[bookmark: _Hlk157265050]SUPPLEMENTARY MATERIAL
Table S1
Effects of application of biochar with or without organic and inorganic amendments on soil bulk density in different locations, soil texture, crops, study duration, biochar feedstocks, biochar pyrolysis temperature, biochar rate, and amendment type and rate. na = not available. Means followed by the same letter within the same study location are not significantly different
	Location
	Soil texture
	Crop
	Study duration
(yr)
	Biochar feedstock
	Pyrolysis
temperature
(°C)
	Biochar rate
(Mg ha-1)
	Amendment type
	Amendment rate
(kg ha-1)
	Soil bulk density
(Mg m-3)
	Change
(%)†
	Reference

	Australia
	Sandy clay loam
	Spotted gum
	2
	Wood
	550
	
	Compost
	
	
	
	(Somerville et al. 2020)

	 
	
	 
	 
	 
	 
	0
	 
	0
	1.74 c
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	20
	1.22 ab
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	1.29 b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	20
	1.07 a
	-17
	

	South Korea
	Silt loam
	Corn
	0.3
	Corn waste
	600
	
	NPK fertilizer
	
	
	
	(Park et al. 2023)

	
	
	
	
	
	
	0
	
	0
	1.29a
	
	

	
	
	
	
	
	
	0
	
	235
	1.29a
	
	

	
	
	
	
	
	
	5
	
	0
	1.16c
	
	

	
	
	
	
	
	
	5
	
	235
	1.17bc
	
	

	South Korea
	Silt loam
	Corn
	0.3
	Corn waste
	600
	
	Barley straw
	
	
	
	

	
	
	
	
	
	
	0
	
	0
	1.29a
	
	

	
	
	
	
	
	
	0
	
	5000
	1.22b
	
	

	
	
	
	
	
	
	5
	
	0
	1.16c
	
	

	
	
	
	
	
	
	5
	
	5000
	1.15c
	
	

	Egypt
	Clay
	Wheat
	2
	na
	450
	
	P fertilizer
	
	
	
	(Ibrahim et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.54a
	
	

	
	
	
	
	
	
	0
	 
	17.5
	1.52ab
	
	

	
	
	
	
	
	
	0
	 
	35
	1.51ab
	
	

	
	
	
	
	
	
	0
	 
	52.5
	1.48b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	1.39c
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	17.5
	1.37cd
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	35
	1.34de
	-4
	

	 
	 
	 
	 
	 
	 
	10
	 
	52.5
	1.32e
	-5
	

	Lithuania
	Loam
	Barley
	1
	Swine manure
	550
	
	N fertilizer
	
	
	
	(Ayaz et al. 2022)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.61a
	
	

	
	
	
	
	
	
	0
	 
	120
	1.55a
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	160
	1.59a
	
	

	 
	 
	 
	 
	 
	 
	25
	 
	0
	1.63a
	
	

	
	
	
	
	
	
	25
	 
	120
	1.45b
	-11
	

	 
	 
	 
	 
	 
	 
	25
	 
	160
	1.61a
	
	

	China
	Sand
	Rice
	7
	Wheat straw
	240 - 360
	
	N fertilizer
	
	
	
	(Liu et al. 2021)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.78a
	
	

	
	
	
	
	
	
	0
	 
	300
	1.61b
	
	

	 
	 
	 
	 
	 
	 
	9
	 
	0
	1.58b
	
	

	 
	 
	 
	 
	 
	 
	9
	 
	300
	1.61b
	
	

	China
	Clay loam
	Maize
	2
	Maize straw
	400
	
	Film mulch
	na
	
	
	(Xiao et al. 2016)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.35a
	
	

	
	
	
	
	
	
	0
	 
	1
	1.32ab
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	1.24b
	
	

	
	
	
	
	
	
	20
	 
	1
	1.27ab
	
	

	South Korea
	Silt loam
	Rice
	0.4
	Barley straw
	400
	
	NPK fertilizer
	
	
	
	(Kang et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	55.40a
	
	

	
	
	
	
	
	
	0
	 
	192
	55.20a
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	56.60a
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	192
	56.90a
	
	

	India
	Sand
	Radish
	0.3
	Wood
	na
	
	Cattle manure
	
	
	
	(Sekar et al. 2014) ‡

	 
	 
	 
	 
	 
	 
	0
	
	0
	1.50a
	
	

	
	
	
	
	
	
	0
	 
	56.25
	1.50a
	
	

	 
	 
	 
	 
	 
	 
	30
	 
	0
	1.39b
	
	

	 
	 
	 
	 
	 
	 
	30
	 
	56.25
	1.45ab
	
	

	Pakistan
	Sandy loam
	Mash bean-wheat
	2
	Sugarcane bagasse
	350
	
	NPK fertilizer
	
	
	 
	(Azeem et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.42a
	 
	

	
	
	
	
	
	
	0
	 
	93
	1.43a
	
	

	 
	 
	 
	 
	 
	 
	5
	 
	0
	1.40ab
	
	

	
	
	
	
	
	
	5
	 
	93
	1.40ab
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	1.37b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	93
	1.36b
	
	

	India
	Sandy loam
	Wheat
	2
	Wood
	400
	
	NPK fertilizer
	
	
	
	(Sarma et al. 2018)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.14a
	
	

	
	
	
	
	
	
	0
	 
	154
	1.10b
	
	

	 
	 
	 
	 
	 
	 
	5
	 
	0
	1.06c
	
	

	 
	 
	 
	 
	 
	 
	5
	 
	154
	1.06c
	
	

	 
	 
	 
	 
	 
	 
	5
	 
	114
	1.04c
	
	

	China
	Loam
	Maize
	0.3
	Wheat straw
	350-550
	
	N fertilizer
	
	
	
	(Zhang et al. 2012)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.37a
	
	

	
	
	
	
	
	
	0
	 
	300
	1.36a
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	1.23b
	
	

	
	
	
	
	
	
	20
	 
	300
	1.23b
	
	

	 
	 
	 
	 
	 
	 
	40
	 
	0
	1.09c
	
	

	 
	 
	 
	 
	 
	 
	40
	 
	300
	1.19bc
	
	

	South Korea
	Loam
	Cabbage
	0.3
	Barley straw
	400
	
	NPK fertilizer
	
	
	
	(Kang et al. 2018)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.34a
	
	

	
	
	
	
	
	
	0
	 
	596
	1.34a
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	1.24a
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	596
	1.26a
	
	

	China
	Sandy loam
	Cucumber
	2
	Palm empty fruit bunches
	600
	
	NPK fertilizer
	
	
	
	(Zhang et al. 2020)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.30a
	
	

	
	
	
	
	
	
	0
	 
	383
	1.31a
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	1.15b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	383
	1.17b
	
	

	Nigeria
	Sandy loam
	Radish
	2
	Wood
	580
	
	Poultry manure
	
	
	 
	(Adekiya et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.56a
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	2500
	1.41bc
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	5000
	1.39c
	
	

	 
	 
	 
	 
	 
	 
	25
	 
	0
	1.29d
	
	

	 
	 
	 
	 
	 
	 
	25
	 
	2500
	1.18e
	-9
	

	 
	 
	 
	 
	 
	 
	25
	 
	5000
	1.07fg
	-17
	

	 
	 
	 
	 
	 
	 
	50
	 
	0
	1.17h
	
	

	 
	 
	 
	 
	 
	 
	50
	 
	2500
	1.04g
	-11
	

	 
	 
	 
	 
	 
	 
	50
	 
	5000
	0.90li
	-23
	

	China
	Sandy loam
	Mung bean
	 na
	Corn stalk
	450
	
	Compost
	
	
	
	(Wang et al. 2016)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.59a
	
	

	
	
	
	
	
	
	0
	 
	20000
	1.54a
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	1.52a
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	20000
	1.51b
	-1
	

	Nigeria
	Sandy loam
	Cowpea
	2
	Wood
	580
	
	P Fertilizer
	
	
	
	(Adekiya 2022)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.47a
	
	

	
	
	
	
	
	
	0
	 
	60
	1.35b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	1.27c
	
	

	
	
	
	
	
	
	10
	 
	60
	1.13d
	-11
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	1.15d
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	60
	1.06e
	-8
	

	Nigeria
	Sand
	Cocoyam
	2
	Wood
	580
	
	Poultry manure
	
	
	
	(Agbede et al. 2020)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.54a
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	7500
	1.35c
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	1.41bc
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	7500
	1.22e
	-13
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	1.28de
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	7500
	1.01g
	-21
	

	 
	 
	 
	 
	 
	 
	30
	 
	0
	1.06fg
	
	

	 
	 
	 
	 
	 
	 
	30
	 
	7500
	0.89h
	-16
	


†Change (%) = [(biochar + amendment – biochar alone) ÷ biochar alone] × 100
‡Sekar et al. (2014) used m3 ha-1 as scale of measurement for cattle manure effluent
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[bookmark: _Hlk127334807][bookmark: _Hlk157266808]Table S2
Effects of application of biochar with or without organic and inorganic amendments on soil wet aggregate stability and saturated hydraulic conductivity in different locations, soil texture, crops, study duration, biochar feedstocks, biochar pyrolysis temperature, biochar rate, and amendment type and rate. na = not available. Means followed by the same letter within the same study location are not significantly different
	Location
	Soil texture
	Crop
	Study duration
(yr)
	Biochar feedstock
	Pyrolysis temperature
(°C)
	Biochar rate
(Mg ha-1)
	Amendment type
	Amendment rate
(kg ha-1)
	Effect
	Change
(%)†
	Reference

	Wet aggregate Stability (%)

	Egypt
	Clay
	Wheat
	2
	na
	450
	
	P fertilizer
	
	
	 
	(Ibrahim et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	51.61h
	
	

	
	
	
	
	
	
	0
	 
	17.5
	52.39g
	
	

	
	
	
	
	
	
	0
	 
	35
	54.19f
	
	

	
	
	
	
	
	
	0
	 
	52.5
	57.03e
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	74.58d
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	17.5
	75.87c
	2
	

	 
	 
	 
	 
	 
	 
	10
	 
	35
	77.16b
	3
	

	 
	 
	 
	 
	 
	 
	10
	 
	52.5
	78.97a
	6
	

	China
	Sandy loam
	Wheat-maize
	2
	Peanut shell
	500
	
	NPK fertilizer
	
	
	 
	(Zhang et al. 2021)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	30.69b
	 
	

	
	
	
	
	
	
	0
	 
	555
	31.31b
	
	

	 
	 
	 
	 
	 
	 
	22.5
	 
	0
	33.43ab
	
	

	 
	 
	 
	 
	 
	 
	22.5
	 
	555
	36.78ab
	
	

	Australia
	Sandy clay loam
	Spotted gum
	2
	Wood
	550
	
	Compost
	
	
	 
	(Somerville et al. 2020)

	 
	
	 
	 
	 
	 
	0
	 
	0
	10.00a
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	20
	9.46a
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	9.64a
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	20
	21.96b
	128
	

	Slovakia
	na
	Maize
	3
	Grain husks and paper sludge
	500
	
	N fertilizer
	
	
	
	(Juriga et al. 2018)

	
	
	
	
	
	
	0
	
	0
	71.90a
	
	

	
	
	
	
	
	
	0
	
	160
	71.30a
	
	

	
	
	
	
	
	
	0
	
	240
	73.50a 
	
	

	
	
	
	
	
	
	10
	
	0
	78.30ab
	
	

	
	
	
	
	
	
	10
	
	160
	73.60a
	
	

	
	
	
	
	
	
	10
	
	240
	75.30a
	
	

	
	
	
	
	
	
	20
	
	0
	80.30b
	
	

	
	
	
	
	
	
	20
	
	160
	79.30a
	-1
	

	
	
	
	
	
	
	20
	
	240
	83.10a
	3
	

	Saturated hydraulic conductivity (mm h-1)

	Australia
	Sandy clay loam
	Spotted gum
	2
	Wood
	550
	
	Compost
	
	
	 
	(Somerville et al. 2020)

	 
	
	 
	 
	 
	 
	0
	 
	0
	18.46a
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	20
	42.46b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	54.15b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	20
	60.31b
	
	

	Egypt
	Clay
	Wheat
	2
	na
	450
	
	P fertilizer
	
	
	
	(Ibrahim et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	7.30g
	
	

	
	
	
	
	
	
	0
	 
	17.5
	7.30g
	
	

	
	
	
	
	
	
	0
	 
	35
	7.90f
	
	

	
	
	
	
	
	
	0
	 
	52.5
	8.50e
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	11.00d
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	17.5
	11.50c
	5
	

	 
	 
	 
	 
	 
	 
	10
	 
	35
	12.30b
	12
	

	 
	 
	 
	 
	 
	 
	10
	 
	52.5
	14.20a
	29
	

	Lithuania
	Loam
	Barley
	1
	Swine manure
	550
	
	N fertilizer
	
	
	
	(Ayaz et al. 2022)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	3.51a
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	160
	3.52a
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	120
	3.67a
	
	

	 
	 
	 
	 
	 
	 
	25
	 
	0
	2.71c
	
	

	 
	 
	 
	 
	 
	 
	25
	 
	160
	3.13b
	15
	

	 
	 
	 
	 
	 
	 
	25
	 
	120
	3.31b
	22
	


†Change (%) = [(biochar + amendment – biochar alone) ÷ biochar alone] × 100




















[bookmark: _Hlk157267015]Table S3
Field water content after application of biochar with or without organic and inorganic amendments in different locations, soil texture, crops, study duration, biochar feedstocks, biochar pyrolysis temperature, biochar rate, and amendment type and rate. na = not available. Means followed by the same letter within the same study location are not significantly different
	Location
	Soil texture
	Crop
	Study duration
(yr) 
	Biochar feedstock
	Pyrolysis temperature
(°C)
	Biochar rate
(Mg ha-1)
	Amendment type
	Amendment rate
(kg ha-1)
	Change
	Change 
(%)†
	Reference

	Field water content (%)

	India
	Sand
	Radish
	0.3
	Wood
	na
	
	Cattle manure
	
	
	 
	(Sekar et al. 2014)

	 
	 
	 
	
	 
	 
	0
	 
	0
	9.80a
	 
	

	
	
	
	
	
	
	0
	 
	56.25
	10.20a
	
	

	 
	 
	 
	
	 
	 
	30
	 
	0
	10.10a
	
	

	 
	 
	 
	
	 
	 
	30
	 
	56.25
	9.80a
	
	

	Pakistan
	Sandy loam
	Mash bean
	2
	Sugarcane bagasse
	350
	
	NPK fertilizer
	
	
	
	(Azeem et al. 2019)

	 
	 
	 
	
	 
	 
	0
	 
	0
	9.63d
	
	

	
	
	
	
	
	
	0
	 
	93
	11.25cd
	
	

	 
	 
	 
	
	 
	 
	5
	 
	0
	12.44bc
	
	

	
	
	
	
	
	
	5
	 
	93
	12.31bc
	
	

	 
	 
	 
	
	 
	 
	10
	 
	0
	13.59ab
	
	

	 
	 
	 
	
	 
	 
	10
	 
	93
	14.51a
	
	

	China
	Sandy loam
	Cucumber
	2
	Palm empty fruit bunches
	600
	
	NPK fertilizer
	
	
	
	(Zhang et al. 2020)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	16.51c
	
	

	
	
	
	
	
	
	0
	 
	383
	24.32a
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	18.99b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	383
	26.45a
	39
	

	Nigeria
	Sandy loam
	Radish
	2
	Wood
	580
	
	Poultry manure
	
	
	
	(Adekiya et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	9.60g
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	2500
	10.50f
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	5000
	11.90e
	
	

	 
	 
	 
	 
	 
	 
	25
	 
	0
	12.90de
	
	

	 
	 
	 
	 
	 
	 
	25
	 
	2500
	14.70c
	14
	

	 
	 
	 
	 
	 
	 
	25
	 
	5000
	16.40bc
	27
	

	 
	 
	 
	 
	 
	 
	50
	 
	0
	15.60c
	
	

	 
	 
	 
	 
	 
	 
	50
	 
	2500
	16.90bc
	
	

	 
	 
	 
	 
	 
	 
	50
	 
	5000
	18.10a
	16
	

	Nigeria
	Sand
	Cocoyam
	2
	Wood
	580
	
	Poultry manure
	
	
	
	(Agbede et al. 2020)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	11.30e
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	7500
	12.90d
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	13.30d
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	7500
	16.40c
	23
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	16.10c
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	7500
	17.90b
	11
	

	 
	 
	 
	 
	 
	 
	30
	 
	0
	17.60b
	
	

	 
	 
	 
	 
	 
	 
	30
	 
	7500
	20.20a
	15
	

	Ethiopia
	Sandy loam
	Teff
	2
	Wood
	na
	
	Polyacrylamide
	
	
	
	(Mulualem et al. 2021)

	
	
	
	
	
	
	0
	
	0
	22.33a
	
	

	
	
	
	
	
	
	0
	
	40
	23.25a
	
	

	
	
	
	
	
	
	8
	
	0
	22.83a
	
	

	
	
	
	
	
	
	8
	
	40
	24.52a
	
	

	Ethiopia
	Clay loam
	Teff
	2
	Wood
	na
	
	Polyacrylamide
	
	
	
	

	
	
	
	
	
	
	0
	
	0
	15.89b
	
	

	
	
	
	
	
	
	0
	
	40
	17.30ab
	
	

	
	
	
	
	
	
	8
	
	0
	16.94ab
	
	

	
	
	
	
	
	
	8
	
	40
	18.14a
	
	

	Ethiopia
	Clay
	Teff
	2
	Wood
	na
	
	Polyacrylamide
	
	
	
	

	
	
	
	
	
	
	0
	
	0
	13.53c
	
	

	
	
	
	
	
	
	0
	
	40
	16.41ab
	
	

	
	
	
	
	
	
	8
	
	0
	15.40bc
	
	

	
	
	
	
	
	
	8
	
	40
	17.64a
	15
	


[bookmark: _Hlk155885234]†Change (%) = [(biochar + amendment – biochar alone) ÷ biochar alone] × 100
‡ Sekar et al. (2014) used m3 ha-1 as scale of measurement for cattle manure effluent














Table S4 
Soil carbon (C) concentration after application of biochar with or without organic and inorganic amendments in different locations, soil texture, crops, study duration, biochar feedstocks, biochar pyrolysis temperature, biochar rate, and amendment type and rate. na = not available. Means followed by the same letter within the same study location are not significantly different
	Location
	Soil texture
	Crop
	Study duration
(yr)
	Biochar feedstock
	Pyrolysis temperature
(°C)
	Initial C
(g kg-1)
	Biochar rate
(Mg ha-1)
	Amendment type
	Amendment rate
(kg ha-1)
	Soil C
(g kg-1)
	Change
(%)†
	Reference

	China
	Sandy loam
	Wheat-maize
	2
	Peanut shell
	500
	6.2
	
	NPK fertilizer
	
	
	
	(Zhang et al. 2021)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	3.48b
	 
	

	
	
	
	
	
	
	
	0
	 
	555
	3.79b
	
	

	 
	 
	 
	 
	 
	 
	
	22.5
	 
	0
	6.66a
	
	

	 
	 
	 
	 
	 
	 
	
	22.5
	 
	555
	6.66a
	
	

	South Korea
	Silt loam
	Corn
	0.3
	Corn waste
	600
	14.0
	
	NPK fertilizer
	
	
	
	(Park et al. 2023)

	
	
	
	
	
	
	
	0
	
	0
	15.20d
	
	

	
	
	
	
	
	
	
	0
	
	235
	15.40cd
	
	

	
	
	
	
	
	
	
	5
	
	0
	17.00a
	
	

	
	
	
	
	
	
	
	5
	
	235
	16.90ab
	
	

	South Korea
	Silt loam
	Corn
	0.3
	Corn waste
	600
	14.0
	
	Barley straw
	
	
	
	

	
	
	
	
	
	
	
	0
	
	0
	15.20e
	
	

	
	
	
	
	
	
	
	0
	
	5000
	16.20cd
	
	

	
	
	
	
	
	
	
	5
	
	0
	17.00b
	
	

	
	
	
	
	
	
	
	5
	
	5000
	18.80a
	11
	

	China
	Clay loam
	Maize
	2
	Maize straw
	400
	19.9
	
	Film mulch
	na
	
	
	(Xiao et al. 2016)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	8.79c
	
	

	
	
	
	
	
	
	
	0
	 
	1
	8.87c
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	0
	13.09b
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	1
	12.77b
	
	

	South Korea
	Silt loam
	Rice
	0.4
	Barley straw
	400
	12.2
	
	NPK fertilizer
	
	
	
	(Kang et al. 2019)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	11.30a
	
	

	
	
	
	
	
	
	
	0
	 
	192
	11.40a
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	0
	11.80a
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	192
	11.70a
	
	

	China
	Loam
	Maize
	0.3
	Wheat straw
	350-550
	9.9
	
	N fertilizer
	
	
	
	(Zhang et al. 2012)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	10.90c
	
	

	
	
	
	
	
	
	
	0
	 
	300
	11.60c
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	0
	15.70ab
	
	

	
	
	
	
	
	
	
	20
	 
	300
	14.50b
	
	

	 
	 
	 
	 
	 
	 
	
	40
	 
	0
	17.20a
	
	

	 
	 
	 
	 
	 
	 
	
	40
	 
	300
	16.50a
	
	

	Pakistan
	Sandy loam
	Mash bean
	2
	Sugarcane bagasse
	350
	5.1
	
	NPK fertilizer
	
	
	
	(Azeem et al. 2019)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	6.13b
	
	

	
	
	
	
	
	
	
	0
	 
	93
	6.29b
	
	

	
	
	
	
	
	
	
	5
	 
	0
	6.83ab
	
	

	
	
	
	
	
	
	
	5
	 
	93
	6.67ab
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	0
	7.57a
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	93
	7.48a
	
	

	India
	Sandy loam
	Wheat
	2
	Wood
	400
	12.1
	
	NPK fertilizer
	
	
	
	(Sarma et al. 2018)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	11.90d
	
	

	
	
	
	
	
	
	
	0
	 
	154
	12.20c
	
	

	 
	 
	 
	 
	 
	 
	
	5
	 
	0
	13.65b
	
	

	 
	 
	 
	 
	 
	 
	
	5
	 
	154
	13.55b
	
	

	 
	 
	 
	 
	 
	 
	
	5
	 
	114
	13.95a
	2
	

	China
	Sandy loam
	Cucumber
	2
	Palm empty fruit bunches
	600
	8.5
	
	NPK fertilizer
	
	
	
	(Zhang et al. 2020)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	9.46c
	
	

	
	
	
	
	
	
	
	0
	 
	383
	9.97bc
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	0
	10.98ab
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	383
	11.23a
	
	

	China
	Sandy loam
	Mung bean
	 na
	Corn stalk
	450
	3.6
	
	Compost
	
	
	
	(Wang et al. 2016)

	 
	 
	 
	 
	 
	 
	
	0
	
	0
	3.61b
	
	

	
	
	
	
	
	
	
	0
	 
	20000
	3.65b
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	0
	4.54a
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	20000
	4.99a
	
	

	China
	Loam
	Watermelon
	2
	Rice straw
	700
	10.9
	
	Compost
	
	
	
	(Cao et al. 2017)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	8.30c
	
	

	
	
	
	
	
	
	
	0
	 
	15000
	1.90a
	
	

	 
	 
	 
	 
	 
	 
	
	6
	 
	0
	9.90b
	
	

	 
	 
	 
	 
	 
	 
	
	6
	 
	15000
	12.20a
	23
	

	Nigeria
	Sand
	Cocoyam
	2
	Wood
	580
	7.4
	
	Poultry manure
	
	
	
	(Agbede et al. 2020)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	6.10h
	
	

	 
	 
	 
	 
	 
	 
	
	0
	 
	7500
	14.70d
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	0
	11.50g
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	7500
	15.90c
	38
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	0
	12.50f
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	7500
	17.20b
	38
	

	 
	 
	 
	 
	 
	 
	
	30
	 
	0
	13.60e
	
	

	 
	 
	 
	 
	 
	 
	
	30
	 
	7500
	20.20a
	49
	

	Ghana
	Sandy loam
	Cabbage
	0.3
	Poultry litter
	450
	10
	
	NPK fertilizer
	
	
	
	(Ofori et al. 2021)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	9.90c
	
	

	 
	 
	 
	 
	 
	 
	
	0
	 
	105
	5.00a
	
	

	 
	 
	 
	 
	 
	 
	
	0
	 
	210
	9.10b
	
	

	 
	 
	 
	 
	 
	 
	
	2.5
	 
	0
	11.60d
	
	

	 
	 
	 
	 
	 
	 
	
	2.5
	 
	105
	9.90c
	-15
	

	 
	 
	 
	 
	 
	 
	
	2.5
	 
	210
	12.60e
	9
	

	 
	 
	 
	 
	 
	 
	
	5
	 
	0
	13.30f
	
	

	 
	 
	 
	 
	 
	 
	
	5
	 
	105
	14.00g
	5
	

	 
	 
	 
	 
	 
	 
	
	5
	 
	210
	14.90h
	12
	

	 
	 
	 
	 
	 
	 
	
	7.5
	 
	0
	12.40e
	
	

	 
	 
	 
	 
	 
	 
	
	7.5
	 
	105
	11.50d
	-7
	

	 
	 
	 
	 
	 
	 
	
	7.5
	 
	210
	14.10g
	14
	

	Nigeria
	Sandy clay loam
	Rice
	2
	Rice husk
	350-400
	3.70
	
	N fertilizer
	
	
	
	(Oladele and Adetunji 2021)

	
	
	
	
	
	
	
	0
	
	0
	7.41d
	
	

	
	
	
	
	
	
	
	0
	
	90
	15.00c
	
	

	
	
	
	
	
	
	
	12
	
	0
	21.11b
	
	

	
	
	
	
	
	
	
	12
	
	90
	24.99a
	18
	

	Ethiopia
	Sandy loam
	Teff
	2
	Wood
	na
	4.87
	
	Polyacrylamide
	
	
	
	(Mulualem et al. 2021)

	
	
	
	
	
	
	
	0
	
	0
	31.00a
	
	

	
	
	
	
	
	
	
	0
	
	40
	32.80a
	
	

	
	
	
	
	
	
	
	8
	
	0
	35.50a
	
	

	
	
	
	
	
	
	
	8
	
	40
	38.70a
	
	

	Ethiopia
	Clay loam
	Teff
	2
	Wood
	na
	5.34
	
	Polyacrylamide
	
	
	
	

	
	
	
	
	
	
	
	0
	
	0
	15.10c
	
	

	
	
	
	
	
	
	
	0
	
	40
	16.00b
	
	

	
	
	
	
	
	
	
	8
	
	0
	18.70a
	
	

	
	
	
	
	
	
	
	8
	
	40
	18.60a
	
	

	Ethiopia
	Clay
	Teff
	2
	Wood
	na
	5.74
	
	Polyacrylamide
	
	
	
	

	
	
	
	
	
	
	
	0
	
	0
	27.70c
	
	

	
	
	
	
	
	
	
	0
	
	40
	28.60bc
	
	

	
	
	
	
	
	
	
	8
	
	0
	29.60ab
	
	

	
	
	
	
	
	
	
	8
	
	40
	30.50a
	
	


†Change (%) = [(biochar + amendment – biochar alone) ÷ biochar alone] × 100


Table S5
Effects of application of biochar with or without organic and inorganic amendments on soil organic matter (OM) in different locations, soil texture, crops, study duration, biochar feedstocks, biochar pyrolysis temperature, biochar rate, and amendment type and rate. na = not available. Means followed by the same letter within the same study location are not significantly different
	Location
	Soil texture
	Crop
	Study duration
(yr)
	Biochar feedstock
	Pyrolysis temperature (°C)
	Biochar rate
(Mg ha-1)
	Amendment type
	Amendment rate
(kg ha-1)
	OM
(g kg-1)
	Change
(%)†
	Reference

	Nigeria
	Sandy loam
	Cowpea
	2
	Wood
	580
	
	P Fertilizer
	
	
	 
	(Adekiya 2022)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	18.1cd
	
	

	
	
	
	
	
	
	0
	 
	60
	19.6c
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	22.4b
	
	

	
	
	
	
	
	
	10
	 
	60
	23.0b
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	28.4a
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	60
	29.1a
	
	

	China
	Sandy loam
	Cabbage
	0.2
	Wood
	400-600
	
	Mg fertilizer
	
	
	
	(Li et al. 2023)

	
	
	
	
	
	
	0
	
	0
	14.00b
	
	

	
	
	
	
	
	
	0
	
	600
	14.20b
	
	

	
	
	
	
	
	
	12
	
	0
	14.70ab
	
	

	
	
	
	
	
	
	12
	
	600
	16.00a
	
	

	Nigeria
	Sandy loam
	Radish
	2
	Wood
	580
	
	Poultry manure
	
	
	
	(Adekiya et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	13.4i
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	2500
	17.1h
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	5000
	18.9g
	
	

	 
	 
	 
	 
	 
	 
	25
	 
	0
	21.7f
	
	

	 
	 
	 
	 
	 
	 
	25
	 
	2500
	26.4e
	22
	

	 
	 
	 
	 
	 
	 
	25
	 
	5000
	29.8d
	37
	

	 
	 
	 
	 
	 
	 
	50
	 
	0
	33.1c
	
	

	 
	 
	 
	 
	 
	 
	50
	 
	2500
	34.8b
	5
	

	 
	 
	 
	 
	 
	 
	50
	 
	5000
	39.3a
	19
	

	Canada
	Sand
	Potato
	2
	Barley straw
	535
	
	Compost
	
	
	
	(Mawof et al. 2021)

	 
	 
	 
	 
	 
	 
	0
	
	0
	27.2b
	
	

	
	
	
	
	
	
	0
	 
	7.5
	38.7ab
	
	

	 
	 
	 
	 
	 
	 
	1
	 
	0
	30.7b
	
	

	
	
	
	
	
	
	1
	 
	7.5
	36.2ab
	
	

	 
	 
	 
	 
	 
	 
	3
	 
	0
	29.0b
	
	

	 
	 
	 
	 
	 
	 
	3
	 
	7.5
	48.9a
	69
	


†Change (%) = [(biochar + amendment – biochar alone) ÷ biochar alone] × 100



Table S6
Effects of application of biochar with or without organic and inorganic amendments on soil pH in different locations, soil texture, crops, study duration, biochar feedstocks, biochar pyrolysis temperature, biochar rate, and amendment type and rate. na = not available. Means followed by the same letter within the same study location are not significantly different
	Location
	Soil texture
	Crop
	Study duration
(yr)
	Biochar feedstock
	Pyrolysis temperature 
(°C)
	Initial pH
	Biochar rate
(Mg ha-1)
	Amendment type
	Amendment rate
(kg ha-1)
	pH
	Change
(%)†
	Reference

	China
	Clay loam
	Maize
	2
	Maize straw
	400
	7.89
	
	Film mulch
	na
	
	 
	(Xiao et al. 2016)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	8.00a
	 
	

	
	
	
	
	
	
	
	0
	 
	1
	7.93ab
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	0
	7.95a
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	1
	7.79b
	-2
	

	China
	Sandy loam
	Cabbage
	0.2
	Wood
	400-600
	5.4
	
	Mg fertilizer
	
	
	
	(Li et al. 2023)

	
	
	
	
	
	
	
	0
	
	0
	6.00a
	
	

	
	
	
	
	
	
	
	0
	
	600
	6.02a
	
	

	
	
	
	
	
	
	
	12
	
	0
	6.08a
	
	

	
	
	
	
	
	
	
	12
	
	600
	6.09a
	
	

	South Korea
	Silt loam
	Corn
	0.3
	Corn waste
	600
	5.8
	
	NPK fertilizer
	
	
	
	(Park et al. 2023)

	
	
	
	
	
	
	
	0
	
	0
	5.55b
	
	

	
	
	
	
	
	
	
	0
	
	235
	5.40b
	
	

	
	
	
	
	
	
	
	5
	
	0
	5.89a
	
	

	
	
	
	
	
	
	
	5
	
	235
	5.79a
	
	

	South Korea
	Silt loam
	Corn
	0.3
	Corn waste
	600
	5.8
	
	Barley straw
	
	
	
	

	
	
	
	
	
	
	
	0
	
	0
	5.55b
	
	

	
	
	
	
	
	
	
	0
	
	5000
	5.52b
	
	

	
	
	
	
	
	
	
	5
	
	0
	5.89a
	
	

	
	
	
	
	
	
	
	5
	
	5000
	5.90a
	
	

	Ethiopia
	Sandy loam
	Teff
	2
	Wood
	na
	4.87
	
	Polyacrylamide
	
	
	
	(Mulualem et al. 2021)

	
	
	
	
	
	
	
	0
	
	0
	4.90cd
	
	

	
	
	
	
	
	
	
	0
	
	40
	5.01c
	
	

	
	
	
	
	
	
	
	8
	
	0
	5.20bc
	
	

	
	
	
	
	
	
	
	8
	
	40
	8.18bc
	
	

	Ethiopia
	Clay loam
	Teff
	2
	Wood
	na
	5.34
	
	Polyacrylamide
	
	
	
	

	
	
	
	
	
	
	
	0
	
	0
	5.34c
	
	

	
	
	
	
	
	
	
	0
	
	40
	5.37c
	
	

	
	
	
	
	
	
	
	8
	
	0
	5.80b
	
	

	
	
	
	
	
	
	
	8
	
	40
	5.87ab
	
	

	Ethiopia
	Clay
	Teff
	2
	Wood
	na
	5.74
	
	Polyacrylamide
	
	
	
	

	
	
	
	
	
	
	
	0
	
	0
	5.74bc
	
	

	
	
	
	
	
	
	
	0
	
	40
	5.77bc
	
	

	
	
	
	
	
	
	
	8
	
	0
	5.83b
	
	

	
	
	
	
	
	
	
	8
	
	40
	5.80b
	
	

	South Korea
	Silt loam
	Rice
	0.4
	Barley straw
	400
	5.75
	
	NPK fertilizer
	
	
	
	(Kang et al. 2019)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	5.83a
	
	

	
	
	
	
	
	
	
	0
	 
	192
	5.86a
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	0
	5.92a
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	192
	5.94a
	
	

	China
	Loam
	Maize
	0.3 
	Wheat straw
	350-550
	8.38
	
	N fertilizer
	
	
	
	(Zhang et al. 2012)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	8.15b
	
	

	
	
	
	
	
	
	
	0
	 
	300
	8.28ab
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	0
	8.24ab
	
	

	
	
	
	
	
	
	
	20
	 
	300
	8.38a
	
	

	 
	 
	 
	 
	 
	 
	
	40
	 
	0
	8.38a
	
	

	 
	 
	 
	 
	 
	 
	
	40
	 
	300
	8.23ab
	
	

	Pakistan
	Sandy loam
	Mash bean
	2
	Sugarcane bagasse
	350
	8.25
	
	NPK fertilizer
	
	
	
	(Azeem et al. 2019)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	8.18a
	
	

	
	
	
	
	
	
	
	0
	 
	93
	8.12a
	
	

	 
	 
	 
	 
	 
	 
	
	5
	 
	0
	8.20a
	
	

	
	
	
	
	
	
	
	5
	 
	93
	8.14a
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	0
	8.23a
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	93
	8.22a
	
	

	India
	Sandy loam
	Wheat
	2
	Wood
	400
	5.67
	
	NPK fertilizer
	
	
	
	(Sarma et al. 2018)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	5.69d
	
	

	
	
	
	
	
	
	
	0
	 
	154
	5.63e
	
	

	 
	 
	 
	 
	 
	 
	
	5
	 
	0
	6.01a
	
	

	 
	 
	 
	 
	 
	 
	
	5
	 
	154
	5.84c
	-3
	

	 
	 
	 
	 
	 
	 
	
	5
	 
	114
	5.98b
	-1
	

	South Korea
	Loam
	Cabbage
	0.3
	Barley straw
	400
	5.18
	
	NPK fertilizer
	
	
	
	(Kang et al. 2018)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	5.36a
	
	

	
	
	
	
	
	
	
	0
	 
	596
	5.42b
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	0
	5.80c
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	596
	5.75c
	
	

	China
	Sandy loam
	Cucumber
	2
	Palm empty fruit bunches
	600
	8.34
	
	NPK fertilizer
	
	
	
	(Zhang et al. 2020)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	7.95ab
	
	

	
	
	
	
	
	
	
	0
	 
	383
	7.99a
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	0
	7.88bc
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	383
	7.81c
	
	

	China
	Sandy loam
	Mung bean
	 na
	Corn stalk
	450
	8.75
	
	Compost
	
	
	 
	(Wang et al. 2016)

	 
	 
	 
	 
	 
	 
	
	0
	
	0
	8.81a
	 
	

	
	
	
	
	
	
	
	0
	 
	20000
	8.80a
	
	

	
	
	
	
	
	
	
	5
	 
	20000
	8.84a
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	0
	8.86a
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	20000
	8.85a
	
	

	Nigeria
	Sandy loam
	Cowpea
	2
	Wood
	580
	5.39
	
	P fertilizer
	
	
	
	(Adekiya 2022)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	5.36cd
	
	

	
	
	
	
	
	
	
	0
	 
	60
	5.48c
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	0
	5.64b
	
	

	
	
	
	
	
	
	
	10
	 
	60
	5.66b
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	0
	5.90a
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	60
	5.96a
	
	

	China
	Loam
	Watermelon
	2
	Rice straw
	700
	5.74
	
	Compost
	
	
	
	(Cao et al. 2017)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	6.02b
	
	

	
	
	
	
	
	
	
	0
	 
	15000
	6.55a
	
	

	 
	 
	 
	 
	 
	 
	
	6
	 
	0
	6.67a
	
	

	 
	 
	 
	 
	 
	 
	
	6
	 
	15000
	6.66a
	
	

	Nigeria
	Sandy loam
	Radish
	2
	Wood
	580
	5.61
	
	Poultry manure
	
	
	
	(Adekiya et al. 2019)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	5.41g
	
	

	 
	 
	 
	 
	 
	 
	
	0
	 
	2500
	5.58fg
	
	

	 
	 
	 
	 
	 
	 
	
	0
	 
	5000
	5.98ef
	
	

	 
	 
	 
	 
	 
	 
	
	25
	 
	0
	5.99ef
	
	

	 
	 
	 
	 
	 
	 
	
	25
	 
	2500
	6.29de
	
	

	 
	 
	 
	 
	 
	 
	
	25
	 
	5000
	6.51cd
	9
	

	 
	 
	 
	 
	 
	 
	
	50
	 
	0
	6.38d
	
	

	 
	 
	 
	 
	 
	 
	
	50
	 
	2500
	6.60bc
	3
	

	 
	 
	 
	 
	 
	 
	
	50
	 
	5000
	6.93ab
	9
	

	Canada
	Sand
	Potato
	2
	Barley straw
	535
	5.61
	
	Compost
	
	 
	
	(Mawof et al. 2021)

	 
	 
	 
	 
	 
	 
	
	0
	
	0
	5.26d
	
	

	
	
	
	
	
	
	
	0
	 
	7.5
	6.43bc
	
	

	 
	 
	 
	 
	 
	 
	
	1
	 
	0
	5.00d
	
	

	
	
	
	
	
	
	
	1
	 
	7.5
	6.50b
	30
	

	 
	 
	 
	 
	 
	 
	
	3
	 
	0
	6.11c
	
	

	 
	 
	 
	 
	 
	 
	
	3
	 
	7.5
	7.13a
	17
	

	Nigeria
	Sand
	Cocoyam
	2
	Wood
	580
	5.60
	
	Poultry manure
	
	
	
	(Agbede et al. 2020)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	5.63c
	
	

	 
	 
	 
	 
	 
	 
	
	0
	 
	7500
	6.16b
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	0
	6.25b
	
	

	 
	 
	 
	 
	 
	 
	
	10
	 
	7500
	6.78a
	8
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	0
	6.85a
	
	

	 
	 
	 
	 
	 
	 
	
	20
	 
	7500
	6.92a
	
	

	 
	 
	 
	 
	 
	 
	
	30
	 
	0
	7.00a
	
	

	 
	 
	 
	 
	 
	 
	
	30
	 
	7500
	7.06a
	
	

	Ghana
	Sandy loam
	Cabbage
	0.3
	Poultry litter
	450
	5.30
	
	NPK fertilizer
	
	
	
	(Ofori et al. 2021)

	 
	 
	 
	 
	 
	 
	
	0
	 
	0
	5.25a
	
	

	 
	 
	 
	 
	 
	 
	
	0
	 
	105
	5.55b
	
	

	 
	 
	 
	 
	 
	 
	
	0
	 
	210
	5.20a
	
	

	 
	 
	 
	 
	 
	 
	
	2.5
	 
	0
	7.05h
	
	

	 
	 
	 
	 
	 
	 
	
	2.5
	 
	105
	6.62f
	-6
	

	 
	 
	 
	 
	 
	 
	
	2.5
	 
	210
	6.52e
	-8
	

	 
	 
	 
	 
	 
	 
	
	5
	 
	0
	5.95c
	
	

	 
	 
	 
	 
	 
	 
	
	5
	 
	105
	6.65f
	12
	

	 
	 
	 
	 
	 
	 
	
	5
	 
	210
	6.38d
	7
	

	 
	 
	 
	 
	 
	 
	
	7.5
	 
	0
	6.79g
	
	

	 
	 
	 
	 
	 
	 
	
	7.5
	 
	105
	6.81g
	
	

	 
	 
	 
	 
	 
	 
	
	7.5
	 
	210
	7.00h
	3
	


†Change (%) = [(biochar + amendment – biochar alone) ÷ biochar alone] × 100



Table S7
Cation exchange capacity (CEC) after application of biochar with or without organic and inorganic amendments in different locations, soil texture, crops, study duration, biochar feedstocks, biochar pyrolysis temperature, biochar rate, and amendment type and rate. na = not available. Means followed by the same letter within the same study location are not significantly different
	Location
	Soil texture
	Crop
	Study duration
(yr)
	Biochar feedstock
	Pyrolysis temperature
(°C)
	Biochar rate
(Mg ha-1)
	Amendment type
	Amendment rate
(kg ha-1)
	CEC
(cmol kg-1)
	Change
(%)†
	Reference

	South Korea
	Loam
	Cabbage
	0.3
	Barley straw
	400
	
	NPK fertilizer
	
	
	
	(Kang et al. 2018)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	8.67a
	
	

	
	
	
	
	
	
	0
	 
	596
	10.06b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	11.63c
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	596
	12.06c
	
	

	South Korea
	Silt loam
	Rice
	0.4
	Barley straw
	400
	
	NPK fertilizer
	
	
	
	(Kang et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	6.42a
	
	

	
	
	
	
	
	
	0
	 
	192
	6.61a
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	7.11b
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	192
	7.23b
	
	

	China
	Sandy loam
	Cucumber
	2
	Palm empty fruit bunches
	600
	
	NPK fertilizer
	
	
	
	(Zhang et al. 2020)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	12.10a
	
	

	
	
	
	
	
	
	0
	 
	383
	11.10b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	13.60a
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	383
	12.40a
	
	

	Canada
	Sand
	Potato
	2
	Barley straw
	535
	
	Compost
	
	
	
	(Mawof et al. 2021)

	 
	 
	 
	 
	 
	 
	0
	
	0
	2.62c
	
	

	
	
	
	
	
	
	0
	 
	7.5
	7.39ab
	
	

	 
	 
	 
	 
	 
	 
	1
	 
	0
	1.88c
	
	

	
	
	
	
	
	
	1
	 
	7.5
	5.54b
	195
	

	 
	 
	 
	 
	 
	 
	3
	 
	0
	4.12bc
	
	

	 
	 
	 
	 
	 
	 
	3
	 
	7.5
	7.57a
	84
	

	Nigeria
	Sandy loam
	Cowpea
	2
	Wood
	580
	
	P fertilizer
	
	
	
	(Adekiya 2022)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	7.20d
	
	

	
	
	
	
	
	
	0
	 
	60
	7.70d
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	12.70c
	
	

	
	
	
	
	
	
	10
	 
	60
	12.80c
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	14.70b
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	60
	15.40a
	5
	

	Slovakia
	Silt loam
	Wheat
	2
	Paper fiber sludge + grain husks 
	550
	
	N fertilizer
	
	
	
	(Šimanský et al. 2018)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	14.24a
	
	

	
	
	
	
	
	
	0
	 
	40
	13.53a
	
	

	
	
	
	
	
	
	0
	 
	80
	13.43a
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	15.35a
	
	

	
	
	
	
	
	
	10
	 
	40
	19.89b
	30
	

	
	
	
	
	
	
	10
	 
	80
	17.27b
	12
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	17.98b
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	40
	17.77b
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	80
	17.77b
	
	

	Ghana
	Sandy loam
	Cabbage
	0.3
	Poultry litter
	450
	
	NPK fertilizer
	
	
	
	(Ofori et al. 2021)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	3.72c
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	105
	1.46ab
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	210
	1.75b
	
	

	 
	 
	 
	 
	 
	 
	2.5
	 
	0
	4.91d
	
	

	 
	 
	 
	 
	 
	 
	2.5
	 
	105
	1.30ab
	
	

	 
	 
	 
	 
	 
	 
	2.5
	 
	210
	1.25a
	
	

	 
	 
	 
	 
	 
	 
	5
	 
	0
	5.46e
	
	

	 
	 
	 
	 
	 
	 
	5
	 
	105
	6.65f
	22
	

	 
	 
	 
	 
	 
	 
	5
	 
	210
	7.15g
	31
	

	 
	 
	 
	 
	 
	 
	7.5
	 
	0
	5.88e
	
	

	 
	 
	 
	 
	 
	 
	7.5
	 
	105
	6.58f
	12
	

	 
	 
	 
	 
	 
	 
	7.5
	 
	210
	7.37g
	25
	


†Change (%) = [(biochar + amendment – biochar alone) ÷ biochar alone] × 100



Table S8
Soil nitrogen (N), phosphorus (P) and potassium (K) concentrations after application of biochar with or without organic and inorganic amendments in different locations, soil texture, crops, study duration, biochar feedstocks, biochar pyrolysis temperature, biochar rate, and amendment type and rate. na = not available. Means followed by the same letter within the same study location are not significantly different
	Location
	Soil texture
	Crop


	Study duration
	Biochar feedstock
	Pyrolysis temperature 
(°C)
	Biochar rate
(Mg ha-1)
	Amendment type
	Amendment rate
(kg ha-1)
	N
(g kg-1)
	Change
(%)†
	P
(mg kg-1)
	Change
(%)†
	K
(mg kg-1)
	Change
(%)†
	Reference

	China
	Sand
	Rice
	7
	Wheat straw
	240 - 360
	
	N fertilizer
	
	
	
	
	
	
	
	(Liu et al. 2021)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.08b
	
	21.98b
	
	121.29b
	
	

	
	
	
	
	
	
	0
	 
	300
	0.08b
	
	16.23c
	
	113.89b
	
	

	 
	 
	 
	 
	 
	 
	9
	 
	0
	0.08b
	
	29.37a
	
	183.33a
	
	

	 
	 
	 
	 
	 
	 
	9
	 
	300
	0.09a
	13
	32.61a
	
	113.89b
	-38
	

	China
	Sandy loam
	Cabbage
	0.2
	Wood
	400-600
	
	Mg fertilizer
	
	
	
	
	
	
	
	(Li et al. 2023)

	
	
	
	
	
	
	0
	
	0
	0.80ab
	
	101.40ab
	
	81.90a
	
	

	
	
	
	
	
	
	0
	
	600
	0.79ab
	
	101.60ab
	
	74.40a
	
	

	
	
	
	
	
	
	12
	
	0
	0.85a
	
	85.80c
	
	81.60a
	
	

	
	
	
	
	
	
	12
	
	600
	0.80ab
	
	106.20a
	
	72.60a
	
	

	China
	Clay loam
	Maize
	2
	Maize straw
	400
	
	Film mulch
	na
	
	
	
	
	
	
	(Xiao et al. 2016)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.98d
	
	12.05b
	
	126.09c
	
	

	
	
	
	
	
	
	0
	 
	1
	1.07cd
	
	12.06b
	
	118.49c
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	1.19ab
	
	17.16a
	
	178.47b
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	1
	1.2ab
	
	16.97a
	
	169.25b
	
	

	South Korea
	Silt loam
	Rice
	0.4
	Barley straw
	400
	
	NPK fertilizer
	
	
	
	
	
	
	
	(Kang et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.61a
	
	89.2a
	
	62.40a
	
	

	
	
	
	
	
	
	0
	 
	192
	1.98b
	
	98.5ab
	
	66.30a
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	1.95b
	
	99.1ab
	
	89.70b
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	192
	2.02b
	
	101.4b
	
	93.60b
	
	

	India
	Sandy loam
	Wheat
	2
	Wood
	400
	
	NPK fertilizer
	
	
	
	
	
	
	
	(Sarma et al. 2018)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.13d
	
	23.86d
	
	94.25e
	
	

	
	
	
	
	
	
	0
	 
	154
	0.18a
	
	56.16c
	
	128.73d
	
	

	 
	 
	 
	 
	 
	 
	5
	 
	0
	0.16c
	
	48.62c
	
	147.06c
	
	

	 
	 
	 
	 
	 
	 
	5
	 
	154
	0.17b
	6
	69.68b
	43
	189.34a
	29
	

	 
	 
	 
	 
	 
	 
	5
	 
	114
	0.16c
	
	79.19a
	63
	178.45b
	21
	

	South Korea
	Loam
	Cabbage
	0.3
	Barley straw
	400
	
	NPK fertilizer
	
	
	
	
	
	
	
	(Kang et al. 2018)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.39a
	
	123.00a
	
	97.50a
	
	

	
	
	
	
	
	
	0
	 
	596
	1.54ab
	
	142.00b
	
	105.30a
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	1.68b
	
	135.00b
	
	120.90b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	596
	1.67b
	
	135.00b
	
	132.60b
	
	

	China
	Sandy loam
	Cucumber
	2
	Palm empty fruit bunches
	600
	
	NPK fertilizer
	
	
	
	
	
	
	
	(Zhang et al. 2020)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.05b
	
	49.88c
	
	225.60b
	
	

	
	
	
	
	
	
	0
	 
	383
	0.04b
	
	65.24b
	
	253.73ab
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	0.06ab
	
	65.76b
	
	239.00ab
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	383
	0.08a
	
	81.47a
	24
	272.73a
	
	

	Nigeria
	Sandy loam
	Cowpea
	2
	Wood
	580
	
	P Fertilizer
	
	
	
	
	
	
	
	(Adekiya 2022)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.30f
	
	6.90d
	
	46.80d
	
	

	
	
	
	
	
	
	0
	 
	60
	1.50e
	
	26.6c
	
	50.70c
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	1.80d
	
	26.74b
	
	58.50b
	
	

	
	
	
	
	
	
	10
	 
	60
	2.00c
	11
	28.80b
	
	58.50b
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	2.20b
	
	30.91a
	
	62.40a
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	60
	2.40a
	9
	31.10a
	
	62.40a
	
	

	China
	Loam
	Watermelon
	2
	Rice straw
	700
	
	Compost
	
	
	
	
	
	
	
	(Cao et al. 2017)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.08b
	
	89.90c
	
	127.00c
	
	

	
	
	
	
	
	
	0
	 
	15000
	0.09ab
	
	102.70b
	
	185.00b
	
	

	 
	 
	 
	 
	 
	 
	6
	 
	0
	0.09ab
	
	105.70b
	
	176.00b
	
	

	 
	 
	 
	 
	 
	 
	6
	 
	15000
	0.10a
	
	120.50a
	14
	212.00b
	
	

	Nigeria
	Sandy loam
	Radish
	2
	Wood
	580
	
	Poultry manure
	
	
	
	
	
	
	
	(Adekiya et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	1.30f
	
	6.20 g
	
	46.80h
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	2500
	1.70d
	
	10.50e
	
	93.60f
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	5000
	1.90c
	
	14.00c
	
	109.20e
	
	

	 
	 
	 
	 
	 
	 
	25
	 
	0
	1.50e
	
	6.40g
	
	46.80h
	
	

	 
	 
	 
	 
	 
	 
	25
	 
	2500
	1.90c
	27
	12.00d
	88
	113.10de
	142
	

	 
	 
	 
	 
	 
	 
	25
	 
	5000
	2.20ab
	47
	15.30bc
	139
	124.80c
	167
	

	 
	 
	 
	 
	 
	 
	50
	 
	0
	1.70d
	
	7.20f
	
	74.10g
	
	

	 
	 
	 
	 
	 
	 
	50
	 
	2500
	2.10bc
	24
	14.90c
	107
	132.60bc
	79
	

	 
	 
	 
	 
	 
	 
	50
	 
	5000
	2.30a
	35
	18.70a
	160
	163.80a
	121
	

	Nigeria
	Sand
	Cocoyam
	2
	Wood
	580
	
	Poultry manure
	
	
	
	
	
	
	
	(Agbede et al. 2020)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.80h
	
	1.91h
	
	39.00g
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	7500
	1.60d
	
	3.53d
	
	74.10f
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	1.00g
	
	2.26g
	
	81.90e
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	7500
	1.80c
	80
	3.80c
	68
	128.70c
	57
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	1.20f
	
	2.67f
	
	105.30d
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	7500
	2.00b
	67
	4.44b
	66
	136.50b
	30
	

	 
	 
	 
	 
	 
	 
	30
	 
	0
	1.40e
	
	2.90e
	
	128.70c
	
	

	 
	 
	 
	 
	 
	 
	30
	 
	7500
	2.20a
	57
	6.54a
	126
	148.20a
	15
	

	South Korea
	Silt loam
	Corn
	0.3
	Corn waste
	600
	
	NPK fertilizer
	
	
	
	na
	
	na
	
	(Park et al. 2023)

	
	
	
	
	
	
	0
	
	0
	1.23c
	
	
	
	
	
	

	
	
	
	
	
	
	0
	
	235
	1.67a
	
	
	
	
	
	

	
	
	
	
	
	
	5
	
	0
	1.09d
	
	
	
	
	
	

	
	
	
	
	
	
	5
	
	235
	1.50b
	38
	
	
	
	
	

	South Korea
	Silt loam
	Corn
	0.3
	Corn waste
	600
	
	Barley straw
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	0
	
	0
	1.23b
	
	
	
	
	
	

	
	
	
	
	
	
	0
	
	5000
	1.45a
	
	
	
	
	
	

	
	
	
	
	
	
	5
	
	0
	1.09c
	
	
	
	
	
	

	
	
	
	
	
	
	5
	
	5000
	1.46a
	34
	
	
	
	
	

	China
	Sandy loam
	Wheat-maize rotation
	2
	Peanut shell
	500
	
	NPK fertilizer
	
	
	
	na
	
	na
	
	(Zhang et al. 2021)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.44c
	
	
	
	
	
	

	
	
	
	
	
	
	0
	 
	555
	0.46c
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	22.5
	 
	0
	0.57b
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	22.5
	 
	555
	0.66a
	16
	
	
	
	
	

	India
	Sand
	Radis
	1
	Wood
	na
	
	Cattle manure
	
	
	
	na
	
	na
	
	(Sekar et al. 2014)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.40a
	
	
	
	
	
	

	
	
	
	
	
	
	0
	 
	56.25
	0.40a
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	30
	 
	0
	0.40a
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	30
	 
	56.25
	0.40a
	
	
	
	
	
	

	China
	Loam
	Maize
	0.3
	Wheat straw
	350-550
	
	N fertilizer
	
	
	
	na
	
	na
	
	(Zhang et al. 2012)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.87c
	
	
	
	
	
	

	
	
	
	
	
	
	0
	 
	300
	1.04b
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	1.08ab
	
	
	
	
	
	

	
	
	
	
	
	
	20
	 
	300
	1.12ab
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	40
	 
	0
	1.14a
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	40
	 
	300
	1.11ab
	
	
	
	
	
	

	Pakistan
	Sandy loam
	Mash bean
	2
	Sugarcane bagasse
	350
	
	NPK fertilizer
	
	
	
	na
	
	na
	
	(Azeem et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	30.90c
	
	
	
	
	
	

	
	
	
	
	
	
	0
	 
	93
	32.50bc
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	5
	 
	0
	33.80bc
	
	
	
	
	
	

	
	
	
	
	
	
	5
	 
	93
	35.70ab
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	35.60ab
	
	
	
	
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	93
	38.70a
	
	
	
	
	
	

	Ghana
	Sandy loam
	Cabbage
	0.3
	Poultry litter
	450
	
	NPK fertilizer
	
	na
	
	
	
	na
	
	(Ofori et al. 2021)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	
	
	26.37a
	
	
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	105
	
	
	41.33d
	
	
	
	

	 
	 
	 
	 
	 
	 
	0
	 
	210
	
	
	39.13b
	
	
	
	

	 
	 
	 
	 
	 
	 
	2.5
	 
	0
	
	
	82.03k
	
	
	
	

	 
	 
	 
	 
	 
	 
	2.5
	 
	105
	
	
	56.99g
	-31
	
	
	

	 
	 
	 
	 
	 
	 
	2.5
	 
	210
	
	
	62.89h
	-23
	
	
	

	 
	 
	 
	 
	 
	 
	5
	 
	0
	
	
	40.14c
	
	
	
	

	 
	 
	 
	 
	 
	 
	5
	 
	105
	
	
	104.43l
	160
	
	
	

	 
	 
	 
	 
	 
	 
	5
	 
	210
	
	
	77.82j
	94
	
	
	

	 
	 
	 
	 
	 
	 
	7.5
	 
	0
	
	
	47.77e
	
	
	
	

	 
	 
	 
	 
	 
	 
	7.5
	 
	105
	
	
	51.92f
	9
	
	
	

	 
	 
	 
	 
	 
	 
	7.5
	 
	210
	
	
	75.14i
	57
	
	
	


†Change (%) = [(biochar + amendment – biochar alone) ÷ biochar alone] × 100





Table S9
Electrical conductivity (EC) after application of biochar with or without organic and inorganic amendments in different locations, soil texture, crops, study duration, biochar feedstocks, biochar pyrolysis temperature, biochar rate, and amendment type and rate. na = not available. Means followed by the same letter within the same study location are not significantly different
	Location
	Soil texture
	Crop
	Study duration (yr)
	Biochar feedstock
	Pyrolysis temperature
(°C)
	Biochar rate
(Mg ha-1)
	Amendment type
	Amendment rate
(kg ha-1)
	EC
(dS m-1)
	Change
(%)†
	Reference

	South Korea
	Loam
	Cabbage
	0.3
	Barley straw
	400
	
	NPK fertilizer
	
	
	
	(Kang et al. 2018)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.33a
	
	

	
	
	
	
	
	
	0
	 
	596
	0.46b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	0.54c
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	596
	0.55c
	
	

	China
	Sandy loam
	Cabbage
	0.2
	Wood
	400-600
	
	Mg fertilizer
	
	
	
	(Li et al. 2023)

	
	
	
	
	
	
	0
	
	0
	0.48a
	
	

	
	
	
	
	
	
	0
	
	600
	0.49a
	
	

	
	
	
	
	
	
	12
	
	0
	0.42a
	
	

	
	
	
	
	
	
	12
	
	600
	0.43a
	
	

	South Korea
	Silt loam
	Corn
	0.3
	Corn waste
	600
	
	NPK fertilizer
	
	
	
	(Park et al. 2023)

	
	
	
	
	
	
	0
	
	0
	0.44c
	
	

	
	
	
	
	
	
	0
	
	235
	0.60a
	
	

	
	
	
	
	
	
	5
	
	0
	0.49b
	
	

	
	
	
	
	
	
	5
	
	235
	0.58a
	18
	

	South Korea
	Silt loam
	Corn
	0.3
	Corn waste
	600
	
	Barley straw
	
	
	
	

	
	
	
	
	
	
	0
	
	0
	0.44c
	
	

	
	
	
	
	
	
	0
	
	5000
	0.41c
	
	

	
	
	
	
	
	
	5
	
	0
	0.49a
	
	

	
	
	
	
	
	
	5
	
	5000
	0.48a
	
	

	South Korea
	Silt loam
	Rice
	0.4
	Barley straw
	400
	
	NPK fertilizer
	
	
	
	(Kang et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.21a
	
	

	
	
	
	
	
	
	0
	 
	192
	0.21a
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	0
	0.23a
	
	

	 
	 
	 
	 
	 
	 
	20
	 
	192
	0.24a
	
	

	Pakistan
	Sandy loam
	Mash bean
	2
	Sugarcane bagasse
	350
	
	NPK fertilizer
	
	
	
	(Azeem et al. 2019)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.52ab
	
	

	
	
	
	
	
	
	0
	 
	93
	0.51b
	
	

	 
	 
	 
	 
	 
	 
	5
	 
	0
	0.53ab
	
	

	
	
	
	
	
	
	5
	 
	93
	0.52ab
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	0.54a
	
	

	
	
	
	
	
	
	10
	
	93
	0.53ab
	
	

	China
	Sandy loam
	Cucumber
	2
	Palm empty fruit bunches
	600
	
	NPK fertilizer
	
	
	
	(Zhang et al. 2020)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.36b
	
	

	
	
	
	
	
	
	0
	 
	383
	0.37b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	0.39b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	383
	0.47a
	21
	

	China
	Sandy loam
	Mung bean
	na
	Corn stalk
	450
	
	Compost
	
	
	
	(Wang et al. 2016)

	 
	 
	 
	 
	 
	 
	0
	
	0
	0.09c
	
	

	
	
	
	
	
	
	0
	 
	20000
	0.11b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	0
	0.11b
	
	

	 
	 
	 
	 
	 
	 
	10
	 
	20000
	0.12a
	9
	

	China
	Loam
	Watermelon
	2
	Rice straw
	700
	
	Compost
	
	
	
	(Cao et al. 2017)

	 
	 
	 
	 
	 
	 
	0
	 
	0
	0.84b
	
	

	
	
	
	
	
	
	0
	 
	15000
	1.16a
	
	

	 
	 
	 
	 
	 
	 
	6
	 
	0
	1.09a
	
	

	 
	 
	 
	 
	 
	 
	6
	 
	15000
	1.10a
	
	


†Change (%) = [(biochar + amendment – biochar alone) ÷ biochar alone] × 100




Table S10
Effects of biochar application with or without organic and inorganic amendments on soil biological properties (microbial biomass C and enzyme activities) in different locations, soil texture, study duration, biochar feedstocks, biochar pyrolysis temperature, biochar rate, and amendment type and rate. na = not available. Means followed by the same letter within the same study location are not significantly different
	Location
	Soil texture
	Study duration
(yr)
	Biochar feedstock
	Pyrolysis temperature
(°C)
	Biochar rate
(Mg ha-1) 
	Amendment type
	Amendment rate
(kg ha-1)
	Microbial biomass C
(mg kg-1)
	Change (%)†
	Urease
(µmol NH4+ g-1 h-1)
	Change 
(%)†
	Dehydrogenase
(mg TPF g-1 h-1)
	Change (%)†
	Phosphatase
(µgPNP g-1 h-1)
	Change (%)†
	Reference

	Pakistan
	Sandy loam
	2
	Sugarcane bagasse
	350
	
	NPK fertilizer
	
	
	
	
	
	
	
	
	
	(Azeem et al. 2019)

	
	
	
	
	
	0
	 
	0
	426.00b
	
	11.86b
	
	0.10b
	
	74.3c
	
	

	
	
	
	
	
	0
	 
	93
	462.00a
	
	12.94a
	
	0.13a
	
	72.3c
	
	

	
	
	
	
	
	5
	 
	0
	440.00ab
	
	11.53b
	
	0.12a
	
	97.4ab
	
	

	
	
	
	
	
	5
	 
	93
	450.00ab
	
	11.72b
	
	0.12a
	
	79.4bc
	
	

	
	
	
	
	
	10
	 
	0
	432.00b
	
	11.80b
	
	0.12a
	
	115.3a
	
	

	
	
	
	
	
	10
	 
	93
	460.00a
	6
	12.89a
	9
	0.12a
	
	94.7b
	-18
	

	India
	Sandy loam
	2
	Wood
	400
	
	NPK fertilizer
	
	
	
	
	
	
	
	
	
	(Sarma et al. 2018)

	
	
	
	
	
	0
	 
	0
	136.43c
	
	0.60c
	
	16.92e
	
	1.03d
	
	

	
	
	
	
	
	0
	 
	154
	137.09c
	
	1.03b
	
	25.05d
	
	1.32b
	
	

	
	
	
	
	
	5
	 
	0
	163.42b
	
	0.97b
	
	27.21c
	
	1.28c
	
	

	
	
	
	
	
	5
	 
	154
	211.82a
	30
	1.12a
	15
	29.74b
	9
	1.39a
	9
	

	
	
	
	
	
	5
	 
	114
	207.73a
	27
	1.03b
	
	34.95a
	28
	1.39a
	9
	

	China
	Sandy loam
	2
	Palm empty fruit bunches
	600
	
	NPK fertilizer
	
	
	
	
	
	
	
	
	
	(Zhang et al. 2020)

	
	
	
	
	
	0
	 
	0
	27.83c
	
	
	
	
	
	
	
	

	
	
	
	
	
	0
	 
	383
	108.79a
	
	
	
	
	
	
	
	

	
	
	
	
	
	10
	 
	0
	73.37b
	
	
	
	
	
	
	
	

	
	
	
	
	
	10
	 
	383
	134.10a
	83
	
	
	
	
	
	
	

	China
	
	8
	Wheat straw
	350
	0
	N fertilizer
	0
	81.00d
	
	na
	
	na
	
	na
	
	(Sun et al. 2024)

	
	
	
	
	
	0
	
	300
	228.00a
	
	
	
	
	
	
	
	

	
	
	
	
	
	4.5
	
	0
	220.00a
	
	
	
	
	
	
	
	

	
	
	
	
	
	4.5
	
	300
	185.00b
	-16
	
	
	
	
	
	
	

	
	
	
	
	
	13.5
	
	0
	135.00c
	
	
	
	
	
	
	
	

	
	
	
	
	
	13.5
	
	300
	208.00ab
	54
	
	
	
	
	
	
	

	China
	Loam
	2
	Rice straw
	700
	
	Compost
	
	na
	
	na
	
	na
	
	
	
	(Cao et al. 2017)

	
	
	
	
	
	0
	 
	0
	
	
	
	
	
	
	47.05c
	
	

	
	
	
	
	
	0
	 
	15000
	
	
	
	
	
	
	64.21b
	
	

	
	
	
	
	
	6
	 
	0
	
	
	
	
	
	
	56.41bc
	
	

	
	
	
	
	
	6
	 
	15000
	
	
	
	
	
	
	123.06a
	118
	


†Change (%) = [(biochar + amendment – biochar alone) ÷ biochar alone] × 100




Table S11 
Influence of initial soil C concentration (soil C ≤ 10.5 vs. soil C ≥ 10.6 g kg-1) on the response of soil properties to co-application of biochar with amendments
	Soil Property
	Initial soil C ≤ 10.5 g kg-1
	Initial soil C ≥ 10.6 g kg-1

	 
	Number of comparisons
	Increased
	Decreased
	No effect
	Number of comparisons
	Increased
	Decreased
	No effect

	Bulk density
	16
	0
	10
	6
	13
	0
	4
	9

	Wet aggregate stability
	4
	3
	0
	1
	1
	1
	0
	0

	Saturated hydraulic conductivity
	6
	5
	0
	1
	0
	0
	0
	0

	Field water content
	10
	7
	0
	3
	3
	1
	0
	2

	C
	17
	8
	2
	7
	10
	3
	0
	7

	Organic matter
	6
	5
	0
	1
	2
	0
	0
	2

	pH
	22
	9
	2
	11
	12
	0
	3
	9

	Cation exchange capacity
	14
	8
	2
	4
	3
	1
	0
	2

	N
	14
	8
	0
	6
	10
	6
	0
	4

	P
	15
	12
	2
	1
	8
	3
	0
	5

	K
	9
	7
	0
	2
	8
	2
	1
	5

	Electrical conductivity
	5
	2
	0
	3
	4
	1
	0
	3

	Microbial biomass C
	5
	3
	1
	1
	2
	2
	0
	0

	Urease
	2
	1
	0
	1
	2
	1
	0
	1

	Dehydrogenase
	2
	0
	0
	2
	2
	2
	0
	0

	Phosphatase
	2
	0
	1
	1
	3
	0
	3
	0




Table S12 
Influence of initial soil pH (pH ≤ 6.5 vs. pH ≥ 6.6) on the response of soil properties to co-application of biochar with amendments. 
	Soil Property
	Initial soil pH ≤ 6.5
	Initial soil pH ≥ 6.6

	 
	Number of comparisons
	Increased
	Decreased
	No effect
	Number of comparisons
	Increased
	Decreased
	No effect

	Bulk density
	15
	0
	9
	6
	14
	0
	5
	9

	Wet aggregate stability
	0
	0
	0
	0
	9
	5
	1
	3

	Saturated hydraulic conductivity
	0
	0
	0
	0
	6
	5
	0
	1

	Field water content
	10
	7
	0
	3
	3
	1
	0
	2

	C
	19
	11
	2
	6
	8
	0
	0
	8

	Organic matter
	9
	5
	0
	4
	0
	0
	0
	0

	pH
	28
	9
	4
	15
	7
	0
	1
	6

	Cation exchange capacity
	16
	9
	2
	5
	1
	0
	0
	1

	N
	17
	12
	0
	5
	8
	2
	0
	6

	P
	21
	14
	2
	5
	3
	1
	0
	2

	K
	15
	9
	0
	6
	3
	0
	1
	2

	Electrical conductivity
	6
	1
	0
	5
	4
	2
	0
	2

	Microbial biomass C
	2
	2
	0
	0
	4
	3
	1
	1

	Urease
	2
	1
	0
	1
	2
	1
	0
	1

	Dehydrogenase
	2
	2
	0
	0
	2
	0
	0
	2

	Phosphatase
	3
	3
	0
	0
	2
	0
	1
	1




Table S13 
Influence of soil textural classes on the response of soil properties to co-application of biochar with amendments.
	Soil Property
	Coarse texture
	Medium texture
	Fine texture

	 
	Number of comparisons
	Increased
	Decreased
	No effect
	Number of comparisons
	Increased
	Decreased
	No effect
	Number of comparisons
	Increased
	Decreased
	No effect

	Bulk density
	18
	0
	11
	7
	8
	0
	1
	7
	4
	0
	2
	2

	Wet aggregate stability
	2
	1
	0
	1
	0
	0
	0
	0
	3
	3
	0
	0

	Saturated hydraulic conductivity
	1
	0
	0
	1
	2
	2
	0
	0
	3
	3
	0
	0

	Field water content
	12
	7
	1
	4
	0
	0
	0
	0
	2
	1
	0
	1

	C
	18
	9
	2
	7
	6
	2
	0
	4
	3
	0
	0
	3

	Organic matter
	9
	5
	0
	4
	0
	0
	0
	0
	0
	0
	0
	0

	pH
	25
	9
	5
	11
	7
	0
	0
	7
	3
	0
	1
	2

	Cation exchange capacity
	11
	7
	2
	2
	6
	2
	0
	4
	0
	0
	0
	0

	N
	18
	13
	0
	5
	7
	2
	0
	5
	1
	0
	0
	1

	P
	20
	14
	2
	4
	3
	1
	0
	2
	1
	0
	0
	1

	K
	13
	9
	1
	3
	4
	0
	0
	4
	1
	0
	0
	1

	Electrical conductivity
	5
	2
	0
	3
	5
	1
	0
	4
	0
	0
	0
	0

	Microbial biomass C
	5
	4
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0

	Urease
	4
	2
	0
	2
	0
	0
	0
	0
	0
	0
	0
	0

	Dehydrogenase
	4
	2
	0
	2
	0
	0
	0
	0
	0
	0
	0
	0

	Phosphatase
	4
	2
	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
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