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Table S1. N-mineralization and C-decomposition genes in metabolic pathways identified in KEGG.
	zGene category
	Subcategory
	Genes
	KEGG ID

	N-mineralization

	urease
	urease subunit gamma/beta
	K14048

	
	glutamate dehydrogenase

	glutamate dehydrogenase

	K00262

	
	glutaminase
	glutaminase
	K01425

	C-decomposition

	Starch

	amyA
	K01176, K07405

	
	
	amyX
	K01200

	
	
	glucoamylase
	K01178

	
	Cellulose

	6-phospho-beta-glucosidase 
	K01222, K01223

	
	
	cellobiase
	K01187, K05350

	
	Hemicellulose

	xylA
	K01805

	
	
	xylanase
	K01181

	
	
	pldB
	K01048

	
	
	lacZ
	K01190

	
	
	MAN2C1
	K01191

	
	
	manB
	K01192

	
	
	uidA
	K01195

	
	
	xynB
	K01198

	
	
	FUCA
	K01206

	
	
	abfA
	K01209

	
	
	sacC
	K01212

	
	
	gmuG
	K01218

	
	
	 
	K01224

	
	
	yvaK
	K03928

	
	
	melA
	K07406

	
	
	galA
	K07407

	
	Chitin

	naglu
	K01205

	
	
	chitin-binding protein
	K03933

	
	
	chitinase 
	K01183

	
	
	chitin disaccharide deacetylase
	K03478

	
	
	putative chitinase
	K03791

	
	Pectin

	pec-CDeg
	K01728

	
	
	pme-Cdeg
	K01051

	
	Aromatics

	prpB
	K03417

	
	
	AceA
	K01637

	
	
	leuA
	K01649

	
	Lignin
	yfiH
	K05810

	
	
	cytochrome c peroxidase
	K00428

	
	
	gpx
	K00432

	
	
	vanA
	K03862

	
	
	vanB
	K03863
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Table S2. Soil pH and concentrations of Olsen P, mineral N, soil organic C (SOC) microbial biomass C (MBC), and dissolved organic C (DOC) in the central compartment of soybean root growth, 0−2 mm and 2−4 mm from the central compartment, and bulk soil without (Control) and with maize residue or soybean residue amendment.
	Rhizobox
compartments
	Residue treatments
	pH
	Olsen P
(mg kg-1)
	NO3--N
(mg kg-1)
	NH4+-N
(mg kg-1)
	SOC
(mg g-1)
	MBC
(mg kg-1)
	DOC
(mg kg-1)

	
	Control
	5.81Aa
	7.8Ab
	28.4Ab
	115Bb
	29.1Aa
	255Ba
	196Aa

	Central
	Maize residue
	5.88Aa
	8.3Ab
	11.4Bb
	151Aa
	28.9Aa
	415Aa
	189Aa

	
	Soybean reside 
	5.78Aa
	10.1Aa
	18.4ABb
	147Ab
	29.0Aa
	427Aa
	183Aa

	
	Average
	5.82
	8.7
	19.4
	138
	29.0
	366
	189

	
	Control
	5.76Aab
	9.3Aab
	55.3Aa
	133Bab
	28.8Aa
	244Bab
	165Ab

	0−2 mm
	Maize residue
	5.87Aa
	10.6Aab
	30.6Ca
	155Aa
	29.1Aa
	412Aa
	152Aab

	
	Soybean reside 
	5.80Aa
	10.3Aa
	47.6Ba
	148Aa
	28.8Aa
	404Aab
	159Aab

	
	Average
	5.81
	10.1
	44.5
	145
	28.9
	353
	159

	
	Control
	5.70Aab
	8.8Ab
	42.0Aab
	136Ba
	29.0Aa
	232Bab
	139Abc

	2−4 mm
	Maize residue
	5.84Ba
	11.0Aab
	28.4Ba
	152Aa
	29.0Aa
	346Aab
	153Aab

	
	Soybean reside 
	5.76ABa
	8.4Aa
	45.4Aa
	152Aa
	29.2Aa
	353Ab
	145Ab

	
	Average
	5.77
	9.4
	39.8
	146
	29.1
	311
	145

	
	Control
	5.63Ab
	12.5Aa
	51.5Aa
	151Aa
	28.9Aa
	197Bb
	132Ac

	Bulk (>4 mm)
	Maize residue
	5.70Ab
	12.7Aa
	32.7Ba
	164Aa
	29.1Aa
	295Ab
	142Ab

	
	Soybean reside 
	5.65Ab
	10.8Aa
	43.3ABa
	163Aa
	28.8Aa
	346Ab
	145Ab

	
	Average
	5.66
	12.0
	42.5
	160
	28.9
	279
	140


[bookmark: OLE_LINK5]Values followed by different upper-case and lower-case letters indicate significant difference (p < 0.05) among treatments in each rhizobox compartment and among rhizobox compartments (one-way ANOVA), respectively. 

Table S3. Pearson correlations (r) of soil chemical properties and bacterial diversity Ace and Shannon indices 
	

	Ace index
	
	Shannon index

	
	r
	p
	
	r
	p

	Olsen-P
	 0.39**
	0.02
	
	  0.48**
	<0.01

	pH
	-0.41*
	0.01
	
	 0.38
	0.06

	-N
	 0.49*
	0.02
	
	0.42*
	0.01

	-N
	0.12
	0. 50
	
	  0.33
	0.05

	Available N (-N plus -N)
	 0.43**
	<0.01
	
	 0.52**
	<0.01

	Dissolved organic C
	-0.33
	0.05
	
	  -0.53**
	<0.01

	Microbial biomass C
	0.17
	0.32
	
	0.02
	0.93

	Soil respiration
	0.20
	0.24
	
	0.01
	0.93


Significant correlations (p < 0.05) are shown in bold. 


Table S4. ANOSIM analysis for the difference of microbial community composition among the maize residue, soybean residue and no-residue control treatments in the central, 0−2 mm and 2−4 mm compartments and the bulk soil.
	Rhizobox compartments
	ANOSIM

	
	R
	p

	Central
	0.12
	0.19

	0−2 mm
	0.19
	0.24

	2−4 mm
	-0.04
	0.59

	Bulk soil
	0.29
	0.03*


R is a measure of variation between samples compared to variation within samples 
Significant correlations (p < 0.05) are shown in bold. 


Table S5. List of bacterial taxa associated with N mineralization. This list contains information on the Spearman r and p values, and taxonomic identity for each enriched bacterial taxon. ASVs indicate amplicon sequence variants.
	Phylum
	Genus
	ASVs
	Maize residue
	Soybean residue

	
	
	
	r
	p
	r
	p

	Acidobacteriota
	Bryobacter
	ASV973
	0.812
	0.001
	0.677
	0.016

	
	
	ASV337
	0.785
	0.002
	-
	-

	
	
	ASV428
	0.708
	0.010
	0.672
	0.017

	
	
	ASV369
	0.611
	0.035
	0.715
	0.009

	
	
	ASV14
	0.579
	0.049
	0.705
	0.010

	
	
	ASV110
	-
	 >0.05
	0.697
	0.012

	
	
	ASV1868
	-
	 >0.05
	0.620
	0.032

	
	
	ASV328
	-
	 >0.05
	0.808
	0.001

	
	
	ASV519
	-
	 >0.05
	0.587
	0.045

	
	
	ASV76
	-
	 >0.05
	0.744
	0.006

	
	Candidatus_Solibacter
	ASV204
	0.751
	0.005
	-
	 >0.05

	
	
	ASV144
	0.674
	0.015
	0.850
	<0.001

	
	
	ASV239
	0.653
	0.021
	-
	 >0.05

	
	
	ASV1172
	0.616
	0.033
	-
	 >0.05

	
	
	ASV3058
	0.597
	0.041
	-
	 >0.05

	
	
	ASV216
	0.593
	0.042
	-
	 >0.05

	
	
	ASV1935
	-
	 >0.05
	0.615
	0.033

	
	
	ASV760
	-
	 >0.05
	0.587
	0.045

	
	norank_o__Subgroup_7
	ASV1348
	0.708
	0.010
	-
	 >0.05

	
	
	ASV1457
	-
	 >0.05
	0.609
	0.036

	
	
	ASV547
	-
	 >0.05
	0.754
	0.005

	
	
	ASV878
	-
	 >0.05
	0.753
	0.005

	Actinobacteriota
	Amycolatopsis
	ASV349
	0.779
	0.003
	0.877
	<0.001

	
	Glycomyces
	ASV984
	-
	 >0.05
	0.820
	0.001

	
	Kribbella
	ASV18
	0.740
	0.006
	0.830
	0.001

	
	Nocardioides
	ASV406
	-
	 >0.05
	0.597
	0.041

	
	Nonomuraea
	ASV83
	-
	 >0.05
	0.795
	0.002

	
	norank_f__norank_o__Frankiales
	ASV36
	0.653
	0.021
	0.806
	0.002

	
	norank_f__norank_o__Gaiellales
	ASV3049
	0.640
	0.025
	-
	 >0.05

	
	
	ASV392
	-
	 >0.05
	0.744
	0.005

	
	
	ASV734
	-
	 >0.05
	0.653
	0.021

	
	
	ASV268
	-
	 >0.05
	0.662
	0.019

	
	
	ASV454
	-
	 >0.05
	0.743
	0.006

	
	
	ASV121
	-
	 >0.05
	0.783
	0.003

	
	Parviterribacter
	ASV603
	-
	 >0.05
	0.640
	0.025

	
	Streptomyces
	ASV1
	0.783
	0.003
	0.937
	<0.001

	
	
	ASV17
	0.757
	0.004
	0.832
	0.001

	
	
	ASV19
	0.737
	0.006
	0.582
	0.047

	
	
	ASV1708
	-
	 >0.05
	0.591
	0.043

	
	
	ASV1743
	-
	 >0.05
	0.608
	0.036

	
	
	ASV308
	-
	 >0.05
	0.871
	<0.001

	
	
	ASV667
	-
	 >0.05
	0.762
	0.004

	
	
	ASV92
	-
	 >0.05
	0.640
	0.025

	
	unclassified_f__Nocardioidaceae
	ASV193
	-
	 >0.05
	0.776
	0.003

	Bacteroidota
	Chitinophaga
	ASV1436
	0.591
	0.043
	-
	 >0.05

	
	norank_f__Chitinophagaceae
	ASV1342
	0.650
	0.022
	-
	 >0.05

	
	
	ASV1930
	0.650
	0.022
	-
	 >0.05

	
	Segetibacter
	ASV317
	0.696
	0.012
	0.628
	0.029

	
	
	ASV348
	0.655
	0.021
	-
	 >0.05

	
	
	ASV727
	-
	 >0.05
	0.786
	0.002

	
	unclassified_f__Chitinophagaceae
	ASV3070
	0.640
	0.025
	-
	 >0.05

	
	
	ASV1973
	-
	 >0.05
	0.591
	0.043

	
	
	ASV813
	-
	 >0.05
	0.637
	0.026

	
	
	ASV824
	-
	 >0.05
	0.666
	0.018

	Bdellovibrionota
	Bdellovibrio
	ASV3132
	0.648
	0.023
	-
	 >0.05

	Chloroflexi
	norank_f__Caldilineaceae
	ASV3074
	0.587
	0.045
	-
	 >0.05

	Chloroflexi
	norank_f__norank_o__C0119
	ASV1968
	0.624
	0.030
	-
	 >0.05

	Deinococcota
	Deinococcus
	ASV3138
	0.640
	0.025
	-
	 >0.05

	Gemmatimonadota
	Gemmatimonas
	ASV63
	0.706
	0.010
	-
	 >0.05

	
	
	ASV424
	0.635
	0.026
	-
	 >0.05

	
	
	ASV101
	0.622
	0.031
	-
	 >0.05

	
	
	ASV258
	-
	 >0.05
	0.777
	0.003

	
	norank_f__Gemmatimonadaceae
	ASV680
	0.597
	0.040
	-
	 >0.05

	Proteobacteria
	Burkholderia-Caballeronia-Paraburkholderia
	ASV2
	0.811
	0.001
	0.796
	0.002

	
	
	ASV9
	0.803
	0.002
	0.586
	0.045

	
	
	ASV11
	0.775
	0.003
	-
	 >0.05

	
	
	ASV458
	0.682
	0.014
	0.709
	0.010

	
	
	ASV3073
	0.640
	0.025
	-
	 >0.05

	
	
	ASV26
	0.616
	0.033
	0.875
	<0.001

	
	Hyphomicrobium
	ASV297
	-
	 >0.05
	0.849
	<0.001

	
	Lysobacter
	ASV982
	-
	 >0.05
	0.638
	0.026

	
	Massilia
	ASV3034
	0.640
	0.025
	-
	 >0.05

	
	Novosphingobium
	ASV276
	0.766
	0.004
	0.904
	<0.001

	
	Pseudoxanthomonas
	ASV3030
	0.650
	0.022
	-
	 >0.05

	
	Psychroglaciecola
	ASV199
	-
	 >0.05
	0.749
	0.005

	
	Ralstonia
	ASV447
	0.936
	<0.001
	0.676
	0.016

	
	Ramlibacter
	ASV102
	0.666
	0.018
	0.761
	0.004

	
	
	ASV807
	-
	 >0.05
	0.636
	0.026

	
	Rhodanobacter
	ASV546
	0.629
	0.028
	-
	 >0.05

	
	Sphingomonas
	ASV1741
	0.640
	0.025
	0.591
	0.043

	
	
	ASV668
	0.602
	0.038
	-
	 >0.05

	
	
	ASV1720
	-
	 >0.05
	0.591
	0.043

	
	unclassified_f__Comamonadaceae
	ASV1329
	0.827
	0.001
	-
	 >0.05

	
	
	ASV1491
	-
	 >0.05
	0.652
	0.022

	
	
	ASV1775
	-
	 >0.05
	0.591
	0.043

	
	unclassified_f__Sphingomonadaceae
	ASV52
	-
	 >0.05
	0.747
	0.005

	Verrucomicrobiota
	Chthoniobacter
	ASV1001
	0.709
	0.010
	-
	 >0.05




Table S6. Topological characteristics of hubs observed in networks of N-mineralization-associated taxa in the treatments of maize residue, soybean residue and no-residue control.
	Residue treatments
	Phylum
	Class
	Order
	Family
	Genus
	ASV
	Degree
	Closeness centrality
	Betweenness centrality

	Maize
	Actinobacteriota
	Actinobacteria
	Streptomycetales
	Streptomycetaceae
	Streptomyces
	ASV1
	16
	0.34
	98

	
	Proteobacteria
	Gammaproteobacteria
	Burkholderiales
	Burkholderiaceae
	Burkholderia-Caballeronia-Paraburkholderia
	ASV2
	15
	0.37
	166

	
	Actinobacteriota
	Thermoleophilia
	Gaiellales
	Gaiellaceae
	Gaiella
	ASV1333
	16
	0.35
	76

	Soybean
	Actinobacteriota
	Actinobacteria
	Propionibacteriales
	Propionibacteriaceae
	Microlunatus
	ASV15
	21
	0.42
	257

	
	Actinobacteriota
	Actinobacteria
	Streptomycetales
	Streptomycetaceae
	Streptomyces
	ASV17
	19
	0.39
	143

	
	Proteobacteria
	Alphaproteobacteria
	Sphingomonadales
	Sphingomonadaceae
	Novosphingobium
	ASV276
	20
	0.40
	276

	Control
	Actinobacteriota
	Actinobacteria
	Streptomycetales
	Streptomycetaceae
	Streptomyces
	ASV308
	27
	0.43
	176

	
	Proteobacteria
	Alphaproteobacteria
	Rhizobiales
	Hyphomicrobiaceae
	Hyphomicrobium
	ASV297
	27
	0.43
	191

	
	Acidobacteriota
	Holophagae
	Subgroup_7
	norank
	norank
	ASV1348
	25
	0.39
	57
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Table S7. Pearson correlations (r) between residue N mineralization and the abundances of major ammonification genes and C-decomposition genes 
	Gene category
	Subcategory
	Residue N mineralization (mg)

	
	
	r
	p

	N-mineralization
	urease
	 0.89**
	< 0.01

	
	Glutamate dehydrogenase
	0.90**
	< 0.01

	
	glutaminase
	0.89**
	< 0.01

	C-decomposition
	starch
	0.93**
	< 0.01

	
	Cellulose
	0.87**
	< 0.01

	
	Hemicellulose
	0.89**
	< 0.01

	
	Chitin
	0.91**
	< 0.01

	
	Pectin
	0.70**
	< 0.01

	
	Aromatics
	0.93**
	< 0.01

	
	Lignin
	0.92**
	< 0.01






[image: ]
Fig. S1 Schematic diagram of the rhizobox, which was made of PVC sheets with the dimension of 20 cm × 12 cm × 20 cm (length × width × height). The central compartment was 6 mm in width for root growth, and two rhizosphere compartments with 2 mm in width for each compartment were adjoined at each side of the central compartment. The U-shape plastic frames covered with nylon mesh (<25 μm mesh size) were used to separate the compartments.

[image: ]
[bookmark: _Hlk97419082]Fig. S2 Total mineralization of N from maize and soybean residues in rhizobox compartments, i.e. central compartment, 0−2 mm and 2−4 mm from the central compartment. Asterisks (*) denote significant differences between residue amendments at p < 0.05. The different letters above bars indicate significant differences among the rhizosphere compartments at p < 0.05. Error bars were standard error of three replicates.


[image: ]
Fig. S3 Microbial respiration in soils of rhizobox compartments amended with maize residue, soybean residue and the control treatments. The rhizobox compartments were the central compartment, 0−2 mm, 2−4 mm from the central compartment and the bulk soil. The black, red and yellow dash lines indicate the soil respiration rate in the bulk soil under the maize residue, soybean residue amendment and control treatments, respectively. The different upper-case and lower-case letters above bars indicate significant differences among rhizobox compartments and among residue treatments in each rhizobox compartment at p < 0.05, respectively. Error bars were standard error of three replicates.



Fig. S4 Shoot and root biomass under the maize residue, soybean residue amendment and control treatments, respectively. The different letters above bars indicate significance among residue treatments at p < 0.05. Error bars were standard error of three replicates.



   
[bookmark: OLE_LINK1]Fig. S5 Effect of residue treatment on the abundance of genes related with degradation of C (a) and N metabolites (b) under the maize residue, soybean residue amendment and control treatments, respectively. The different letters above bars indicate significance among residue treatments at p < 0.05. Error bars were standard error of three replicates.

[image: ]
Fig. S6 Diagram illustrating the spatial changes of microbial biomass C (MBC), microbial respiration rate, residue-N mineralization proportion, abundances of N-mineralization related taxa and available N across rhizobox compartments, i.e. central compartment, 0−2 mm, 2−4 mm from the central compartment and the bulk soil under the maize residue, soybean residue, and no-residue control treatments. The different color intensities indicate significant difference (p < 0.05) among treatments in each rhizobox compartment, and different symbol sizes indicate relevant difference of each viable across rhizobox compartments within each treatment. 
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