[bookmark: _Hlk216452664]Table S1. Details of the vegetable crops during the experimental period
	Year
	Species
	Cropping cycle
	Crop season
	Harvest time
	Nitrogen fertilization* (kg N ha−1)
	Total Irrigation (mm)

	2018
	Indian lettuce
	1st
	2018-03-18–2018-09-20
	2018-05-08
	270
	250

	
	
	
	
	2018-07-09
	120
	100

	
	
	
	
	2018-09-20
	120
	150

	
	Asparagus lettuce
	2nd
	2018-10-26–2019-02-28
	2019-01-03
	350
	300

	
	
	
	
	2019-02-28
	150
	100

	2019
	Indian lettuce
	3rd
	2019-04-12–2019-09-02
	2019-05-20
	150
	300

	
	
	
	
	2019-07-15
	120
	200

	
	
	
	
	2019-09-02
	120
	200

	
	Asparagus lettuce
	4th
	2019-10-13–2020-02-25
	2019-12-13
	200
	200

	
	
	
	
	2020-02-25
	150
	300


*The N fertilization rate represents the conventional N rate according to local practice.



Table S2. Phospholipid fatty acid biomarkers used for microbial community analysis
	Soil microbial group
	Phospholipid fatty acid (PLFA)
	Reference

	[bookmark: _Hlk21444687]Bacteria
	14:0, 15:0, 16:0, 17:0, 18:0, 16:1ω9c, i14:0, i15:0, 
a15:0, i16:0, i17:0, a17:0, 16:1ω7c, 17:1ω8c, cy17:0, 18:1ω7c, and cy19:0
	[1,2]

	[bookmark: _Hlk21444602][bookmark: _Hlk9590801]Gram-positive bacteria (G+)
	[bookmark: _Hlk12549589]i14:0, i15:0, a15:0, i16:0, i17:0, and a17:0
	[1,2]

	[bookmark: _Hlk13067048]Gram-negative bacteria (G−)
	[bookmark: _Hlk12549610]16:1ω7c, 17:1ω8c, cy17:0, and 18:1ω7c
	[1]

	Actinomycetes
	10Me16:0, 10Me17:0, and 10Me18:0
	[3,4]

	[bookmark: _Hlk21444678]Fungi
	18:1ω9c and 18:2ω6c
	[1,5]

	[bookmark: _Hlk12798882]Arbuscular mycorrhizal fungi (AMF)
	16:1ω5c
	[6]
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Table S3. Principal component analysis of soil health indicators 
	Soil health indicator
	2018
	
	2019

	
	Principal component
	
	Principal component

	
	PC1
	PC2
	PC3
	PC4
	
	PC1
	PC2
	PC3
	PC4

	SOC
	0.829
	0.265
	0.437
	−0.183
	
	−0.432
	0.418
	0.746
	0.332

	AP
	−0.15
	0.685
	−0.524
	0.359
	
	−0.869
	−0.438
	0.008
	−0.165

	AK
	0.71
	0.115
	−0.663
	−0.026
	
	0.581
	0.826
	−0.029
	0.114

	CEC
	0.716
	0.484
	−0.448
	−0.145
	
	−0.69
	−0.29
	0.389
	0.042

	BD
	−0.665
	0.01
	−0.231
	0.055
	
	−0.108
	−0.618
	−0.651
	0.141

	pH
	−0.328
	0.864
	0.076
	−0.342
	
	0.759
	0.395
	0.331
	0.346

	TN
	0.551
	0.716
	−0.057
	−0.46
	
	−0.931
	−0.227
	0.336
	−0.118

	NH4+-N
	−0.932
	−0.305
	−0.212
	0.179
	
	0.615
	−0.324
	−0.07
	−0.375

	NO3−-N
	−0.382
	−0.415
	0.749
	−0.073
	
	−0.666
	−0.635
	−0.305
	−0.082

	Fed
	0.432
	−0.457
	−0.633
	−0.356
	
	0.596
	0.263
	−0.491
	−0.137

	Feo
	−0.842
	−0.023
	−0.226
	0.345
	
	0.214
	−0.11
	−0.707
	0.649

	Fep
	−0.857
	−0.011
	−0.359
	0.279
	
	−0.64
	−0.479
	0.365
	0.299

	WSA>0.25
	0.584
	−0.639
	−0.117
	−0.422
	
	0.743
	0.118
	0.27
	−0.535

	MWD
	0.465
	−0.709
	−0.474
	−0.128
	
	0.357
	0.862
	−0.25
	−0.088

	Total PLFAs
	0.976
	0.057
	0.161
	0.263
	
	0.934
	−0.337
	0.224
	0.115

	AMF
	0.960
	−0.242
	−0.116
	0.212
	
	0.937
	−0.411
	0.118
	0.015

	Actinomycetal
	0.971
	−0.156
	0.161
	0.133
	
	0.789
	−0.573
	0.181
	0.172

	G+
	0.969
	−0.025
	−0.121
	0.174
	
	0.899
	−0.338
	0.311
	0.13

	G−
	0.786
	0.127
	0.105
	0.511
	
	0.876
	−0.514
	−0.004
	−0.117

	Fungal
	0.946
	0.089
	0.244
	0.246
	
	0.981
	−0.233
	0.089
	0.037

	Bacterial
	0.987
	−0.052
	0.009
	0.245
	
	0.919
	−0.415
	0.202
	0.041

	Eigenvalue
	12.025
	3.545
	2.745
	1.615
	
	11.279
	4.515
	2.704
	1.353

	Percentage rate (%)
	53.443
	15.755
	12.2
	7.179
	
	50.128
	20.068
	12.017
	6.014

	Cumulative rate (%)
	53.443
	69.198
	81.398
	88.577
	
	50.128
	70.197
	82.214
	88.228


Note: SOC, soil organic carbon; AP, soil available phosphorus; AK, soil available potassium; CEC, cation exchange capacity; BD, bulk density; Fed, free iron oxide; Feo, amorphous iron oxide; Fep, complexed iron; WSA> 0.25, water-stable macroaggregates; MWD, mean weight diameter.

[bookmark: _Hlk217639095]Fig. S1 Effects of different application rates of biochar on soil properties from 2018 to 2019: (A) pH; (B) TN, soil total nitrogen; (C) NH4+-N, soil ammonium nitrogen; (D) NO3−-N, soil nitrate nitrogen. Error bars indicate standard deviations (n = 3). B0, B10, B20, B30, and B40 are treatments with N fertilization and application of 0, 10, 20, 30, and 40 t biochar ha−1, respectively. Different lowercase letters indicate statistically significant differences (p < 0.05) between treatments in the same year. B indicates biochar effect; Y indicates cropping year effect; B×Y indicates interaction effects between biochar and year; ***, p < 0.001. The pH, TN, NH4+-N and NO3−-N for 2018 and 2019 were redrawn from Liu et al. (2023) and Li et al. (2020).
[image: ]


[bookmark: _Hlk216716226]Fig. S2 Mole percentage of individual PLFAs in soils under different biochar application rates: (A) 2018; (B) 2019. Individual PLFAs were classified into specific microbial groups based on the references listed in Table S2.
[image: ]


[bookmark: _Hlk216724613][bookmark: _Hlk216724705]Fig. S3 Contribution of soil factors to the soil health index following biochar addition based on random forest analysis: (A) 2018; (B) 2019. The percentage increase in the mean squared error (%IncMSE) represents the importance of the main predictors; negative values of %IncMSE are not shown. Statistical significance levels are denoted by asterisks (*, p < 0.05; **, p < 0.01). The predictive variables are categorized into three classes, namely soil physical (BD, WSA>0.25, MWD), chemical (pH, TN, NH4+-N, NO3−-N, SOC, AP, AK, CEC, Fed, Feo, Fep), and biological indicators (Total PLFAs, AMF, Actinomycetal, G+ bacterial, G− bacterial, Fungal, Bacterial).
[image: ]
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