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Table S1: Physiochemical composition of biochar and bone char derived from various feedstocks and pyrolyzed at various temperatures 

Feedstock Material Pyrolysis 
Temp. (℃)

EC 
(dS m–1)

pH Surface Area 
(m2 g–1) 

Chemical Composition (%) Reference 
C H O N P Ca 

Manure Dairy manure 100  8.1 1.8 36.8   3.12   (Cao and Harris, 2010) 
Dairy manure 200  7.1 2.7 31.1   2.98   (Cao and Harris, 2010) 

Bone-biochar Cod fish bones 200    20.13   6.25 9.21 17.68 (Piccirillo et al., 2017) 
Crop residues Sugarcane bagasse 300  4.97 224 80.9  17.2 1.18   (Mubarik et al., 2016) 

Corn straw 300   88.6       (Lian et al., 2015) 
Rice straw 300   60.7 80.0  17.2 1.16   
Canola straw 300  7.07  59.6   10.14   (Yuan and Xu, 2011) 
Corn Stover 300  7.31  69.9 4.04 13.6 0.94   (Chen et al., 2016) 
Maize 300 3.4 9.84 1 48.9 3.54 23.9 1.25   (Wang et al., 2015) 
Maize straw 300 1.62 7.41  61.2 4.5 31.8    (Xiao et al., 2019) 
Bagasse  300  7.3 5.2 69.5 4.2 24.4 0.9   (Sun et al., 2014) 

Wood  Bamboo  300  7.9 1.3 66.2 4.7 27.7 0.4   
Hickory wood 300  7.1 0.09 69.1 4.85 24.4 0.39   
Quickstick wood 300 5.2 7.98        (Gunarathne et al., 2020) 
Yak manure 300   3.6 41.6 1.9 27.4 3.2   (Zhang et al., 2018) 
Cow manure 300  8.48 3.52 34.3 3.31  2.55   (Qin et al., 2019) 

Bone char Fish 300   24.2       (Brunson and Sabatini, 
2009) 

Bone-biochar Cow bone meal 300   2.76 45.53 4.36 19.25 4.59 8.84 16.15 (Xiao et al., 2020b) 
Cow bone meal-Fe 300   12.94 44 4.19 15.9 4.8 5.72 11.3 (Xiao et al., 2020c) 
Magnetic cow bone 
meal 

300   35.49 43.68 4.22 20.9 4.35 9.05 17.19 (Xiao et al., 2020b) 

Cow bone meal-Mn 300   6.92 32.1 3.65 25 1.91 8.7 15.3 (Xiao et al., 2020c) 
 chicken bones 350   36.74 13.89 1.56 14.55 2.19   (Yang et al., 2020) 

 
Crop residues Rice husk 350  8.3  47.8 2.37  0.82   (Obia et al., 2016) 



Maize cob 350  8.8  53.8 2.36  0.65   
Maize straw 350  7.9 6.71 58.9 3.36 21.3 1   (Ren et al., 2016) 
Rice straw 350  7.8 9.01 44.5 2.69 22.1 1.64   
Sugarcane bagasse 350 0.3 6.68  49.7      (Azeem et al., 2020) 
Sugarcane bagasse 350   159 59 4 37 1   (Batista et al., 2018) 

Manure Dairy manure 350  10.1 7.1 25.2   2.22   (Cao and Harris, 2010) 
Charcoal Charcoal fines 350   43 52 3 43 2   (Batista et al., 2018) 
Crop residues Rice husk 400  6.84  44.6 2.5 16.3 0.69   (Jindo et al., 2014) 

Sugarcane bagasse 400  5.93 362       (Mubarik et al., 2016) 
Wheat straw 400 0.1 8.2  57.8 3.2 21.6 1.5   (Gai et al., 2014) 
Corn straw 400 0.35 10.2  56.1 4.3 22 2.3   
Rice husk 400  6.84  44.6 2.5 16.3 0.69   (Jindo et al., 2014) 
Corn Stover 400  7.79  74.8 3.15 6.18 1.05   (Chen et al., 2016) 
Corn stalk 400    50 3.3 15 0.96   (Rombolà et al., 2015) 
Sugarcane bagasse 400 0.31 7.95  49.7   1.51   (Irfan et al., 2019) 
Chinese rice straw 400  7.84  61.7 3.41  1.27   (Yoo et al., 2016) 
Korean rice straw 400  6.75  50.5 3.62  0.89   

Manure Swine manure  400 0.73 9.86  35.86 2.12 13.09 2.57   (Meng et al., 2013) 
Swine manure 400  11.6  36.71   3.22   (Liang et al., 2018) 
Poultry manure 400  10.87 4.3 22.04 0.87 75.45 0.95   (Hadroug et al., 2019) 
Cow manure 400  9.18 5.01 36.9 2.67  2.62   (Qin et al., 2019) 

Bone char Fish 400   98.7       (Brunson and Sabatini, 
2009) 

Cattle bones 400  7.6 82.2 12.5    13.4  (Warren et al., 2009) 
Cow 400   110       (Chatterjee et al., 2018) 
Cattle bones 400   114.19       (Patel et al., 2015) 

Bone-biochar Cod fish bones 400    13.47   3.36 11.84 22.65 (Piccirillo et al., 2017) 
 Fish bones 400   81.8 13.21 1.03 3.22 1.84   (Abdin et al., 2020) 
 bone meal+chicken 400 0.47 9.8  33.9 2.5  5.2 8.52  (Frišták et al., 2019) 



manure 
Crop residues Maize 450 5.37 10.47 4 53.8 3.11 18.6 1.22   (Wang et al., 2015) 

Bagasse  450  7.5 13.6 78.6 3.52 15.46 0.92   (Sun et al., 2014) 
Wood Bamboo  450  8.5 10.2 76.89 3.55 18.11 0.23   

Hickory wood 450  7.9 12.9 83.62 3.24 11.46 0.17   
Bone char Cattle bones 450   83.948       (Patel et al., 2015) 
Bone-biochar Cow bone meal 450   22.9 42.41 2.35 22.22 4.25 9.58 17.89 (Xiao et al., 2020a) 

Cow bone meal-Fe 450   288 39.2 2.76 15.2 3.41 5.42 10.1 (Xiao et al., 2020c) 
Cow bone meal-Mn 450   32.6 24.2 1.62 23.3 1.52 7.6 13.9 (Xiao et al., 2020c) 
Magnetic cow bone 
meal 

450   199.52 40.21 2.35 23.48 4.04 10.08 19.06 (Xiao et al., 2020a) 

 Swine bone meal 450  9.7 23.5 24 1.3 4.7 2.9 10.2 210 (Vamvuka et al., 2018) 
 Chicken bones 450   116.71 12.74 1.1 13.25 1.7   (Yang et al., 2020) 
Crop residues Rice husk 500  8.99  45.1 1.27 7.12 0.47   (Jindo et al., 2014) 

Sugarcane bagasse 500  6.12 291       (Mubarik et al., 2016) 
Wheat straw 500 0.11 8.3  70.3 2.9 17.7 1.4   (Gai et al., 2014) 
Corn straw 500 0.008 10.4  58 2.7 21.5 2.4   
Canola straw 500  10.2  63.0   0.21   (Yuan et al., 2011) 
Rice husk 500  8.99  45.1 1.27 7.12 0.47   (Jindo et al., 2014) 
Corn Stover 500  8.1  78.1 2.11 3.77 0.92   (Chen et al., 2016) 
Corn stalk 500    51 2.7 14.9 0.91   (Rombolà et al., 2015) 
Maize straw 500 2.23 10.47  67.9 3.3 27.3    (Xiao et al., 2019) 
Rape straw 500 10.89 10.89  67.4 3.5 28    
Wheat straw 500 11.01 11.01  60.2 3.4 35.3    
Sugarcane bagasse 500 1.99 6.28  54.81   1.02   (Abbas et al., 2020) 

Wood Quickstick wood chips 500 9.2 10.82        (Gunarathne et al., 2020) 
Manure Dairy manure 500  10.2 13 1.67   0.04   (Cao and Harris, 2010) 

Sheep manure 500 0.08 10.69 3.12 21.25  1.86 37.45   (Hosseini et al., 2019) 
Cow manure 500  9.36 7.04 37.51 1.99  2.53   (Qin et al., 2019) 



Yak manure 500   17.3 41.3 1.7 24.4 3   (Zhang et al., 2018) 
Bone char Cattle bones 500   69.78       (Patel et al., 2015) 

Fish 500   111       (Brunson and Sabatini, 
2009) 

Cow bones 500  7.55  9      (Olaniyi et al., 2012) 
Bone-biochar Cow bones 500 1.09 8.2 190 10.8 3.69 15.6 2.1 9.8 21 (Azeem et al., 2021) 

Bone meal+chicken 
manure 

500 0.5 10.1  30.3 1.3  5 11.05  (Frišták et al., 2019) 
 

Camel  500   162       (Alqadami et al., 2018) 
Bovine 500   115.565       (Zhou et al., 2019) 
Magnetic Bovine 500   41.773       (Zhou et al., 2019) 
Chicken bone 500   316.05 78.89 3.61 8.93 0.68   (Oladipo et al., 2017) 
Magnetic chicken 
bone 

500   328.06 82.91 3.89 11.03 0.54   (Oladipo et al., 2017) 

Bone char Carbonized bone meal 550   58       (Medellin-Castillo et al., 
2007) 

Bone-biochar Swine bone meal 550  9.9 48.2 21.1 0.9 5.7 2.6 10.5 220 (Vamvuka et al., 2018) 
chicken bones 550   122.81 12.45 0.77 12.25 1.63   (Yang et al., 2020) 

Crop residues Corn straw 600   149 85.9  11.4 0.4   (Lian et al., 2015) 
Rice straw 600   156.2 81.6  14 1.22   
Wheat straw 600 0.14 9.2  73.4 2.1 14.9 1.4   (Gai et al., 2014) 
Corn straw 600 1.94 10.4  58.6 2 18.7 2   
Rice husk 600  9.41  40.3 0.85 9.23 0.37   (Jindo et al., 2014) 
Maize 600 5.09 11.37 70 62.9 1.98 16.2 1.28   (Wang et al., 2015) 
Chinese rice straw 600  9.86  72.8 1.79  1.06   (Yoo et al., 2016) 
Korean rice straw 600  10.54  50.3 1.35  0.87   
Corn stalk 600    50.7 2.4 13 0.81   (Rombolà et al., 2015) 

Wood Hickory wood 600  8.4 401 81.81 2.17 14.03 0.73   (Sun et al., 2014) 
Bagasse  600  7.5 388.3 76.45 2.93 18.33 0.79   
Bamboo  600  9.2 375.5 80.89 2.43 14.87 0.15   



Manure Poultry manure 600  11.47 5.34 21.22 0.54 76.9 0.64   (Hadroug et al., 2019) 
Cow manure 600  9.6 13.93 38.47 1.49  2.15   (Qin et al., 2019) 

Bone char Fish 600   112       (Nigri et al., 2017) 
Cattle bones 600   50.37       (Patel et al., 2015) 

Bone-biochar Cow bone meal 600   52.78 39.49 1.45 24.26 3.42 10.36 19.65 (Xiao et al., 2020a) 
cow bone meal-Fe 600   257 34.8 2.19 16.6 2.47 5.05 9.98 (Xiao et al., 2020c) 
cow bone meal-Mn 600   95.6 21.5 0.88 22.6 0.94 7.22 13.3 (Xiao et al., 2020c) 
Magnetic Cow bone 
meal 

600   313.09 39.11 1.79 24 3.46 10.66 20.37 (Xiao et al., 2020a) 

Fish bones 600   90 9.28 0.56 3.14 0.97   (Abdin et al., 2020) 
 

Cod fish bones 600    11.63   2.53 12.46 23.82 (Piccirillo et al., 2017) 
Chicken  600  8.02 132.6    2.1 20.6 28 (Park et al., 2015) 

Bone char Cow femur residues 650   118 6.28 0.67 26.16 0.87 18.97 46.69 (Rojas-Mayorga et al., 
2013) 

Cow femur bones 650   62       (Rojas-Mayorga et al., 
2015) 

Bone-biochar Camel  650    5.86   1.95 36 38 (El-Refaey et al., 2015) 
 Swine bone meal 650  10.2 39.6 19.1 0.7 7 2.5 10.1 24.1 (Vamvuka et al., 2018) 
 chicken bones 650   140.51 11.26 0.7 10.38 1.24   (Yang et al., 2020) 
Crop residues Wheat straw 700 0.17 9.2  73.9 1.3 14.7 1.2   (Gai et al., 2014) 

Corn straw 700 1.22 10.4  58.9 1.5 16.6 1.6   
Canola straw 700  10.9  56.4   0.07   (Yuan et al., 2011) 
Rice husk 700  9.52  38.8 0.46 12.7 0.26   (Jindo et al., 2014) 
Maize straw 700  10.6 265 43.8 1.47 31.6 1.27   (Ren et al., 2016) 
Rice straw 700  10.6 188 56.7 2.39 2.61 0.1   
Maize straw 700 3.71 10.45  70.9 2.4 24.7    (Xiao et al., 2019) 
Wheat straw 700  10 36 47 1.7  1.6   (Lu et al., 2017) 
Wheat straw 700 0.46 10.3 23.2 69.04 1.18 5.3 1.32   (Meng et al., 2014) 

Wood Quickstick wood chips 700 14.88 10.29        (Gunarathne et al., 2020) 



Bamboo 700  9.5 907.4 83.9 1.4  0.4   (Lu et al., 2017) 
Wood chips 700 0.57 9.5 1.11 65.7 1.7 6.3 0.38   (Meng et al., 2014) 

Manure Swine manure  700 0.83 10.6  33.68 0.76 4.76 1.52   
Cow manure 700  10.36 121.1 36.97 1.09  1.45   (Qin et al., 2019) 
Yak manure 700   82.9 41.2 1.4 20.7 2.7   (Zhang et al., 2018) 

Bone char  Cow femur residues 700   110 6.14 0.62 31.12 0.94 18.16 40.57 (Rojas-Mayorga et al., 
2013) 

Cow femur bones 700   69       (Rojas-Mayorga et al., 
2015) 

0.1M HCL treated cow 
bone 

700   138.8       (Brunson and Sabatini, 
2009) 

Animal bone chips 700-800   40.6 13.01   1.87 15.2 28 (Siebers and Leinweber, 
2013) 

Bone-biochar Cod fish bones 700    12.1   2.9 12.56 23.59 (Piccirillo et al., 2017) 
Crop residues Rice husk 800  9.62  40.4 0.28 2.69 0.22   (Jindo et al., 2014) 
Bone char Cow bone 800   283 11 1.6  4.3   (Moreno et al., 2010) 

Bovine bones  800  8.28 113.3 11.65 1.03 19.3 1.21   (Mendoza-Castillo et al., 
2015) 

Cow femur residues 800    5.62 0.53 27.83 0.91 18.79 44.66 (Rojas-Mayorga et al., 
2013) 

Cow femur bones 800   9       (Rojas-Mayorga et al., 
2015) 

Bone-biochar Animal  800  7.34        (Hairani, 2016) 
Cod fish bones 800    10.57   2.57 12.71 23.96 (Piccirillo et al., 2017) 
Cow bones 800 1.47 10.4 210 7.1 2.58 20.2 1.3 10.8 24.03 (Azeem et al., 2021) 
Cow  850  9.6  6.75 0.4  0.47 11.3 21.9 (Ashry et al., 2016) 

 Cow femur residues 900    5.04 0.13 31.04 1.02 19.72 39.81 (Rojas-Mayorga et al., 
2013) 

 Cow femur bones 900   4       (Rojas-Mayorga et al., 
2015) 

 Sheep bones 900  11.64 69.1 3.07  38.15  19.7 38.03 (Alkurdi et al., 2021) 
Bone-biochar Cod fish bones 900    10.73   1.48 13.31 24.91 (Piccirillo et al., 2017) 

Swine  930        10.8 21 (Novotny et al., 2012) 



Bone char Cow femur residues 1000    4.7 0.03 33.2 1.05 18.24 37.72 (Rojas-Mayorga et al., 
2013) 

Cow femur bones 1000   2       (Rojas-Mayorga et al., 
2015) 

Bone-biochar Cod fish bones 1000    9.6   2.3 14.52 27.17 (Piccirillo et al., 2017) 
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