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What is ‘biochar’?
Biochar is a carbon-rich material (also known as 

black carbon, charcoal or char) produced through 
the burning of biomass preferably in thermal 
reactors at 300 to 600°C in an oxygen-limited 
environment, a process called pyrolysis.

Claims about biochar: 
§ Carbon negative technology?

Biochar properties:
§ Predominant aromatic structure
§ Highly porous
§ Alkaline (usually)
§ Large specific surface area and CEC
§ Source of many essential nutrients

S. Joseph
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Purpose grown crops?
Plant biomass wastes
Other organic wastes

Biochar for soil application

Soil physical fertility**??
(Soil air and water relations, 
soil structure)

Soil chemical fertility **??
(CEC, pH, nutrient 
availability, C and nutrient)

Soil biological fertility *???
(Microbial biomass, activity, 
diversity)

Bioenergy

Soil fertility Climate mitigation
Food security **??

Fuel saving *???

Fertiliser saving *???

soil water retention **??

Water quality *???

Climate adaptation
Increase soil C***?

Reduce soil N2O emissions 
*???

Enhance soil CH4 uptake / 
reduce CH4 emissions ????

Feedback loop (greater C input)
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Reduced fossil fuel emissions

Benefits of ‘biochar’ production and application?
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CO2 emissionCO2 transferCO2 removal Non CO2 emission

Greenhouse gas balance 
of biochar system

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


Factors contributing to mitigation
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N fertiliser
Animal wastes
Plant N
N-fixation

Reactive sites sorb N2O and 
metal oxides in biochar may 
catalyze N2O reduction

Denitrification

Nitrification

NO2
- NO N2O

N2

N2O

Biochar increases N use 
efficiency reducing

Van Zwieten, Singh et al. (2009). In: Biochar for Environmental Management

Increased soil pH may increase the activity of 
N2O-reductase enzymes and decrease N2O/N2

Increased soil aeration reducing denitrification 
reactions

Immobilisation of available N through enhanced 
microbial growth

Sorption of N species on biochar and oxidation 
over time may increase its sorption capacity
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Laboratory incubation experiment

n To assess the influence of four biochars on the emission of 
N2O and leaching of NO3

--N and NH4
+-N from two contrasting 

soils subjected to 3 W–D cycles over a 5-mo period.

n Four biochars used were: 
• Wood biochar (400 °C, NA) 
• Wood biochar (550 °C, A) 
• Poultry litter biochar (400 °C, NA) 
• Poultry litter biochar (550 °C, A)

§ Two soils used were:
• An Alfisol (sandy loam)
• A Vertisol (cracking clay)
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Laboratory incubation experiment

n Biochars or acid-washed sand (control) 
were mixed with soil.

n Soil−biochar mixtures, adjusted to 0.85 
water-filled pore space were packed to 
1.3 g cm-3 bulk density in PVC columns.

n Glucose-C and nutrient (N, P, K) solution 
were added. 

n Gas samples were collected from the 
enclosed headspace and analysed for 
N2O. 

n Following drying to ~0.3 WFPS, the soils
were rewetted and gas sampling was 
continued. 

n Leachate was collected at the start of the 
second and third W-D cycles.
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Results: Cumulative N2O emissions 
Singh et al. 2010
(JEQ, accepted)
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Results: Inorganic N leaching

Inorganic -N (NH4
+-N, NO3

--N) leaching from two soils (Kurosol, Vertosol) as affected by biochars
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Van Zwieten et al. 

Biochar applied in 2006 and gas flux measurement 
in 2009 using automated chambers
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Project focus: future DAFF funding
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n Biochar application can be effective in reducing N2O emissions 
and N leaching from soils. 

n Initially, in the first 4 months, biochars had inconsistent effects on 
soil N2O emissions and inorganic-N leaching. 

n After 4 months, all biochars tested, including PM400, effectively 
decreased soil N2O emissions by up to 70%, and NH4

+-N leaching 
by up to 94%, relative to the control. 

n We propose that this increased effectiveness of biochars in 
reducing soil N losses over time is due to an increase in sorptive
properties as biochar ‘ages’ through oxidative reactions on the 
biochar surfaces. 

Conclusions
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Results: N2O emission rates

1

10

100

1000

10000

100000

7-Apr 15-Apr 23-Apr 1-May 9-May 17-May 25-May

(+
10

) 
µg

 N
2O

 m
-2

 h
-1

PM400
W400
PM550
W550
Control

Nutrient solution (N,P, K and glucose-C) added

(a)
Mean WFPS: 0.85 0.84      0.78                0.72              0.63                0.53               0.44                                               0.28                                                 

1

10

100

1000

23-Jun 27-Jun 1-Jul 5-Jul 9-Jul 13-Jul 17-Jul

(+
10

) 
µ

g 
N

2O
 m

-2
 h

-1

Nutrient solution (N, glucose-C) added

(b)
Mean WFPS: 0.91                              1.00     0.95              0.85     0.79   0.74               0.63         0.53                         0.38                                                 

1

10

100

1000

4-Aug 9-Aug 14-Aug 19-Aug 24-Aug 29-Aug
The day of gas sampling

Nutrient solution (N, glucose-C) added 

(f)
            0.92                      0.95   0.88             0.73   0.66                 0.51                            0.33                             0.24                                   

1

10

100

1000

4-Aug 9-Aug 14-Aug 19-Aug 24-Aug 29-Aug
The day of gas sampling

(+
10

) µ
g 

N
2O

 m
-2

 h
-1

Nutrient solution (N, glucose-C) added 

(c)
Mean WFPS:  0.92                      0.95    0.88            0.73   0.66                  0.51                           0.33                          0.24                                   

1

10

100

1000

23-Jun 27-Jun 1-Jul 5-Jul 9-Jul 13-Jul 17-Jul

Nutrient solution (N, glucose-C) added

(e)
             0.91                               1.00   0.95               0.85    0.79   0.74                0.63        0.53                          0.38                                                 

1

10

100

1000

10000

100000

7-Apr 15-Apr 23-Apr 1-May 9-May 17-May 25-May

Nutrient solution (N,P, K and glucose-C) added

(d)
         0.85 0.84        0.78                 0.72             0.63                0.53               0.44                                               0.28                                                 

Kurosol Vertosol

Third W-D cycle

Second W-D cycle

First W-D cycle

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com

