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Table S1 Descriptive statistics of soil physical and chemical properties in the study area at 0-30 cm depth 

	Variable
	Unit
	Depth
	Sample Size
	Max Value
	Min Value
	Mean Value
	Standard Deviation
	Median
	Variance
	Kurtosis
	Skewness
	Coefficient of Variation (CV)

	
	
	0-10 cm
	46
	9.09
	7.47
	8.349
	0.262
	8.34
	0.068
	3.222
	0.039
	0.031

	pH
	
	10-20 cm
	45
	9.22
	7.49
	8.319
	0.348
	8.13
	0.121
	0.558
	-0.036
	0.042

	
	
	20-30 cm
	44
	9.29
	7.57
	8.334
	0.403
	8.295
	0.162
	0.383
	0.631
	0.048

	
	
	0-10 cm
	46
	48.54
	10.516
	30.526
	8.958
	29.221
	80.244
	-0.523
	0.227
	0.293

	TN
	g/kg
	10-20 cm
	45
	4.498
	0.463
	2.038
	0.869
	1.892
	0.756
	1.617
	1.02
	0.427

	
	
	20-30 cm
	44
	3.713
	0.747
	1.809
	0.674
	1.713
	0.455
	0.149
	0.643
	0.365

	
	
	0-10 cm
	46
	1.24
	0.409
	0.672
	0.173
	0.621
	0.03
	0.244
	-0.133
	0.258

	TP
	g/kg
	10-20 cm
	45
	1.316
	0.481
	0.693
	0.177
	0.66
	0.032
	0.661
	-0.146
	0.255

	
	
	20-30 cm
	44
	0.695
	0.274
	0.604
	0.103
	0.52
	0.011
	-0.69
	-0.397
	0.214

	
	
	0-10 cm
	46
	19.57
	13.328
	16.516
	1.387
	16.394
	1.906
	-0.413
	0.086
	0.084

	SOC
	g/kg
	10-20 cm
	45
	19.4
	3.22
	9.487
	4.134
	9.164
	14.859
	-0.256
	0.499
	0.406

	
	
	20-30 cm
	44
	19.4
	3.02
	8.465
	3.666
	8.331
	13.435
	-0.289
	0.534
	0.433

	
	
	0-10 cm
	46
	9.93
	0.156
	3.729
	2.995
	2.95
	8.973
	0.643
	0.779
	0.803

	AP
	mg/kg
	10-20 cm
	45
	8.57
	0.152
	3.894
	2.937
	2.91
	8.627
	0.725
	0.773
	0.755

	
	
	20-30 cm
	44
	3.866
	0.201
	3.643
	2.012
	2.102
	4.05
	0.394
	2.564
	0.477

	
	
	0-10 cm
	46
	299.16
	65.44
	129.215
	44.87
	119.68
	2014.85
	-0.212
	0.39
	0.309

	AK
	mg/kg
	10-20 cm
	45
	313.065
	38.894
	127.122
	49.152
	110.86
	2415.98
	3.185
	1.185
	0.454

	
	
	20-30 cm
	44
	516.105
	65.78
	126.45
	63.794
	110.74
	4072.13
	-0.813
	0.369
	0.445

	
	
	0-10 cm
	46
	204.5
	15.12
	73.788
	32.845
	65.678
	1078.813
	-0.813
	0.369
	0.445

	AN
	mg/kg
	10-20 cm
	45
	137.025
	4.8
	65.703
	28.576
	63.17
	817.874
	1.884
	-0.111
	0.436

	
	
	20-30 cm
	44
	112.455
	13.23
	53.135
	20.059
	53.27
	402.369
	0.892
	0.488
	0.378

	
	
	0-10 cm
	46
	41.9
	13.3
	27.094
	6.033
	27.06
	36.396
	0.771
	-0.13
	0.223

	SMC
	%
	10-20 cm
	45
	35.3
	9.77
	25.036
	6.021
	24.92
	36.254
	0.707
	-0.313
	0.241

	
	
	20-30 cm
	44
	32.9
	7.63
	24.067
	5.561
	24.24
	30.92
	-0.228
	0.155
	0.231

	
	
	0-10 cm
	46
	1.653
	1.22
	1.421
	0.129
	1.444
	0.015
	-0.965
	-0.025
	0.084

	BD
	g/cm³
	10-20 cm
	45
	1.617
	1.228
	1.348
	0.133
	1.31
	0.018
	-1.21
	-0.111
	0.078

	
	
	20-30 cm
	44
	1.648
	1.207
	1.422
	0.111
	1.424
	0.012
	1.465
	-0.529
	0.078




SOC: soil organic carbon; TN: total nitrogen; TP: total phosphorus; AK: Available potassium; AN: alkaline hydrolyzable nitrogen; AP: available phosphorus; SMC: soil moisture content; BD: soil bulk density; pH: soil pH value
Table S2 The Mantel test results of the relationship between photovoltaic deployment types, environmental factors and soil nutrient variables.

	soil nutrient variables
	environmental factors
	r
	p
	rd
	pd

	total soil nutrients
	Clay
	0.235 
	0.001 
	0.2 - 0.3
	< 0.005

	total soil nutrients
	Silt
	0.166 
	0.015 
	< 0.2
	0.01 - 0.05

	total soil nutrients
	Sand
	0.181 
	0.015 
	< 0.2
	0.01 - 0.05

	total soil nutrients
	SMC
	0.266 
	0.001 
	0.2 - 0.3
	< 0.005

	total soil nutrients
	BD
	0.073 
	0.113 
	< 0.2
	>= 0.05

	total soil nutrients
	 pH
	-0.046 
	0.719 
	< 0.2
	>= 0.05

	total soil nutrients
	TMP
	0.310 
	0.001 
	>= 0.3
	< 0.005

	total soil nutrients
	PET
	0.164 
	0.005 
	< 0.2
	< 0.005

	total soil nutrients
	PRE
	0.180 
	0.011 
	< 0.2
	0.01 - 0.05

	total soil nutrients
	AGB
	-0.039 
	0.689 
	< 0.2
	>= 0.05

	total soil nutrients
	BGB
	0.167 
	0.009 
	< 0.2
	0.005 - 0.01

	total soil nutrients
	NDVI
	0.116 
	0.070 
	< 0.2
	>= 0.05

	available soil nutrients
	Clay
	0.146 
	0.028 
	< 0.2
	0.01 - 0.05

	available soil nutrients
	Silt
	0.109 
	0.099 
	< 0.2
	>= 0.05

	available soil nutrients
	Sand
	0.117 
	0.087 
	< 0.2
	>= 0.05

	available soil nutrients
	SMC
	0.126 
	0.065 
	< 0.2
	>= 0.05

	available soil nutrients
	BD
	0.069 
	0.136 
	< 0.2
	>= 0.05

	available soil nutrients
	 pH
	-0.042 
	0.626 
	< 0.2
	>= 0.05

	available soil nutrients
	TMP
	-0.061 
	0.742 
	< 0.2
	>= 0.05

	available soil nutrients
	PET
	0.073 
	0.146 
	< 0.2
	>= 0.05

	available soil nutrients
	PRE
	0.009 
	0.381 
	< 0.2
	>= 0.05

	available soil nutrients
	AGB
	-0.049 
	0.684 
	< 0.2
	>= 0.05

	available soil nutrients
	BGB
	0.172 
	0.027 
	< 0.2
	0.01 - 0.05

	available soil nutrients
	NDVI
	-0.085 
	0.861 
	< 0.2
	>= 0.05

	total soil nutrient ratios
	Clay
	-0.006 
	0.512 
	< 0.2
	>= 0.05

	total soil nutrient ratios
	Silt
	-0.079 
	0.862 
	< 0.2
	>= 0.05

	total soil nutrient ratios
	Sand
	-0.072 
	0.839 
	< 0.2
	>= 0.05

	total soil nutrient ratios
	SMC
	0.193 
	0.004 
	< 0.2
	< 0.005

	total soil nutrient ratios
	BD
	-0.060 
	0.838 
	< 0.2
	>= 0.05

	total soil nutrient ratios
	 pH
	-0.040 
	0.703 
	< 0.2
	>= 0.05

	total soil nutrient ratios
	TMP
	0.165 
	0.020 
	< 0.2
	0.01 - 0.05

	total soil nutrient ratios
	PET
	0.059 
	0.143 
	< 0.2
	>= 0.05

	total soil nutrient ratios
	PRE
	0.213 
	0.006 
	0.2 - 0.3
	0.005 - 0.01

	total soil nutrient ratios
	AGB
	0.012 
	0.413 
	< 0.2
	>= 0.05

	total soil nutrient ratios
	BGB
	0.094 
	0.094 
	< 0.2
	>= 0.05

	total soil nutrient ratios
	NDVI
	0.018 
	0.360 
	< 0.2
	>= 0.05

	available soil nutrient ratios
	Clay
	0.117 
	0.022 
	< 0.2
	0.01 - 0.05

	available soil nutrient ratios
	Silt
	0.086 
	0.096 
	< 0.2
	>= 0.05

	available soil nutrient ratios
	Sand
	0.094 
	0.074 
	< 0.2
	>= 0.05

	available soil nutrient ratios
	SMC
	0.196 
	0.003 
	< 0.2
	< 0.005

	available soil nutrient ratios
	BD
	0.040 
	0.223 
	< 0.2
	>= 0.05

	available soil nutrient ratios
	 pH
	-0.072 
	0.841 
	< 0.2
	>= 0.05

	available soil nutrient ratios
	TMP
	0.073 
	0.135 
	< 0.2
	>= 0.05

	available soil nutrient ratios
	PET
	0.086 
	0.071 
	< 0.2
	>= 0.05

	available soil nutrient ratios
	PRE
	0.025 
	0.325 
	< 0.2
	>= 0.05

	available soil nutrient ratios
	AGB
	0.019 
	0.333 
	< 0.2
	>= 0.05

	available soil nutrient ratios
	BGB
	0.086 
	0.065 
	< 0.2
	>= 0.05

	available soil nutrient ratios
	NDVI
	-0.015 
	0.567 
	< 0.2
	>= 0.05



TMP:temperature; PRE precipitation; PET: potential evapotranspiration; SMC: soil moisture content; BD: soil bulk density; pH: soil pH value; NDVI: Normalized difference vegetation index; AGB: aboveground biomass; BGB: Belowground biomass.
Table S3 The Spearman correlation between soil C, N and P stoichiometry and environmental factors.

	
	Clay
	Silt
	Sand
	SMC
	BD
	pH
	TMP
	PET
	PRE
	AGB
	BGB
	NDVI
	UFPV
	IFPV
	ITPV
	CG

	Clay
	1 
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Silt
	0.873 
	1 
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sand
	-0.902 
	-0.997 
	1 
	
	
	
	
	
	
	
	
	
	
	
	
	

	SMC
	0.455 
	0.439 
	-0.443 
	1 
	
	
	
	
	
	
	
	
	
	
	
	

	BD
	-0.527 
	-0.447 
	0.468 
	-0.500 
	1 
	
	
	
	
	
	
	
	
	
	
	

	pH
	-0.094 
	-0.111 
	0.104 
	0.101 
	0.139 
	1 
	
	
	
	
	
	
	
	
	
	

	TMP
	-0.206 
	-0.108 
	0.119 
	-0.252 
	0.439 
	0.043 
	1 
	
	
	
	
	
	
	
	
	

	PET
	-0.002 
	0.126 
	-0.118 
	-0.161 
	0.145 
	-0.173 
	0.758 
	1 
	
	
	
	
	
	
	
	

	PRE
	0.171 
	0.074 
	-0.098 
	0.126 
	-0.201 
	0.152 
	-0.076 
	-0.173 
	1 
	
	
	
	
	
	
	

	AGB
	0.213 
	0.339 
	-0.323 
	0.178 
	-0.232 
	0.236 
	-0.083 
	0.051 
	0.046 
	1 
	
	
	
	
	
	

	BGB
	-0.104 
	0.050 
	-0.021 
	-0.016 
	0.004 
	-0.175 
	-0.101 
	0.011 
	-0.180 
	-0.039 
	1 
	
	
	
	
	

	NDVI
	0.125 
	0.045 
	-0.052 
	0.126 
	-0.373 
	0.032 
	-0.570 
	-0.442 
	0.357 
	0.294 
	-0.083 
	1 
	
	
	
	

	UFPV
	-0.195 
	-0.298 
	0.292 
	-0.235 
	0.264 
	-0.250 
	0.040 
	-0.036 
	0.036 
	-0.476 
	-0.260 
	-0.078 
	1 
	
	
	

	IFPV
	-0.134 
	-0.164 
	0.156 
	0.267 
	-0.177 
	0.240 
	-0.396 
	-0.378 
	0.112 
	0.013 
	-0.257 
	0.106 
	-0.242 
	1 
	
	

	ITPV
	-0.048 
	0.100 
	-0.078 
	-0.159 
	0.442 
	0.224 
	0.326 
	0.167 
	-0.094 
	0.132 
	0.178 
	-0.235 
	-0.349 
	-0.303 
	1 
	

	CG
	0.333 
	0.302 
	-0.311 
	0.150 
	-0.533 
	-0.198 
	-0.036 
	0.176 
	-0.030 
	0.285 
	0.267 
	0.217 
	-0.349 
	-0.303 
	-0.438 
	1 




Table S4 Eigenvalue, the correlation coefficients and coefficient of determination (R2) and P value (P) between environment factors and the first two axes of RDA ordination.

	Environmental factors
	RDA1
	RDA2
	R2
	p-value

	Clay
	0.359 
	0.512 
	0.329 
	0.001 

	Silt
	0.446 
	0.411 
	0.312 
	0.002 

	Sand
	-0.442 
	-0.430 
	0.267 
	0.001 

	SW
	0.617 
	0.618 
	0.462 
	0.001 

	BD
	-0.286 
	-0.618 
	0.273 
	0.002 

	pH
	0.098 
	0.097 
	0.010 
	0.783 

	TMP
	-0.270 
	-0.164 
	0.137 
	0.038 

	PET
	0.038 
	-0.175 
	0.068 
	0.197 

	PRE
	0.475 
	-0.062 
	0.139 
	0.034 

	AGB
	0.182 
	0.266 
	0.029 
	0.481 

	BGB
	-0.331 
	0.522 
	0.140 
	0.022 

	NDVI
	0.249 
	0.028 
	0.068 
	0.191 




Table S5 Path analysis results (PLS-SEM) of environmental factors affecting soil nutrient dynamics.
	Response
	Predictor
	Estimate
	StdError
	t
	p
	R2
	Significance

	soil
	PV type
	0.29 
	0.08 
	3.65 
	0.00 
	0.17 
	***

	soil
	vegetation
	0.22 
	0.08 
	2.69 
	0.01 
	0.17 
	**

	soil available nutrient
	soil
	0.31 
	0.07 
	4.44 
	0.00 
	0.45 
	***

	soil available nutrient
	soil total nutrient
	0.47 
	0.07 
	6.77 
	0.00 
	0.45 
	***

	soil available nutrient
	vegetation
	0.00 
	0.07 
	-0.03 
	0.98 
	0.45 
	ns

	soil available ratio
	soil available nutrient
	0.59 
	0.07 
	8.80 
	0.00 
	0.35 
	***

	soil total nutrient
	climate
	-0.32 
	0.07 
	-4.40 
	0.00 
	0.29 
	***

	soil total nutrient
	soil
	0.36 
	0.07 
	4.91 
	0.00 
	0.29 
	***

	soil total ratio
	soil total nutrient
	0.83 
	0.05 
	17.76 
	0.00 
	0.69 
	***

	vegetation
	PV type
	0.31 
	0.07 
	4.45 
	0.00 
	0.32 
	***

	vegetation
	climate
	-0.47 
	0.07 
	-6.80 
	0.00 
	0.32 
	***
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