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Table S1. The properties of soil and biochar
	Properties
	Soil
	Biochar

	Soil density(g·cm-3)
	1.3
	-

	Sand (%)
Silt (%)
Clay (%)
	30.5
66.4
3.1
	-
-
-

	pH
	7.9
	9.4

	Organic carbon(g kg-1)
	18.8
	467

	Total N(g kg-1)
	2.3
	5.6

	CEC(cmol kg-1)
	25.3
	24.1

	Ash content(g kg-1)
	-
	208

	Specific surface area(m2 g-1)
	-
	8.9

	Cu(ug g-1)
	-
	13.75

	Cd(ug g-1)
	-
	0.21

	Ni(ug g-1)
	-
	3.34

	Zn(ug g-1)
	-
	30.43

	Pb(ug g-1)
	-
	8.67



Table S2. Cultivation and fertilization management practices in intensive vegetable production from 2017-2021at Nanjing, China.
	Seasons
	Vegetable species
	Tillage
	Fertilization
	Sowing
	Irrigation
	Harvest

	S1-1
	Tung choy
	February21,2017
	February24,2017
	February24,2017
	February24,2017 April8,2017
	April18,2017

	S1-2
	Tung choy
	-
	-
	-
	April24,2017 May18,2017
	May25,2017

	S1-3
	Tung choy
	-
	-
	-
	June8,2017
June19,2017
	June28,2017

	S2
	Amaranth
	August15,2017
	August17,2017
	August20,2017
	August20,2017 September1,2017 September18,2017
	September25,2017

	S3
	Spinach
	October7,2017
	October8,2017
	October11,2017
	October12,2017
October31,2017
	November4,2017

	S4
	Coriander
	November20,2017
	November21,2017
	November23,2017
	January10,2018 February13,2018
	March1,2018

	S5
	Baby bok choy
	April12,2018
	April14,2018
	April17,2018
	April18,2018
April30,2018
	May20,2018

	S6-1
	Tung choy
	June11,2018
	June14,2018
	June15,2018
	June15,2018 June25,2018
	July15,2018

	S6-2
	Tung choy
	-
	-
	-
	July19,2018 July25,2018
	August,2,2018

	S6-3
	Tung choy
	-
	-
	-
	August,8,2018 August,22,2018
	September1,2018

	S7
	Baby bok choy
	October,8,2018
	October,10,2018
	October,12,2018
	October,13,2018 October,28,2018
	November,11,2018

	S8
	Coriander
	November,28,2018
	November,30,2018
	December,2,2018
	December,2,2018 January,5,2019
	March5,2019

	S9
	Baby bok choy
	March21,2019
	March24,2019
	March26,2019
	March30,2019
April19,2019
	April28,2019

	S10-1
	Amaranth
	May9,2019
	May11,2019
	May12,2019
	May12,2019 May28,2019
	June3,2019

	S10-2
	Amaranth
	-
	-
	-
	June4,2019
	June13,2019

	S11-1
	Amaranth
	August,11,2019
	August,14,2019
	August,18,2019
	August,18,2019 September,5,2019
	September,20,2019

	S11-1
	Amaranth
	-
	-
	-
	September,23,2019
	October,5,2019

	S12
	Baby bok choy
	October,15,2019
	October,18,2019
	October,20,2019
	October,25,2019 November,15,2019
	December,7,2019

	S13
	Baby bok choy
	May19,2020
	May23,2020
	May24,2020
	May26,2020
June2,2020
	June17,2020

	S14-1
	Amaranth
	August,15,2020
	August,15,2020
	August,15,2020
	August,15,2020 August,30,2020
	September,5,2020

	S14-2
	Amaranth
	-
	-
	-
	September,7,2020
	September,18,2020

	S15
	Spinach
	October20,2020
	October23,2020
	October26,2020
	October26,2020
November2,2020
November8,2020
	January5,2021




Table S3. Components of NEB (103 CNY ha-1 5yr-1) and EDC (103 CNY ha-1 5yr-1) under different strategies in intensive vegetable production
	Components
	Items
	Unit
	(¥ unit-1)
	CK
	SN
	SNB
	SNM
	SNMB

	Input a
	Urea
	kg N
	3.6
	0.00
	4.32
	4.32
	2.16
	2.16

	
	Manure
	kg N
	1.9
	0.00
	0.00
	0.00
	1.14
	1.14

	
	Phosphorus
	kg P2O5
	2.9
	3.48
	3.48
	3.48
	3.20
	3.20

	
	Potassium
	kg K2O
	3.8
	4.56
	4.56
	4.56
	3.29
	3.29

	
	Biochar
	t
	2600
	0.00
	0.00
	52.00
	0.00
	52.00

	
	Plastic Film
	kg
	13
	5.98
	5.98
	5.98
	5.98
	5.98

	
	Pesticide
	kg
	25
	0.85
	0.85
	0.85
	0.85
	0.85

	Output a
	spinach gains
	kg
	2.9
	90.03
	96.56
	106.91
	122.04
	109.56

	
	baby bok choy gains
	kg
	2.0
	36.38
	51.50
	64.48
	66.07
	71.97

	
	baby bok choy gains
	kg
	2.0
	35.72
	56.86
	88.05
	79.89
	69.36

	
	baby bok choy gains
	kg
	2.0
	29.81
	65.06
	82.13
	60.39
	65.20

	
	spinach gains
	kg
	2.9
	17.20
	35.03
	35.24
	31.31
	23.93

	EDC b
	N2O emission
	kg N
	2.1
	0.002
	0.031
	0.028
	0.023
	0.025

	
	NO emission
	kg N
	29.6
	0.007
	0.066
	0.049
	0.040
	0.042

	
	NH3 volatilization
	kg N
	37.5
	0.00
	1.45
	1.28
	1.13
	1.20

	
	N leaching
	kg N
	9.3
	0.00
	0.92 0.92
	0.58
	0.66
	0.62

	
	N runoff
	kg N
	9.3
	0.00
	0.45
	0.28
	0.32
	0.30

	
	Foreground Nr loss
	kg N
	36.7
	0.52
	1.22
	1.95
	9.59
	10.33

	
	GHG emission
	kg N
	81.6
	0.096
	1.22
	1.08
	0.88
	0.99


[bookmark: _Hlt73090777][bookmark: _Hlt73090778]a Coefficients for input and output were adopted according to the current local market price.
b Coefficients for damage cost were adopted from report of Xia and Yan., 2012; Xia et al., 2016; Zhou et al., 2019.

Table S4. Soil physical and chemical properties under different treatments in intensive vegetable production
	Year
	Treat
	pH
	EC (μs cm-1)
	NH4+ (mg kg-1)
	NO3- (mg kg-1)
	DOC (mg kg-1)
	DON (mg kg-1)
	SOC (g kg-1)
	TN (g kg-1)

	2017
	CK
	8.0 ± 0.1 a
	123.7 ± 23.6 e
	54.2 ± 1.2 c
	39.9 ± 3.1 c
	103.7± 1.7 b
	39.9 ± 0.8 d
	19.7 ± 0.6 b
	2.3 ± 0.1 c

	
	SN
	7.3 ± 0.2 b
	258.8 ± 46.0 d
	93.1 ± 10.2 a
	369.2 ± 12.5 a
	113.9± 5.4 ab
	195.3 ± 16.0c
	20.3 ± 1.0 b
	2.5 ± 0.0 b

	
	SNB
	8.2 ± 0.2 a
	510.6 ± 19.2 c
	71.0 ± 2.0 b
	340.3 ± 27.1 a
	122.7± 4.4 a
	234.6 ± 10.5 b
	21.8 ± 1.8 ab
	2.6 ± 0.1 b

	
	SNM
	7.2 ± 0.3 b
	680.6 ± 93.2 b
	85.9 ± 0.7 a
	193.0 ± 6.9 b
	119.7± 6.1 a
	182.6 ± 4.6 c
	23.5 ± 0.2 a
	2.7 ± 0.1 a

	
	SNMB
	7.5± 0.2 b
	925.5 ± 50.6 a
	70.6 ± 1.0 b
	232.2 ± 6.2 b
	127.5± 2.0 a
	271.9 ± 10.7 a
	24.1 ± 0.4 a
	2.7 ± 0.0 a

	2018
	CK
	8.2 ± 0.2 a
	184.7 ± 11.2 c
	38.7 ± 1.3 b
	68.8 ± 6.3 d
	112.3± 2.2 b
	81.5 ± 1.1 e
	17.7 ± 0.9 b
	1.9 ± 0.1 c

	
	SN
	7.7 ± 0.1 c
	345.5 ± 78.3 bc
	61.5 ± 1.6 a
	376.2 ± 45.4 b
	132.8± 2.2 ab
	334.7 ± 13.1 b
	18.7 ± 0.3 b
	2.3 ± 0.1 b

	
	SNB
	7.8 ± 0.0 b
	540.5 ± 15.9 b
	54.1 ± 0.8 a
	433.1 ± 17.5 a
	184.1± 31.9 a
	425.3± 14.5 a
	19.4 ± 0.3 b
	2.5 ± 0.1 b

	
	SNM
	7.8 ± 0.1 bc
	858.5 ± 178.8 a
	58.7 ± 2.2 a
	237.9 ± 10.1 c
	140.0± 1.9ab
	179.6 ± 7.0 d
	24.5 ± 0.7 a
	2.9 ± 0.1 a

	
	SNMB
	7.9 ± 0.0 b
	897.0 ± 53.1 a
	56.8 ± 6.6 a
	256.9 ± 8.6 c
	163.3± 19.3ab
	231.4± 6.0 c
	24.7 ± 1.5 a
	2.9 ± 0.1 a

	2019
	CK
	8.1 ± 0.2 a
	230.3 ± 16.2 d
	32.6 ± 6.64 c
	33.7 ± 3.9 e
	145.7± 4.1b
	42.5 ± 0.7 e
	16.5 ± 0.2 d
	2.2 ± 0.1 d

	
	SN
	7.6 ± 0.1 bc
	477.3 ± 13.7 c
	75.7 ± 3.3 a
	275.2 ± 4.2 b
	152.7± 3.4ab
	265.9 ± 1.5 b
	18.6 ± 2.0 c
	2.3 ± 0.0 c

	
	SNB
	8.0 ± 0.3 a
	813.3 ± 40.5 b
	60.2 ± 1.8 b
	321.1 ± 26.4 a
	166.7± 2.6a
	478.7 ± 1.9 a
	19.7 ± 0.3 b
	2.3 ± 0.0 c

	
	SNM
	7.5 ± 0.1 c
	1244.0 ± 41.7 a
	68.8 ± 5.3 ab
	90.9 ± 7.8 d
	158.4± 12.7ab
	164.2± 1.6 d
	24.0 ± 0.6 a
	2.6 ± 0.1 b

	
	SNMB
	7.7 ± 0.2 b
	1294.3 ± 56.7 a
	61.3 ± 7.2 b
	186.9 ± 8.7 c
	157.9± 2.5ab
	241.7 ± 6.9 c
	24.4 ± 0.5 a
	2.7 ± 0.0 a

	2020
	CK
	8.1 ± 0.1 a
	107.6 ± 6.3 d
	39.1 ± 7.2 c
	16.5 ± 3.4 b
	138.4± 6.9b
	37.3 ± 1.8 d
	16.9 ± 0.1 c
	2.0 ± 0.2 c

	
	SN
	7.5 ± 0.0 c
	268.7 ± 48.5 d
	85.0 ± 10.9 a
	55.8 ± 12.5 b
	153.3± 6.8ab
	156.0 ± 13.3 b
	17.1 ± 0.3 c
	2.2 ± 0.0 bc

	
	SNB
	7.9 ± 0.1 b
	438.1 ± 32.9 c
	46.9 ± 3.6 bc
	158.1 ± 37.7 a
	169.9± 3.7 a
	314.2 ± 34.5 a
	19.0 ± 0.7 b
	2.3 ± 0.1 a

	
	SNM
	7.6 ± 0.1 c
	696.3 ± 44.8 b
	67.2 ± 7.8 ab
	29.9 ± 2.0 b
	154.2± 13.6ab
	108.0± 7.7bc
	22.2 ± 1.1 a
	2.3 ± 0.1 a

	
	SNMB
	7.8 ± 0.1 b
	1133.3 ± 80.9 a
	57.6 ± 7.8 bc
	63.0 ± 4.4 b
	164.9± 2.3a
	100.2 ± 1.4 c
	23.4 ± 0.7 a
	2.4 ± 0.1 a

	2021
	CK
	8.1 ± 0.0 a
	294.4 ± 8.1 d
	37.7 ± 5.6 c
	9.7 ± 3.2 d
	119.5± 2.9c
	50.5 ± 2.1c
	17.5 ± 0.1 d
	2.0 ± 0.1 c

	
	SN
	7.5 ± 0.1 c
	526.4 ± 22.7 c
	84.9 ± 8.9 a
	152.4 ± 11.5 b
	132.8± 1.2bc
	220.5 ± 17.7 b
	18.8 ± 0.2 c
	2.3 ± 0.0 b

	
	SNB
	8.0 ± 0.2 ab
	938.7 ± 24.0 b
	62.9 ± 1.1 b
	200.7 ± 6.5 a
	164.6± 14.8a
	391.6 ± 34.0 a
	20.0 ± 0.8 b
	2.4 ± 0.1 b

	
	SNM
	7.6 ± 0.1 c
	1036.7 ± 23.8 b
	83.1 ± 3.5 a
	120.3 ± 8.1 c
	138.9± 4.9abc
	168.2± 8.0b
	22.9 ± 0.2 a
	2.6 ± 0.1 a

	
	SNMB
	7.7 ± 0.1 bc
	1244.3 ± 79.6 a
	80.4 ± 5.5 a
	139.8 ± 18.1 bc
	150.3± 8.5ab
	190.0 ± 2.9 b
	23.3 ± 0.4 a
	2.6 ± 0.0 a

	Year
	
	***
	***
	***
	***
	***
	***
	***
	***

	Treat
	
	***
	***
	***
	***
	***
	***
	***
	***

	Y*T
	
	***
	***
	***
	***
	***
	***
	***
	**


Notes：Data are shown as means ± standard errors (n = 3). Different letters indicate significant differences among treatments by one-way ANOVA (P< 0.05).
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Fig.S1. NH3 fluxes and cumulative NH3 emissions during the first vegetable crop season in 2020. Error bars indicate the standard error of the mean of each treatment (n = 3). 

  [image: ]
Fig. S2. The evaluation system of soil quality (WFPS, DOC, DON, SOC, TN, N2O) and crop quality (Biomass, N content, Protein, Soluble sugar, Vitamin C, Nitrate) under different treatments in intensive vegetable production, which was adopted by the method of min-max standardization. The size of the radar map area represents the comprehensive quality and the level of quality, the larger the area, the better. 

[image: ]
Fig.S3. Temporal variation of mean soil temperature, WFPS, (a) NO fluxes (b) andN2O fluxes (c) during the experimental period. Error bars indicate the standard error of the mean of each treatment (n = 3).
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