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DOM Composition and Transformation in Boreal Forest Soils: Exploring the Effects of Temperature and Decomposition State
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Introduction


Northern high-latitude ecosystems store large amounts of organic carbon (C) in near-surface organic-soil horizons [Hugelius et al., 2014]. These organic-horizon C stocks are sensitive to climate and disturbance, and especially to change in temperature [Neff and Hooper, 2002; Kane et al., 2014]. Few studies have however explored the effects of temperature on dissolved organic matter (DOM) composition and transformation which currently limits our understanding of C turnover in boreal soils and export to riverine ecosystems. Here, we examine the effects of temperature on organic C composition and transformation leached from different organic-soil horizons in Alaska’s boreal region through a series of laboratory leaching experiments and in-depth chemical analyses including optical and ultrahigh resolution mass spectrometry (FT-ICR-MS) measurements.
Experimental


We conducted a full-factorial leaching experiment to test the effects of temperature (5 vs. 20°C) and decomposition extent of soil organic matter (moss vs. fibric vs. amorphous soil layers) on chemical composition of DOM leached from organic-soil horizons. Water samples containing leached organic C were collected at 10 time increments over the 30-day experiment. Absorbance and fluorescence spectra were acquired using either an Agilent Model 8453 spectrophotometer or a Jobin-Yvon Horiba Fluoromax-3 fluorometer. Finally, solid phase extracted samples (100 mg Bond Elut PPL; Varian) were analyzed in negative mode with a custom built 9.4T FT-ICR mass spectrometer located at the NHMFL (ICR). Molecular formulas containing C1-45H1-92N0-4O1-25S0-2 were assigned using the © PetroOrg Software.
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Results and Discussion


For all soil types, UV absorbance values were consistently higher under the 20°C treatment than the 5°C treatment, indicating the presence of more aromatic compounds in the warmer treatment. Within a given temperature, fibric horizons yielded the highest UV absorbance values, while moss horizons yielded the lowest UV absorbance values. Further, high protein-like fluorescence was identified in the top soil layers in the cold (5oC) treatment and rapidly declined over the course of the degradation experiment. Consistent with the optical data, we found that for all soil types there was an increase in condensed aromatics and polyphenols, and a decrease in peptide and aliphatic molecules from the beginning to the end of the incubations (Figure 1), suggesting a higher turnover and lower export of this C pool with increased temperature.
Conclusions

Overall, our findings indicate that a shift in soil organic C composition is to be expected in the boreal zone with climate change due to an increased production of aromatic compounds and/or an increased decomposition of more aliphatic, protein-like compounds in soils. These results not only have implications for soil C dynamics, but also for the functioning of aquatic systems transporting and processing terrestrial organic C in northern boreal landscapes.
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Fig. 1. Percentage of assigned molecular formulas determined from FTICR-MS analyses for the different organic-soil types at the beginning and end of the incubation. 











