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Soil contains the largest carbon stock on Earth, with approximately one-third of soil carbon stored in the tropics. An 
important control on soil organic matter (SOM) quantities is the mineralization (oxidation) time, which ranges from days 
to millennia. The rate of SOM mineralization is affected by climatic factors influencing microbial metabolic rates in 
combination with SOM chemistry, mineral-SOM stabilization, and physical protection. What remains elusive is to what 
extent constraints on microbial metabolism induced by the respiratory pathway, and specifically the electron acceptor in 
respiration, control overall rates of carbon mineralization in soils. Here we sought to determine how aerobic-anaerobic 
cycling in soils contributes to SOM mineralization rates and thus storage.   

The major factors contributing to SOM accumulation (e.g., precipitation, clay content, temperature, biological activity) are 
often at extremes in the tropics. We therefore used the accelerated (potential) rate of carbon processing to examine the 
factors controlling carbon turnover within the mega deltas of Asia, specifically focusing on the Mekong Delta, using a 
combination of laboratory and field experiments.  We compared the abundance and chemical state of SOM at three sites 
having varying degrees of saturation (uncultivated seasonal wetlands, cultivated wetlands, and permanent lakes) by 
measuring total carbon content and chemistry, the latter deduced with C (1s) near-edge x-ray absorption fine structure 
(NEXAFS) spectroscopy. Permanganate oxidizable carbon (POXC) measurements suggest that microbially oxidizable C is 
concentrated in the top 50-100 cm of the deltaic wetland soils, even when normalized by bulk C content, and that deeper 
SOM is minimally available for microbial oxidation.  

To assess the impact of soil saturation on the chemical composition and bulk abundance of SOM, CO₂ flux and soil 
moisture contents were monitored at the wetlands. Periods of sub-saturation allow more O2 diffusion into sediment, 
stimulating SOM oxidation. Over time, soils exposed to seasonal oxygen incursions accumulate less SOM than 
permanently flooded soils and sediments. Short pulses of aeration may provide pathways to degrade carbon normally 
stabilized under sustained anaerobic conditions.  

Finally, we are examining fundamental controls on carbon oxidation by examining the role of thermodynamic yield (pairs 
of electron acceptors and carbon substrates) on the rate and extent of carbon oxidation. Using a combination of 
respiration measurements and isothermal microcalorimetry, we are quantifying the rate and extent of carbon degradation 
over a range of microbial energy yields (ΔGy). Our results provide a means to determine thermodynamic constraints on 
SOM oxidation within the complexity of soils/sediments. 
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