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Experimental procedures
Collection of litters, understory plants and tree roots
Five 1.0 m×1.0 m areas at least 50 cm from the stem base of Chinese fir were established in the center and four corners within each subplot using square frames. The understory vegetation within the bounds of the frames was harvested with pruners and categorized as shrubs (height <5 m) and herbs (height <0.5 m with nonwoody parts) (Zhou et al. 2016). Litter from the surface of the forest floor (L horizon) within the frame was differentiated into three layers according to the degree of litter decay (Trap et al. 2011). The intact litter (IL) layer consists of an almost unmodified leaf and branch fragments. The partly decomposed litter (DL) layer was identified by a mixture of large coarse and plant debris, and the fragmented litter (DL) layer was characterized by an accumulation of finely degraded plant debris and organic humus located above the mineral soil layer. Litter layers with different degrees of decay were collected and then pooled within five points per plot.
[bookmark: OLE_LINK18][bookmark: _Hlk80631772]Two trees with a similar average diameter at breast height (DBH) were chosen to sample tree roots using the quantitative pit method (Millikin and Bledsoe 1999) in each subplot. Two straight lines with a length of 1.0 m and an intersection angle of 60° originating at the stem base of the Chinese fir tree were marked as sampling areas where all lateral woody roots were excavated at depths of 0-20 cm and 20-40 cm (Fig. S1) by tracking roots from stems. The soil volume excavated for root samples was approximately 0.17 m3. The sampling area around the tree stem in this study allowed the lateral roots of Chinese fir to be exposed and were distinguished from the roots of other species. One of two trees was sampled under the stem base, and the other one was sampled on the upward side of the stem base. All lateral woody roots collected around the sampling area were separated by depth, and the biomass, morphology and element contents of fine roots were estimated.
Soil physical and chemical properties
The BD and gravimetric WC were measured by drying the soil cores in a 105 °C oven until a constant mass was achieved. Soil pH was determined at a soil/water ratio of 1/2.5. Soil TC and TN contents were determined via combustion using a CN elemental analyzer (ELEMENTAR Vario EL III analyzer, Germany). Soil was digested with H2SO4 to analyze the TP content. The AP in soils was extracted with 0.03 M NH4F–0.025 M HCl and analyzed colorimetrically using the molybdenum-antimony colorimetric method (Nanjing Institute of Soil Science 1978). Total metal elements (K, Ca, Mg, and P) were analyzed with an ICP‒OES instrument (OPTIMA 8000, PerkinElmer, United States) after the soil was digested with HF–HClO4–. The ratios of C:N, N:P and C:P were calculated by dividing the soil C, N, and P concentrations.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The procedures used to extract DOC and inorganic N (N-NH4+ and N-NO3-) were based on the methods reported by Zhang et al. (2019). Total organic C (TOC) concentrations in the extracts were determined using a TOC analyzer (TOC-L, SHIMADZU, Japan). The TOC present in the extracts was considered DOC. N-NH4+ and N-NO3- contents in the extracts were determined using an autoanalyzer (AA3, BRAN+LUEBBE, Norderstedt, Germany). The results for all extracts of fresh soil were corrected for the soil moisture content.
Abundance, morphology and chemical analysis of fine roots, plants and litter
Fine roots with a diameter of < 2 mm were hand selected from all collected lateral roots (Millikin and Bledsoe 1999) and were scanned using an Epson Expression 10000XL scanner. The root morphological traits, including mean root diameter (RD, cm), total root length, total root surface area, and root volume (RV, cm3), were quantitatively analyzed with the WinRhizo root analysis system (Pro 2007d, Regent Instruments Inc., Ville de Québec, QC, Canada). Roots were then oven-dried at 60 °C for 48 h and weighed to estimate the fine root biomass. Specific root length (SRL, m g−1) and specific root area (SRA, cm2 g−1) were calculated as the total root length and total root surface area multiplied by dry mass of fine roots, respectively. Root tissue density (RTD, g m−3) was determined as the dry mass multiplied by RV. We calculated the root biomass, root length and root surface area per stand basal area as proxies of the relative allocation to fine roots (Ostonen et al. 2017; Li et al. 2019) for each subplot.
All samples of understory plants and litter were oven-dried at 65 °C to a constant weight, and the stand biomass was determined by dividing the weight of litter and plants by the area of the subplot (i.e., 400 m2) in the study. We used the DBH growth data to estimate the aboveground biomass of trees according to the allometric growth equations for Chinese fir developed by Zeng (2013).
The dried litter, plant, and root samples were ground to fine powders, and the concentrations of C and N were analyzed with an elemental analyzer. The P concentrations in the samples were analyzed using the molybdenum-antimony colorimetric method after digestion with a mixture of H2SO4 and HClO₄ (Nanjing Institute of Soil Science 1978). The parameters of the plants, roots, litter and soil measured in the study are listed in Tables S1 and S2.
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Supplementary Figures and Tables
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Fig. S1. Diagram (a) and photos (b) showing the sampling area of tree roots using the quantitative pit method within a 1.0 m radius of the chosen Chinese fir trees and the intact root system of Chinese fir (c) exposed under the stem after the excavation.

[image: ]
Fig. S2. Venn diagram showing shared bacterial OTUs among samples from different stand developmental stages (a) and soil depths (b).
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Fig. S3. Venn diagram showing shared fungal OTUs among samples from different stand developmental stages (a) and soil depths (b).

Table S1
The abundance and morphological traits of tree roots in Chinese fir plantations with different stand developmental stages at depths of 0-20 and 20-40 cm.
	Stand developmental stage
	Root biomass
(g m-2)
	Root length
(m m-2)
	Root surface area
(m2 m-2)
	Root diameter
(cm)
	Specific root length
(m g-1)
	Specific surface area
(cm2 g-1)
	Tissue density
(g cm-3)
	C content
(mg g-1)
	N content (mg g-1)
	P content
(mg g-1)
	C/N ratio
	C/P ratio
	N/P ratio

	0-20 cm

	Young
	84.42
±52.28
	250.35
±192.16
	0.72
±0.48
	0.96
±0.17
	2.92
±0.86
	84.91
±12.40
	0.47
±0.02
	461.78
±14.43
	9.39
±1.17
	0.38
±0.04
	49.64
±5.75
	1234.84
±105.65
	25.04
±2.83

	Middle
	38.44
±9.41
	61.55
±5.87
	0.27
±0.02
	0.88
±0.16
	3.91
±1.73
	101.42
±30.64
	0.44
±0.10
	450.57
±5.56
	8.53
±0.94
	0.43
±0.08
	53.33
±6.91
	1063.70
±220.25
	20.33
±5.81

	Mature
	60.08
±26.35
	100.35
±44.72
	0.38
±0.16
	1.24
±0.11
	1.67
±0.16
	64.36
±4.39
	0.48
±0.05
	464.59
±15.90
	6.43
±1.78
	0.30
±0.02
	75.21
±16.13
	1587.06
±52.66
	21.75
±4.55

	Overmature
	27.35
±26.91
	57.52
±50.63
	0.18
±0.16
	0.97
±0.14
	2.25
±0.30
	68.00
±5.90
	0.57
±0.11
	446.93
±12.15
	7.97
±1.21
	0.30
±0.07
	57.20
±10.76
	1540.19
±354.29
	27.23
±6.74

	20-40 cm

	Young
	59.63
±41.90
	93.31
±54.98a
	0.34
±0.19
	1.20
±0.24
	1.68
±0.61
	60.33
±11.81
	0.53
±0.11
	457.25
±2.59
	8.73
±0.49
	0.38
±0.10
	52.49
±2.82
	1268.94
±387.56
	23.97
±5.94

	Middle
	41.18
±23.24
	98.56
±26.76a
	0.31
±0.14
	0.95
±0.18
	2.71
±0.85
	78.35
±12.19
	0.50
±0.04
	458.44
±16.46
	9.65
±0.44
	0.32
±0.06
	47.55
±1.09
	1456.56
±237.83
	30.66
±5.24

	Mature
	30.32
±19.92
	41.33
±26.68ab
	0.18
±0.10
	1.42
±0.32
	1.51
±0.60
	63.57
±13.64
	0.42
±0.05
	450.68
±9.73
	9.24
±0.62
	0.33
±0.06
	48.86
±2.21
	1388.34
±292.46
	28.62
±7.36

	Overmature
	21.61
±18.46
	25.19
±12.02b
	0.12
±0.08
	1.38
±0.35
	1.42
±0.45
	60.27
±9.53
	0.46
±0.04
	444.83
±24.75
	8.88
±0.21
	0.34
±0.12
	50.15
±3.76
	1416.68
±527.07
	28.79
±12.80

	Two-way ANOVA

	SDS
	0.058
	0.014
	0.028
	0.063
	0.045
	0.090
	0.814
	0.359
	0.101
	0.847
	0.036
	0.851
	0.398

	D
	0.210
	0.002
	0.069
	0.014
	0.005
	0.011
	0.955
	0.380
	0.032
	0.059
	0.040
	0.090
	0.582

	SDS*D
	0.698
	0.430
	0.568
	0.633
	0.464
	0.224
	0.069
	0.795
	0.049
	0.356
	0.026
	0.488
	0.535


Data are presented as the means of three replicates with standard deviations (SE) (n = 3). Different lowercase letters within a column indicate significant differences among the stand developmental stages in the same soil layer (P < 0.05). The P values in bold indicate statistically significant differences among SDS, D or their interaction identified using two-way ANOVA (P < 0.05).

Table S2
Characteristics of understory vegetation and litter in Chinese fir plantations with different stand developmental stages at depths of 0-20 and 20-40 cm.
	SDS
	Understory vegetation biomass
(kg ha-1)
	
	Existing litter biomass
(kg ha-1)
	
	Litter C content
(g kg-1)
	
	Litter N content
(g kg-1)
	
	Litter P content
(g kg-1)

	
	HLB
	SLB
	UB
	
	ILB
	DLB
	FLB
	
	ILC
	DLC
	FLC
	
	ILN
	DLN
	FLN
	
	ILP
	DLP
	FLP

	Young-aged
	1.4±0.9b
	0.4±0.2ab
	1.8±0.9b
	
	6.6±2.9
	0.6±0.1
	7.8±3
	
	423.4±41.8
	367.8±47
	107.7±41.4ab
	
	8.6±4.2
	8.8±2.4
	4.8±1ab
	
	0.3±0.2
	0.4±0.1
	0.3±0.0

	Middle-aged
	1.7±0.5ab
	0.9±0.4a
	2.6±0.3ab
	
	7.4±1.7
	1.1±0.3
	8.8±2
	
	403.3±11.5
	389.2±28.1
	74.1±8.7b
	
	12±3.1
	9.6±0.7
	4.0±0.6b
	
	0.5±0.1
	0.3±0.1
	0.2±0.1

	Mature
	1±0.3b
	0.6±0.3ab
	1.6±0.4b
	
	9.8±3.1
	1.7±0.2
	12.7±2.4
	
	442.4±25.4
	355.7±4.6
	150.5±25.2a
	
	9.2±2.5
	9.5±0.3
	6.2±0.8a
	
	0.4±0.1
	0.4±0
	0.3±0.0

	Overmature
	4±1.5a
	0.1±0.1b
	4.1±1.5a
	
	9.9±1.3
	1.9±1
	12.8±2.5
	
	465.7±10.5
	358±23.1
	113.6±5.1ab
	
	6.9±2.6
	9.5±0.3
	5.6±0.5ab
	
	0.3±0.1
	0.2±0.1
	0.4±0.2

	Two-way ANOVA

	SDS
	0.019
	0.042
	0.037
	
	0.284
	0.066
	0.085
	
	0.082
	0.534
	0.034
	
	0.321
	0.84
	0.034
	
	0.636
	0.403
	0.266


Data are presented as the means of three replicates with SE (n = 3). Different lowercase letters within a column indicate significant differences among the stand development stages (P < 0.05). The P values in bold indicate statistically significant differences among SDS determined using one-way ANOVA (P < 0.05).

Table S3
Soil physical and chemical properties in Chinese fir plantations with different stand developmental stages at depths of 0-20 and 20-40 cm.
	Stand developmental stage
	TC
(g kg-1)
	TN
(g kg-1)
	TP
(g kg-1)
	C/N ratio
	N/P ratio
	C/P ratio
	N-NH4+
(mg kg-1)
	N-NO3-
(mg kg-1)
	DOC
(mg kg-1)
	pH
	AP
(mg kg-1)
	Water content
 (%)
	Bulk density (g cm-3)
	Mg
(g kg-1)
	K
(g kg-1)
	Ca
(g kg-1)

	0-20 cm

	Young
	16.45±1.73
	0.77±0.10
	143.78±22.44b
	21.39±0.56
	5.36±0.61a
	114.47±10.30a
	4.16±0.23b
	1.73±2.05
	658.13±82.08a
	4.47±0.08
	4.23±0.91
	0.25±0.05a
	1.06(0.11)
	1.28±0.19b
	18.88±1.90c
	0.18±0.14b

	Middle
	16.60±1.24
	0.83±0.12
	146.29±13.40b
	20.29±1.54
	5.63±0.67a
	113.43±5.75a
	5.01±0.36b
	1.69±0.78
	591.35±11.09a
	4.35±0.10
	3.53±0.33
	0.21±0.02ab
	1.16(0.19)
	2.74±0.21a
	24.75±4.11b
	0.36±0.03a

	Mature
	14.42±1.57
	0.75±0.07
	181.20±15.64a
	19.15±0.51
	4.16±0.50b
	79.84±11.50b
	8.29±2.47a
	4.40±2.03
	168.66±30.76b
	4.46±0.05
	3.60±0.75
	0.20±0.01ab
	1.22(0.20)
	2.81±0.22a
	40.47±1.11a
	0.27±0.07ab

	Overmature
	14.39±2.87
	0.77±0.08
	146.24±21.96b
	18.72±2.54
	5.27±0.67ab
	98.08±14.93ab
	9.22±0.81a
	2.67±0.53
	209.79±50.26b
	4.38±0.05
	3.47±0.60
	0.17±0.03b
	1.33(0.13)
	2.55±0.20a
	25.24±2.03b
	0.40±0.10a

	20-40 cm

	Young
	6.16±1.43
	0.39±0.08
	103.40±22.23a
	15.67±1.50a
	3.81±0.57a
	59.24±6.06a
	2.30±0.40b
	1.76±1.77
	553.33±31.99a
	4.54±0.09
	1.57±0.44
	0.20±0.00a
	1.26(0.10)
	1.51±0.29b
	24.39±4.47c
	0.22±0.17

	Middle
	5.80±1.23
	0.43±0.05
	119.38±19.59a
	13.44±1.54ab
	3.65±0.74a
	49.59±15.10ab
	3.76±2.07ab
	0.60±0.43
	499.49±45.67a
	4.44±0.10
	4.09±4.58
	0.20±0.02ab
	1.43(0.08)
	3.16±0.40a
	30.57±3.61bc
	0.25±0.05

	Mature
	5.65±1.24
	0.40±0.05
	160.02±30.17a
	14.10±1.59ab
	2.49±0.34b
	35.50±8.40b
	4.77±0.45a
	3.00±1.99
	110.58±13.29b
	4.49±0.04
	1.40±0.22
	0.18±0.00bc
	1.40(0.13)
	3.03±0.41a
	41.64±3.47a
	0.18±0.04

	Overmature
	5.42±0.33
	0.47±0.09
	126.90±31.99b
	11.67±1.51b
	3.97±0.34a
	46.66±10.12ab
	4.17±0.41ab
	1.20±0.33
	120.76±16.03b
	4.48±0.16
	1.61±0.58
	0.18±0.01c
	1.32(0.03)
	3.08±0.08a
	31.94±2.13b
	0.30±0.04

	Two-way ANOVA

	SDS
	0.31
	0.618
	0.004
	0.015
	0.002
	0.001
	<0.001
	0.040
	<0.001
	0.221
	0.579
	0.004
	0.139
	<0.001
	<0.001
	0.044

	D
	<0.001
	<0.001
	0.009
	<0.001
	<0.001
	<0.001
	<0.001
	0.114
	<0.001
	0.082
	<0.001
	0.085
	0.009
	0.006
	0.001
	0.106

	SDS*D
	0.636
	0.722
	0.675
	0.645
	0.781
	0.487
	0.455
	0.790
	0.797
	0.897
	0.476
	0.201
	0.347
	0.710
	0.431
	0.477


Data are presented as the means of three replicates with SE (n = 3). Different lowercase letters within a column indicate significant differences among the stand developmental stages in the same soil layer (P < 0.05). The P values in bold indicate statistically significant differences among SDS, SD or their interaction using two-way ANOVA (P < 0.05).

Table S4
List of soil, plant, and litter variables that were used to analyze the correlation with the NMDS ordination and the abundance of bacterial and fungal taxa and variance partitioning.
	Variables
	Units
	Acronym

	Soil

	Total carbon content
	 g kg-1
	TC

	Total nitrogen content
	 g kg-1
	TN

	Total phosphorus content
	 g kg-1
	P

	Total potassium content
	 g kg-1
	K

	Magnesium content
	 g kg-1
	Mg

	Calcium content
	 g kg-1
	Ca

	Soil C/N ratio
	
	Soil C/N ratio

	Soil C/P ratio
	
	Soil C/P ratio

	Soil N/P ratio
	
	Soil N/P ratio

	N-NH4+ content
	mg kg-1
	NH4+

	N-NO3- content
	mg kg-1
	NO3-

	DOC content
	mg kg-1
	DOC

	pH
	
	pH

	Available phosphorus content
	mg kg-1
	AP

	Bulk density
	g cm-3
	BD

	Water content
	%
	WC

	Litter

	Intact litter biomass
	  kg ha-1
	ILB

	Decomposed litter biomass
	 kg ha-1
	DLB

	Fragmented litter biomass
	 kg ha-1
	FLB

	Intact litter C
	 g kg-1
	ILC

	Decomposed litter C
	 g kg-1
	DLC

	Fragmented litter C
	 g kg-1
	FLC

	Intact litter N
	 g kg-1
	ILN

	Decomposed litter N
	 g kg-1
	DLN

	Fragmented litter N
	 g kg-1
	FLN

	Intact litter P
	 g kg-1
	ILP

	Decomposed litter P
	 g kg-1
	DLP

	Fragmented litter P
	 g kg-1
	FLP

	Intact litter C/N ratio
	
	IL C/N ratio

	Decomposed litter C/N ratio
	
	DL C/N ratio

	Fragmented litter C/N ratio
	
	FL C/N ratio

	Intact litter C/P ratio
	
	IL C/P ratio

	Decomposed litter C/P ratio
	
	DL C/P ratio

	Fragmented litter C/P ratio
	
	FL C/P ratio

	Intact litter N/P ratio
	
	IL N/P ratio

	Decomposed litter N/P ratio
	
	DL N/P ratio

	Fragmented litter N/P ratio
	　
	FL N/P ratio

	Plant
	
	

	Herb layer biomass
	kg ha-1
	HLB

	Shrub layer biomass
	kg ha-1
	SLB

	Understory Biomass
	kg ha-1
	UB

	Diameter at breast height
	cm
	DBH

	Average tree height
	m
	ATH

	Tree density
	stem ha-1
	TD

	Tree biomass
	 t ha-1
	TB

	Tree crown diameter
	m
	TCD

	Canopy density
	
	CD

	Root biomass
	g m-2
	RB

	Root length
	 m m-2
	RL

	Root surface area
	 m2 m-2
	RSA

	Root diameter
	cm
	RD

	Specific root length
	m g-1
	SRL

	Specific surface area
	cm2 g-1
	SSA

	Root tissue density
	g cm-3
	RTD

	Root carbon content
	mg g-1
	RC

	Root nitrogen content
	mg g-1
	RN

	Root phosphorus content
	mg g-1
	RP

	Root C/N ratio
	
	Root C/N ratio

	Root C/P ratio
	
	Root C/P ratio

	Root N/P ratio
	　
	Root N/P ratio



[bookmark: _Hlk95004142]Table S5
NMDS analysis and soil, litter, and plant variables correlated with bacterial and fungal communities. Only significant results with a P value < 0.05 are shown in the table.
	Variables
	Bacterial community
	　
	Fungal community

	
	r
	P
	　
	r
	P

	Soil

	TC (g kg-1)
	0.897
	0.001
	
	0.678
	0.001

	TN (g kg-1)
	0.855
	0.001
	
	0.539
	0.001

	TP (g kg-1)
	0.554
	0.001
	
	0.423
	0.006

	Soil C/N ratio
	0.779
	0.001
	
	0.754
	0.001

	Soil C/P ratio
	0.868
	0.001
	
	0.612
	0.001

	Soil N/P ratio
	0.661
	0.001
	
	0.345
	0.017

	K (g kg-1)
	0.661
	0.001
	
	0.582
	0.002

	Mg (mg kg-1)
	0.336
	0.015
	
	0.421
	0.002

	NH4+ (mg kg-1)
	0.646
	0.001
	
	0.462
	0.001

	NO3- (mg kg-1)
	0.411
	0.003
	
	0.340
	0.017

	DOC (mg kg-1)
	0.609
	0.001
	
	0.766
	0.001

	AP (mg kg-1)
	0.322
	0.021
	
	
	

	BD (g cm-3)
	0.278
	0.038
	
	0.306
	0.028

	WC (%)
	0.322
	0.016
	
	0.382
	0.005

	Plant

	[bookmark: OLE_LINK1]DBH (cm)
	0.429
	0.005
	
	0.424
	0.002

	ATH (m)
	0.514
	0.001
	
	0.505
	0.001

	TD (stem ha-1)
	0.367
	0.008
	
	0.436
	0.001

	TB (t ha-1)
	0.354
	0.018
	
	0.306
	0.022

	TCD (m)
	0.736
	0.001
	
	0.808
	0.001

	RB (g m-2)
	0.424
	0.004
	
	0.238
	0.050

	RL (m m-2)
	0.368
	0.009
	
	0.353
	0.003

	RSA (m2 m-2)
	0.423
	0.004
	
	0.325
	0.007

	RD (cm)
	
	
	
	0.447
	0.003

	SRL (m g-1)
	0.279
	0.027
	
	0.437
	0.002

	SSA (cm2 g-1)
	
	
	
	0.378
	0.004

	RN (mg g-1)
	0.304
	0.021
	
	
	

	Root C/N ratio
	0.309
	0.019
	
	
	

	Litter

	FLB (kg ha-1)
	0.273
	[bookmark: OLE_LINK2]0.034
	
	0.333
	0.016

	FLC (g kg-1)
	
	
	
	0.461
	0.004

	FLN (g kg-1)
	　
	　
	　
	0.574
	0.001



Table S6
Total raw and final sequence numbers for each soil sample at depths of 0-20 and 20-40 cm collected from 4 different developmental stages of Chinese fir stands.
	Stand developmental stage
	Soil depth (cm)
	Sample ID
	Total raw 16S rRNA sequences
	Clean 16S rRNA sequences
	Bacterial OTUs
	Total raw ITS sequences
	Clean ITS sequences
	Fungal OTUs

	Young-aged stand
	0-20
	YouTop1
	50491
	50272
	1651
	51398
	23427
	658

	
	
	YouTop2
	49697
	49542
	1540
	62961
	28841
	698

	
	
	YouTop3
	59853
	59289
	1763
	132717
	38472
	712

	
	20-40
	YouSub1
	47536
	47452
	1125
	52339
	31299
	624

	
	
	YouSub2
	35321
	35265
	1136
	28322
	12911
	636

	
	
	YouSub3
	31047
	30952
	1296
	53005
	18273
	685

	Middle-aged stand
	0-20
	MidTop1
	48753
	48428
	1544
	61622
	43908
	652

	
	
	MidTop2
	53671
	53219
	1661
	73393
	37383
	697

	
	
	MidTop3
	83521
	82709
	1534
	60841
	25570
	664

	
	20-40
	MidSub1
	60868
	60706
	1313
	42391
	32428
	411

	
	
	MidSub2
	24781
	24727
	1105
	39940
	19232
	381

	
	
	MidSub3
	32469
	32424
	1070
	48446
	25647
	697

	Mature stand
	0-20
	MatTop1
	33078
	32917
	1485
	90296
	48974
	732

	
	
	MatTop2
	53607
	53290
	1510
	118218
	65594
	686

	
	
	MatTop3
	25402
	25291
	1442
	110303
	50562
	737

	
	20-40
	MatSub1
	24352
	24322
	1038
	42322
	27005
	502

	
	
	MatSub2
	22926
	22893
	1051
	32230
	18165
	562

	
	
	MatSub3
	20276
	20241
	953
	31969
	19455
	345

	Overmature stand
	0-20
	OverTop1
	30162
	30050
	1505
	23782
	12954
	752

	
	
	OverTop2
	50937
	50658
	1363
	21615
	8232
	790

	
	
	OverTop3
	56943
	56495
	1510
	30834
	14438
	843

	
	20-40
	OverSub1
	34905
	34833
	1212
	23463
	14321
	371

	
	
	OverSub2
	21802
	21772
	1001
	28436
	22177
	550

	
	
	OverSub3
	46073
	46003
	1117
	40367
	19157
	417



Table S7
Relative abundance of the most abundant bacterial groups in different developmental stages of Chinese fir stands at the phylum level.
	[bookmark: _Hlk91012575]Stand developmental stage
	Acidobacteria
	Chloroflexi
	Proteobacteria
	[bookmark: _Hlk91101348]Actinobacteria
	Verrucomicrobia
	[bookmark: OLE_LINK5]Firmicutes
	Planctomycetes
	[bookmark: _Hlk91094276]Gemmatimonadetes
	[bookmark: _Hlk91094290]GAL15
	Bacteroidetes
	Other

	0-20 cm

	Young
	32.31±1.81
	18.23±4.15
	25.63±4.37
	8.06±1.49
	2.47±1.05
	3.11±0.28a
	4.00±1.77
	1.05±0.30b
	1.11±0.66
	0.58±0.03
	3.45±0.31a

	Middle
	32.23±3.73
	15.81±2.83
	28.1±3.59
	8.67±0.75
	2.69±0.46
	3.24±0.44a
	3.27±0.33
	0.92±0.26b
	0.94±0.55
	0.72±0.09
	3.41±0.17a

	Mature
	35.64±2.72
	19.69±1.89
	24.44±4.29
	7.98±1.48
	3.06±1.27
	1.71±0.59b
	2.16±0.35
	1.58±0.18a
	0.76±0.11
	0.67±0.17
	2.29±0.31c

	Overmature
	37.56±2.78
	18.09±2.09
	21.97±1.37
	9.13±1.31
	2.41±0.27
	3.00±0.63a
	2.8±0.13
	1.01±0.28b
	0.66±0.19
	0.53±0.17
	2.84±0.17b

	20-40 cm

	Young
	32.79±6.94
	36.83±9.16
	11.9±1.19
	4.98±2.28
	1.9±0.51
	1.48±0.29a
	2.25±1.32
	0.40±0.21
	[bookmark: _Hlk91097286]5.46±0.94a
	
	1.99±1.15

	Middle
	27.84±4.04
	39.37±4.47
	14.69±4.05
	6.10±2.43
	2.37±0.71
	1.40±0.18a
	2.33±0.44
	0.33±0.09
	3.41±0.72b
	
	2.17±1.28

	Mature
	28.59±4.07
	45.87±2.37
	10.33±2.65
	5.71±1.89
	2.68±1.07
	0.60±0.07c
	1.44±0.44
	0.41±0.05
	3.20±0.37b
	
	1.18±0.13

	Overmature
	30.89±8.14
	43.7±5.11
	10.74±1.15
	6.04±2.00
	1.88±0.54
	1.02±0.06b
	1.58±0.14
	0.28±0.12
	2.51±0.53b
	
	1.36±0.30

	Two-way ANOVA

	SDS
	0.515
	0.169
	0.066
	0.720
	0.396
	<0.001
	0.057
	0.027
	<0.001
	
	0.033

	D
	0.037
	<0.001
	<0.001
	0.002
	0.190
	<0.001
	0.004
	<0.001
	<0.001
	
	<0.001

	SDS*D
	0.511
	0.489
	0.855
	0.971
	0.992
	0.242
	0.737
	0.098
	0.009
	
	0.952


Data are presented as the means of three replicates with SE (n = 3). The relative abundance of Bacteroidetes in all soil samples at 20-40 cm accounted for less than 0.5% and was not listed in the table. Different lowercase letters within a column indicate significant differences among the stand developmental stages in the same soil layer (P < 0.05). The P values in bold indicate statistically significant differences among the stand developmental stage ± SD, soil depth ± SD or their interaction using two-way ANOVA (P < 0.05).

Table S8
The pairwise comparisons of the beta diversity of bacterial and fungal communities among 4 different stand developmental stages of Chinese fir stands.
	Pairs
	df
	Sum of sqs
	F
	R2
	P value

	Bacterial community
	
	
	
	
	

	Young vs. Middle
	1
	0.18
	1.70
	0.146
	0.112

	Young vs. Mature
	1
	0.21
	2.11
	0.174
	0.101

	Young vs. Overmature
	1
	0.24
	2.61
	0.205
	0.049

	Middle vs. Mature
	1
	0.28
	3.05
	0.234
	0.035

	Middle vs. Overmature
	1
	0.13
	1.34
	0.118
	0.191

	Mature vs. Overmature
	1
	0.16
	1.76
	0.150
	0.110

	Fungal community
	
	
	
	
	

	Young vs. Middle
	1
	0.55
	2.43
	0.196
	0.002

	Young vs. Mature
	1
	0.80
	3.47
	0.257
	0.002

	Young vs. Overmature
	1
	0.67
	2.83
	0.220
	0.002

	Middle vs. Mature
	1
	0.78
	3.50
	0.259
	0.008

	Middle vs. Overmature
	1
	0.59
	2.58
	0.205
	0.005

	Mature vs. Overmature
	1
	0.55
	2.35
	0.190
	0.007


The P values in bold indicate statistically significant differences between two stand developmental stages based on the Bray‒ Curtis dissimilarity matrix (P < 0.05).

Table S9
Relative abundance of the most abundant fungal groups in different developmental stages of Chinese fir stands at the phylum level.
	Stand developmental stage
	Ascomycota
	Basidiomycota
	[bookmark: _Hlk91098032]Mortierellomycota
	[bookmark: _Hlk91098184]Glomeromycota
	[bookmark: _Hlk91098520]Rozellomycota
	Chytridiomycota
	Other

	0-20 cm

	Young
	78.02 ±6.39
	15.3 ±5.14
	1.29 ±0.6 c
	1.68 ±0.40
	0.45 ±0.17b
	0.46 ±0.15b
	2.79 ±1.01

	Middle
	66.54 ±20.47
	27.41 ±20.96
	1.75 ±0.09 bc
	1.29 ±0.28
	1.12 ±0.44 ab
	0.19 ±0.08b
	1.71 ±0.58

	Mature
	63.55 ±6.05
	22.34 ±5.73
	5.83 ±1.2 a
	3.32 ±0.55
	1.24 ±0.53 ab
	1.44 ±0.81a
	2.29 ±0.62

	Overmature
	74.63 ±5.52
	15.19 ±4.3
	2.94 ±0.69 b
	1.91 ±0.27
	[bookmark: _Hlk91011330]1.70 ±0.58 a
	0.51 ±0.21b
	3.12 ±1.61

	20-40 cm

	Young
	79.1 ±3.62
	12.76 ±2.98
	2.82 ±1.67
	1.79 ±1.08
	0.38 ±0.23
	0.32 ±0.04
	2.83 ±0.86

	Middle
	71.29 ±18.27
	22.56 ±18.82
	2.72 ±0.61
	1.26 ±0.61
	0.64 ±0.08
	0.2 ±0.08
	1.32 ±0.14

	Mature
	74.77 ±5.93
	13.38 ±2.94
	7.13 ±4.09
	2.11 ±0.24
	0.35 ±0.17
	0.3 ±0.16
	1.96 ±0.77

	Overmature
	82.06 ±4.41
	6.81 ±2.4
	2.77 ±1.87
	2.56 ±1.91
	0.67 ±0.35
	0.23 ±0.19
	4.91 ±4.1

	Two-way ANOVA

	SDS
	0.245
	0.161
	0.002
	0.053
	0.016
	0.013
	0.102

	D
	0.183
	0.172
	0.232
	0.734
	<0.001
	0.008
	0.691

	SDS*D
	0.869
	0.945
	0.849
	0.325
	0.133
	0.026
	0.648


Data are presented as the means of three replicates with SE (n = 3). Different lowercase letters within a column indicate significant differences among the stand developmental stages in the same soil layer (P < 0.05). The P values in bold indicate statistically significant differences among SDS,D) or their interaction determined using two-way ANOVA (P < 0.05).

Table S10
The relative percentage of FUNGuild classifications at the genus level based on the fungal ecological functional roles among different developmental stages of Chinese fir plantations at depths of 0-20 and 20-40 cm.
	[bookmark: _Hlk115353359]Stand developmental stage
	Animal Pathogen
	Dung Saprotroph
	[bookmark: _Hlk115363010]Ectomycorrhizal
	Endophyte
	Fungal Parasite
	Lichenized
	Litter Saprotroph
	Orchid Mycorrhizal
	[bookmark: _Hlk112852427]Plant Pathogen
	Soil Saprotroph
	Undefined Saprotroph
	Wood Saprotroph

	0-20 cm

	Young-aged
	6.0 (0.8)
	2.9 (0.8) c
	15.2 (14.2)
	8.4 (3.3) b
	1.3 (1.1)
	0.6 (0.5)
	0.6 (0.3) b
	0.3 (0.4)
	49.7 (11.5) a
	0.1 (0.0)
	12.3 (2.9) c
	2.6 (0.7) c

	Middle-aged
	3.8 (2.8)
	5.8 (4.4) bc
	32.7 (43.1)
	8.0 (4.0) b
	0.6 (0.4)
	0.1 (0.1)
	0.2 (0.1) b
	0.1 (0.0)
	37.5 (27.0) ab
	0.0 (0.0)
	9.2 (5.0) c
	2.1 (1.1) c

	Mature
	3.2 (0.6)
	8.9 (1.4) a
	8.2 (3.7)
	30.9 (6.2) a
	0.9 (0.7)
	0.2 (0.1)
	1.3 (0.3) ab
	0.0 (0.0)
	9.1 (1.5) b
	0.0 (0.0)
	26.1 (0.7) a
	11.2 (0.6) a

	Overmature
	5.6 (0.6)
	8.0 (1.7) b
	7.8 (3.5)
	32.2 (22.0) a
	0.5 (0.0)
	0.1 (0.1)
	2.9 (2.3) a
	0.0 (0.0)
	19.9 (11.0) b
	0.1 (0.1)
	18.7 (3.5) b
	4.1 (0.6) b

	20-40 cm

	Young-aged
	10.8 (2.5)
	4.2 (1.8)
	20.6 (9.3) b
	11.7 (1.9) b
	0.9 (0.6)
	0.1 (0.0)
	0.9 (0.7)
	1.0 (1.2)
	27.3 (11.8) a
	0.1 (0.1)
	15.1 (4.9)
	7.3 (6.6)

	Middle-aged
	3.2( 2.6)
	4.6 (4.8)
	53.7 (24.8) a
	9.8 (2.3) b
	0.3 (0.4)
	0.0 (0.0)
	0.3 (0.3)
	0.2 (0.2)
	15.5 (8.5) ab
	0.1 (0.2)
	10.8 (7.5)
	1.6 (1.2)

	Mature
	6.5 (5.5)
	11.4 (6.7)
	21.1 (7.4) b
	24.9 (11.0) a
	0.7 (0.5)
	0.0 (0.1)
	0.4 (0.3)
	0.2 (0.2)
	8.1 (1.6) b
	0.1 (0.1)
	18.5 (4.2)
	8.0 (4.7)

	Overmature
	17.3 (18.9)
	7.5 (5.5)
	9.1 (2.1) b
	14.8 (5.3) ab
	1.0 (0.9)
	0.1 (0.1)
	0.8 (0.7)
	1.9 (2.3)
	17.9 (10.9) ab
	0.2 (0.3)
	26.3 (19.5)
	3.0 (1.7)

	Two-way ANOVA

	SDS
	0.249
	0.051
	0.028
	0.005
	0.404
	0.086
	0.048
	0.347
	0.007
	0.419
	0.036
	0.003

	D
	0.115
	0.757
	0.208
	0.251
	0.710
	0.049
	0.105
	0.084
	0.038
	0.150
	0.743
	0.990

	SDS × D
	0.527
	0.849
	0.813
	0.248
	0.646
	0.200
	0.151
	0.385
	0.308
	0.971
	0.446
	0.174


The numbers in parentheses indicate the SE (n = 3). The P values in bold indicate statistically significant differences among SDS, D or their interaction identified using two-way ANOVA (P < 0.05). Different letters indicate significant differences among stand developmental stages at the same soil depth (P < 0.05).

Table S11
Spearman’s correlation matrix of the copy numbers of bacteria and fungi and the soil, plant, and litter variables.
	Variables
	Bacterial abundance
	
	Fungal abundance
	
	Bacteria/Fungi

	Soil
	TC
	0.73***
	
	0.69***
	
	

	
	TN
	0.61**
	
	0.67***
	
	

	
	C/N ratio
	0.77***
	
	0.59**
	
	

	
	N/P ratio
	0.61**
	
	0.58**
	
	

	
	C/P ratio
	0.76***
	
	0.66***
	
	

	
	DOC
	0.66***
	
	0.43*
	
	

	
	Mg
	-0.65***
	
	-0.49*
	
	

	
	K
	-0.52**
	
	-0.43*
	
	

	
	AP
	0.65***
	
	0.51*
	
	

	
	BD
	-0.50*
	
	
	
	

	
	WC
	0.41*
	
	
	
	

	Litter
	DLB
	-0.41*
	
	
	
	-0.54**

	Plant
	DBH
	-0.47*
	
	
	
	-0.42*

	
	ATH
	-0.45*
	
	
	
	-0.40*

	
	TD
	0.42*
	
	
	
	

	
	TCD
	-0.41*
	
	
	
	

	
	RB
	0.49*
	
	
	
	

	
	RL
	0.63**
	
	0.49*
	
	

	
	RSA
	0.58**
	
	0.44*
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Table S12
Spearman’s correlation matrix of the alpha diversity indices of bacteria and fungi and the soil, plant, and litter variables.
	Variables
	Bacterial community
	
	Fungal community

	
	Observed species index
	Shannon diversity index
	
	Observed species index
	Shannon diversity index

	Soil
	TC
	0.86***
	0.83***
	
	0.55**
	0.44*

	
	TN
	0.81***
	0.77***
	
	0.55**
	

	
	C/N ratio
	0.84***
	0.84***
	
	0.65***
	0.59**

	
	N/P ratio
	0.85***
	0.84***
	
	0.49*
	

	
	C/P ratio
	0.93***
	0.92***
	
	0.61**
	0.50*

	
	DOC
	0.67***
	0.61**
	
	
	

	
	N-NH4+
	
	
	
	0.43*
	

	
	Mg
	-0.47**
	-0.51**
	
	-0.42*
	

	
	K
	-0.59**
	-0.59**
	
	
	

	
	AP
	0.79***
	0.74***
	
	0.52**
	

	Plant
	RB
	0.54**
	0.52**
	
	
	

	
	RL
	0.68***
	0.69***
	
	0.45*
	

	
	RD
	
	
	
	-0.46*
	-0.53**

	
	[bookmark: _Hlk107171100]RSA
	0.62**
	0.61**
	
	
	

	
	SRL
	
	
	
	0.57**
	0.63**

	
	SSA
	
	
	
	0.62**
	0.60**


*P < 0.05, **P < 0.01, and ***P < 0.001.

Table S13
The variables used to explain the changes in bacterial and fungal communities for VPA. Variables with both a P value < 0.05 and VIF < 10 were chosen to avoid collinearity among variables during the VPA.
	Explanatory sets
	Order
	Variables
	AIC
	F
	P
	VIF

	Bacterial community

	Soil
	1
	TC
	-41.098
	9.294
	0.005
	1.844

	
	2
	K
	-42.323
	3.020
	0.005
	4.015

	
	3
	Mg
	-44.460
	3.762
	0.005
	2.323

	
	4
	DOC
	-44.579
	1.754
	0.005
	2.370

	
	5
	NO3-
	-44.473
	1.478
	0.035
	2.103

	Litter
	1
	FL C/N ratio
	-34.428
	1.901
	0.050
	1.011

	Plant
	1
	RL
	-36.562
	3.905
	0.005
	1.875

	
	2
	RN
	-37.785
	3.018
	0.005
	1.439

	
	3
	ATH
	-38.128
	2.051
	0.010
	8.961

	
	4
	TCD
	-39.556
	2.917
	0.005
	5.875

	
	5
	HLB
	-39.774
	1.742
	0.040
	1.308

	Fungal community

	Soil
	1
	DOC
	-15.690
	3.303
	0.005
	1.588

	
	2
	Mg
	-17.702
	1.992
	0.005
	1.820

	Litter
	1
	FLN
	-14.754
	2.335
	0.005
	1.074

	
	2
	DLB
	-14.740
	1.812
	0.020
	1.122

	
	3
	FL C/P ratio
	-14.509
	1.530
	0.035
	1.048

	Plant
	1
	TCD
	-15.615
	3.224
	0.005
	6.925

	
	2
	RD
	-16.051
	2.244
	0.005
	1.553

	
	3
	ATH
	-16.294
	1.894
	0.005
	6.730

	
	4
	SLB
	-16.652
	1.859
	0.005
	1.078

	
	5
	RC
	-16.907
	1.675
	0.025
	1.088

	
	6
	RSA
	-17.088
	1.522
	0.045
	2.009

	
	7
	Root C/P ratio
	-18.173
	1.487
	0.035
	1.106
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