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Soil organic carbon (SOC) models are required for an improved understanding of C
dynamics in soils and for a prognosis at different scenarios. The major weakness of
the present modelling approaches is that our knowledge is limited especially about the
importance of the different mechanisms which control the formation of the passive
pool in which up to 75% of SOC is stabilized.

We developed a conceptual model that integrates recent findings and a range of con-
cepts of stabilization mechanisms especially within the passive pool that are described
in the literature. The evaluation of stabilization mechanisms is demonstrated for a
Dystric Cambisol soil from Germany by regarding data of pool sizes and turnover
times (14C) of operational soil OM fractions in relation to total soil OM and by link-
ing environmental conditions for processes in pedogenesis to stabilization processes.
Fractionation concepts include: Light fraction (LF<1.6 g cm−3) that is controlled by
recalcitrance & aggregation; demineralisation with hydrofluoric acid (HF): HF insol-
uble OM that is also controlled by recalcitrance & spatial accessibility; Dense fraction
(DF >1.6 g cm−3) and HF soluble fraction as mineral associated fractions; OM resis-
tant to hydrogen peroxide oxidation (H2O2) to describe spatial inaccessible OM.

The analyses show that selective preservation of recalcitrant organic matter and bio-
genic aggregation are only important during early decomposition and in active surface



soils. Recalcitrance can not explain long-term stabilization of SOC. Spatial inacces-
sibility and organo-mineral interactions operate at long-term scales and dominate in
subsoils. Some postulated stabilization mechanisms that characterize the formation of
the passive pool are not or only weakly supported by data (intercalation, polymer-
ization, encapsulation). We conclude that major difficulties in the understanding and
prediction of SOM dynamics originate from the simultaneous operation of several
mechanisms. We discuss knowledge gaps and promising directions of future research.


