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Fig. S1. (a) Mean nitrate removal rate (NRR) effect size by adding various types of auxiliary materials; (b) Mean nitrate removal efficiency (NRE) effect size by adding various types of auxiliary materials.
Table S1 
Summary of substrate types in denitrifying bioreactor.
	No
	Natural carbon
(NC)
	No
	Non-natural carbon
(NNC)
	No
	Inorganic material
(IM)
	No
	Multi-material
(MM)

	NC1
	Woodchip
	NNC1
	Cardboard
	IM1
	Sand
	MM1
	Sand + Grow bark

	NC2
	Corn stover
	NNC2
	Biochar
	IM2
	Amorphous iron oxide
	MM2
	Sand+Grow bark+Woodchip

	NC3
	Barley straw
	NNC3
	Polyhydroxybutyrate (PHB)
	IM3
	Pyrite
	MM3
	Woodchip+Sulfur particles+zeolite

	NC4
	Rice straw
	NNC4
	Polycaprolactone (PCL)
	
	
	MM4
	Corncobs+Modified coconut coir

	NC5
	Green waste
	NNC5
	Polybutylene succinate (PBS)
	
	
	MM5
	Corncobs+Modified coconut coir+Modified biochar

	NC6
	Corncobs
	
	
	
	
	MM6
	Corncobs+Plastic biofilm carrier

	NC7
	Wheat straw
	
	
	
	
	MM7
	Sugarcane bagasses+Soil

	NC8
	Lodge pine needles
	
	
	
	
	MM8
	Sulfur+Coral stone

	NC9
	Macrophyte residue
	
	
	
	
	MM9
	Woodchip+Steel

	NC10
	Leaves
	
	
	
	
	MM10
	Woodchip+Biochar

	
	
	
	
	
	
	MM11
	Woodchip+Sodium acetate

	
	
	
	
	
	
	MM12
	Woodchip+Flaxseed cake

	
	
	
	
	
	
	MM13
	Woodchip+Filtralite

	
	
	
	
	
	
	MM14
	Woodchip+Seashell

	
	
	
	
	
	
	MM15
	Woodchip+Sand

	
	
	
	
	
	
	MM16
	Woodchip+Corncobs

	
	
	
	
	
	
	MM17
	Woodchip+Fly ash pellet

	
	
	
	
	
	
	MM18
	Woodchip+Mire flora

	
	
	
	
	
	
	MM19
	Woodchip+Potato
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Details of meta-analysis by the effect size of NRR.
	Carbon type
	No
	Wood type
	Nation
	Scale
	Year
	Reference
	T-number
	T-mean
	T-SD

	NC1
	1
	S
	New Zealand
	L
	2010
	[1]
	15
	8.32
	3.26

	NC1
	2
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	New Zealand
	L
	2010
	[1]
	15
	7.79
	2.90

	NC1
	3
	S
	New Zealand
	L
	2010
	[1]
	15
	9.69
	3.67

	NC1
	4
	H
	New Zealand
	L
	2010
	[2]
	15
	11.77
	2.16

	NC1
	5
	H
	New Zealand
	L
	2010
	[2]
	20
	5.97
	3.15

	NC1
	6
	
	USA
	F
	2016
	[3]
	221
	18.38
	20.07

	NC1
	7
	
	Canada
	F
	2006
	[4]
	44
	3.18
	3.14

	NC1
	8
	
	Canada
	F
	2006
	[4]
	28
	3.24
	1.62

	NC1
	9
	
	USA
	L
	2015
	[5]
	48
	1.31
	0.57

	NC1
	10
	
	USA
	L
	2015
	[5]
	48
	1.38
	0.50

	NC1
	11
	
	USA
	L
	2015
	[5]
	48
	1.46
	0.42

	NC1
	12
	
	USA
	L
	2015
	[5]
	48
	1.43
	0.47

	NC1
	13
	S
	New Zealand
	F
	2011
	[6]
	21
	1.67
	0.92

	NC1
	14
	H
	USA
	L
	2016
	[7]
	6
	6.09
	1.11

	NC1
	15
	H
	Danmark
	F
	2020
	[8]
	6
	5.55
	2.52

	NC1
	16
	S
	Ireland
	L
	2012
	[9]
	22
	0.93
	0.16

	NC1
	17
	S
	Ireland
	L
	2012
	[9]
	22
	0.93
	0.16

	NC1
	18
	S
	Ireland
	L
	2012
	[9]
	22
	0.91
	0.16

	NC1
	19
	S
	New Zealand
	F
	2011
	[10]
	7
	6.54
	3.50

	NC1
	20
	
	USA
	F
	2010
	[11]
	35
	0.55
	0.37

	NC1
	21
	S
	New Zealand
	F
	2010
	[12]
	35
	13.68
	6.40

	NC1
	22
	S
	New Zealand
	F
	2010
	[12]
	71
	3.03
	2.50

	NC1
	23
	S
	New Zealand
	F
	2010
	[12]
	30
	0.94
	1.14

	NC1
	24
	S
	Canada
	L
	2010
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	20
	16.24
	19.97

	NC1
	25
	S
	Canada
	L
	2010
	[13]
	24
	8.75
	10.96

	NC1
	26
	S
	Canada
	L
	2010
	[13]
	24
	7.30
	4.17

	NC1
	27
	S
	Canada
	L
	2010
	[13]
	24
	4.26
	1.68

	NC1
	28
	S
	New Zealand
	L
	2011
	[14]
	2
	1.44
	0.12

	NC1
	29
	S
	New Zealand
	L
	2011
	[14]
	2
	2.57
	0.64

	NC1
	30
	H
	New Zealand
	L
	2011
	[14]
	2
	1.65
	0.02

	NC1
	31
	S
	New Zealand
	L
	2011
	[14]
	2
	2.36
	0.24

	NC1
	32
	H
	New Zealand
	L
	2011
	[14]
	2
	2.93
	0.39

	NC1
	33
	S
	Canada
	F
	2010
	[15]
	30
	0.79
	0.56

	NC1
	34
	S
	New Zealand
	F
	1998
	[16]
	6
	0.36
	0.22

	NC1
	35
	S
	New Zealand
	F
	1998
	[16]
	10
	0.13
	0.13

	NC1
	36
	
	Ireland
	L
	2007
	[17]
	71
	0.90
	0.70

	NC1
	37
	
	USA
	L
	2018
	[18]
	12
	5.17
	2.74

	NC1
	38
	
	Canada
	F
	2009
	[19]
	91
	2.73
	1.81

	NC1
	39
	
	Canada
	F
	2009
	[20]
	61
	3.31
	2.38

	NC1
	40
	
	USA
	F
	2015
	[21]
	21
	16.12
	9.51

	NC1
	41
	H
	USA
	L
	2016
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	54
	1.69
	0.69

	NC1
	42
	H
	USA
	L
	2016
	[22]
	49
	3.23
	1.98

	NC1
	43
	
	USA
	L
	2015
	[23]
	99
	2.14
	2.24

	NC1
	44
	H
	USA
	L
	2015
	[24]
	78
	30.59
	14.64

	NC1
	45
	H
	USA
	L
	2015
	[24]
	78
	17.28
	8.91

	NC1
	46
	H
	USA
	L
	2015
	[24]
	78
	11.40
	6.66

	NC1
	47
	H
	USA
	L
	2015
	[24]
	78
	9.22
	5.17

	NC1
	48
	H
	USA
	L
	2009
	[25]
	144
	2.12
	1.17

	NC1
	49
	H
	USA
	L
	2009
	[25]
	109
	2.67
	0.96

	NC1
	50
	H
	USA
	L
	2009
	[25]
	131
	2.57
	0.94

	NC1
	51
	H
	USA
	L
	2016
	[26]
	41
	9.97
	0.01

	NC1
	52
	H
	USA
	L
	2016
	[26]
	46
	18.68
	1.40

	NC1
	53
	
	USA
	F
	2012
	[27]
	30
	2.12
	0.21

	NC1
	54
	
	USA
	F
	2012
	[27]
	30
	0.95
	0.12

	NC1
	55
	
	USA
	F
	2012
	[27]
	30
	3.34
	0.65

	NC1
	56
	
	USA
	F
	2015
	[28]
	8
	2.08
	1.29

	NC1
	57
	S
	Lithuania
	F
	2020
	[29]
	126
	1.61
	1.03

	NC1
	58
	S
	New Zealand
	L
	2012
	[30]
	2
	3.60
	1.98

	NC1
	59
	S
	New Zealand
	L
	2012
	[30]
	2
	4.10
	0.93

	NC1
	60
	S
	New Zealand
	L
	2012
	[30]
	2
	4.20
	1.56

	NC1
	61
	S
	New Zealand
	L
	2012
	[30]
	2
	4.45
	1.20

	NC1
	62
	S
	New Zealand
	L
	2012
	[30]
	2
	3.75
	0.64

	NC1
	63
	H
	New Zealand
	L
	2012
	[30]
	2
	3.95
	1.34

	NC1
	64
	
	USA
	L
	2015
	[31]
	3
	4.44
	0.63

	NC1
	65
	
	USA
	L
	2015
	[5]
	33
	3.81
	2.98

	NC1
	66
	S
	Canada
	F
	2016
	[32]
	27
	1.09
	1.96

	NC1
	67
	S
	Canada
	F
	2016
	[32]
	15
	0.21
	0.51

	NC1
	68
	S
	Ireland
	L
	2015
	[33]
	64
	1.49
	0.62

	NC1
	69
	
	USA
	F
	2017
	[34]
	65
	1.47
	0.64

	NC1
	70
	
	USA
	F
	2017
	[34]
	52
	0.69
	0.62

	NC1
	71
	
	USA
	L
	2019
	[35]
	658
	15.66
	6.53

	NC1
	72
	
	USA
	L
	2019
	[36]
	1752
	7.81
	3.88

	NC1
	73
	
	USA
	L
	2018
	[37]
	42
	39.18
	9.78

	NC1
	74
	S
	USA
	L
	2013
	[38]
	52
	2.68
	2.14

	NC1
	75
	
	USA
	L
	2011
	[39]
	12
	4.44
	2.80

	NC1
	76
	S
	New Zealand
	F
	2020
	[40]
	39
	0.55
	0.49

	NC1
	77
	S
	New Zealand
	F
	2020
	[40]
	86
	1.47
	1.85

	NC1
	78
	H
	USA
	F
	2019
	[41]
	19
	40.01
	53.88

	NC1
	79
	H
	USA
	F
	2019
	[41]
	16
	10.59
	10.17

	NC1
	80
	S
	New Zealand
	F
	2020
	[42]
	12
	22.62
	6.48

	NC1
	81
	S
	New Zealand
	F
	2020
	[42]
	9
	2.09
	0.79

	NC1
	82
	S
	China
	L
	2015
	[43]
	14
	3.93
	0.81

	NC1
	83
	H
	Canada
	F
	2008
	[44]
	30
	3.12
	1.87

	NC1
	84
	H
	Finland
	L
	2020
	[45]
	26
	16.46
	7.48

	NC1
	85
	H
	USA
	L
	2020
	[46]
	20
	22.88
	11.54

	NC1
	86
	H
	USA
	L
	2020
	[46]
	22
	23.03
	12.50

	NC1
	87
	H
	USA
	L
	2020
	[46]
	22
	24.23
	15.22

	NC1
	88
	H
	USA
	L
	2019
	[47]
	40
	12.22
	2.53

	NC1
	89
	H
	USA
	L
	2019
	[47]
	36
	12.63
	2.58

	NC1
	90
	H
	USA
	L
	2019
	[47]
	48
	12.18
	2.00

	NC1
	91
	H
	USA
	L
	2019
	[47]
	37
	12.09
	1.85

	NC1
	92
	H
	USA
	L
	2019
	[47]
	32
	14.32
	4.16

	NC1
	93
	H
	USA
	L
	2019
	[47]
	35
	14.58
	4.09

	NC1
	94
	H
	USA
	L
	2019
	[47]
	31
	4.83
	0.55

	NC1
	95
	H
	USA
	L
	2019
	[47]
	26
	4.89
	0.46

	NC1
	96
	H
	USA
	L
	2019
	[47]
	32
	8.68
	1.14

	NC1
	97
	H
	USA
	L
	2019
	[47]
	23
	11.17
	0.74

	NC1
	98
	H
	USA
	L
	2019
	[47]
	33
	11.91
	2.91

	NC1
	99
	H
	USA
	L
	2019
	[47]
	39
	12.06
	2.48

	NC2
	1
	
	USA
	L
	2016
	[22]
	54
	5.70
	1.87

	NC2
	2
	
	USA
	L
	2016
	[22]
	49
	21.51
	5.08

	NC3
	1
	
	Ireland
	L
	2012
	[9]
	12
	0.96
	0.11

	NC3
	2
	
	Ireland
	L
	2012
	[9]
	12
	0.96
	0.11

	NC3
	3
	
	Ireland
	L
	2012
	[9]
	12
	0.96
	0.11

	NC3
	4
	
	USA
	L
	2016
	[22]
	54
	5.43
	1.87

	NC3
	5
	
	USA
	L
	2016
	[22]
	49
	22.51
	7.14

	NC3
	6
	
	Ireland
	L
	2015
	[33]
	33
	1.32
	0.55

	NC4
	1
	
	China
	L
	2012
	[48]
	16
	1.58
	0.78

	NC4
	2
	
	China
	L
	2015
	[43]
	14
	5.53
	0.51

	NC4
	3
	
	China
	L
	2015
	[43]
	17
	6.52
	2.13

	NC4
	4
	
	China
	L
	2015
	[43]
	14
	8.50
	3.50

	NC4
	5
	
	China
	L
	2015
	[43]
	8
	0.39
	0.24

	NC4
	6
	
	China
	L
	2015
	[43]
	14
	3.32
	1.78

	NC4
	7
	
	China
	L
	2015
	[43]
	17
	6.57
	2.17

	NC4
	8
	
	China
	L
	2015
	[43]
	17
	6.53
	2.15

	NC5
	1
	
	New Zealand
	L
	2010
	[1]
	15
	17.13
	11.43

	NC5
	2
	
	New Zealand
	L
	2010
	[1]
	15
	19.79
	9.39

	NC5
	3
	
	New Zealand
	L
	2011
	[14]
	4
	4.18
	1.06

	NC5
	4
	
	New Zealand
	L
	2012
	[30]
	2
	9.15
	1.91

	NC6
	1
	
	New Zealand
	L
	2010
	[1]
	15
	28.51
	11.39

	NC6
	2
	
	New Zealand
	L
	2011
	[14]
	4
	5.05
	0.44

	NC6
	3
	
	USA
	L
	2018
	[18]
	12
	14.84
	7.01

	NC6
	4
	
	USA
	L
	2016
	[22]
	54
	7.74
	2.28

	NC6
	5
	
	USA
	L
	2016
	[22]
	49
	33.33
	4.69

	NC6
	6
	
	New Zealand
	L
	2011
	[2]
	43
	23.39
	13.29

	NC6
	7
	
	New Zealand
	L
	2011
	[2]
	42
	24.67
	10.56

	NC6
	8
	
	New Zealand
	L
	2012
	[30]
	2
	17.40
	3.39

	NC6
	9
	
	USA
	L
	2016
	[49]
	48
	37.72
	7.01

	NC6
	10
	
	USA
	L
	2016
	[49]
	53
	7.32
	1.46

	NC7
	1
	
	New Zealand
	L
	2011
	[14]
	4
	4.12
	0.74

	NC7
	2
	
	New Zealand
	L
	2010
	[1]
	15
	14.79
	7.35

	NC7
	3
	
	New Zealand
	L
	2012
	[30]
	2
	6.80
	1.41

	NC8
	1
	
	Ireland
	L
	2015
	[33]
	21
	1.01
	0.13

	NC8
	2
	
	Ireland
	L
	2015
	[33]
	21
	0.98
	0.13

	NC8
	3
	
	Ireland
	L
	2015
	[33]
	21
	1.00
	0.13

	NC9
	1
	
	China
	L
	2019
	[50]
	90
	10.05
	4.98

	NC9
	2
	
	China
	L
	2019
	[50]
	90
	13.11
	5.35

	NC9
	3
	
	China
	L
	2019
	[50]
	90
	15.02
	1.94

	NNC1
	1
	
	Ireland
	L
	2012
	[9]
	23
	0.93
	0.16

	NNC1
	2
	
	Ireland
	L
	2012
	[9]
	23
	0.92
	0.16

	NNC1
	3
	
	Ireland
	L
	2012
	[9]
	23
	0.93
	0.16
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	Ireland
	L
	2015
	[33]
	29
	1.81
	0.79

	NNC2
	1
	
	USA
	L
	2015
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	45
	9.46
	10.99

	NNC3
	1
	
	Germany
	L
	2000
	[51]
	13
	1433.51
	750.71

	NNC4
	2
	
	Germany
	L
	2000
	[51]
	13
	767.33
	511.91

	NNC4
	4
	
	Japan
	L
	2002
	[52]
	30
	72.09
	21.53

	NNC5
	3
	
	Germany
	L
	2000
	[51]
	13
	1104.79
	900.67

	NNC5
	5
	
	China
	L
	2009
	[53]
	58
	273.73
	129.79

	IM1
	1
	
	USA
	L
	2015
	[5]
	45
	6.71
	5.83

	IM2
	1
	
	USA
	L
	2015
	[5]
	45
	7.30
	6.23

	IM3
	1
	
	China
	L
	2019
	[54]
	61
	2.75
	1.46

	MM1
	1
	
	Canada
	L
	1994
	[55]
	12
	0.66
	0.26

	MM2
	1
	
	Canada
	L
	1994
	[55]
	12
	1.28
	0.48

	MM3
	1
	
	China
	L
	2017
	[56]
	23
	20.10
	2.80

	MM4
	1
	
	USA
	L
	2018
	[18]
	4
	20.48
	9.48

	MM4
	2
	
	USA
	L
	2018
	[18]
	4
	7.65
	1.77
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	3
	
	USA
	L
	2018
	[18]
	4
	20.25
	7.82

	MM5
	1
	
	USA
	L
	2018
	[18]
	4
	16.33
	5.83

	MM5
	2
	
	USA
	L
	2018
	[18]
	4
	6.40
	0.43

	MM5
	3
	
	USA
	L
	2018
	[18]
	4
	19.83
	7.72

	MM6
	1
	
	USA
	L
	2016
	[49]
	48
	45.94
	8.39

	MM6
	2
	
	USA
	L
	2016
	[49]
	53
	9.46
	1.70

	MM7
	1
	
	Iran
	L
	2017
	[57]
	19
	35.78
	7.50

	MM7
	2
	
	Iran
	L
	2017
	[57]
	20
	11.08
	2.02
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	1
	
	China
	L
	2009
	[58]
	45
	0.40
	0.15

	MM9
	1
	
	USA
	L
	2016
	[26]
	87
	11.32
	4.07
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	1
	
	USA
	L
	2016
	[7]
	6
	7.31
	1.65

	MM10
	2
	
	USA
	L
	2018
	[18]
	12
	3.54
	2.47

	MM10
	3
	
	USA
	L
	2018
	[59]
	149
	0.88
	1.80

	MM10
	4
	
	USA
	L
	2015
	[28]
	8
	2.19
	1.25

	MM10
	5
	
	Lithuania
	F
	2020
	[29]
	119
	1.81
	1.13

	MM10
	6
	
	USA
	L
	2015
	[31]
	24
	12.15
	7.18

	MM10
	7
	
	USA
	L
	2019
	[41]
	16
	24.31
	40.49

	MM10
	8
	
	USA
	L
	2019
	[41]
	13
	12.54
	11.19

	MM10
	9
	
	Finland
	L
	2020
	[45]
	26
	15.16
	6.80

	MM10
	10
	
	USA
	L
	2019
	[47]
	41
	10.68
	3.19

	MM10
	11
	
	USA
	L
	2019
	[47]
	42
	11.86
	2.27

	MM10
	12
	
	USA
	L
	2019
	[47]
	46
	9.79
	2.27

	MM10
	13
	
	USA
	L
	2019
	[47]
	43
	14.18
	3.88

	MM10
	14
	
	USA
	L
	2019
	[47]
	48
	12.52
	8.87

	MM10
	15
	
	USA
	L
	2019
	[47]
	32
	15.22
	4.23

	MM10
	16
	
	USA
	L
	2019
	[47]
	42
	13.44
	7.55

	MM10
	17
	
	USA
	L
	2019
	[47]
	40
	14.83
	2.02

	MM10
	18
	
	USA
	L
	2019
	[47]
	32
	17.73
	9.75

	MM10
	19
	
	USA
	L
	2019
	[47]
	36
	24.88
	8.19

	MM10
	20
	
	USA
	L
	2019
	[47]
	25
	15.46
	4.35

	MM10
	21
	
	USA
	L
	2019
	[47]
	35
	22.19
	9.63

	MM10
	22
	
	USA
	L
	2019
	[47]
	25
	5.47
	0.32

	MM10
	23
	
	USA
	L
	2019
	[47]
	17
	5.62
	0.23

	MM10
	24
	
	USA
	L
	2019
	[47]
	31
	5.19
	0.50

	MM10
	25
	
	USA
	L
	2019
	[47]
	25
	5.30
	0.56

	MM10
	26
	
	USA
	L
	2019
	[47]
	36
	7.52
	2.22

	MM10
	27
	
	USA
	L
	2019
	[47]
	37
	8.09
	2.54

	MM10
	28
	
	USA
	L
	2019
	[47]
	38
	8.28
	2.04

	MM10
	29
	
	USA
	L
	2019
	[47]
	44
	7.18
	2.51

	MM10
	30
	
	USA
	L
	2019
	[47]
	33
	9.82
	1.54

	MM10
	31
	
	USA
	L
	2019
	[47]
	25
	11.63
	3.71

	MM10
	32
	
	USA
	L
	2019
	[47]
	37
	10.85
	3.49

	MM10
	33
	
	USA
	L
	2019
	[47]
	29
	9.83
	2.93

	MM11
	1
	
	USA
	L
	2018
	[18]
	12
	30.68
	29.89

	MM12
	1
	
	Lithuania
	F
	2020
	[29]
	134
	1.61
	1.06

	MM13
	1
	
	Denmark
	L
	2016
	[60]
	8
	1.37
	0.92

	MM14
	1
	
	Denmark
	L
	2016
	[60]
	8
	1.85
	1.22

	MM15
	1
	
	Ireland
	L
	2007
	[17]
	86
	0.68
	0.31

	MM15
	2
	
	Ireland
	L
	2007
	[17]
	55
	2.18
	0.22

	MM15
	3
	
	Ireland
	L
	2007
	[17]
	96
	2.74
	1.05

	MM15
	4
	
	Ireland
	L
	2007
	[17]
	79
	0.86
	0.36
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	5
	
	Ireland
	L
	2007
	[17]
	60
	1.12
	0.51

	MM16
	1
	
	USA
	L
	2016
	[22]
	54
	7.19
	1.81

	MM16
	2
	
	USA
	L
	2016
	[22]
	49
	28.85
	5.14

	MM17
	1
	
	USA
	L
	2018
	[37]
	14
	19.57
	2.16

	MM17
	2
	
	USA
	L
	2018
	[37]
	14
	23.41
	2.24

	MM17
	3
	
	USA
	L
	2018
	[37]
	14
	14.33
	1.68

	MM18
	1
	
	Finland
	L
	2020
	[45]
	26
	15.25
	7.47

	MM19
	1
	
	Finland
	L
	2020
	[45]
	26
	20.54
	10.08

	Soil
	1
	
	Ireland
	L
	2012
	[9]
	13
	0.08
	0.77

	Soil
	2
	
	Ireland
	L
	2012
	[9]
	13
	0.19
	0.76

	Soil
	3
	
	Ireland
	L
	2015
	[33]
	41
	0.28
	0.30

	Soil
	4
	
	Iran
	L
	2017
	[57]
	20
	9.64
	1.32


Note: NC represents natural carbon; NNC represents non-natural carbon; IM represents inorganic materials; MM represents multi-materials, and the subscript number represents the different types of media; The No represents the sequential number of the independent bioreactor unit in the group, details of the fill materials can be seen in Table S1; H represents hardwood; S represents softwood. L represents lab scale; F represents field scale; T-number, T-mean and T-SD represents the number of data points, mean value of the data points, and standard deviation of the data points respectively. 


















Table S3 
Details of meta-analysis by the effect size of NRE.
	Carbon type
	No
	Wood type
	Nation
	Scale
	Year
	Reference
	T-number
	T-mean
	T-SD

	NC1
	1
	S
	New Zealand
	L
	2010
	[1]
	15
	0.16
	0.06

	NC1
	2
	H
	New Zealand
	L
	2010
	[1]
	15
	0.15
	0.05

	NC1
	3
	S
	New Zealand
	L
	2010
	[1]
	15
	0.21
	0.08

	NC1
	4
	H
	New Zealand
	L
	2010
	[2]
	15
	0.25
	0.05

	NC1
	5
	H
	New Zealand
	L
	2010
	[2]
	20
	0.12
	0.07

	NC1
	6
	
	USA
	F
	2016
	[3]
	221
	0.44
	0.36

	NC1
	7
	
	Canada
	F
	2006
	[4]
	44
	0.51
	0.34

	NC1
	8
	
	Canada
	F
	2006
	[4]
	28
	0.25
	0.12

	NC1
	9
	
	USA
	L
	2015
	[5]
	48
	0.71
	0.31

	NC1
	10
	
	USA
	L
	2015
	[5]
	48
	0.79
	0.29

	NC1
	11
	
	USA
	L
	2015
	[5]
	48
	0.87
	0.25

	NC1
	12
	
	USA
	L
	2015
	[5]
	48
	0.84
	0.28

	NC1
	13
	S
	New Zealand
	F
	2011
	[6]
	21
	0.68
	0.17

	NC1
	14
	H
	USA
	L
	2016
	[7]
	6
	0.51
	0.15

	NC1
	15
	H
	Danmark
	F
	2020
	[8]
	6
	0.50
	0.15

	NC1
	16
	S
	Ireland
	L
	2012
	[9]
	22
	1.00
	0.00

	NC1
	17
	S
	Ireland
	L
	2012
	[9]
	22
	1.00
	0.00

	NC1
	18
	S
	Ireland
	L
	2012
	[9]
	22
	0.99
	0.02

	NC1
	19
	S
	New Zealand
	F
	2011
	[10]
	7
	0.51
	0.09

	NC1
	20
	
	USA
	F
	2010
	[11]
	35
	0.50
	0.30

	NC1
	21
	S
	New Zealand
	F
	2010
	[12]
	35
	0.48
	0.19

	NC1
	22
	S
	New Zealand
	F
	2010
	[12]
	71
	0.81
	0.25

	NC1
	23
	S
	New Zealand
	F
	2010
	[12]
	30
	0.85
	0.26

	NC1
	24
	S
	Canada
	L
	2010
	[13]
	20
	0.80
	0.23

	NC1
	25
	S
	Canada
	L
	2010
	[13]
	24
	0.64
	0.32

	NC1
	26
	S
	Canada
	L
	2010
	[13]
	24
	0.57
	0.32

	NC1
	27
	S
	Canada
	L
	2010
	[13]
	24
	0.49
	0.35

	NC1
	28
	S
	New Zealand
	L
	2011
	[14]
	2
	0.29
	0.02

	NC1
	29
	S
	New Zealand
	L
	2011
	[14]
	2
	0.51
	0.13

	NC1
	30
	H
	New Zealand
	L
	2011
	[14]
	2
	0.33
	0.00

	NC1
	31
	S
	New Zealand
	L
	2011
	[14]
	2
	0.33
	0.03

	NC1
	32
	H
	New Zealand
	L
	2011
	[14]
	2
	0.40
	0.05

	NC1
	33
	S
	Canada
	F
	2010
	[15]
	30
	0.63
	0.28

	NC1
	34
	S
	New Zealand
	F
	1998
	[16]
	6
	0.81
	0.14

	NC1
	35
	S
	New Zealand
	F
	1998
	[16]
	10
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	36
	
	Ireland
	L
	2007
	[17]
	71
	0.39
	0.31

	NC1
	37
	S
	UK
	L
	2008
	[61]
	30
	0.90
	0.22

	NC1
	38
	H
	UK
	L
	2008
	[61]
	30
	0.90
	0.21

	NC1
	39
	
	UK
	L
	2008
	[61]
	30
	0.91
	0.20

	NC1
	40
	H
	UK
	L
	2008
	[61]
	30
	0.85
	0.23

	NC1
	41
	
	USA
	L
	2018
	[18]
	12
	0.26
	0.25

	NC1
	42
	
	Canada
	F
	2009
	[19]
	91
	0.48
	0.32

	NC1
	43
	
	Canada
	F
	2009
	[20]
	61
	0.79
	0.20

	NC1
	44
	
	USA
	F
	2015
	[21]
	21
	0.63
	0.27

	NC1
	45
	H
	USA
	L
	2016
	[22]
	54
	0.04
	0.02

	NC1
	46
	H
	USA
	L
	2016
	[22]
	49
	0.07
	0.04

	NC1
	47
	
	USA
	L
	2015
	[23]
	99
	0.28
	0.18

	NC1
	48
	H
	USA
	L
	2015
	[24]
	78
	0.68
	0.24

	NC1
	49
	H
	USA
	L
	2015
	[24]
	78
	0.73
	0.22

	NC1
	50
	H
	USA
	L
	2015
	[24]
	78
	0.81
	0.20

	NC1
	51
	H
	USA
	L
	2015
	[24]
	78
	0.85
	0.15

	NC1
	52
	H
	USA
	L
	2009
	[25]
	144
	0.88
	0.16

	NC1
	53
	H
	USA
	L
	2009
	[25]
	109
	0.66
	0.22

	NC1
	54
	H
	USA
	L
	2009
	[25]
	131
	0.41
	0.22

	NC1
	55
	H
	USA
	L
	2016
	[26]
	41
	1.00
	0.00

	NC1
	56
	H
	USA
	L
	2016
	[26]
	46
	0.75
	0.06

	NC1
	57
	
	USA
	F
	2012
	[27]
	30
	0.99
	0.02

	NC1
	58
	
	USA
	F
	2012
	[27]
	30
	0.99
	0.02

	NC1
	59
	
	USA
	F
	2012
	[27]
	30
	0.74
	0.10

	NC1
	60
	
	USA
	F
	2015
	[28]
	8
	
	

	NC1
	61
	S
	Lithuania
	F
	2020
	[29]
	126
	
	

	NC1
	62
	S
	New Zealand
	L
	2012
	[30]
	2
	
	

	NC1
	63
	S
	New Zealand
	L
	2012
	[30]
	2
	
	

	NC1
	64
	S
	New Zealand
	L
	2012
	[30]
	2
	
	

	NC1
	65
	S
	New Zealand
	L
	2012
	[30]
	2
	
	

	NC1
	66
	S
	New Zealand
	L
	2012
	[30]
	2
	
	

	NC1
	67
	H
	New Zealand
	L
	2012
	[30]
	2
	
	

	NC1
	68
	
	USA
	L
	2015
	[31]
	3
	0.50
	0.31

	NC1
	69
	
	USA
	L
	2015
	[5]
	33
	0.73
	0.28

	NC1
	70
	S
	Canada
	F
	2016
	[32]
	27
	0.55
	0.28

	NC1
	71
	S
	Canada
	F
	2016
	[32]
	15
	0.29
	0.27

	NC1
	72
	S
	Ireland
	L
	2015
	[33]
	64
	
	

	NC1
	73
	
	USA
	F
	2017
	[34]
	65
	0.99
	

	NC1
	74
	
	USA
	F
	2017
	[34]
	52
	0.98
	0.04

	NC1
	75
	
	USA
	L
	2019
	[35]
	658
	
	

	NC1
	76
	
	USA
	L
	2019
	[36]
	1752
	0.42
	0.21

	NC1
	77
	
	USA
	L
	2018
	[37]
	42
	0.69
	0.18

	NC1
	78
	S
	USA
	L
	2013
	[38]
	52
	0.65
	0.36

	NC1
	79
	
	USA
	L
	2011
	[39]
	12
	0.36
	0.30
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	80
	S
	New Zealand
	F
	2020
	[40]
	39
	1.00
	0.00

	NC1
	81
	S
	New Zealand
	F
	2020
	[40]
	86
	0.50
	0.25

	NC1
	82
	H
	USA
	F
	2019
	[41]
	19
	0.79
	0.29

	NC1
	83
	H
	USA
	F
	2019
	[41]
	16
	
	

	NC1
	84
	S
	New Zealand
	F
	2020
	[42]
	12
	1.00
	0.00

	NC1
	85
	S
	New Zealand
	F
	2020
	[42]
	9
	0.94
	0.02

	NC1
	86
	S
	China
	L
	2015
	[43]
	14
	0.35
	0.07

	NC1
	87
	H
	Canada
	F
	2008
	[44]
	30
	
	

	NC1
	88
	H
	Finland
	L
	2020
	[45]
	26
	0.79
	0.23

	NC1
	89
	H
	USA
	L
	2020
	[46]
	20
	0.70
	0.05

	NC1
	90
	H
	USA
	L
	2020
	[46]
	22
	0.68
	0.05

	NC1
	91
	H
	USA
	L
	2020
	[46]
	22
	0.69
	0.06

	NC1
	92
	H
	USA
	L
	2019
	[47]
	40
	0.57
	0.12

	NC1
	93
	H
	USA
	L
	2019
	[47]
	36
	0.59
	0.12

	NC1
	94
	H
	USA
	L
	2019
	[47]
	48
	0.29
	0.05

	NC1
	95
	H
	USA
	L
	2019
	[47]
	37
	0.28
	0.04

	NC1
	96
	H
	USA
	L
	2019
	[47]
	32
	0.17
	0.05

	NC1
	97
	H
	USA
	L
	2019
	[47]
	35
	0.17
	0.05

	NC1
	98
	H
	USA
	L
	2019
	[47]
	31
	0.81
	0.09

	NC1
	99
	H
	USA
	L
	2019
	[47]
	26
	0.82
	0.08

	NC1
	100
	H
	USA
	L
	2019
	[47]
	32
	0.73
	0.10

	NC1
	101
	H
	USA
	L
	2019
	[47]
	23
	0.94
	0.06

	NC1
	102
	H
	USA
	L
	2019
	[47]
	33
	0.50
	0.12

	NC1
	103
	H
	USA
	L
	2019
	[47]
	39
	0.51
	0.10

	NC2
	1
	
	USA
	L
	2016
	[22]
	54
	0.12
	0.04

	NC2
	2
	
	USA
	L
	2016
	[22]
	49
	0.47
	0.10

	NC3
	1
	
	Ireland
	L
	2012
	[9]
	12
	1.00
	0.00

	NC3
	2
	
	Ireland
	L
	2012
	[9]
	12
	1.00
	0.01

	NC3
	3
	
	Ireland
	L
	2012
	[9]
	12
	1.00
	0.00

	NC3
	4
	
	USA
	L
	2016
	[22]
	54
	0.11
	0.04

	NC3
	5
	
	USA
	L
	2016
	[22]
	49
	0.48
	0.17

	NC3
	6
	
	Ireland
	L
	2015
	[33]
	33
	
	

	NC4
	1
	
	China
	L
	2012
	[48]
	16
	0.25
	0.12

	NC4
	2
	
	China
	L
	2015
	[43]
	14
	0.96
	0.02

	NC4
	3
	
	China
	L
	2015
	[43]
	17
	0.53
	0.18

	NC4
	4
	
	China
	L
	2015
	[43]
	14
	0.41
	0.16

	NC4
	5
	
	China
	L
	2015
	[43]
	8
	0.05
	0.03

	NC4
	6
	
	China
	L
	2015
	[43]
	14
	0.08
	0.05

	NC4
	7
	
	China
	L
	2015
	[43]
	17
	0.11
	0.08

	NC4
	8
	
	China
	L
	2015
	[43]
	17
	0.53
	0.17

	NC5
	1
	
	New Zealand
	L
	2010
	[1]
	15
	0.32
	0.22

	NC5
	2
	
	New Zealand
	L
	2010
	[1]
	15
	0.42
	0.20

	NC5
	3
	
	New Zealand
	L
	2011
	[14]
	4
	0.69
	0.13

	NC5
	4
	
	New Zealand
	L
	2012
	[30]
	2
	
	

	NC6
	1
	
	New Zealand
	L
	2010
	[1]
	15
	0.54
	0.21

	NC6
	2
	
	New Zealand
	L
	2011
	[14]
	4
	0.85
	0.16

	NC6
	3
	
	USA
	L
	2018
	[18]
	12
	0.58
	0.34

	NC6
	4
	
	USA
	L
	2016
	[22]
	54
	0.17
	0.05

	NC6
	5
	
	USA
	L
	2016
	[22]
	49
	0.73
	0.08

	NC6
	6
	
	New Zealand
	L
	2011
	[2]
	43
	
	

	NC6
	7
	
	New Zealand
	L
	2011
	[2]
	42
	
	

	NC6
	8
	
	New Zealand
	L
	2012
	[30]
	2
	
	

	NC6
	9
	
	USA
	L
	2016
	[49]
	48
	0.73
	0.09

	NC6
	10
	
	USA
	L
	2016
	[49]
	53
	0.16
	0.04

	NC7
	1
	
	New Zealand
	L
	2011
	[14]
	4
	0.72
	0.27

	NC7
	2
	
	New Zealand
	L
	2010
	[1]
	15
	0.28
	0.14

	NC7
	3
	
	New Zealand
	L
	2012
	[30]
	2
	
	

	NC8
	1
	
	Ireland
	L
	2015
	[33]
	21
	0.99
	0.01

	NC8
	2
	
	Ireland
	L
	2015
	[33]
	21
	0.99
	0.04

	NC8
	3
	
	Ireland
	L
	2015
	[33]
	21
	1.00
	0.00

	NC9
	1
	
	China
	L
	2019
	[50]
	90
	0.74
	0.34

	NC9
	2
	
	China
	L
	2019
	[50]
	90
	0.80
	0.31

	NC9
	3
	
	China
	L
	2019
	[50]
	90
	0.91
	0.12

	NC10
	1
	
	UK
	L
	2008
	[61]
	30
	0.92
	0.22

	NC11
	1
	
	UK
	L
	2008
	[61]
	30
	0.63
	0.48

	NC11
	2
	
	UK
	L
	2008
	[61]
	30
	0.89
	0.22

	NNC1
	1
	
	Ireland
	L
	2012
	[9]
	23
	1.00
	0.00

	NNC1
	2
	
	Ireland
	L
	2012
	[9]
	23
	1.00
	0.00

	NNC1
	3
	
	Ireland
	L
	2012
	[9]
	23
	1.00
	0.00

	NNC1
	4
	
	Ireland
	L
	2015
	[33]
	29
	
	

	NNC2
	1
	
	USA
	L
	2015
	[5]
	45
	0.93
	0.12

	NNC3
	1
	
	Germany
	L
	2000
	[51]
	13
	0.65
	0.22

	NNC4
	2
	
	Germany
	L
	2000
	[51]
	13
	0.66
	0.37

	NNC4
	4
	
	Japan
	L
	2002
	[52]
	30
	0.79
	0.23

	NNC5
	3
	
	Germany
	L
	2000
	[51]
	13
	0.50
	0.32

	NNC5
	5
	
	China
	L
	2009
	[53]
	58
	0.66
	0.31

	IM1
	1
	
	USA
	L
	2015
	[5]
	45
	0.85
	0.21

	IM2
	1
	
	USA
	L
	2015
	[5]
	45
	0.89
	0.19

	IM3
	1
	
	China
	L
	2019
	[54]
	61
	0.55
	0.29

	MM1
	1
	
	Canada
	L
	1994
	[55]
	12
	0.94
	0.16

	MM2
	1
	
	Canada
	L
	1994
	[55]
	12
	0.93
	0.12

	MM3
	1
	
	China
	L
	2017
	[56]
	23
	0.81
	0.11

	MM4
	1
	
	USA
	L
	2018
	[18]
	4
	0.72
	0.33

	MM4
	2
	
	USA
	L
	2018
	[18]
	4
	0.63
	0.33

	MM4
	3
	
	USA
	L
	2018
	[18]
	4
	0.31
	0.20

	MM5
	1
	
	USA
	L
	2018
	[18]
	4
	0.29
	0.19

	MM5
	2
	
	USA
	L
	2018
	[18]
	4
	0.74
	0.36

	MM5
	3
	
	USA
	L
	2018
	[18]
	4
	0.75
	0.36

	MM6
	1
	
	USA
	L
	2016
	[49]
	48
	0.87
	0.09

	MM6
	2
	
	USA
	L
	2016
	[49]
	53
	0.21
	0.04

	MM7
	1
	
	Iran
	L
	2017
	[57]
	19
	0.37
	0.26

	MM7
	2
	
	Iran
	L
	2017
	[57]
	20
	0.37
	0.25

	MM8
	1
	
	China
	L
	2009
	[58]
	45
	
	

	MM9
	1
	
	USA
	L
	2016
	[26]
	87
	0.91
	0.09

	MM10
	1
	
	USA
	L
	2016
	[7]
	6
	0.59
	0.16

	MM10
	2
	
	USA
	L
	2018
	[18]
	12
	0.20
	0.21

	MM10
	3
	
	USA
	L
	2018
	[59]
	149
	0.16
	0.29

	MM10
	4
	
	USA
	L
	2015
	[28]
	8
	
	

	MM10
	5
	
	Lithuania
	F
	2020
	[29]
	119
	
	

	MM10
	6
	
	USA
	L
	2015
	[31]
	24
	0.98
	0.04

	MM10
	7
	
	USA
	L
	2019
	[41]
	16
	1.00
	0.00

	MM10
	8
	
	USA
	L
	2019
	[41]
	13
	
	

	MM10
	9
	
	Finland
	L
	2020
	[45]
	26
	0.73
	0.27

	MM10
	10
	
	USA
	L
	2019
	[47]
	41
	0.50
	0.15

	MM10
	11
	
	USA
	L
	2019
	[47]
	42
	0.56
	0.11

	MM10
	12
	
	USA
	L
	2019
	[47]
	46
	0.46
	0.11

	MM10
	13
	
	USA
	L
	2019
	[47]
	43
	0.67
	0.18

	MM10
	14
	
	USA
	L
	2019
	[47]
	48
	0.29
	0.21

	MM10
	15
	
	USA
	L
	2019
	[47]
	32
	0.36
	0.10

	MM10
	16
	
	USA
	L
	2019
	[47]
	42
	0.32
	0.18

	MM10
	17
	
	USA
	L
	2019
	[47]
	40
	0.35
	0.05

	MM10
	18
	
	USA
	L
	2019
	[47]
	32
	0.21
	0.11

	MM10
	19
	
	USA
	L
	2019
	[47]
	36
	0.29
	0.10

	MM10
	20
	
	USA
	L
	2019
	[47]
	25
	0.18
	0.05

	MM10
	21
	
	USA
	L
	2019
	[47]
	35
	0.26
	0.11

	MM10
	22
	
	USA
	L
	2019
	[47]
	25
	0.92
	0.05

	MM10
	23
	
	USA
	L
	2019
	[47]
	17
	0.95
	0.04

	MM10
	24
	
	USA
	L
	2019
	[47]
	31
	0.87
	0.08

	MM10
	25
	
	USA
	L
	2019
	[47]
	25
	0.89
	0.09

	MM10
	26
	
	USA
	L
	2019
	[47]
	36
	0.63
	0.19

	MM10
	27
	
	USA
	L
	2019
	[47]
	37
	0.68
	0.21

	MM10
	28
	
	USA
	L
	2019
	[47]
	38
	0.70
	0.17

	MM10
	29
	
	USA
	L
	2019
	[47]
	44
	0.60
	0.21

	MM10
	30
	
	USA
	L
	2019
	[47]
	33
	0.41
	0.06

	MM10
	31
	
	USA
	L
	2019
	[47]
	25
	0.49
	0.16

	MM10
	32
	
	USA
	L
	2019
	[47]
	37
	0.46
	0.15

	MM10
	33
	
	USA
	L
	2019
	[47]
	29
	0.41
	0.12

	MM11
	1
	
	USA
	L
	2018
	[18]
	12
	0.85
	0.28

	MM12
	1
	
	Lithuania
	F
	2020
	[29]
	134
	
	

	MM13
	1
	
	Denmark
	L
	2016
	[60]
	8
	
	

	MM14
	1
	
	Denmark
	L
	2016
	[60]
	8
	
	

	MM15
	1
	
	Ireland
	L
	2007
	[17]
	86
	0.30
	0.14

	MM15
	2
	
	Ireland
	L
	2007
	[17]
	55
	0.95
	0.10

	MM15
	3
	
	Ireland
	L
	2007
	[17]
	96
	0.36
	0.14

	MM15
	4
	
	Ireland
	L
	2007
	[17]
	79
	0.11
	0.05

	MM15
	5
	
	Ireland
	L
	2007
	[17]
	60
	0.15
	0.07

	MM16
	1
	
	USA
	L
	2016
	[22]
	54
	0.16
	0.04

	MM16
	2
	
	USA
	L
	2016
	[22]
	49
	0.63
	0.09

	MM17
	1
	
	USA
	L
	2018
	[37]
	14
	0.85
	0.07

	MM17
	2
	
	USA
	L
	2018
	[37]
	14
	0.50
	0.05

	MM17
	3
	
	USA
	L
	2018
	[37]
	14
	0.88
	0.09

	MM18
	1
	
	Finland
	L
	2020
	[45]
	26
	0.70
	0.25

	MM19
	1
	
	Finland
	L
	2020
	[45]
	26
	0.87
	0.17

	Soil
	1
	
	Ireland
	L
	2012
	[9]
	13
	0.06
	0.76

	Soil
	2
	
	Ireland
	L
	2012
	[9]
	13
	0.17
	0.71

	Soil
	3
	
	Ireland
	L
	2015
	[33]
	41
	
	

	Soil
	4
	
	Iran
	L
	2017
	[57]
	20
	0.37
	0.25


Note: NC represents natural carbon; NNC represents non-natural carbon; IM represents inorganic materials; MM represents multi-materials, and the subscript number represents the different types of media; The No represents the sequential number of the independent bioreactor unit in the group, details of the fill materials can be seen in Table S1; H represents hardwood; S represents softwood. L represents lab scale; F represents field scale; T-number, T-mean and T-SD represents the number of data points, mean value of the data points, and standard deviation of the data points respectively. 

Table S4 
Categories of meta-analysis by the effect size of NRR
	Categories
	Subcategories
	Number
	Mean
(%)
	95% CI
	P value

	Main Groups
	NNC
	9
	369.9
	31.3-708.6
	0.032

	
	NC
	134
	8.1
	6.8-9.5
	<0.001

	
	IM
	3
	2.7
	2.4-3.1
	<0.001

	
	MM
	72
	11.1
	9.1-13.0
	<0.001

	
	Soil
	3
	0.3
	0.2-0.3
	0.283

	NNC
	PHB
	1
	1433.5
	1025.4-1841.6
	<0.001

	
	PCL
	2
	405.2
	-275.5-1085.8
	0.272

	
	PBS
	2
	651.9
	-159.2-1463
	0.301

	
	Cardboard
	4
	1.1
	0.7-1.5
	<0.001

	NC
	Corncob
	10
	19.9
	12.8-27.1
	<0.001

	
	Corn stover
	2
	13.6
	-1.9-29.1
	0.086

	
	Macrophyte residue
	3
	12.7
	9.9-15.6
	<0.001

	
	Green waste
	4
	12.2
	5.1-19.3
	0.001

	
	Wheat straw
	3
	8.3
	2.2-14.5
	0.008

	
	Woodchip
	95
	7.1
	5.7-8.6
	<0.001

	
	Barley straw
	6
	5.3
	-1.5-12.1
	0.127

	
	Rice straw
	8
	4.8
	2.9-6.7
	<0.001

	
	Pine needles
	3
	1.0
	0.95-1.02
	<0.001

	MM
	Corncob+
	10
	18.2
	10.3-26.0
	<0.001

	
	Woodchip+
	61
	9.9
	8.1-11.6
	<0.001

	Woodchip+
	W+NCs
	6
	12.4
	3.6-21.3
	0.002

	
	W+NNCs
	42
	11.0
	9.1-12.8
	<0.001

	
	W+IMs
	12
	5.0
	1.7-8.4
	0.001

	
	Mixed
	1
	7.3
	5.5-9.1
	<0.001

	Wood type
	Softwood
	38
	10.5
	8.2-12.7
	<0.001

	
	Hardwood
	35
	3.9
	2.5-5.4
	<0.001

	C/N ratio
	<100
	42
	17.5
	6.7-28.2
	0.001

	
	>100
	103
	6.7
	5.3-8.0
	<0.001

	Scale
	Lab
	184
	10.6
	9.0-12.3
	<0.001

	
	Field
	35
	4.1
	2.3-5.9
	<0.001



[bookmark: OLE_LINK127][bookmark: OLE_LINK128]Table S5
Categories of meta-analysis by the effect size of NRE
	Categories
	Subcategories
	Number
	Mean
(%)
	95% CI
	P value

	Main Groups
	NNC
	8
	79
	65-92
	<0.001

	
	IM
	1
	54
	47-61
	<0.001

	
	NC
	120
	58
	54-64
	<0.001

	
	MM
	66
	58
	51-65
	<0.001

	
	Soil
	5
	37
	22-52
	0.007

	NNC
	PHB
	1
	64
	52-76
	<0.001

	
	PCL
	2
	74
	64-85
	<0.001

	
	PBS
	2
	59
	44-74
	<0.001

	
	Cardboard
	3
	99
	99-99
	<0.001

	NC
	Pine needles
	3
	98
	98-99
	<0.001

	
	Leaves
	1
	91
	83-99
	0.08

	
	Macrophyte residue
	3
	81
	71-91
	<0.001

	
	Barley straw
	5
	71
	35-106
	<0.001

	
	Woodchip
	86
	59
	53-65
	<0.001

	
	Corncob
	7
	52
	32-73
	<0.001

	
	Wheat straw
	2
	47
	4-89
	0.03

	
	Green waste
	3
	47
	26-67
	<0.001

	
	Rice straw
	9
	38
	18-57
	<0.001

	
	Corn stover
	2
	28
	-5-62
	0.099

	MM
	Woodchip+
	54
	59
	51-67
	<0.001

	
	Corncob+
	12
	55
	39-71
	<0.001

	Woodchip+
	W+IMs
	12
	66
	47-84
	<0.001

	
	W+NCs
	4
	58
	28-88
	<0.001

	
	W+NNCs
	37
	56
	47-65
	<0.001

	
	Mixed
	3
	81
	67-96
	<0.001

	Wood type
	Softwood
	28
	63
	53-73
	<0.001

	
	Hardwood
	37
	56
	47-64
	<0.001

	C/N ratio
	<100
	40
	59
	49-68
	<0.001

	
	>100
	92
	61
	55-66
	<0.001

	Scale
	Lab
	172
	57
	53-62
	<0.001

	
	Field
	28
	66
	57-75
	<0.001



Table S6 
Market price and economic index (SubEco) of the substrate
	Name
	Price range ($ m-3)
	SubEco (g N d-1 $-1)

	Softwood
	20-85
	0.52-0.12

	Hardwood
	20-85
	0.20-0.05

	Wheat straw
	247-581
	0.034-0.014

	Rice straw
	247-581
	0.019-0.008

	Barley straw
	247-581
	0.021-0.009

	Corncobs
	50-100
	0.40-0.20

	Corn stover
	200-300
	0.068-0.045

	Green waste
	360-500
	0.034-0.024

	Lodge pine needles
	8-30
	0.033-0.12

	Cardboard
	12-20
	0.093-0.056

	PHB
	4920-8160
	0.0008-0.0013

	PCL
	44000-88000
	0.0004-0.0009

	PBS
	63000-126000
	0.0022-0.0043

	Pyrite
	10000-50000
	0.000055-0.00027


Note: The data of the price range was roughly searched from online marketing by the google search engine on March 4th 2022. 
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