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Soil organic matter (SOM) is a major carbon pool. It is a 
crucial factor for soil quality including several soil 
physical properties and a major nutrient source for crops. 
It also plays a significant role in the global carbon cycle. 
Soils can act as a carbon sink or source depending on land 
use and agricultural management practices. Some 
practices such as conservation tillage or no-tillage could 
increase SOM stocks, particularly in the topsoil, but in the 
long term it remains to be seen if and how this SOM is 
stabilized (De Clercq et al., 2015; Govaerts et al., 2009).  
In order to evaluate the sustainability and efficiency of 
soil carbon sequestration measures and the impact of 
different management and environmental factors, 
information on SOM stability and mean residence time 
(MRT) is required. However, this information on SOM 
stability and MRT is expensive to determine via 
radiocarbon dating, precluding a wide spread use of 
stability measurements in soil science. But alternative 
methods based on stable carbon and nitrogen isotopes, 
can provide this information at a fraction of the cost.  
As part of the coordinated research project (CRP) on Soil 
Quality and Nutrient Management for Sustainable Food 
Production in Mulch-based Cropping Systems in Sub- 
Saharan Africa (D1.50.12), research is being carried out 
using two stable isotope methods; one developed by 
Balesdent and Balabane (1992) and a new method by 
Conen et al. (2008), to develop a cheaper and more 
accessible technique to determine the stability of SOM. 
Last year, we used both stable isotope techniques to look 
at the impact of long-term conservation tillage on SOM 
distribution, dynamics and stability on four long term 
conservation tillage experiments in Belgium (Figure 1).  
For each treatment and field, six replicates of 1m soil 
cores were sampled in the summer of 2014. The cores 
were divided into 8 different depth layers. Samples from 
depths of 0-5cm, 10-15cm, 40-60cm were divided into 
SOM and aggregate classes according to the fractionation 
schemes described by Conen et al. (2008) and Six et al. 
(2002). The samples from all depth layers, bulk soil and 
fractions, were analysed with an elemental analyser 

coupled to an IRMS for C and N content and their stable 
isotope ratios. 

 

Figure 1. Location of four experimental conservation 
tillage fields in Belgium sampled for this study. 

The soil column sampling showed a significant increase 
in organic carbon content (%) in the 0-5cm soil layer of 
the conservation tillage treatment and a slight increase in 
the total carbon content down to 1m. This increase was 
mainly concentrated in the particulate organic matter and 
the protected micro-aggregate fractions.  
The relative stability of the SOM was calculated in three 
soil layers using the 15N fractionation method developed 
by Conen et al. (2007). A clear increase in SOM relative 
stability could be seen with increasing depth and no 
significant difference was found between both treatments, 
however, a trend indicating decreasing stability with 
conservation tillage was observed.  
When using the method developed by Balesdent and 
Balabane (1992) on one of the sites that had experienced 
a C3 to C4 crop shift, a decreased half-life of the SOM in 
the top 5cm of the conservation tillage treatment was 
found (Figure 2). This decrease corresponds with the 
trend observed by the Conen et al. (2007) method. 
Individually the methods were not powerful enough, but 
combining all measured parameters in a multivariate 
principle components analysis allowed discriminating 
between sampling depth, crop input and land use (till vs 
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no till) systems and getting an indication of the SOM 
stability. 
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Figure 2. Half-life of SOM (in years) calculated 
according to Balesdent and Balabane method for one of 
the four sites. 

The next step is to develop a usable model based on the 
changes in δ13C, δ15N and C and N concentrations in 
different soil fractions (essentially combining the two 
stable isotope approaches used above) to accurately and 
cost effectively determine SOM stability.  
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It is crucial to understand the behavior of radionuclides in 
the environment, their potential mobility and 
bioavailability related to long-term persistence, 
radiological hazards, and impact on human health. Such 
key information is used to develop strategies that support 
policy decisions. The environmental behavior of 
radionuclides depends on ecosystem characteristics. A 
given soil’s capacity to immobilize radionuclides has 
been proved to be the main factor responsible for their 
resulting activity concentrations in plants. The mobility 
and bioavailability of radionuclides in soils is complex, 
depending on clay-sized soil fraction, clay mineralogy, 
organic matter, cation exchange capacity, pH and 
quantities of competing cations. Moreover, plant species 
have different behaviors regarding radionuclide 
absorption depending on soil and plan characteristics.  
The authors have recently reviewed information related to 
the mobility and bioavailability of key artificial and 
natural radionuclides (e.g. 137Cs, 90Sr, 239,240Pu, 241Am, 
238U, 226Ra, 232Th) in different soil types under various 

environmental conditions and identified key knowledge 
gaps (Iurian et al., 2015). The review was published as a 
book chapter in “Radionuclides in the Environment: 
Influence of chemical speciation and plant uptake on 
radionuclide migration” by Springer. The manuscript 
highlights that by changing soil and environmental 
conditions, radionuclides can be converted from a 
potentially mobile to an immobile form or vice versa, 
having a direct effect on their uptake by plants. For 
example, the soil redox potential, the pH, the organic 
matter content and composition, and the sorption to 
mineral soil constituents represent the main factors 
controlling the chemical form of radionuclides in soil.  
This knowledge is particularly useful for developing 
long-term remediation and management strategies for 
terrestrial ecosystems potentially being contaminated by 
artificial radionuclides or radionuclides originating from 
uranium mining legacy sites, with the goal of limiting the 
radionuclides’ transfer to the food chain.  


