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Introduction 
The stability of biochar is of importance both 

in terms of the ability for biochar to act as a 
measure for climate change mitigation and for 
the ability of biochar to provide sustained 
improvement of soil fertility.  

The high resistance to degradation of a 
fraction of biochar is demonstrated by the high 
14C age of charcoal particles [1,2]. Furthermore, 
incubation [3,4] and chronosequence [5] 
experiments have shown that it is degraded 
slowly compared with other types of natural 
organic materials. 

However several aspects of biochar 
degradation are still inadequately studied. The 
effect of the degree of thermal alteration i.e. the 
temperature under which the biochar has been 
produced has mainly been investigated a lower 
temperatures than those relevant for 
commercial biochar production, and hardly 
anything is known about how biochar interacts 
with the mineral soil and how this affects the 
stabilization. Recently, an experiment from 
Sweden indicated the biochar increases the 
degradation of plant litter [6]. If biochar 
increases decomposition of other types of 
organic matter, the release of carbon dioxide 
from the soil organic matter (SOM) may offset 
the carbon sequestered in the biochar.  

We conducted several incubation 
experiments using 14C labelled biochar to 
investigate these issues. In the first experiment, 
14C labelled biochar was produced at different 
temperatures in the range from 400°C to 600°C, 
and incubated in different soils at the same 
water potential. In a second experiment we 
investigated the effect of biochar on the stability 
of other types of organic matter. To investigate 
the effect of biochar on the degradation of 
SOM, a soil that had been incubated 40 years 
ago with 14C labelled barley straw was 
incubated with different amounts of biochar. To 
investigate the effect of biochar on litter 

decomposition, 14C labelled plant material was 
incubated with and without biochar.  

Results and Discussions 
The results of the first experiment showed 

that the stability of biochar is increasing with the 
production temperature. When the production 
temperature increases from 400°C to 500°C, 
the fraction of added C which is evolved as CO2 
is reduced considerably (Figure 1). When the 
production temperature is increased from 
500°C to 600°C a larger fraction of the added C 
is evolved in the beginning of the experiment. 
However, the content at carbonates is also 
greater in the biochar produced at 600°C. 
Therefore, the increased CO2 evolution early in 
the experiment is likely to come from 
carbonates contained in the biochar [7]. After 
the carbonates have disappeared, the CO2 
evolution is lower from the biochar produced at 
600°C than at 500°C.  
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Figure 1. Mineralization of C and C in carbonates of 
biochars produced at 400°C, 500°C and 600°C. 

 
The interpretation that most of the CO2 

evolution early in the experiment stems from 
carbonates is supported by the fact that the 
soils with low pH are releasing CO2 faster in the 



 

 

beginning than the soils with a high pH. Apart 
from the effect of pH, the soil type seemed to 
have little effect on the CO2 evolution. This 
indicates that interactions with the soil matrix do 
not affect the stabilization of biochar within the 
duration of the experiment.  

Although the amount of carbonates in biochar 
would depend very much on the way it is 
produced, the initial burst of CO2 evolution often 
observed in mineralization experiments of 
biochar may in fact come from carbonates. This 
means that the fraction of biochar which is 
easily degraded may be due to carbonates and 
biochar may be more stable than expected from 
the results.  

In the second experiment the 14C labeled 
SOM in the soil labeled 40 years ago 
mineralized more slowly the more biochar that 
was added (Figure 2).  

Figure 2. Mineralizaion of SOM C from a control soil 
and soils amended with different amounts of biochar 
 

The effect of biochar on the mineralization of 
litter was very small. Without biochar 
48%±0.2% of the litter C was mineralized and 
with addition of 0.15% biochar, 45%±1.6% was 
mineralized. 

The reason for the decreased release of CO2 
from SOM and litter upon addition of biochar 
can be manifold. First, the addition of biochar 
may change water availability by absorption. 
Secondly, microorganisms degrading biochar 
may immobilize N and impose N limitation on 
SOM decomposition. The slow decomposition 
of biochar and the fact that N was added to the 
soil means that this is not considered the 
primary reason for the decreased 
decomposition. Addition of biochar increases 
the pH of the soil. However, this would most 
often increase decomposition of SOM. 

Therefore, the reduction of water availability 
may be one of the primary reasons for the 

reduced CO2 evolution resulting from addition of 
biochar. Unfortunately this reduction of water 
availability does not correspond with what 
would happen under field conditions and 
therefore it is problematic to conclude that 
biochar reduces the decomposition of SOM and 
litter. We can however conclude that there was 
no indication that biochar addition decreased 
the stability of litter and SOM.  

Conclusions 
We can conclude that the production 

temperature of biochar affected the stability of 
biochar strongly producing more and more 
stable biochar the higher the temperature. 
However, the CO2 evolution right after the 
addition of the biochar also depends on the 
carbonate content which increases with 
production temperature. 

The fact that the CO2 evolution early in the 
experiment may come from carbonates may 
also be true in other experiments and the 
fraction of biochar which is easily degraded 
may be smaller than expected.  

The pH of the soils also affected the CO2 
evolution from carbonates, but apart from this 
the soil type seemed to have little effect on the 
CO2 evolution. 

 Biochar did not seem to increase the 
mineralization of SOM. On the contrary less 
CO2 was evolved from the incubations with 
large biochar additions. Although this may be 
explained by decreased water availability after 
biochar additions which would not happen 
under field conditions, it must be concluded that 
there was no evidence of decreased stability of 
litter and SOM after biochar addition. 
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