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Chemical properties and elemental and mineral contents of different soil layers.
	Soil layers
	Number
	Soil depth   (m)
	pH
	Organic matter
	Element content(g kg-1)
	
	Mineral content (%)

	
	
	
	
	(g kg-1)
	Si
	Al
	Fe
	K
	Ca
	
	Quartz
	Kaolinite
	Illite

	Red soil layer
	A1
	0.10
	4.10
	9.42
	85.10
	20.13
	12.06
	10.43
	0.22
	
	71.97
	25.48
	2.55

	
	A2
	0.35
	3.98
	5.28
	73.62
	23.05
	13.24
	7.15
	0.24
	
	61.54
	35.90
	2.56

	
	A3
	0.70
	4.54
	3.06
	73.17
	23.74
	13.42
	9.04
	0.35
	
	74.83
	22.38
	2.80

	Transition layer Ⅰ
	A4
	1.00
	4.91
	2.46
	78.02
	20.03
	12.91
	10.08
	0.28
	
	72.49
	24.89
	2.62

	Sandy soil layer
	A5
	1.35
	4.68
	1.61
	80.75
	19.20
	13.31
	9.38
	0.26
	
	79.72
	17.48
	2.80

	
	A6
	1.85
	4.98
	2.16
	82.39
	18.87
	12.60
	8.03
	0.24
	
	80.75
	16.72
	2.53

	
	A7
	2.35
	4.82
	1.71
	84.52
	18.91
	10.66
	12.63
	0.32
	
	78.82
	17.23
	3.95

	Transition layer Ⅱ
	A8
	2.80
	5.12
	0.93
	88.58
	18.06
	8.41
	15.62
	0.35
	
	64.44
	29.65
	5.91

	Detritus layer
	A9
	3.45
	4.94
	0.91
	91.70
	17.52
	7.79
	26.68
	0.35
	
	59.79
	34.02
	6.19

	
	A10
	4.95
	4.76
	0.83
	100.90
	14.60
	7.42
	28.62
	0.44
	
	60.63
	33.33
	6.04

	Red soil layer
	B1
	0.20
	3.74
	3.97
	77.93
	20.94
	12.63
	21.44
	0.41
	
	70.30
	25.74
	3.96

	
	B2
	0.60
	3.95
	3.78
	87.53
	28.29
	13.20
	20.23
	0.33
	
	60.02
	35.80
	4.17

	Transition layer Ⅰ
	B3
	1.50
	4.56
	1.49
	81.91
	25.24
	10.08
	23.83
	0.35
	
	58.25
	37.50
	4.25

	Sandy soil layer
	B4
	2.00
	5.38
	1.08
	112.46
	24.68
	7.81
	29.51
	0.34
	
	75.48
	20.65
	3.87

	
	B5
	2.50
	5.44
	0.82
	91.32
	19.87
	8.43
	34.38
	0.48
	
	72.26
	22.06
	5.68

	Transition layer Ⅱ
	B6
	3.20
	5.45
	0.78
	75.30
	19.51
	8.22
	31.80
	0.44
	
	68.60
	25.20
	6.20

	Detritus layer
	B7
	4.65
	4.86
	0.51
	109.61
	15.41
	8.05
	41.66
	0.55
	
	64.50
	29.56
	5.94

	
	B8
	6.10
	5.12
	0.86
	94.48
	19.36
	7.15
	40.47
	0.61
	
	63.34
	30.79
	5.86

	Average value in red soil layer
	4.06
	5.10
	79.47
	23.23
	12.91
	13.66
	0.31
	
	67.73
	29.06
	3.21

	Average value in transition layerⅠ
	4.74
	1.98
	79.97
	22.64
	11.50
	16.96
	0.32
	
	65.37
	31.20
	3.44

	Average value in sandy soil layer
	5.06
	1.48
	90.29
	20.31
	10.56
	18.79
	0.33
	
	77.41
	18.83
	3.77

	Average value in transition layer Ⅱ
	5.29
	0.86
	81.94
	18.79
	8.32
	23.71
	0.40
	
	66.52
	27.43
	6.06

	Average value in detritus layer
	4.92
	0.78
	99.17
	16.72
	7.60
	34.36
	0.49
	
	62.07
	31.93
	6.01
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Physical properties and particle size distribution and morphology of different soil layers.
	Soil layers
	Number
	Physical property
	
	Particle size distribution (%)
	
	Particle morphology

	
	
	Bulk density
	Total porosity
	Capillary pores
	Non-capillary pores
	
	Gravel ＞2 mm
	Sand

2-0.05 mm
	Silt

0.05-0.002 mm
	Clay

＜0.002 mm
	
	Aspect ratio
	Sphericity
	Specific surface area (m2 g-1)

	Red soil layer
	A1
	1.38
	47.92
	28.88
	24.21
	
	13.01
	40.58
	32.61
	13.80
	
	0.67
	0.77
	22.76

	
	A2
	1.39
	47.55
	30.15
	21.27
	
	11.20
	43.94
	35.51
	9.35
	
	0.69
	0.78
	26.56

	
	A3
	1.40
	47.17
	31.68
	16.41
	
	9.05
	51.95
	31.95
	7.15
	
	0.66
	0.76
	21.46

	Transition layerⅠ
	A4
	1.37
	48.30
	36.16
	12.58
	
	18.49
	48.87
	27.60
	5.04
	
	0.65
	0.75
	16.91

	Sandy soil layer
	A5
	1.36
	48.68
	34.55
	14.85
	
	17.60
	48.35
	30.44
	3.61
	
	0.66
	0.76
	16.50

	
	A6
	1.35
	49.06
	34.44
	14.96
	
	17.10
	47.20
	31.83
	3.87
	
	0.64
	0.74
	18.36

	
	A7
	1.34
	49.43
	36.94
	12.79
	
	17.90
	41.25
	36.70
	4.14
	
	0.63
	0.71
	9.98

	Transition layer Ⅱ
	A8
	1.55
	41.51
	22.84
	19.63
	
	19.18
	45.51
	32.24
	3.07
	
	0.63
	0.70
	9.52

	Detritus layer
	A9
	1.56
	41.13
	27.64
	14.84
	
	23.10
	45.29
	29.43
	2.18
	
	0.62
	0.72
	8.27

	
	A10
	1.56
	41.13
	26.25
	15.89
	
	19.63
	49.64
	28.26
	2.47
	
	0.62
	0.71
	8.01

	Red soil layer
	B1
	1.38
	47.92
	29.60
	20.49
	
	5.22
	56.32
	30.23
	8.23
	
	0.65
	0.74
	21.81

	
	B2
	1.45
	45.28
	26.35
	19.43
	
	18.06
	51.83
	23.71
	6.39
	
	0.66
	0.74
	19.80

	Transition layerⅠ
	B3
	1.35
	49.06
	30.10
	20.62
	
	10.65
	47.14
	33.35
	8.85
	
	0.65
	0.73
	21.22

	Sandy soil layer
	B4
	1.34
	49.43
	29.28
	20.79
	
	22.96
	50.15
	22.31
	4.58
	
	0.65
	0.73
	11.53

	
	B5
	1.38
	47.92
	36.51
	11.57
	
	20.50
	36.16
	38.76
	4.57
	
	0.63
	0.72
	12.86

	Transition layer Ⅱ
	B6
	1.52
	42.64
	29.29
	14.17
	
	20.47
	33.90
	40.51
	5.12
	
	0.62
	0.72
	10.51

	Detritus layer
	B7
	1.56
	41.13
	25.53
	16.61
	
	23.47
	35.98
	36.30
	4.24
	
	0.64
	0.70
	7.92

	
	B8
	1.57
	40.75
	25.67
	16.15
	
	29.49
	33.53
	34.10
	2.87
	
	0.61
	0.70
	4.87

	Average value in red soil layer
	1.40
	47.17
	29.33
	20.36
	
	11.31
	48.92
	30.80
	8.98
	
	0.67
	0.76
	22.48

	Average value in transition layer Ⅰ
	1.36
	48.68
	33.13
	16.60
	
	14.57
	48.01
	30.48
	6.95
	
	0.65
	0.74
	19.07

	Average value in sandy soil layer
	1.35
	48.90
	34.34
	14.99
	
	19.21
	44.62
	32.01
	4.15
	
	0.64
	0.73
	13.85

	Average value in transition layer Ⅱ
	1.54
	42.08
	26.07
	16.90
	
	19.83
	39.71
	36.38
	4.10
	
	0.63
	0.71
	10.02

	Average value in detritus layer
	1.56
	41.04
	26.27
	15.87
	
	23.92
	41.11
	32.02
	2.94
	
	0.62
	0.71
	7.27
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Fitting parameters of the Van Genuchten model and the statistical parameters used to evaluate the model performance.
	Soil layers
	Number 
	a
	n
	θs
	θr
	R2
	NSE
	p
	RE (%)
	MRE (%)
	MARE (%)

	Red soil layer 
	A1
	0.045
	1.216
	0.337
	0.188
	0.992
	0.959
	<0.01
	-10.8--3.9
	-6.7
	6.7

	
	A2
	0.046
	1.145
	0.383
	0.174
	0.990
	0.987
	<0.01
	-3.0-1.1
	-0.3
	0.7

	
	A3
	0.035
	1.255
	0.356
	0.197
	0.986
	0.981
	<0.01
	-4.3-1.5
	-0.4
	0.9

	Transition layer Ⅰ
	A4
	0.026
	1.458
	0.359
	0.182
	0.993
	0.991
	<0.01
	-4.0-1.8
	-0.4
	1.0

	Sandy soil layer 
	A5
	0.023
	1.624
	0.273
	0.109
	0.971
	0.940
	<0.01
	-12.6-3.4
	-2.1
	3.3

	
	A6
	0.019
	1.549
	0.299
	0.126
	0.956
	0.920
	<0.01
	-14.6-3.9
	-2.3
	3.5

	
	A7
	0.018
	1.590
	0.272
	0.105
	0.956
	0.915
	<0.01
	-15.3-4.4
	-2.6
	3.9

	Transition layer Ⅱ
	A8
	0.034
	1.382
	0.349
	0.079
	0.994
	0.988
	<0.01
	-6.2-3.5
	-1.2
	2.0

	 Detritus layer
	A9
	0.054
	1.329
	0.309
	0.083
	0.986
	0.977
	<0.01
	-9.0-1.9
	-1.0
	1.9

	
	A10
	0.066
	1.275
	0.315
	0.060
	0.989
	0.981
	<0.01
	-8.5-1.8
	-1.0
	1.6

	Red soil layer 
	B1
	0.048
	1.406
	0.376
	0.159
	0.968
	0.923
	<0.01
	-10.0-1.4
	-1.7
	2.2

	
	B2
	0.056
	1.268
	0.394
	0.252
	0.962
	0.910
	<0.01
	-9.2-1.1
	-1.5
	1.9

	Transition layer Ⅰ
	B3
	0.053
	1.273
	0.310
	0.204
	0.971
	0.922
	<0.01
	-6.9-0.9
	-1.2
	1.5

	Sandy soil layer 
	B4
	0.048
	1.368
	0.286
	0.202
	0.957
	0.915
	<0.01
	-8.1-1.0
	-1.4
	1.7

	
	B5
	0.014
	1.683
	0.371
	0.138
	0.945
	0.900
	<0.01
	-17.4-5.4
	-3.2
	4.7

	
	B6
	0.009
	1.516
	0.386
	0.129
	0.958
	0.931
	<0.01
	-12.6-4.9
	-2.2
	3.7

	Transition layer Ⅱ
	B7
	0.010
	1.434
	0.363
	0.067
	0.957
	0.929
	<0.01
	-14.4-3.9
	-2.5
	3.8

	 Detritus layer
	B8
	0.016
	1.604
	0.378
	0.037
	0.956
	0.918
	<0.01
	-20.9-8.7
	-3.5
	6.0

	Average value in red soil layer
	0.046
	1.258
	0.369
	0.194
	
	
	
	
	
	

	Average value in transition layer Ⅰ
	0.040
	1.366
	0.335
	0.193
	
	
	
	
	
	

	Average value in sandy soil layer
	0.024
	1.563
	0.300
	0.136
	
	
	
	
	
	

	Average value in transition layer Ⅱ
	0.022
	1.449
	0.367
	0.104
	
	
	
	
	
	

	Average value in detritus layer
	0.036
	1.411
	0.341
	0.062
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Equivalent pore distribution ratios of different soil layers (%).
	Soil layers
	Number
	Equivalent pore/μm

	
	
	＞3.00
	0.60~3.00
	0.20~0.60

	Red soil layer
	A1
	11.60
	3.68
	1.78

	
	A2
	8.21
	3.44
	1.66

	
	A3
	8.57
	3.80
	1.68

	Transition layer Ⅰ
	A4
	11.74
	5.42
	1.92

	Sandy soil layer
	A5
	19.32
	5.37
	1.74

	
	A6
	21.08
	5.90
	1.98

	
	A7
	19.93
	5.95
	1.96

	Transition layer Ⅱ
	A8
	21.39
	7.06
	3.08

	Detritus layer
	A9
	18.18
	5.04
	2.40

	
	A10
	20.08
	5.17
	2.65

	Red soil layer
	B1
	15.20
	2.85
	0.98

	
	B2
	25.27
	3.19
	1.12

	Transition layer Ⅰ
	B3
	10.74
	1.93
	0.76

	Sandy soil layer
	B4
	11.90
	1.87
	0.70

	
	B5
	21.48
	9.37
	2.67

	
	B6
	14.07
	9.40
	4.56

	Transition layer Ⅱ
	B7
	16.20
	9.71
	4.75

	Detritus layer
	B8
	29.47
	12.61
	3.93

	Average value in red soil layer
	13.77
	3.39
	1.44

	Average value in transition layer Ⅰ
	11.24
	3.68
	1.34

	Average value in sandy soil layer
	18.74
	5.69
	1.81

	Average value in transition layer Ⅱ
	17.73
	8.23
	3.82

	Average value in detritus layer
	20.98
	8.13
	3.43
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Soil water content of different soil layers.
	Soil layers
	Number
	Gravity water   (<30 kPa) (%)
	Effective water   (30-1500 kPa) (%)
	Non-available water
(>1500 kPa) (%)

	Red soil layer
	A1
	9.08
	7.99
	26.03

	
	A2
	6.16
	7.15
	28.80

	
	A3
	6.15
	7.90
	25.42

	Transition layer Ⅰ
	A4
	7.59
	11.50
	21.59

	Sandy soil layer
	A5
	14.39
	12.04
	12.69

	
	A6
	16.67
	12.29
	15.57

	
	A7
	15.51
	12.33
	12.99

	Transition layer Ⅱ
	A8
	15.32
	16.21
	13.93

	Detritus layer
	A9
	13.47
	12.15
	13.53

	
	A10
	15.38
	12.53
	13.07

	Red soil layer
	B1
	12.34
	6.68
	17.99

	
	B2
	22.09
	7.48
	28.23

	Transition layer Ⅰ
	B3
	8.85
	4.58
	23.23

	Sandy soil layer
	B4
	10.02
	4.46
	21.93

	
	B5
	15.49
	18.02
	17.23

	
	B6
	10.31
	17.72
	19.79

	Transition layer Ⅱ
	B7
	12.03
	18.63
	16.23

	Detritus layer
	B8
	20.86
	25.16
	9.35

	Average value in red soil layer
	11.16
	7.44
	25.29

	Average value in transition layer Ⅰ
	8.22
	8.04
	22.41

	Average value in sandy soil layer
	14.42
	11.83
	16.08

	Average value in transition layer Ⅱ
	12.82
	16.96
	16.86

	Average value in detritus layer
	15.44
	17.12
	13.04
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Correlation analysis between VG model fitting parameters, soil water content parameters and soil physical and chemical properties.
	Parameter
	OM
	Si
	Al
	Fe
	K
	Ca
	Quartz
	Kaolinite
	Illite
	BD
	TP
	CP
	NCP
	Gravel
	Sand
	Silt
	Clay
	AR
	SP
	SSA

	a
	0.320
	0.076
	0.337
	0.103
	-0.175
	-0.322
	-0.492*
	0.563*
	-0.096
	-0.046
	0.046
	-0.429
	0.578*
	-0.370
	0.666**
	-0.648**
	0.287
	0.300
	0.260
	0.330

	n
	-0.529*
	0.079
	-0.364
	-0.225
	0.272
	0.362
	0.527*
	-0.627**
	0.217
	-0.017
	0.017
	0.583*
	-0.705**
	0.471*
	-0.427
	0.356
	-0.557*
	-0.543*
	-0.423
	-0.498*

	θs
	0.196
	-0.226
	0.199
	0.051
	0.261
	0.389
	-0.446
	0.444
	0.214
	0.386
	-0.386
	-0.377
	0.073
	-0.072
	-0.221
	0.239
	0.256
	0.081
	0.039
	0.165

	θr
	0.524*
	-0.344
	0.876**
	0.614**
	-0.420
	-0.542*
	0.084
	0.041
	-0.610**
	-0.660**
	0.660**
	0.142
	0.499*
	-0.572*
	0.486*
	-0.375
	0.657**
	0.710**
	0.661**
	0.770**

	GW
	-0.315
	0.321
	-0.124
	-0.258
	0.329
	0.373
	-0.104
	0.025
	0.411
	0.385
	-0.385
	-0.087
	-0.286
	0.519*
	-0.138
	-0.132
	-0.517*
	-0.514*
	-0.533*
	-0.475*

	EW
	-0.488*
	0.228
	-0.619**
	-0.555*
	0.547*
	0.698**
	-0.060
	-0.070
	0.623**
	0.664**
	-0.664**
	-0.043
	-0.625**
	0.712**
	-0.759**
	0.528*
	-0.568*
	-0.705**
	-0.640**
	-0.728**

	NAW
	0.637**
	-0.338
	0.746**
	0.545*
	-0.371
	-0.473*
	-0.135
	0.263
	-0.525*
	-0.429
	0.429
	-0.114
	0.580*
	-0.557*
	0.290
	-0.185
	0.764**
	0.787**
	0.695**
	0.780**


Note: GW (gravity water), EW (effective water), NAW (non-available water), OM (organic matter), BD (bulk density), TP (total porosity), CP (capillary porosity), NCP (non-capillary porosity), AR (aspect ratio), SP (sphericity), SSA (specific surface area); * represents significant correlation (p<0.05), ** represents significant correlation (p<0.01); n=18.

