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[bookmark: _GoBack]Fig. S1. Geographic location and sampling sites.
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Fig. S2. Comparison of predicted versus actual soil variable values based on random forest regression analyses of arthropod community composition. Dashed black lines represent perfect prediction. Linear regression results, including adjusted R² and slope values, are shown for each plot. BD, bulk density; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; SR, soil respiration.
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Fig. S3. Comparison of predicted versus actual soil variable values based on random forest regression analyses of nematode community composition. Dashed black lines represent perfect prediction. Linear regression results, including adjusted R² and slope values, are shown for each plot. BD, bulk density; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; SR, soil respiration.
[image: ]
Fig. S4. Comparison of predicted versus actual soil degradation index (SDI) values based on random forest regression analyses of arthropod community composition. Dashed black lines represent perfect prediction. Linear regression results, including adjusted R² and slope values, are shown for each plot. BD, bulk density; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; SR, soil respiration.
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Fig. S5. Comparison of predicted versus actual soil degradation index (SDI) values based on random forest regression analyses of nematode community composition. Dashed black lines represent perfect prediction. Linear regression results, including adjusted R² and slope values, are shown for each plot. BD, bulk density; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; SR, soil respiration.
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Fig. S6. Network of co-occurring (a) arthropod and (b) nematode ASVs. Nodes represent ASVs, with keystone taxa highlighted as big yellow-bordered circles and coloured by taxonomic order.
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Fig. S7. Comparison of predicted versus actual soil variable values based on random forest regression analyses of community composition from arthropod keystone taxa. Dashed black lines represent perfect prediction. Linear regression results, including adjusted R² and slope values, are shown for each plot. BD, bulk density; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; SR, soil respiration.
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Fig. S8. Comparison of predicted versus actual soil variable values based on random forest regression analyses of community composition from nematode keystone taxa. Dashed black lines represent perfect prediction. Linear regression results, including adjusted R² and slope values, are shown for each plot. BD, bulk density; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; SR, soil respiration.
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[bookmark: OLE_LINK32]Fig. S9. Comparison of predicted versus actual soil degradation index (SDI) values based on random forest regression analyses of community composition from arthropod keystone taxa. Dashed black lines represent perfect prediction. Linear regression results, including adjusted R² and slope values, are shown for each plot. BD, bulk density; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; SR, soil respiration.
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Fig. S10. Comparison of predicted versus actual soil degradation index (SDI) values based on random forest regression analyses of community composition from nematode keystone taxa. Dashed black lines represent perfect prediction. Linear regression results, including adjusted R² and slope values, are shown for each plot. BD, bulk density; MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; SR, soil respiration.
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Supplementary Tables
Table S1. Load matrix of the principal components and establishment of the MDS.
	Soil indicators
	Components
	MDS

	
	PC1
	PC2
	PC3
	PC4
	

	MBC
	-0.2631
	0.3566
	0.2507
	0.3548
	

	pH
	0.2088
	0.4099
	0.2518
	0.3202
	Yes

	MBN
	-0.2727
	0.4143
	0.3123
	0.0966
	Yes

	BD
	0.1386
	0.233
	-0.1023
	0.0731
	

	SR
	-0.0478
	0.5257
	0.4062
	0.0307
	Yes

	TC
	-0.474
	-0.0977
	-0.2922
	0.0265
	Yes

	SOC
	-0.474
	-0.1135
	-0.398
	0.0219
	Yes

	DOC
	-0.2817
	0.065
	-0.1184
	0.0044
	

	TN
	-0.476
	-0.1409
	-0.552
	-0.0217
	Yes

	DON
	-0.1666
	0.2411
	0.1578
	-0.3515
	

	qCO2
	0.0746
	0.234
	-0.056
	-0.4904
	

	EC
	-0.0577
	0.2076
	-0.1038
	-0.625
	Yes

	Eigenvalue
	3.896
	1.7132
	1.3288
	1.0074
	

	% of variance
	32.47
	14.28
	11.07
	8.4
	

	Cumulative variance
	32.47
	46.74
	57.82
	66.21
	


Note: MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; BD, bulk density; SR, soil respiration; TC, total carbon; SOC, soil organic carbon; DOC, dissolved organic carbon; TN, total nitrogen; DON, dissolved organic nitrogen; qCO2, metabolic quotient; EC, electrical conductivity.

Table S2. Environmental explanation of the changes in arthropod and nematode community by redundancy analysis.
	Arthropod
	
	
	Nematode
	

	
	RDA1
	RDA2
	r2
	Pr(>r)
	
	
	
	RDA1
	RDA2
	r2
	Pr(>r)
	

	[bookmark: OLE_LINK1]SOC
	0.9877
	0.15637
	0.2723
	0.001
	***
	
	BD
	0.81435
	0.58037
	0.3595
	0.001
	***

	DOC
	0.84547
	-0.53402
	0.2426
	0.001
	***
	
	MBC
	0.99905
	-0.04367
	0.2352
	0.001
	***

	TC
	0.98484
	0.17348
	0.232
	0.001
	***
	
	SR
	0.46045
	-0.88769
	0.1463
	0.001
	***

	TN
	0.9935
	0.11384
	0.2129
	0.001
	***
	
	Sand
	-0.95444
	0.29841
	0.1153
	0.001
	***

	Clay
	-0.37156
	0.92841
	0.1247
	0.001
	***
	
	Clay
	0.33875
	-0.94088
	0.1012
	0.001
	***

	pH
	-0.51401
	0.85778
	0.1013
	0.001
	***
	
	Silt
	0.99958
	0.02887
	0.0871
	0.001
	***

	BD
	-0.52596
	0.85051
	0.0715
	0.001
	***
	
	SOC
	0.70518
	0.70903
	0.032
	0.003
	**

	SR
	-0.14542
	0.98937
	0.0497
	0.002
	**
	
	EC
	0.85898
	-0.51201
	0.0905
	0.005
	**

	Silt
	0.82697
	-0.56225
	0.0473
	0.001
	***
	
	TC
	0.94505
	0.32694
	0.0255
	0.005
	**

	MBN
	0.99603
	0.08899
	0.0258
	0.005
	**
	
	MBN
	0.91157
	-0.41114
	0.0307
	0.007
	**

	Sand
	-0.99124
	-0.13204
	0.0172
	0.02
	*
	
	TN
	0.94138
	0.33734
	0.0223
	0.01
	**

	MBC
	0.98442
	0.17581
	0.0132
	0.05
	*
	
	qCO2
	-0.92129
	-0.38887
	0.0046
	0.208
	

	EC
	-0.66973
	0.7426
	0.0115
	0.094
	
	
	DOC
	0.33779
	0.94122
	0.0065
	0.236
	

	DON
	-0.27535
	0.96135
	0.0035
	0.41
	
	
	pH
	0.99437
	0.10593
	0.0061
	0.26
	

	qCO2
	-0.93875
	0.34459
	0.0018
	0.563
	
	
	DON
	-0.87785
	0.47893
	0.0029
	0.406
	


Note: MBC, microbial biomass carbon; MBN, microbial biomass nitrogen; BD, bulk density; SR, soil respiration; TC, total carbon; SOC, soil organic carbon; DOC, dissolved organic carbon; TN, total nitrogen; DON, dissolved organic nitrogen; qCO2, metabolic quotient; EC, electrical conductivity.

Table S3. Comparison of mean predictive performance (R2±SD) of arthropod and nematode based models for four key soil properties (pH, TC, SOC, TN) and SDI. Results are shown for using keystone taxa community models. P-values are based on pairwise t-tests.
	R2
	Arthropod
	Nematode
	P-value

	Soil physicochemical properties
	0.61±0.04
	0.53±0.06
	0.046

	SDI
	0.60±0.03
	0.54±0.05
	0.018

	Soil physicochemical properties (keystone taxa only)
	0.41±0.03
	0.09±0.04
	0.02

	SDI (keystone taxa only)
	0.41±0.03
	0.09±0.04
	0.02

	Keystone vs. full community (soil properties)
	--
	--
	[bookmark: OLE_LINK41]<0.001

	Keystone vs. full community (SDI)
	--
	--
	<0.001


Note: TC, total carbon; SOC, soil organic carbon; TN, total nitrogen; SDI, soil degradation index.


Table S4. Comparison of predictive performance (R2) of random forest models for soil properties based on decomposer and predator groups of arthropods and nematodes. 
	Factors
	Decomposers
	
	Predators

	
	
	R2
	P
	
	R2
	P

	Arthropod
	pH
	0.342
	< 0.001
	
	0.091
	0.004

	
	SOC
	0.278
	< 0.001
	
	0.319
	< 0.001

	
	TN
	0.366
	< 0.001
	
	0.318
	< 0.001

	
	TC
	0.282
	< 0.001
	
	0.357
	< 0.001

	Nematode
	pH
	0.299
	< 0.001
	
	0.010
	0.348

	
	SOC
	0.134
	< 0.001
	
	0.004
	0.536

	
	TN
	0.177
	< 0.001
	
	0.000
	0.988

	
	TC
	0.144
	< 0.001
	
	0.002
	0.682


Note: TC, total carbon; SOC, soil organic carbon; TN, total nitrogen.

Table S5. Comparison of the predictive performance (R2) of random forest models for soil properties based on arthropod and nematode communities at the family and genus levels.
	Factors
	Family
	
	Genus

	
	
	R2
	P
	
	R2
	P

	Arthropod
	pH
	0.56 
	< 0.001
	
	0.58 
	< 0.001

	
	SOC
	0.44 
	< 0.001
	
	0.47 
	< 0.001

	
	TN
	0.51 
	< 0.001
	
	0.55 
	< 0.001

	
	TC
	0.46 
	< 0.001
	
	0.48 
	< 0.001

	Nematode
	pH
	0.32 
	< 0.001
	
	0.29 
	< 0.001

	
	SOC
	0.29 
	< 0.001
	
	0.24 
	< 0.001

	
	TN
	0.40 
	< 0.001
	
	0.29 
	< 0.001

	
	TC
	0.33 
	< 0.001
	
	0.25 
	< 0.001


Note: TC, total carbon; SOC, soil organic carbon; TN, total nitrogen.

Table S6. Distribution frequency of soil health indicators. SHI-MDS, soil health index-minimum data set.
	Grade
	Description
	SHI-MDS
	Proportion

	I
	Very high
	> 0.50
	0.67%

	II
	High
	0.42 - 0.50
	16.40%

	III
	Moderate
	0.36 - 0.42
	73.93%

	IV
	Low
	0.28 - 0.36
	7.42%

	V
	Very low
	≤ 0.28
	1.57%





Table S7. Comparison of predictive performance (R2) of presence/absence-based arthropod and nematode models for four key soil physicochemical properties (pH, TC, SOC, TN), SDI, and SHI-MDS. 
	Factors
	
	Arthropod
	Nematode

	Soil Physicochemical Properties
	pH
	0.387**
	0.076**

	
	SOC
	0.381**
	0.067**

	
	TN
	0.44**
	0.065**

	
	TC
	0.386**
	0.059**

	SDI
	pH
	0.388**
	0.074**

	
	SOC
	0.392**
	0.066**

	
	TN
	0.435**
	0.069**

	
	TC
	0.38**
	0.059**

	SHI-MDS
	SHI-MDS
	0.391***
	0.047***


Note: TC, total carbon; SOC, soil organic carbon; TN, total nitrogen. SDI, soil degradation index; SHI-MDS, soil health index-minimum data set. Statistical significance is indicated as follows: * p < 0.05, ** p < 0.01, and *** p < 0.001.
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