Referee #3 Comments:
The present manuscript investigate the differential effects of redox conditions on the decomposition of
litter and SOM over 44 days. The results indicate that substrate sourceâ˘AˇT freshly added litter vs.
native organic matter â˘AˇT plays an important role in the redox sensitivity of organic matter
decomposition. I have two major comments: 1. Bhattacharyya et al. (2018) have reported the coupled
cycling of iron and carbon using the same redox microcosm experiments. Results indicated that redox
effected the specie of Fe and the Fe−OM interactions in tropical soils, thus effect the bioavailability of
SOM. I would like to see some results and discussions about the the transformation of Fe during redox
fluctuations and its role in the decomposition of litter and SOM. Especially, the chemical component of
WEOM may be highly influenced by iron cycle during redox fluctuations.
We agree with the reviewer that Fe transformation plays an important role in organic matter
dynamics. We are preparing a separate manuscript focusing on Fe speciation using XANES
and NanoSIMS methods. Although these results are beyond the scope of this study, we will
discuss the potential roles of Fe reduction in organic matter decomposition. We will add a new
paragraph on line 355 with the following text:
“Iron reduction likely played a key role in sustaining high decomposition rates under low
redox conditions (Huang et al. 2020; Chen et al. 2020). High abundance and activity of Fereducing bacteria have been commonly observed in soils from the same ecosystem (Teh et al.
2008; DeAngelis et al. 2010; Dubinsky et al. 2010). Using unlabeled litter additions and
similar redox regimes, a companion study (Bhattacharyya et al. 2018) observed significant Fe
reduction under static anoxic conditions. Thus we presume that iron reduction was
responsible for the higher DOC levels in the static anoxic treatments, as it can trigger the
dissolution of organo-Fe complexes and mobilization of organic matter (Pan et al. 2016;
Huang et al. 2020). Iron reduction is also thermodynamically favorable when coupled with the
decomposition of relatively oxidized compounds (Keiluweit et al. 2016).”
In addition, the following text will be added after Line 362:
“Larger fast-cycling pool was also in line with the increased DOC concentrations under
anoxic conditions. These findings support our interpretation that Fe reduction released labile
C from organo-mineral complexes, which was then degraded anaerobically.”
We also want to clarify that this study was conducted using 13C-enriched litter, while
Bhattacharyya et al. (2018) used unlabeled litter (Lines 111-123). Thus, this study presents a
new data set.
2. I don’t understand why the author use G-test to delete so many identified molecular formulas (over
60%).
The FTICR-MS data have relatively high variability in both the intensities and
presence/absence of compounds. Absence of compounds can be caused by random errors or
true biological effects, making interpretation difficult. We adopted a conservative method in
using a G-test to limit the chance of including random errors (Webb-Robertson et al., 2010;
Bramer and White, 2019). Specifically, we only considered peaks that were present in at least 2
replicates of each combination of treatment and sampling day. This method is well accepted
for analyzing FTICR-MS and other high resolution MS data (Varnum et al. 2012; Nakayasu
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et al. 2016; Piehowski et al. 2020). We note that the G-test was only used for the analysis
presented in Figure 7, which focused on the presence/absence patterns. Other analyses such
as the NMDS and NOSC comparison were not subject to the G-test.
3. It seems from Table S2 that the repeatability of the FT-ICR MS results is poor. Three of the 12
samples showed significant outliers. I think this is very likely due to the extraction method used in this
study. It is very hard to guarantee the representation of the bulk soil and litter samples only using 100
mg soil in WEOM extraction. And it is impossible to control the DOC concentration in FT-ICR MS
analysis for all samples. So it is cannot exclude the differences induced by DOC concentration in FTICR MS analysis.
We are confident about our analytical procedures and somewhat puzzled by the comment
about Table S2. This may be because the table legend did not specify that the values presented
were the sum of multiple replicates--and that multiple samples were run for each sampling day
and treatment. A total of 44 samples were analyzed with FTICR-MS. Four were obvious
outliers with less than 200 peaks (Lines 158-161). Only one outlier was identified using the
robust Mahalanobis distance approach (Lines 161-166).
We will modify the table to show the means and standard errors of individual replicates. The
new table and table legend will be:
“Mean and standard error of water-extractable molecular formulas identified by FTICR-MS
analysis per sampling day and treatments. For each treatment and harvest timepoint, replicate
samples were analyzed (3, 3, and 5 replicates on days 20, 36, and 44, respectively)”
Sampling
Day

Static
anoxic

High
frequency

Low
frequency

Static
oxic

1883±509 1742±490

20

1883±211

N/Aa

36

1513±446

1826±653 N/Ab

44

1315±195

1751±302 1805±280 1782±269

1769±399

a Treatment was removed due to presence of outliers. See Methods section for details.
b Treatment was not included in the original experimental design.
The PNNL-EMSL DOE user facility runs 1000s of FTICR-MS analyses per year, and for soil
samples like ours, typically uses 100 mg of substrate for extracting organic matter prior to
FTICR-MS analysis. The facility achieves great consistency and repeatability as demonstrated
by their peer-reviewed publications (e.g., Tfaily et al. 2015; Tfaily et al. 2017; Boye et al.
2017).
Regarding extraction efficiency/consistency, we apologize for not mentioning in the methods
that the ion accumulation time on the FTICR-MS instrument was adjusted for all samples to
keep similar numbers of ions in the ICR cell. This is a standard practice at the EMSL facility
and helps to control for differences in DOC among samples (Boye et al. 2017; Graham et al.
2017). The following text will be added on Line 151:
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“Ion accumulation time was optimized for all samples to account for differences in DOC
concentration (Graham et al. 2017; Boye et al. 2017).”
Differences in DOC concentration were unlikely to drive the observed patterns in DOC
chemistry (Lines 308-310). The DOC composition showed strong temporal trends: the static
anoxic treatment was different from other treatments on day 20 (Figs. 5, 6, 7, and S4), while
these differences disappeared on day 44. In contrast, DOC concentrations were higher in the
static anoxic treatment than in other treatments on both days 20 and 44 (Fig. S5). These
results demonstrate that the observed differences in DOC composition are robust and not
driven by variation in DOC concentration among treatments.
In all, I don’t think the manuscript can be published in its present form.
We hope that we have addressed your concerns.
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