Thermodynamic and Calorimetric Quantification of Soil Organic Matter Turnover.
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Soil organic matter (SOM) turnover is commonly described in terms of carbon pools, microbial activity, and mass balances. However, organic matter entering soil is not only a source of carbon and nutrients, but also a carrier of chemical energy. During microbial decomposition, this energy is partially lost trough respiratory processes and dissipation as heat, while the remaining fraction is conserved in microbial biomass, necromass, and ultimately stabilized SOM. Quantifying these energy transformations may therefore provide an additional perspective on soil carbon cycling and on the mechanisms controlling SOM persistence [1].
In this contribution, I will present how calorimetric and thermodynamic approaches can be used to complement classical carbon-based descriptions of SOM turnover. Isothermal calorimetry and calorespirometry allow microbial heat production to be linked with CO₂ or O₂ fluxes, thereby coupling stoichiometric balances with enthalpy balances and providing access to reaction enthalpies, and energy dissipation during microbial turnover in combination with thermodynamc modelling. These measurements can be further used to estimate thermodynamic state functions such as Gibbs energies and entropies, and use efficiencies of carbon (CUE) and energy (EUE). By combining carbon and energy balances, these approaches make it possible to distinguish whether SOM turnover primarily results in respiratory losses, heat dissipation, or the formation of microbial biomass and necromass. In addition, combustion calorimetry and thermal analysis provide information on the chemical energy stored in SOM itself, which is required to close energy balances and to develop thermodynamically consistent models of soil carbon turnover.
Using examples from recent experimental work, I will show how heat production rates, respiratory fluxes, isotope-labelled substrates, and energy-content measurements can be combined to quantify microbial turnover processes in soil systems. Particular emphasis will be placed on the methodological challenges of applying calorimetric and thermal analytical techniques to heterogeneous, low-carbon soil samples and on the opportunities arising from linking energetics with stoichiometric and thermodynamic modelling.
[bookmark: _GoBack]Overall, the presentation proposes that energy should be treated as an explicit state and balance variable in soil biogeochemistry. Such a thermodynamic perspective does not replace carbon-based approaches, but can reveal constraints, efficiencies, and transformation pathways that remain hidden when soil organic matter turnover is considered only as a redistribution of carbon.
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