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Physicochemical interactions between soil organic matter (SOM) and iron (Fe) minerals contribute to long-
term protection and storage of organic carbon in soils. However, the persistence of Fe-stabilized SOM depends
on environmental controls on the redox state and solubility of Fe. In this work, we show that frequent wet-
dry cycles in mineral soils result in distinct Fe-SOM interaction processes with implications for the microbial
mineralization of Fe-associated SOM under changing moisture regimes. We used a suite of synchrotron-based
X-ray absorption spectroscopy (XAS) measurements to probe Fe redox state, Fe crystallinity, Fe-SOM bond-
ing, and chemical composition of SOM in model Fe-SOM systems and in soils with frequent wet-dry cycling.
These analyses were conducted at the Canadian Light Source SGM endstation (C K-edge) and the CHESS F3
endstation (Fe K-edge). Paired with high spatial-resolution mapping of metal-SOM associations, we showed
that (1) oxidized Fe(III)-SOM interactions are lost and (2) reduced Fe(II) is preferentially stabilized under condi-
tions that favor frequent dissolution and co-precipitation of Fe and SOM. Using short-term (14-d) incubation
experiments, we showed that microbial SOMmineralization increased 3-fold after soils with frequent wet-dry
cycles in the field were exposed to persistently dry conditions. Based on preliminary 16S sequencing results,
this response co-occurred with a shift in the relative abundance of bacterial taxonomic families. This microbial
community response was unique to historically variably saturated soils, pointing towards a tightly coupled
relationship among Fe biogeochemical transformations, microbial community processes, and SOM cycling.
In ongoing work, we are developing approaches for higher-throughput characterization of soil mineralogi-
cal characteristics using X-ray excitation-emission matrix spectroscopy (EEMS), enabling rapid tracking of
temporally variable Fe-SOM transformations as described here. Collectively, these findings illustrate how
synchrotron-based characterization can inform new perspectives on environmental processes critical for un-
derstanding ecosystem response to global change.
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