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1. Supplementary Table S1 to S6
[bookmark: _Hlk157348753]Table S1 Annual application rates and percentages of inorganic nitrogen (N), phosphorus (P), potassium (K) and organic manure (M) fertilizers at critical stages in the oilseed rape season. Notes: inorganic N, P and K fertilizers were applied as urea, calcium superphosphate and potassium chloride, respectively. Organic manure was applied as composted pig manure.
	Application rates/percentages
	N
	P
	K
	M

	Oilseed rape season
	255 kg N ha−1
	127.5 kg P2O5 ha−1
	127.5 kg K2O ha−1
	11.25 Mg ha−1

	Basal stage
	60%
	100%
	100%
	100%

	Tillering stage
	20%
	
	
	

	Panicle stage
	20%
	
	
	



Table S2 The relative abundance of major nematode families across distinct functional guilds under various fertilization treatments in both bulk and rhizosphere soil. CK, non-fertilization; M, organic manure alone fertilization; NPK, inorganic NPK fertilization; NPKM, manure plus NPK fertilization; N, inorganic N fertilization; NP, inorganic NP fertilization; NK: inorganic NK fertilization.
	Categories
	Bulk soil
	Rhizosphere soil

	Guilds
	Family
	CK
	M
	NPK
	NPKM
	N
	NP
	NK
	CK
	M
	NPK
	NPKM
	N
	NP
	NK

	Ba1
	Rhabditidae
	0
	0.273
	0.016
	0
	0
	0
	0
	0
	0
	0.128
	0
	0
	0
	0

	Ba2
	Cephalobidae
	3.693
	2.890
	5.411
	2.425
	4.849
	4.094
	8.735
	12.974
	6.326
	2.023
	4.351
	9.522
	14.724
	19.300

	Ba2
	Monhysteridae
	2.601
	4.672
	4.689
	6.551
	8.173
	12.845
	29.961
	3.613
	2.023
	2.489
	3.886
	3.115
	7.787
	6.985

	Ba2
	Plectidae
	9.088
	10.597
	13.712
	3.179
	1.911
	4.689
	4.416
	8.253
	10.854
	6.118
	2.890
	7.081
	9.634
	16.956

	Ba3
	Prismatolaimidae
	2.136
	12.925
	0
	0.321
	0.369
	2.746
	0.000
	3.629
	5.331
	0
	0.096
	0
	3.227
	0.080

	Ba3
	Rhabdolaimidae
	3.452
	18.272
	43.240
	52.601
	5.829
	24.358
	7.611
	13.247
	40.173
	32.900
	57.418
	2.521
	1.140
	9.249

	Ba4
	Alaimidae
	0.417
	1.750
	2.601
	2.665
	4.175
	5.604
	1.574
	1.718
	0.610
	1.525
	3.950
	1.959
	0
	0

	Fu2
	Anguinidae
	0.755
	0.016
	0.690
	0.225
	0.835
	1.574
	0.161
	0.321
	0
	0.032
	0.032
	0.434
	0.417
	0.225

	Fu2
	Aphelenchoididae
	0
	0.048
	0.193
	0.112
	0.787
	0.690
	0.963
	0
	0.096
	0.096
	0.032
	1.028
	0.048
	0.482

	Herbivores
	Belondiridae
	0
	0.096
	0
	0
	0
	0
	0
	0.112
	0
	0
	0
	0
	0
	0

	Herbivores
	Ecphyadophoridae
	0.032
	0.032
	0.048
	0.225
	0.048
	0.032
	0.417
	0.016
	0.016
	0.016
	0.064
	0.112
	0.080
	0.161

	Herbivores
	Pratylenchidae
	0.835
	0.225
	0.642
	0.482
	0.530
	3.805
	2.280
	0.819
	0.690
	0.321
	0.161
	0.562
	0.193
	1.301

	Herbivores
	Tylenchidae
	16.940
	16.040
	11.737
	15.543
	54.961
	26.975
	38.809
	25.883
	13.022
	15.832
	6.792
	66.442
	34.040
	32.225

	OP
	Actinolaimidae
	6.021
	7.370
	0
	0
	0.963
	0
	0
	0
	0
	0.048
	2.216
	0
	0
	0

	OP
	Aporcelaimidae
	5.250
	3.211
	0.177
	11.914
	4.801
	1.012
	0.899
	14.772
	1.140
	6.005
	0.546
	4.512
	18.385
	12.588

	OP
	Dorylaimidae
	11.079
	1.429
	0.080
	0.080
	0.161
	0.289
	3.500
	0.177
	0.867
	14.274
	0.048
	0.080
	0
	0.450

	OP
	Mononchidae
	2.714
	2.296
	6.439
	1.349
	4.705
	0.032
	0
	8.574
	0
	0.016
	0.096
	0.706
	4.287
	0

	OP
	Nygolaimidae
	0
	2.473
	0
	0
	0
	9.473
	0.016
	0
	0
	0.466
	0
	0.739
	0.016
	0

	OP
	Qudsianematidae
	13.471
	11.737
	2.376
	0
	2.633
	0
	0
	0
	2.119
	4.945
	0.434
	0
	0
	0

	OP
	Tobrilidae
	0.032
	8.269
	0
	0
	0
	0.064
	0.016
	0
	3.741
	0.016
	1.252
	0
	5.347
	0

	OP
	Tripylidae
	25.128
	0.225
	6.471
	0.947
	4.367
	0.080
	0.016
	5.668
	12.347
	3.966
	17.084
	0.016
	0
	0



Table S3 Detailed information about the r/K-strategist bacteria, saprotrophic fungi and pathogenic fungi.
	Biotic factors
	Detailed information
	Classification criteria

	r-strategist bacteria
	The sum of the relative abundance of Bacteroidetes, Firmicutes, Chloroflexi and Acidobacteria Gp6
	Bacteroidetes and Firmicutes exhibited a significant predominance in the first 5 days following the amendment with pig slurry-derived digestate (Pezzolla et al., 2015). Moreover, the relative abundance of Chloroflexi increased during the early stages of straw decomposition (Zhang et al., 2024). Members of the Acidobacteria Gp6 showed the highest relative abundance in nutrient-rich soils and were enriched in the rhizosphere soil after 8 days of atmospheric CO2 enrichment (Gschwendtner et al., 2015; Gao et al., 2020). These results suggested that Bacteroidetes, Firmicutes, Chloroflexi and Acidobacteria Gp6 maximize their growth rate when resources are abundant and can be classified as r-strategist bacteria.

	K-strategist bacteria
	The sum of the relative abundance of Alphaproteobacteria, Armatimonadetes, Verrucomicrobia, Actinobacteria and Acidobacteria Gp1, 3 and 7
	The Armatimonadetes, Alphaproteobacteria and Actinobacteria were stimulated during later stages of residue decomposition, they can be considered as K-strategists which are adapted to survive with a slow growth rate when resources are limited or consist of more complex, recalcitrant organic matter (Bastian et al., 2009; Fu et al., 2022; Xiao et al., 2022).
The genomes of Acidobacteria Gp1 and Gp3 are typified by a low number of rRNA gene copies, which has been proposed as a characteristic marker of slow growth and a K-selected lifestyle (Ward et al., 2009; Navarrete et al., 2015).
The relative abundance of Acidobacteria Gp7 remained constant with the application of silver nanoparticles, indicating that Acidobacteria Gp7 are resistant to metal contamination and can be classified as K-strategist bacteria (McGee et al., 2017).

	Saprotrophic fungi enriched by manure
	The sum of the relative abundance of Pezizales, Microascales, Coniochaetales
	Members of the Pezizales, Microascales, Coniochaetales are mainly performed as saprotrophs (Ottosson et al., 2015; Li et al., 2019; Lin et al., 2019). In our study, we observed that organic fertilization increased the relative abundance of Pezizales, Microascales, Coniochaetales.

	Other saprotrophic fungi
	The sum of the relative abundance of Eurotiales, Sordariales and Helotiales
	Orders of saprotrophic fungi that were richer in forests at lower elevations included Eurotiales and Sordariales (Geml et al., 2022). Members of the Helotiales are recognized for their roles as complex C decomposers (Eaton et al., 2015).

	Pathogenic fungi
	The relative abundance of Pleosporales
	The order Pleosporales consists of many economically important plant pathogens, such as Alternaria, Bipolaris and Didymella (Tanaka et al., 2015).



Table S4 Details about the classification of differential ASVs in the bulk and rhizosphere soils. For abbreviations see Table S2.
	Differential ASV
	Aggregation
	Detailed information

	The ASVs enriched by organic fertilization
	CK < M and NPK < NPKM
	the union of ASVs that had higher relative abundance in M compared to the CK and had higher relative abundance in NPKM compared to NPK

	The ASVs enriched by inorganic fertilization
	CK < NPK, CK < N, CK < NP and CK < NK
	the union of ASVs that had higher relative abundance in NPK, N, NP and NK compared to the CK

	The ASVs enriched by inorganic P fertilization
	N < NP and NK < NPK
	the union of ASVs that had higher relative abundance in NP compared to N and had higher relative abundance in NPK compared to NK

	The ASVs enriched by inorganic K fertilization
	N < NK and NP < NPK
	the union of ASVs that had higher relative abundance in NK compared to N and had higher relative abundance in NPK compared to NP

	The ASVs reduced by organic fertilization
	CK > M and NPK > NPKM
	the union of ASVs that had lower relative abundance in M compared to CK and had lower relative abundance in NPKM compared to NPK

	The ASVs reduced by inorganic fertilization
	CK > NPK, CK > N, CK > NP and CK > NK
	the union of ASVs that had lower relative abundance in NPK, N, NP and NK compared to the CK

	The ASVs reduced by inorganic P fertilization
	N > NP and NK > NPK
	the union of ASVs that had lower relative abundance in NP compared to N and had lower relative abundance in the NPK compared to NK

	The ASVs reduced by inorganic K fertilization
	N > NK and NP > NPK
	the union of ASVs that had lower relative abundance in NK compared to N and had lower relative abundance in NPK compared to NP



Table S5 Permutational multivariate analysis of variance (PERMANOVA) summary table for the effects of fertilization treatments and soil compartments on the community structures of bacteria, fungi, archaea and nematodes.
	Categories
	Fertilization
	Compartments

	
	R2
	p value
	R2
	p value

	Bacteria
	0.74
	0.001
	0.02
	0.049

	Fungi
	0.52
	0.001
	0.02
	0.040

	Archaea
	0.61
	0.001
	0.03
	0.030

	Nematode
	0.44
	0.001
	0.02
	0.088



Table S6 PERMANOVA pairwise comparison results of bacterial, fungal, archaeal and nematode communities between two fertilization treatments. For abbreviations see Table S2.
	Fertilization
	Bacteria
	Fungi
	Archaea
	Nematode

	
	F
	p value
	F
	p value
	F
	p value
	F
	p value

	CK vs M
	11.852
	0.004
	11.191
	0.005
	7.111
	0.005
	2.733
	0.006

	CK vs NPK
	11.751
	0.004
	7.523
	0.005
	7.853
	0.005
	4.098
	0.006

	CK vs NPKM
	9.216
	0.004
	18.907
	0.005
	4.926
	0.005
	4.778
	0.006

	CK vs N
	24.993
	0.004
	5.949
	0.005
	10.382
	0.005
	4.464
	0.006

	CK vs NP
	17.491
	0.006
	3.975
	0.006
	9.369
	0.005
	3.287
	0.006

	CK vs NK
	13.451
	0.004
	4.766
	0.005
	5.829
	0.005
	3.662
	0.006

	M vs NPK
	28.274
	0.004
	7.901
	0.005
	17.905
	0.005
	2.484
	0.006

	M vs NPKM
	5.628
	0.004
	4.660
	0.005
	2.185
	0.005
	3.306
	0.006

	M vs N
	42.580
	0.006
	9.823
	0.007
	19.649
	0.005
	7.519
	0.006

	M vs NP
	34.131
	0.004
	6.016
	0.005
	20.303
	0.005
	3.892
	0.006

	M vs NK
	29.469
	0.004
	6.673
	0.005
	15.442
	0.005
	5.817
	0.006

	NPK vs NPKM
	20.062
	0.004
	13.481
	0.005
	14.277
	0.005
	1.999
	0.046

	NPK vs N
	8.931
	0.005
	3.507
	0.006
	3.201
	0.005
	8.333
	0.006

	NPK vs NP
	3.469
	0.004
	2.497
	0.006
	2.287
	0.005
	3.572
	0.006

	NPK vs NK
	4.862
	0.004
	2.780
	0.006
	2.642
	0.005
	6.911
	0.006

	NPKM vs N
	33.384
	0.006
	16.560
	0.007
	16.021
	0.005
	10.041
	0.006

	NPKM vs NP
	25.556
	0.004
	9.190
	0.005
	15.645
	0.005
	4.714
	0.006

	NPKM vs NK
	20.933
	0.004
	12.095
	0.005
	11.709
	0.005
	7.552
	0.006

	N vs NP
	4.586
	0.004
	2.150
	0.005
	1.556
	0.033
	2.465
	0.018

	N vs NK
	6.460
	0.006
	2.257
	0.015
	3.655
	0.005
	5.388
	0.006

	NP vs NK
	3.452
	0.006
	2.091
	0.019
	2.909
	0.005
	2.758
	0.006



2. Supplementary Figure S1 to S12
[image: ]
Fig. S1 Relative abundance of dominant taxa in the bacterial communities. Box plots represent the lower quartile, median and upper quartile values. The effects of fertilization treatments (Fer.), soil compartments (Com.) and their interactions (Fer.  Com.) on the relative abundance of bacteria were determined using two-way analysis of variance (ANOVA). Different letters above the boxes indicate values that differ significantly among fertilization treatments in the bulk and rhizosphere soil at p < 0.05 (Duncan’s test). The yellow boxes represent bulk soil (Bulk) and the blue boxes represent rhizosphere soil (Rhizo). CK, non-fertilization; M, organic manure alone fertilization; NPK, inorganic NPK fertilization; NPKM, manure plus NPK fertilization; N, inorganic N fertilization; NP, inorganic NP fertilization; NK: inorganic NK fertilization.

[image: ]
Fig. S2 The relative abundance of dominant groups in the Acidobacteria. Box plots represent the lower quartile, median and upper quartile values. The effects of fertilization treatments (Fer.), soil compartments (Com.) and their interactions (Fer.  Com.) on the relative abundance of Acidobacteria were determined using two-way analysis of variance (ANOVA). Different letters above the boxes indicate values that differ significantly among fertilization treatments in the bulk and rhizosphere soil at p < 0.05 (Duncan’s test). The yellow boxes represent bulk soil (Bulk) and the blue boxes represent rhizosphere soil (Rhizo). For abbreviations see Fig. S1.

[image: ]
Fig. S3 The relative abundance of functional guilds in the nematode community. Box plots represent the lower quartile, median and upper quartile values. The effects of fertilization treatments (Fer.), soil compartments (Com.) and their interactions (Fer.  Com.) on the relative abundance of nematodes were determined using two-way analysis of variance (ANOVA). Different letters above the boxes indicate values that differ significantly among fertilization treatments in the bulk and rhizosphere soil at p < 0.05 (Duncan’s test). The yellow boxes represent bulk soil (Bulk) and the blue boxes represent rhizosphere soil (Rhizo). For abbreviations see Fig. S1.
[image: ]
Fig. S4 Fungal community composition at order level (A) and archaeal community composition at phylum level (B) in the bulk (Bulk) and rhizosphere soil (Rhizo) receving seven fertilization treatments (CK, M, NPK, NPKM, N, NP, NK). For abbreviations see Fig. S1.

[image: ]
Fig. S5 The relative abundance of dominant taxa in the fungal communities. Box plots represent the lower quartile, median and upper quartile values. The effects of fertilization treatments (Fer.), soil compartments (Com.) and their interactions (Fer.  Com.) on the relative abundance of fungi were determined using two-way analysis of variance (ANOVA). Different letters above the boxes indicate values that differ significantly among fertilization treatments in the bulk and rhizosphere soil at p < 0.05 (Duncan’s test). The yellow boxes represent bulk soil (Bulk) and the blue boxes represent rhizosphere soil (Rhizo). For abbreviations see Fig. S1.

[image: ]
Fig. S6 The relative abundance of dominant taxa in the archaeal community. Box plots represent the lower quartile, median and upper quartile values. The effects of fertilization treatments (Fer.), soil compartments (Com.) and their interactions (Fer.  Com.) on the relative abundance of archaea were determined using two-way analysis of variance (ANOVA). Different letters above the boxes indicate values that differ significantly among fertilization treatments in the bulk and rhizosphere soil at p < 0.05 (Duncan’s test). The yellow boxes represent bulk soil (Bulk) and the blue boxes represent rhizosphere soil (Rhizo). For abbreviations see Fig. S1.

[image: ]
Fig. S7 Total relative abundance counts per million (CPM) of ASVs in distinct modules of bulk and rhizosphere soil networks. Box plots represent the lower quartile, median and upper quartile values, and different letters above the boxes indicate values that differ significantly among fertilization treatments at p < 0.05 based on Duncan’s multiple range test. The yellow boxes represent bulk soil (Bulk) and the blue boxes represent rhizosphere soil (Rhizo). For abbreviations see Fig. S1.
[image: ]
[bookmark: _Hlk146281806][bookmark: _Hlk138172549][bookmark: _Hlk146281874][bookmark: _Hlk157368051][bookmark: _Hlk146281911]Fig. S8 Structural equation modeling (SEM) describing the relationships among r/K-strategist bacteria, bacterivorous nematodes and herbivorous nematodes under organic (A) and inorganic fertilization regimes (B) in the bulk soil. Arrow width is proportional to the strength of the relationship. Blue line: positive correlation; red line: negative correlation. Numbers on the arrow lines are indicative of the correlations. Significance levels of each predictor are *p < 0.05, **p < 0.01, ***p < 0.001. r-stra bacteria: r-strategist bacteria; K-stra bacteria: K-strategist bacteria; Ba2: bacterivores of cp-2 guild; Ba3: bacterivores of cp-3 guild; df, degrees of freedom.
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Fig. S9 Standardized total effects (STE) from the structural equation modeling (SEM) of organic (A) and inorganic fertilization treatments (B) in the bulk soil, and STE from the SEM of organic (C) and inorganic fertilization treatments (D) in the rhizosphere soil. SOC: soil organic carbon content; r-stra bacteria: r-strategist bacteria; K-stra bacteria: K-strategist bacteria; Ba2: bacterivores of cp-2 guild; Ba3: bacterivores of cp-3 guild. 
[image: ]
Fig. S10 Analysis of correlations between soil chemical properties and relative abundance of biotic communities within microbial food web using Mantel test for the treatments with CK, M, NPK and NPKM (A, C) and for the treatments with CK, NPK, N, NP, NK (B, D) in the bulk (Bulk) and rhizosphere soils (Rhizo). Edge width corresponds to the Mantel’s r statistic, and edge color denotes the statistical significance. Associations among chemical properties were displayed with a color gradient that represents Pearson’s correlation coefficients. SOC: soil organic carbon; NH+ 4-N: ammonium; NO− 3-N: nitrate; AP: available phosphorus; AK: available potassium. For abbreviations see Fig. S1.


[image: ]
Fig. S11 Linear regression relationships between the relative abundance of K-strategist bacteria and bacterivores of cp-3 guild (Ba3) under NPK fertilization, and between K-strategist bacteria and bacterivores of cp-2 guild (Ba2) under N, NP and NK fertilization in the bulk (Bulk) and rhizosphere (Rhizo) soil. The shaded bands show 95% confidence intervals.


[image: ]
Fig. S12 The rhizosphere effects (RE) on r-strategist antagonistic bacteria (sum of the relative abundance of Chitinophaga and Bacillus) and K-strategist antagonistic bacteria (sum of the relative abundance of Rhizobium and Streptomyces) across seven fertilization treatments. Box plots represent the lower quartile, median and upper quartile values. Different letters above the boxes indicate values that differ significantly among fertilization treatments at p < 0.05 (Duncan's test). For abbreviations see Fig. S1.
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