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Table S1 Basic physical and chemical properties of soil
	Treatment
	pH
	SOC 
	TN
	SAN
	Olsen-P
	SAK

	
	
	(g/kg)
	(g/kg)
	(mg/kg)
	(mg/kg)
	(mg/kg)

	CK
	8.05
	10.20
	0.86
	56.9
	23.7
	162.4

	CF
	7.96
	10.29
	0.95
	62.2
	26.0
	176.1

	OF
	7.82
	12.02
	1.01
	67.6
	29.6
	183.5


Note: The basic physical and chemical properties of soils in each treatment were measured in 2020 before the experiment was conducted. CK, no fertilizer; CF, 100% mineral fertilizer; OF, Organic fertilizer replaces 24% of N and P2O5.

Table S2 Fertilization strategies for each treatment (mg/kg)
	Treatment
	Base fertilizer 
	Top-dressing
	Total fertilizer nutrient

	
	Mineral fertilizer
	Organic fertilizer
	
	

	
	N
	P2O5
	N
	P2O5
	N
	P2O5
	N
	P2O5
	SOC

	CK
	-
	-
	-
	-
	-
	-
	-
	-
	-

	CF
	36.0
	24.0
	-
	-
	114.0
	76.0
	150.0
	100.0
	-

	OF
	0
	0
	36.0
	39.6
	114.0
	60.4
	150.0
	100.0
	527.9


Note: The units for the N, P2O5 and SOC values corresponding to each fertilization strategy is mg/kg, indicating the nutrient content required by each kilogram of soil. CK, no fertilizer; CF, 100% mineral fertilizer; OF, Organic fertilizer replaces 24% of N and P2O5.

Table S3 Aboveground biomass, dry matter and nutrient contents of soybean in 2021
	Treatment
	Biomass
	Dry matter
	C content
	N content
	P content
	K content

	
	(g/pot)
	(g/pot)
	(%)
	(%)
	(%)
	(%)

	CK
	358.46
	100.99
	40.01
	3.31
	0.62
	1.54

	CF
	537.98
	166.16
	41.68
	3.56
	0.62
	1.53

	OF
	574.34
	184.68
	41.44
	3.63
	0.65
	1.62


Note: Values in the table are the average values of each indicator(n=3). CK, no fertilizer; CF, 100% mineral fertilizer; OF24, Organic fertilizer replaces 24% of N and P2O5.



Table S4. Effects of different fertilization treatments on soil properties after wheat harvest in 2021 and 2022.
	Year
	Treatment
	pH
	TN (g kg-1)
	SAN (mg kg-1)
	SAP (mg kg-1)
	SAK (mg kg-1)
	SMBC (mg kg-1)
	SMBN (mg kg-1)

	2021
	CK
	8.36±0.06a
	0.97±0.01b
	51.27±0.37c
	14.78±1.26c
	164.22±1.59c
	60.87±2.83c
	18.13±2.05b

	
	CF
	8.12±0.03b
	1.05±0.01a
	67.52±0.88b
	26.33±0.32b
	176.91±1.17b
	152.97±3.45b
	40.18±1.09a

	
	OF
	7.98±0.06c
	1.04±0.02a
	72.39±1.17a
	34.85±2.12a
	185.81±2.32a
	251.28±5.02a
	42.26±2.39a

	2022
	CK
	8.24±0.03a
	0.96±0.02c
	75.29±3.83b
	24.52±0.53c
	149.57±5.20b
	378.93±8.81c
	47.29±4.26c

	
	CF
	8.05±0.05b
	1.06±0.01b
	73.21±4.38b
	39.46±1.30b
	151.87±5.08b
	465.11±35.35b
	68.54±1.37b

	
	OF
	7.95±0.06c
	1.12±0.04a
	85.53±2.95a
	45.20±0.61a
	182.36±3.88a
	668.11±30.38a
	102.26±2.92a

	
	
	Two-way ANOVA

	Year (Y)
	**
	**
	**
	**
	**
	**
	**

	Treatment (T)
	**
	**
	**
	**
	**
	**
	**

	Y*T
	ns
	**
	**
	ns
	**
	**
	**


Note: Values in the table are the average values of each indicator(n=3). CK, no fertilizer; CF, 100% mineral fertilizer; OF24, Organic fertilizer replaces 24% of N and P2O5.



Table S5. Percentages of the total spectral area assigned to different functional groups obtained using ATR-FTIR.
	Year
	Treatment
	Clay O-H
(-OH, -COOH)
	Aliphatic-C2
(-CH)
	Aromatic-C
(C=C, C=O)
	Aliphatic-C1
(C-OH)
	Polysaccharide-C (Si-O, C-O)
	Minerals

	
	
	3400+3620 cm-1
	2920+2850 cm-1
	1630 cm-1
	1420 cm-1
	1030 cm-1
	798 cm-1

	2021
	CK
	9.86
	1.98
	1.76
	4.54
	69.01
	12.86

	
	CF
	10.77
	2.32
	2.23
	4.73
	67.42
	12.53

	
	OF
	14.23
	3.37 
	3.20
	5.30
	62.22
	11.68

	2022
	CK
	31.18
	2.89
	7.79
	8.03
	44.81
	5.30

	
	CF
	47.74 
	10.28
	5.88
	7.30
	26.15
	2.65

	
	OF
	33.58
	9.03
	10.30
	9.41
	33.31
	4.39


The values in the table represent the proportion of the characteristic peak area at the corresponding displacement.

Table S6. Percentages of the total spectral area assigned to different functional groups obtained using CP/TOSS 13C NMR.
	Treatment
	[bookmark: _Hlk159701554]Alkyl-C (%)
	[bookmark: OLE_LINK15]O-alkyl-C (%)
	[bookmark: OLE_LINK25]Methoxyl / N-alkyl-C (%)
	Aromatic-C (%)
	[bookmark: OLE_LINK22]Carbonyl-C (%)
	AL/OA 
	 AL/AR

	
	-CH3 / -CH2
	OCH3 / NCH
	[bookmark: OLE_LINK14]Carbohydrate
	O–C–O
	Aromatic C]O
	COO / NC]O
	
	

	
	0-45 ppm
	45-60 ppm
	60-95 ppm
	95-110 ppm
	110-160 ppm
	160-220 
ppm
	

	CK
	33.38
	7.34
	22.19
	4.40
	17.54
	15.16
	4.55
	2.32

	CF
	39.13
	8.19
	16.51
	3.32
	16.83
	16.02
	4.78
	2.81

	OF
	39.51
	7.12
	10.19
	2.68
	27.06
	13.44
	5.55
	1.72


The values in the table represent the proportion of the characteristic peak area at the corresponding displacement.



Table S7 Dominant OTU (TOP 5) for each module under different treatments.
	Treatment
	CK
	
	
	
	CF
	
	
	
	OF
	
	
	

	
	
	Fungi
	
	Bacteria
	
	Fungi
	
	Bacteria
	
	Fungi
	
	Bacteria

	Module
	OTUID
	Phylum
	OTUID
	Phylum
	OTUID
	Phylum
	OTUID
	Phylum
	OTUID
	Phylum
	OTUID
	Phylum

	module1
	OTU357
	Ascomycota
	OTU1096
	Actinobacteriota
	OTU189
	Ascomycota
	OTU1899
	Gemmatimonadota
	OTU131
	Ascomycota
	OTU1096
	Actinobacteriota

	
	OTU276
	Ascomycota
	OTU845
	Acidobacteriota
	OTU30
	Ascomycota
	OTU1559
	Proteobacteria
	OTU162
	Basidiomycota
	OTU1559
	Proteobacteria

	
	OTU94
	Ascomycota
	OTU1559
	Proteobacteria
	OTU105
	Ascomycota
	OTU1145
	Proteobacteria
	OTU79
	Ascomycota
	OTU2026
	Firmicutes

	
	OTU195
	Ascomycota
	OTU1899
	Gemmatimonadota
	OTU38
	Mortierellomycota
	OTU1518
	Firmicutes
	OTU276
	Ascomycota
	OTU1145
	Proteobacteria

	
	OTU125
	Mortierellomycota
	OTU1145
	Proteobacteria
	OTU188
	Ascomycota
	OTU724
	Actinobacteriota
	OTU188
	Ascomycota
	OTU845
	Acidobacteriota

	module2
	OTU131
	Ascomycota
	OTU945
	Acidobacteriota
	OTU328
	Ascomycota
	OTU1639
	Chloroflexi
	OTU189
	Ascomycota
	OTU1899
	Gemmatimonadota

	
	OTU162
	Basidiomycota
	OTU425
	Actinobacteriota
	OTU125
	Mortierellomycota
	OTU1317
	Chloroflexi
	OTU38
	Mortierellomycota
	OTU2028
	Firmicutes

	
	OTU30
	Ascomycota
	OTU2026
	Firmicutes
	OTU2
	Ascomycota
	OTU1872
	Proteobacteria
	OTU360
	Mortierellomycota
	OTU949
	Actinobacteriota

	
	OTU38
	Mortierellomycota
	OTU624
	Chloroflexi
	OTU341
	Ascomycota
	OTU1883
	Actinobacteriota
	OTU341
	Ascomycota
	OTU1937
	Actinobacteriota

	
	OTU33
	Ascomycota
	OTU1883
	Actinobacteriota
	OTU230
	Mortierellomycota
	OTU1335
	Firmicutes
	OTU33
	Ascomycota
	OTU757
	Chloroflexi

	module3
	OTU184
	Ascomycota
	OTU1639
	Chloroflexi
	OTU131
	Ascomycota
	OTU1096
	Actinobacteriota
	OTU243
	Ascomycota
	OTU1639
	Chloroflexi

	
	OTU79
	Ascomycota
	OTU1054
	Proteobacteria
	OTU243
	Ascomycota
	OTU949
	Actinobacteriota
	OTU294
	Mortierellomycota
	OTU1518
	Firmicutes

	
	OTU189
	Ascomycota
	OTU447
	Proteobacteria
	OTU79
	Ascomycota
	OTU2026
	Firmicutes
	OTU125
	Mortierellomycota
	OTU2647
	Actinobacteriota

	
	OTU188
	Ascomycota
	OTU1308
	Methylomirabilota
	OTU33
	Ascomycota
	OTU2028
	Firmicutes
	OTU30
	Ascomycota
	OTU1910
	Actinobacteriota

	
	OTU243
	Ascomycota
	OTU883
	Proteobacteria
	OTU162
	Basidiomycota
	OTU1210
	Proteobacteria
	OTU184
	Ascomycota
	OTU867
	Chloroflexi





[image: ]
Fig S1 Venn diagram showing the overlap of bacterial (a) and fungal (b) OTUs in soils with different treatments. The db-RDA demonstrates the relative influence of environmental factors on the bacterial (c) and fungal (d) communities in each treatment. Different coloured points in the graph represent different sample groups; red arrows indicate quantitative environmental factors, and the length of the environmental factor arrows represents the magnitude of their impact (amount explained) on the species data. The angle between the environmental factor arrows indicates positive or negative correlations (acute angle: positive correlation; obtuse angle: negative correlation; right angle: no correlation). The distance from the sample points to the quantitative environmental factor arrows, when projected, represents the relative influence of the environmental factors on the distribution of the sample communities, and whether or not the direction of the points aligns with the arrows indicates positive or negative correlation.
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