
Supplementary information 
 
Fig. S1 Absolute (a) and relative (b) values (calculated as the difference in mean OC-derived 
CO2 between N+B and N, N+B and CK) of biochar plus SOC (OC)-derived CO2 emission from 
a calcareous soil in response to ammonium sulphate plus maize-straw-derived biochar (B+N) 
addition during a 70-d incubation. BC-induced represents the relative change of OC-derived 
CO2 emission from the B+N treatment compared with the N treatment. BC-induced represents 
the relative change of OC-derived CO2 emission from the B+N treatment compared with the 
CK treatment. CK stands for unamended control; N stands for Nitrogen treatment (ammonium 
sulphate addition); N+B stands for combined Nitrogen (ammonium sulphate) and Biochar 
(maize-straw-derived biochar) treatment. 
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Table S1 Nitrogen-fertilization-induced SOC loss in cropland. SOC, soil organic carbon. 
 

Location 
Degree of SOC 
losses increased 
by N fertilization 
(%) 

Soil type Fertilizer N rate Method References 

Russia 1 Luvic Chernozem  — C difference 
method 

Blagodatskaya et 
al., 2007 

Finland 29a Peatland 59.5 kg N ha-1 (Slow-
release fertilizer)  

13C natural 
abundance Biasi et al., 2008 -15b 

China 6.5 Aquic inceptisol 150 kg N ha-1 (Urea) C difference 
method Ding et al., 2010 

United States 

-29c 

Kalamazoo, 
Oshtemo, 
Typic Hapludalfs 

134 kg N ha-1 (Urea-
ammonium-N) 

C difference 
method Grandy et al., 2013 

-37c 291 kg N ha-1 (Urea-
ammonium-N) 

-37d 134 kg N ha-1 (Urea-
ammonium-N) 

-25d 291 kg N ha-1 (Urea-
ammonium-N) 

-42e 134 kg N ha-1 (Urea-
ammonium-N) 

-58e 291 kg N ha-1 (Urea-
ammonium-N) 

-55f 134 kg N ha-1 (Urea-
ammonium-N) 

-39f 291 kg N ha-1 (Urea-
ammonium-N) 

Germany -4 Stagnic Luvisol 150 kg N ha-1 

(Ammonium-N) 
C difference 
method Chen et al., 2014 

Germany 

-27 

Luvisol 

75 kg N ha-1 

(Ammonium chloride) 
C difference 
method Zang et al., 2016 -35 150 kg N ha-1 

(Ammonium chloride) 

-42 300 kg N ha-1 

(Ammonium chloride) 

Germany -28 — 160 kg N ha-1 

(Ammonium chloride) 
C difference 
method Kumar et al., 2016 

China 10 — 100 kg N ha-1 (Urea) C difference 
method Qiu et al., 2016 

China 
21 

Fluvic Cambisol 

300 g N kg-1 (Chemical 
N) C difference 

method Meng et al., 2017 
20 600 g N kg-1 (Chemical 

N) 

United States -15 Mollic Haploxeralf — C difference 
method Li et al., 2018 -29 

China 
-36 

Stagnic Anthrosol 160 kg N ha-1 (Urea) C difference 
method Zhu et al., 2018 116 

119 

China 

49 

Eum-Orthic 
Anthrosol 

160 kg N ha-1 (Urea) 

13C natural 
abundance Yu, 2018 

29 160 kg N ha-1 (Urea) + 
Nitrification inhibitor  

43 220 kg N ha-1 

54 220 kg N ha-1 (Urea) +  
Nitrification inhibitor  

China -22 Alfisol 
154 mg N kg-1 

(Ammonium nitrate) C difference 
method Wang et al., 2018 

-28 154 mg N kg-1 (Urea) 
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Italy 1 Typic Dystrudept 50 mg N kg−1 (Urea) C difference 
method 

Fiorentino et al., 
2019 -14 

Trinidad and 
Tobago 

-3 
Fluvo-Aquic 

100 kg N ha-1 

(Ammonium chloride) 13C natural 
abundance 

Bramble et al., 
2020 

-18 4000 kg N ha-1 

(Ammonium chloride) 

-2g 

Mollic Fluvaquents 

100 kg N ha-1 

(Ammonium chloride) C difference 
method 

-13g 4000 kg N ha-1 

(Ammonium chloride) 

-4h 100 kg N ha-1 

(Ammonium chloride) 

13C natural 
abundance 

-16h 4000 kg N ha-1 

(Ammonium chloride) 

-5i 100 kg N ha-1 

(Ammonium chloride) 

-18i 4000 kg N ha-1 

(Ammonium chloride) 

1g 

Typic 
Kanhaplaquults 

100 kg N ha-1 

(Ammonium chloride) C difference 
method 

-22g 4000 kg N ha-1 

(Ammonium chloride) 

-14h 100 kg N ha-1 

(Ammonium chloride) 

13C natural 
abundance 

-43h 4000 kg N ha-1 

(Ammonium chloride) 

1i 100 kg N ha-1 

(Ammonium chloride) 

-16i 4000 kg N ha-1 

(Ammonium chloride) 

China 

-13 

Inceptisol 

75 kg N ha-1 (Urea) 
C difference 
method Jiang et al., 2021 

-20 150 kg N ha-1 (Urea) 
-15 225 kg N ha-1 (Urea) 
-13 300 kg N ha-1 (Urea) 

Mean ± SE -6.9±4.9     
95% 
confidence 
intervals 

-16.6~2.8  
 

 
 

 
Note: awithout and bwith lime application; samples collected on cJune 17, dJuly 09, eAugust 05 and fSeptember 03; 
g, h and i representing three lime rates of 0, 1.36 and 7.94 Mg ha−1 respectively.
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Table S2 Nitrogen-fertilization-induced carbonate loss in cropland. SIC, soil inorganic carbon; 
STC, soil total carbon. Nitrogen-fertilization-induced SIC loss was calculated as the difference 
of SIC loss between N-only addition and control treatments.  
 
Location SIC/STC 

(%) 
SIC loss by 
fertilizer N (%) Soil type Fertilizer N rate Method References 

Finland 13 88 Peatland 59.5 kg N ha-1 (Slow-
release fertilizer)  

13C natural 
abundance 

Biasi et al., 
2008 

Israel 74 268 Typic 
Calciorthid 

1755 kg N ha-1 

(Chicken manure) 
13C natural 
abundance 

Tamir et al., 
2011 

China 66 

4 

— 

45 kg N ha-1 (Urea) 
C difference 
method Li et al., 2014 

7 90 kg N ha-1 (Urea) 
11 135 kg N ha-1 (Urea) 
14 180 kg N ha-1 (Urea) 

China 50 

5 

Eum-Orthic 
Anthrosol 

0.2 g N kg-1 

(Ammonium sulphate) 
Soil sterilization 
with HgCl2 

Meng et al., 
2015 

9 0.3 g N kg-1 

(Ammonium sulphate) 

18 0.4 g N kg-1 

(Ammonium sulphate) 

China 

42 7 

Eum-Orthic 
Anthrosol 

0.3 g N kg-1 

(Ammonium nitrate) 
Soil sterilization 
at 550 ℃ 

Meng et al., 
2017 

42 30 0.3 g N kg-1 (Potassium 
nitrate) 

42 36 0.3 g N kg-1 

(Ammonium sulphate) 

China 69 9 Eum-Orthic 
Anthrosol 

120 kg N ha-1 (Urea) C difference 
method Jin et al., 2018 16 240 kg N ha-1 (Urea) 

China 38 

32 

Eum-Orthic 
Anthrosol 

160 kg N ha-1 (Urea) 

13C natural 
abundance Yu, 2018 

29 160 kg N ha-1 (Urea) + 
Nitrification inhibitor  

101 220 kg N ha-1 

40 220 kg N ha-1 (Urea) +  
Nitrification inhibitor  

China 
 28 

Fluvo-Aquic 
200 kg N ha-1 (Urea) 

C difference 
method 

Dong et al., 
2016  21 400 kg N ha-1 (Urea) 

 23 600 kg N ha-1 (Urea) 

China 

16 -24 

Fluvisol 

270 kg N ha-1 

(Chemical N) 

C difference 
method 

Dong et al., 
2017 

10 -50 

270 kg N ha-1 

(Chemical N) + 94 kg 
N ha-1 (Chicken 
manure) 

30 -8 180 kg N ha-1 

(Chemical N) 

23 -7 
180 kg N ha-1 

(Chemical N) + 96 kg 
N ha-1 (Corn straw) 

Trinidad and 
Tobago 16 

-12 Aquentic 
Eutrudepts 

100 kg N ha-1 

(Ammonium chloride) 13C natural 
abundance 

Bramble et al., 
2020 -17 4000 kg N ha-1 

(Ammonium chloride) 

China 61 
14 

Fluvo-Aquic 

495 kg N ha-1 

(Chemical N) C difference 
method Tian et al., 2022 

13 495 kg N ha-1 

(Chemical N) 
Mean ± SE 24.3±10.2     
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95% confidence 
intervals 4.2-44.4     
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Table S3 Contribution of inorganic C in biochar to total CO2 emission from the biochar only 
incubation 
 

Biochar type 
Biochar-derived 
CO2 Soil pH Incubation time CO2 partitioning method References 
(BIC/BTC) (%) (Days) 

Oak 

60a 

— 365 

 
 
 
 
 
 
 
 
Sterile incubations 
 
 
 
 
 
 
 
 

Zimmerman, 2010 

44b 
77c 
73d 
81e 

Pine 

50a 
76b 
62c 
46d 
68e 

Cedar 

97a 
76b 
53c 
95d 

Bubinga 
88a 
93b 
90d 

Gamma grass 

91a 
74b 
90c 
42d 

Sugar cane 

98a 
40b 
49c 
82d 

Mixed hardwood 50 6.2 2 Acid washed biochar Jones et al., 2011 

Rice straw 29f 5.9 300 Sterilization combined 
with 13C labeling Yang, 2013 32g 5.9 300 

Barley roots 57 5.9 40 Sterilization combined 
with 14C labeling Bruun et al., 2014 

Mean ± SE 68 ± 3.9     
95% confidence 
intervals 60.0~75.4     

 
Note: biochar produced at a250 ℃, b400 ℃, c525 ℃, d650 ℃, e72 hr@650 ℃, f350 ℃ and g500 ℃.  
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