (s)) based on the quality factor, n = 54; the relative amounts of AS cutin (a) or AI cutin (b) were taken as the numerator, respectively. Significant p-values correspond to * p < 0.05, ** p < 0.01, *** p < 0.001. The blue and red colors in different cells indicate the positive and negative correlation between average concentration of specific biomarkers of all soils and SWR, respectively. The depth of the color represents the magnitude of the correlation coefficient (r) value. D, AS, and AI refer to DCM/MeOH soluble fraction, DCM/MeOH soluble fraction of IPA/NH3 extract, and DCM/MeOH insoluble fraction of IPA/NH3 extract, respectively
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