Table 1. Impact of BC derived from different feedstocks and pyrolysis temperatures on soil bulk density and porosity for different soils


	Location
	 Soil
	Study type
	Study duration
	 BC type
	Pyrolysis temp
	BC rate
	Bulk density
	 Decrease in bulk density
	Increase in porosity
	References

	 
	
	
	
	
	(°C)
	
	Mg m-3
	%

	 

	Germany
	Sand, loamy sand
	Column
	-
	Feedstock maize
	750
	0, 1, 2.5, 5%
	1.50
	3-25
	3-31
	Abel et al. (2013)

	 
	Loamy sand
	Field
	6 mo
	ProFagus 
	550
	0, 1, 2.5, 5%
	1.41
	1-15
	0.2-15
	 

	USA
	Coarse sand
	 
	- 
	Pine wood chips and macadamia 
	n/a
	0%, 5%
	Decreased
	6
	 
	Lim et al. (2017)

	USA
	Sandy loam
	Greenhouse
	<2 mo
	Peanut hulls
	500
	0, 25, 50, 75, and 100%
	Reduced
	18-73
	10-55
	Githinji et al. (2014)

	USA
	Silica sand
	Lab
	-
	Mesquite
	400
	0%
	1.62a
	
	12- 41
	Liu et al. (2016)

	 
	
	
	
	
	
	2%
	1.45b
	10
	.
	 

	 
	
	
	
	
	
	4%
	1.34c
	17
	.
	 

	 
	
	
	
	
	
	6%
	1.28d
	21
	.
	 

	 
	
	
	
	
	
	8%
	1.20e
	26
	.
	 

	 
	
	
	
	
	
	10%
	1.11f
	31
	.
	 

	USA
	Compacted horizon of sandy loam
	Incubation
	128 d
	Pine chips, poultry litter and as blend
	 
	0%
	Reduced and/or no change 
	.
	Increased
	Novak et al. (2016)

	 
	
	
	
	
	500
	2%
	
	.
	
	 

	Srilanka
	Sand
	Lab
	6 mo
	Rice husk
	~600
	0%
	1.48a
	.
	.
	Gamage et al. (2016)

	 
	
	
	
	
	
	0.1%
	1.39b
	6
	7
	 

	 
	
	
	
	
	
	0.5%
	1.32c
	12
	14
	 

	 
	
	
	
	
	
	1%
	1.27c
	17
	18
	 

	 
	Sandy loam
	
	
	
	
	0%
	1.41b
	.
	.
	 

	 
	
	-
	-
	-
	-
	0.1%
	1.31cd
	8
	8
	 

	 
	
	
	
	
	
	0.5%
	1.28de
	10
	11
	 

	 
	 
	 
	 
	 
	 
	1%
	1.24e
	14
	13
	 

	Poland
	 Loamy sand
	Greenhouse
	 3 mo
	Miscanthus and winter wheat
	300
	0.5%
	1.599a
	.
	.
	Glab et al. (2016)

	 
	
	
	
	
	
	1%
	1.547b
	3
	5
	 

	 
	
	
	
	
	
	2%
	1.466c
	9
	12
	 

	 
	 
	 
	 
	 
	 
	4%
	1.330d
	20
	24
	 

	Poland
	Sandy loam
	Field
	1.5 yr
	Wood
	350-400
	0 Mg ha-1
	1.18a
	.
	Increased
	Usowicz et al. (2016)

	 
	
	
	
	
	
	10 Mg ha-1
	1.20a
	.
	.
	 

	 
	
	
	
	
	
	20 Mg ha-1
	1.04b
	13
	.
	 

	 
	 
	 
	 
	 
	 
	30 Mg ha-1
	1.00b
	18
	.
	 

	Austria
	 Sandy loam
	Greenhouse
	3 yr
	Control
	525
	0%
	1.43f
	.
	-
	Burrell et al. (2016)

	 
	
	
	
	Wheat straw
	
	3%
	1.17a
	22
	.
	 

	 
	
	
	
	Woodchip
	
	3%
	1.24bc
	15
	.
	 

	 
	
	
	
	Vineyard waste
	
	3%
	1.27cd
	13
	.
	 

	 
	
	
	
	Vineyard waste
	400
	
	1.23abc
	.
	.
	 

	 
	
	
	
	Control
	
	0%
	1.36ef
	.
	.
	 

	 
	
	
	
	Woodchip
	
	3%
	1.22abc
	11
	.
	 

	 
	
	
	
	Control
	
	0%
	1.31de
	.
	.
	 

	 
	 
	 
	 
	Woodchip
	 
	3%
	1.18ab
	15
	.
	 

	China
	 Sandy loam
	Field
	 4 yr
	Wheat straw
	350-500
	0, 5 and 10 Mg ha-1
	Reduced
	2.9
	n/a
	Qin et al. (2016)

	China
	Sandy loam
	Field
	4 yr
	Wheat straw
	350-550
	0 Mg ha-1
	1.13a
	.
	n/a
	Zheng et al. (2016)

	 
	
	
	
	
	
	20 Mg ha-1
	1.09ab
	.
	.
	 

	 
	 
	 
	 
	 
	 
	40 Mg ha-1
	1.06b
	7
	.
	 

	India
	Sandy loam
	 
	3 yr
	Corn, cotton, and red grama stalk, and mesquite
	350-400
	0 Mg ha-1
	1.42a
	.
	Increased
	Pandian et al. (2016)

	 
	
	
	
	
	
	2.5 Mg ha-1
	1.37b
	4
	.
	 

	 
	 
	 
	 
	 
	 
	5Mg ha-1
	1.36b
	4
	.
	 

	Korea
	Sandy loam
	Incubation
	30d
	Dried corn residue
	500
	0%
	1.26a
	.
	.
	Igalavithana et al. (2017)

	 
	
	
	
	
	
	2%
	1.24ab
	.
	.
	 

	 
	
	
	
	
	
	5%
	1.21b
	.
	.
	 

	 
	
	
	
	
	
	7.5%
	1.15c
	.
	.
	 

	 
	 
	 
	 
	 
	 
	10%
	1.01d
	.
	.
	 

	Zambia
	 Sandy loam, loamy sand, and sand
	Field
	1 yr
	Corn cob and rice husk
	350
	0-4%
	Reduced
	up to 20
	2-12
	Obia et al. (2016)

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Germany
	Sandy, and sandy loam
	Laboratory
	-
	Mango tree
	600
	0%, 2.5%, 5%
	
	
	No significant effect
	Villagra-Mendoza and Horn, 2018

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Australia
	Bauxite-processing residue sand
	Lab
	6 wk
	Municipal green waste
	450
	0 Mg ha-1
	1.65a
	 
	 
	 

	 
	
	
	
	
	
	40 Mg ha-1
	1.55b
	
	Increased microporosity
	 

	 
	
	
	
	
	
	 80 Mg ha-1
	1.44c
	
	
	Jones et al. (2010)

	UK
	Sandy loam
	Lab incubation
	~8 wk
	Hardwood (oak, cherry and ash)
	400
	Field moist control
	0.75a
	.
	.
	Case et al., (2012)

	 
	
	
	
	
	
	0%
	0.95bc
	.
	.
	 

	 
	
	
	
	
	
	1%
	0.90bc
	.
	.
	 

	 
	
	
	
	
	
	2%
	0.89bc
	.
	.
	 

	 
	
	
	
	
	
	5%
	0.87bc
	.
	.
	 

	 
	 
	 
	 
	 
	 
	10%
	0.84ab
	.
	.
	 

	Brazil
	Sandy loam
	Greenhouse
	67 days
	Euclyptus
	350
	0, 5, 10, 20, 40, 60 g kg-1
	
	Lower BD at 20, 40 and 60 g kg-1 for 2.5-0.5 mm biochar particles
	Increased microporosity at 60 g kg-1
	Tanure et al. (2019)

	Ghana
	Sandy
	Field study 
	3 mo
	Rice straw
	550
	0%
	1.47a
	.
	.
	Arthur and Ahmed (2017)

	 
	
	
	3 mo
	
	
	3%
	1.20b
	32 
	22 
	 

	 
	
	
	15 mo
	
	
	0%
	1.51a
	.
	.
	 

	 
	 
	 
	15 mo
	 
	 
	3%
	1.32b
	12 
	15
	 

	USA
	Loam, clay loam, and silty clay loam
	 Field
	3yr
	 Hardwood
	~400
	0, 9.9, and 18 Mg ha-1
	No effect
	.
	-
	Rogovska et al. (2016)

	Australia
	Clay loam
	Field
	2 yr
	Tree residues
	600
	0 and 20 Mg ha-1
	Reduced
	.
	.
	Prober et al. (2014)

	Italy
	Silty clay loam
	Field
	3 mo
	 
	 
	0 Mg ha-1
	1.07a
	.
	.
	Andrenelli et al. (2016)

	 
	
	
	
	Wheat bran (B1)
	800
	14 Mg ha-1
	0.93b
	15
	.
	 

	 
	 
	 
	 
	Wheat bran (B2)
	1200
	14 Mg ha-1
	0.96b
	11
	7
	 

	Ghana
	Sandy clay loam
	Field
	3yr
	Rice straw
	550
	0 Mg ha-1
	1.51a
	No effect
	Increased
	Obour et al. (2019)

	
	
	
	
	
	
	15 Mg ha-1
	1.54a
	
	
	

	
	
	
	
	
	
	30 Mg ha-1
	1.49a
	
	
	

	China
	Loam, clay loam, and silty clay loam
	Field
	4yr
	 Peanut shells
	350-500
	0 Mg ha-1
	1.36a
	.
	.
	Du et al. (2016)

	 
	 
	 
	 
	 
	 
	28 Mg ha-1
	1.31b
	4
	15
	 

	China
	Clay loam
	Field
	3 yr
	Corn straw and peanut hulls
	-
	0 Mg ha-1
	1.36a
	.
	-
	Ma et al. (2016)

	 
	 
	 
	 
	 
	 
	7.8 Mg ha-1
	1.24b
	10
	.
	 

	China
	Clay loam
	 Field
	2 yr
	 Corn residues
	400
	0%
	1.35a
	.
	.
	Xiao et al. (2016)

	 
	
	
	
	
	
	10%
	1.30ab
	.
	.
	 

	 
	
	
	
	
	
	20%
	1.24b
	9
	.
	 

	 
	 
	 
	 
	 
	 
	30%
	1.23b
	10
	13
	 

	USA
	Portneuf silt loam
	Field
	6yr
	Oak and hickory hardwood sawdust
	500
	0, 1, 2%, 1% biochar + 2% manure 
	
	11
	
	Lentz et al. (2019)

	USA
	Loam
	Field 
	2 yr
	Wood
	500-575
	0, 19, 38, 58, 77, and 96 Mg ha-1
	Linear decrease
	.
	- 
	Rogovska et al. (2014)

	Japan
	Loam
	Pots
	100d
	Rice husk
	750
	0 Mg ha-1
	1.29a
	.
	Increased
	Pratiwi and Shinogi (2016)

	 
	
	
	
	
	
	2 Mg ha-1
	1.25a
	.
	.
	 

	 
	 
	 
	 
	 
	 
	4 Mg ha-1
	1.13b
	12
	.
	 


-Not available


