Biochar applications influence soil physical and chemical properties, microbial diversity, and crop productivity: a meta-analysis
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Supplementary table 1. Literature database use in meta-analysis.
	Author and year
	Experimental Parameters
	Target Parameters

	
	Feedstock
	Pyrolysis temp.
	Application rate
	Experimental setting
	Soil texture
	Soil pH
	Soil EC
	Soil Organic Carbon
	Soil CEC
	Bulk density
	Porosity
	Bacterial (Shannon Index)
	Fungal (Shannon Index)
	Crop productivity

	Abujabhah et al. 2016a
	x
	x
	x
	x
	x
	x
	x
	x
	
	
	
	
	
	

	Abujabhah et al. 2016b
	x
	x
	x
	x
	x
	
	x
	
	
	
	
	x
	
	

	Abujabhah et al. 2018
	x
	x
	x
	x
	x
	
	x
	
	
	
	
	x
	
	

	Adekiya et al. 2019
	x
	x
	x
	x
	x
	x
	
	x
	
	x
	x
	
	
	x

	Ahmed & Schoenau, 2015
	x
	x
	x
	x
	x
	x
	
	x
	
	
	
	
	
	x

	Arif et al. 2016
	x
	x
	x
	x
	x
	x
	
	x
	
	
	
	
	
	x

	Bai et al. 2020
	x
	x
	x
	x
	x
	x
	
	x
	x
	
	
	x
	
	

	Bass et al. 2016
	x
	x
	x
	x
	
	x
	x
	x
	x
	x
	x
	
	
	

	Bista et al. 2019
	x
	x
	x
	x
	x
	x
	
	x
	
	
	
	
	
	

	Burell et al. 2016
	x
	x
	x
	x
	x
	x
	x
	
	
	x
	
	
	
	

	Butnan et al. 2014
	x
	x
	x
	x
	x
	x
	
	
	
	
	
	
	
	x

	Chathurika et al. 2020
	x
	x
	x
	x
	x
	x
	
	x
	x
	
	
	
	
	

	Chen et al. 2015
	x
	x
	x
	x
	x
	x
	
	x
	
	x
	
	x
	
	

	Chen et al. 2018
	x
	x
	x
	x
	x
	
	
	x
	
	x
	
	x
	x
	

	Chen et al. 2019
	x
	x
	x
	x
	x
	
	
	
	
	
	
	x
	x
	

	Cheng et al. 2018
	x
	x
	x
	x
	x
	x
	
	
	
	
	
	x
	
	

	Cheng et al. 2019
	x
	x
	x
	x
	x
	x
	
	
	
	
	
	x
	
	

	Chintala et al. 2014
	x
	
	x
	x
	x
	x
	x
	
	x
	
	
	
	
	

	Cole et al. 2019
	x
	x
	x
	x
	x
	x
	
	
	
	
	
	x
	
	

	Curaqueo et al. 2014
	x
	x
	x
	x
	x
	x
	
	x
	
	x
	x
	
	
	x

	Doan et al. 2017
	x
	x
	x
	x
	x
	x
	
	
	
	
	
	x
	
	

	Dokoohaki et al. 2017
	x
	x
	x
	x
	x
	
	
	
	
	x
	x
	
	
	

	Dume et al. 2016
	x
	x
	x
	x
	x
	x
	
	x
	x
	
	
	
	
	

	Gamage et al. 2016
	x
	x
	x
	x
	x
	x
	x
	x
	
	x
	x
	
	
	

	Gao & DeLuca, 2018
	x
	x
	x
	x
	x
	x
	
	
	
	
	
	x
	x
	

	Gao et al. 2019
	x
	x
	x
	x
	x
	x
	x
	
	
	
	
	x
	
	

	Gao et al. 2021
	x
	x
	x
	x
	x
	x
	
	x
	
	
	
	x
	
	

	Ghorbani et al. 2019
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	
	
	

	Hearth et al. 2013
	x
	x
	x
	x
	x
	x
	
	
	
	x
	
	
	
	

	Hseu et al. 2014
	x
	x
	x
	x
	
	
	
	
	
	x
	x
	
	
	

	Ippolito et al. 2015
	x
	x
	x
	x
	x
	x
	
	x
	
	
	
	
	
	

	Jiang et al. 2017
	x
	x
	x
	x
	x
	x
	
	x
	
	
	
	x
	
	

	Jien & Wang 2013
	x
	x
	x
	x
	
	x
	
	x
	x
	x
	x
	
	
	

	Jin et al. 2016
	x
	x
	x
	x
	x
	x
	
	x
	x
	
	
	
	
	

	Kartika et al. 2018
	x
	
	x
	x
	
	x
	
	x
	x
	
	
	
	
	x

	Kloss et al. 2014
	x
	
	x
	x
	x
	x
	x
	x
	x
	
	
	
	
	

	Laghari et al. 2015
	x
	x
	x
	x
	x
	x
	x
	x
	x
	
	
	
	
	x

	Li et al. 2018
	x
	x
	x
	x
	
	
	
	x
	
	x
	x
	
	x
	x

	Lu et al. 2015
	x
	x
	x
	x
	x
	
	
	
	
	
	
	x
	x
	

	Lusiba et al. 2016
	x
	x
	x
	x
	x
	
	
	
	
	x
	x
	
	
	

	Mbah et al. 2017
	x
	x
	x
	x
	
	x
	
	x
	
	x
	x
	
	
	

	Meier et al. 2017
	x
	x
	x
	x
	x
	x
	x
	
	
	
	
	x
	
	

	Meng et al. 2019
	x
	x
	x
	x
	x
	
	
	
	
	
	
	x
	x
	

	Mensah & Frimpong, 2018
	x
	x
	x
	x
	x
	x
	
	x
	x
	
	
	
	
	

	Mukherjee & Lal, 2013
	x
	x
	x
	x
	x
	x
	x
	x
	
	x
	
	
	
	

	Nguyen et al. 2018
	x
	x
	x
	x
	x
	x
	x
	
	
	
	
	x
	
	

	Nigussie et al. 2012
	x
	x
	x
	x
	
	x
	x
	x
	x
	
	
	
	
	

	Pandian et al. 2016
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	x
	
	
	x

	Sun et al. 2016
	x
	x
	x
	x
	
	x
	
	x
	x
	
	
	
	
	

	Sun et al. 2020
	x
	x
	x
	x
	x
	
	
	
	
	
	
	x
	x
	

	Tammeorg et al. 2014a
	x
	x
	x
	x
	
	x
	x
	x
	
	x
	x
	
	
	x

	Tammeorg et al. 2014b
	x
	x
	x
	x
	x
	x
	x
	
	
	x
	x
	
	
	x

	Wang et al. 2020
	x
	x
	x
	x
	x
	
	
	
	
	
	
	x
	x
	

	Xu et al. 2015
	x
	x
	x
	x
	
	x
	x
	x
	x
	
	
	x
	
	

	Xu et al. 2018
	x
	x
	x
	x
	x
	x
	x
	
	
	
	
	
	
	

	Yao et al. 2017
	x
	x
	x
	x
	
	x
	x
	x
	
	x
	
	
	x
	

	Yu et al. 2018
	x
	x
	x
	x
	x
	x
	
	
	
	
	
	x
	
	

	Zheng et al. 2016
	x
	x
	x
	x
	x
	x
	
	x
	
	x
	
	x
	x
	

	Zhu et al. 2019
	x
	x
	x
	x
	x
	x
	
	x
	
	
	
	x
	
	





Supplementary table 2. Matrix of studies that provided data for each categorical grouping on which the meta-analyses were conducted.
	Grouping
	Sub-heading
	Number of studies
	Authors

	Biochar application rate
	Low (1-39 t ha-1)
	45
46
	Adekiya et al. 2019, Ahmed & Schoenau 2015, Arif et al. 2016, Bai et al. 2020, Bass et al. 2016, Bista et al. 2019, Butnan et al. 2015, Chathurika et al. 2016, Chen et al. 2018, Chen et al. 2015, Chen et al. 2019, Cheng et al. 2018, Cheng et al. 2019, Curaqueo et al. 2014, Doan et al. 2014, Gamage et al. 2016, Gao and DeLuca, 2018, Gao et al. 2021, Gao et al. 2019, Ghorbani et al. 2019, Hearth et al. 2013, Ippolito et al. 2015, Jin et al. 2015, Kartika et al. 2018, Kloss et al. 2014, Laghari et al. 2015, Li et al. 2018, Jiang et al. 2017, Lu et al. 2015, Lusiba et al. 2016, Mbah et al. 2017, Meier et al. 2017, Meng et al., 2019, Dume et al. 2016, Mukherjee and Lal, 2014, Nguyen et al. 2018, Nigussie et al. 2012, Pandian et al. 2016, Sun et al. 2020, Tammeorg et al. 2014a, Tammeorg et al. 2014b, Wang et al., 2020, Xu et al. 2015, Yu et al. 2018, Zheng et al. 2016, Zhu et al. 2019

	
	Medium (40-79 t ha-1)
	11
	Abujabhah et al. 2016a, Abujabhah et al. 2016b, Abujabhah et al. 2018, Chintala et al. 2014, Cole et al. 2019, Dokoohaki et al. 2017, Hseu et al. 2014, Jien & Wang, 2013, Sun et al. 2016, Xu et al. 2018, Yao et al. 2017

	
	High (> 80 t ha-1)
	3
	Burell et al. 2016, Kloss et al. 2014, Mensah & Frimpong, 2018

	Feedstock
	Wood
	23
	Abujabhah et al. 2016b, Abujabhah et al. 2018, Adekiya et al. 2019, Ahmed et al. 2015, Arif et al. 2016, Bass et al. 2016, Bista et al. 2019, Burell et al. 2016, Butnan et al. 2015, Chathurika et al. 2016, Cole et al. 2019, Dokoohaki et al. 2017, Gao and DeLuca, 2018, Jien & Wang, 2013, Kloss et al. 2014, Lusiba et al. 2016, Mbah et al. 2017, Mukherjee and Lal, 2014, Nguyen et al. 2018, Tammeorg et al. 2014a, Tammeorg et al. 2014b, Xu et al. 2018, Yu et al. 2018

	
	Herbaceous
	24
	Abujabhah et al. 2016a, Ahmed & Schoenau 2015, Bai et al. 2020, Burell et al. 2016, Chen et al. 2018, Chen et al. 2015, Chen et al. 2019, Cheng et al. 2018, Cheng et al. 2019, Chintala et al. 2014, Gao et al. 2021, Gao et al. 2019, Hearth et al. 2013, Ippolito et al. 2015, Li et al. 2018, Lu et al. 2015, Meng et al., 2019, Nigussie et al. 2012, Pandian et al. 2016, Sun et al. 2016, Sun et al. 2020, Wang et al., 2020, Yao et al. 2017, Zheng et al. 2016, Zhu et al. 2019

	
	Lignocellulosic waste
	11
	Curaqueo et al. 2014, Gamage et al. 2016, Ghorbani et al. 2019, Hseu et al. 2014, Kartika et al. 2018, Kloss et al. 2014, Laghari et al. 2015, Jiang et al. 2017, Mensah & Frimpong, 2018, Dume et al. 2016, Xu et al. 2015

	
	Manure
	3
	Doan et al. 2014, Jin et al. 2015, Meier et al. 2017

	Experimental setting
	Field
	28
	Abujabhah et al. 2016a, Adekiya et al. 2019, Arif 2016, Bai et al.2020, Bass et al. 2016, Chen et al. 2018, Chen et al. 2015, Chen et al. 2019, Cheng et al. 2019, Cole et al. 2019, Curaqueo et al. 2014, Gao et al. 2021, Li et al. 2018, Lu et al. 2015, Lusiba et al. 2016, Mbah et al. 2017, Mukherjee and Lal, 2014, Nguyen et al. 2018, Pandian et al. 2016, Tammeorg et al. 2014a, Tammeorg 2014b, Wang et al., 2020, Xu et al. 2015, Xu et al. 2018, Yao et al. 2017, Yu et al. 2018, Zheng et al. 2016, Zhu et al. 2019

	
	Greenhouse
	21
	Abujabhah et al. 2016, Abujabhah et al. 2018, Ahmed & Schoenau, 2015, Bista et al. 2019, Burell et al. 2016, Butnan et al. 2015, Chathurika et al. 2016, Cheng et al. 2018, Dokoohaki et al. 2017, Gao and DeLuca, 2018, Gao et al. 2019, Kartika et al. 2018, Kloss et al. 2014, Laghari et al. 2015, Jiang et al. 2017, Meier et al. 2017, Meng et al., 2019, Mensah & Frimpong, 2018, Nigussie et al. 2012, Sun et al. 2016, Sun et al. 2020

	
	Lab
	10
	Chintala et al. 2014, Doan et al. 2014, Gamage et al. 2016, Ghorbani et al. 2019, Hearth et al. 2013, Hseu et al. 2014, Ippolito et al. 2015, Jien & Wang, 2013, Jin et al. 2015, Dume et al. 2016

	Pyrolysis temperature
	 ≤500°C
	31
	Ahmed & Schoenau, 2015, Arif et al. 2016, Burell et al. 2016, Butnan et al. 2015, Chen et al. 2018, Chen et al. 2015, Chen et al. 2019, Cheng et al. 2018, Cole et al. 2019, Curaqueo et al. 2014, Dokoohaki et al. 2017, Ghorbani et al. 2019, Hearth et al. 2013, Hseu et al. 2014, Ippolito et al. 2015, Jin et al. 2015, Kartika et al. 2018, Kloss et al. 2014, Laghari et al. 2015, Li et al. 2018, Jiang et al. 2017, Lu et al. 2015, Lusiba et al. 2016, Mbah et al. 2017, Meier et al. 2017, Mensah & Frimpong, 2018, Dume et al. 2016, Nigussie et al. 2012, Pandian et al. 2016, Sun et al. 2016, Zheng et al. 2016, Zhu et al. 2019

	
	> 500°C
	28
	Abujabhah et al. 2016a, Abujabhah et al. 2016b, Abujabhah et al. 2018, Adekiya et al. 2019, Bai et al. 2020, Bass et al. 2016, Bista et al. 2019, Burell et al. 2016, Butnan et al. 2015, Chathurika et al. 2016, Cheng et al. 2019, Chintala et al. 2014, Doan et al. 2014, Gamage et al.  2016, Gao and DeLuca, 2018, Gao et al. 2021, Gao et al. 2019, Jien & Wang, 2013, Kloss et al. 2014, Meng et al., 2019, Mukherjee and Lal, 2014, Nguyen et al. 2018, Sun et al. 2020, Tammeorg et al. 2014a, Tammeorg et al. 2014b, Wang et al., 2020, Xu et al. 2015, Xu et al. 2018, Yao et al. 2017, Yu et al. 2018

	Soil type
	Coarse
	29
	Abujabhah et al. 2016a, Abujabhah et al. 2016b, Abujabhah et al. 2018, Adekiya et al. 2019, Bai et al. 2020, Burell et al. 2016, Butnan et al. 2015, Chathurika et al. 2016, Chen et al. 2018, Chen et al. 2015, Dokoohaki et al. 2017, Gamage et al. 2016, Gao and DeLuca, 2018, Gao et al. 2021, Gao et al. 2019, Ghorbani et al. 2019, Kloss et al. 2014, Laghari et al. 2015, Li et al. 2018, Lusiba et al. 2016, Mbah et al. 2017, Meier et al. 2017, Mensah & Frimpong, 2018, Pandian et al. 2016, Sun et al. 2016, Tammeorg et al. 2014b, Xu et al.2015, Xu et al. 2018, Zheng et al. 2016

	
	Medium 
	19
	Abujabhah et al. 2016b, Abujabhah et al. 2018, Ahmed & Schoenau, 2015, Bista et al. 2019, Burell et al. 2016, Chen et al. 2015, Cheng et al. 2019, Cole et al. 2019, Curaqueo et al. 2014, Doan et al. 2014, Hearth et al. 2013, Ippolito et al. 2015, Jin et al. 2015, Kartika et al. 2018, Kloss et al. 2014, Jiang et al. 2017, Mukherjee & Lal, 2014, Tammeorg et al. 2014a, Zhu et al. 2019

	
	Fine
	24
	Abujabhah et al. 2016b, Abujabhah et al. 2018, Arif et al. 2016, Bass et al. 2016, Burell et al. 2016, Butnan et al. 2015, Chathurika et al. 2016, Chen et al. 2019, Cheng et al. 2018, Chintala et al. 2014, Curaqueo et al. 2014, Hseu et al. 2014, Jien & Wang, 2013, Jin et al. 2015, Lu et al. 2015, Lusiba et al. 2016, Meng et al., 2019, Dume et al. 2016, Nguyen et al. 2018, Nigussie et al. 2012, Sun et al. 2020, Wang et al., 2020, Yao et al. 2017, Yu et al. 2018





Studies included in the meta-analysis
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