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Dear Dr Slomp, dear reviewers,

we would like to thank all reviewers for taking the time and effort to provide us with such
detailed feedback on our manuscript ‘Carbon degradation in agricultural soils flooded
with seawater after managed coastal realignment’. We have carefully considered all
comments and our responses and suggestions on how we will address these can be
found below each individual reviewer’s comments. Implementing these changes based
on the comments of the reviewers will greatly improve our manuscript. We would like
to draw attention to the refinements of the argumentation for organic carbon preserva-
tion in soils flooded with seawater, especially by incorporating comparisons to relevant
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carbon degradation values described in existing literature. Furthermore, the reviewer
comments have led us to clarify our description of the experimental conditions and
methodology used in the study. We feel that our suggested revisions will improve our
manuscript beyond the level necessary to be considered for publication in Biogeo-
sciences.

Kind regards, Kamilla Sjggaard, Alexander Treusch and Thomas Valdemarsen
Author response comments

Interactive comment on “Carbon degradation in agricultural soils flooded with seawater
after managed coastal realignment” by Kamilla S. Sjegaard et al. Anonymous Referee
#1 Received and published: 20 January 2017

General comments: authors: Sjogaard et al. This manuscript evaluates the effect of
flooding soils with seawater on the carbon mineralisation pathways and rates in these
soils. This is clearly a relevant topic with respected to planned managed coastal re-
alignement projects to improve coastal defences against sea level rise. The experi-
ment tackles an environmental issue and seems to be well designed and executed.
The manuscript is well written and to the point. However, the major hypothesis (hy-
pothesis 3: does the flooding of soils promote organic carbon preservation?), which is
the core and carries the impact of this paper is not well supported (see section below).
Furthermore, there are a few more issues and some technical corrections that need
revision before this manuscript is ready to be accepted in BGS. These issues need
to be addressed before the manuscript is ready for publication. | recommend major
revisions.

Major specific comments:

- Paragraph 4.3: This paragraph is, according to me, the most important conclusion of
this manuscript. If coastal soils are re-exposed to marine conditions, will they promote
carbon burial and this form a negative feedback on atmospheric CO2 concentrations?
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Unfortunately, this is also the least documented paragraph, and it does not provide
enough evidence to valid such a strong conclusion as posed on P13L11-12 (this study
suggests that the majority of soil OC will be permanently preserved . . .).

There is not data or values of pre-flooding mineralisation rates, nor a comparison to
normal marine conditions. Furthermore, the TCO2 flux of 67 mmol m-2 d-1 in the
uncultivated soil measured by the end of the experiment (and the value of 239 mmol m-
2 d-1 on day 13) (see section 3.2) are indications for an extremely high mineralization
rate. The effluxes in the cultivated soil (29 mmol m-2 d-1) indicate normal rates for
marine sediments. It is highly likely these rates are transient, and are driven by the
DOC production, but this would mean that the standard soil conditions do not produce
this DOC, and thus that reinstating marine conditions actually inhibits carbon burial.
Author response: We acknowledge that pre-flooding mineralization rates would have
been good to have, but we did not have the resources to conduct such measurements.
In the revised version of the manuscript we will strengthen this part of the manuscript
by comparing measured mineralization rates to values available from the literature for
comparable marine sediments and agricultural soils. We will add a table to make this
argument clear. TCO2 fluxes from Danish coastal marine sediments for comparison
are described in Valdemarsen et al. (2010) and Valdemarsen et al. (2014) investigated
mineralization rates from a Danish fjord using the same methods as in this experiment.
Danish agricultural soils had CO2 effluxes between 42 and 167 mmol m-2 d-1 (Chirinda
et al. 2014), which is higher than the fluxes from our experiment at steady state. We
see a major acceleration in mineralization at UC, however this is only a short-term
effect of leaching and degradation of the labile carbon constituting only a minor fraction
of the TOC pool (6-7%). Our experiment indicates that the vast majority of the TOC
pool will be preserved long-term after flooding with seawater. Furthermore, we believe
that the final CO2 efflux rates for UC are influenced by porewater CO2 diffusing out
of the sediment — porewater CO2 that has accumulated in the initial phases of the
experiment when mineralization rates were high. When considering the mineralization
rates measured in the anoxic incubations at station UC, the final rates are lower than
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the TCO2 fluxes (40-55 mmol m-2 d-1).

Hence, there seems to be no direct evidence that newly flooded coastal habitats will be
hotspots for carbon burial. | propose that the authors give a stronger foundation for this
paragraph, and show that re-exposure to marine conditions actually decreases the car-
bon mineralisation (e.g. by providing an estimate of pre-flooding mineralization rates,
or by comparing the carbon burial to pre-flooding carbon burial, and normal marine car-
bon burial rates). Author response: Author response: For reasons mentioned above
we disagree with the statement that our study does not provide direct evidence for the
fact “that flooded soils will become hotspots for OC burial”. In the revised manuscript
we will strengthen our argumentation for this matter by including more comparisons to
the literature regarding mineralization rates in soils and marine sediments and temporal
degradation patterns.

- Paragraph 4.4: Felll is indeed efficient as being a sulphide buffer in flooded soils,
however, figure 6 shows that virtually all Felll is converted to Fell by the end of the
experiment. This indicates that the Felll sulphide-buffer was exhausted and sulphide
will start accumulating after ~1 year. This should be mentioned in this paragraph, and
I would also reconsider the term ‘efficient buffer’ when this would only be active for the
time span of 1 year. Author response: We believe that Fe will continue buffering the
sulphide production, as sulphide reacts with both oxidized and reduced forms of Fe.
At the end of the experiment enough Fell was left to buffer sulphide beyond 1 year.
Reviewer #2 also agreed with this (Section 4.4). We will amend the manuscript with
the appropriate references, e.g. Rickard and Morse (2005) and the ones suggested by
Reviewer #2, to clarify this in the relevant paragraphs of the revised manuscript.

- Paragraph 2.3: | have a few remarks/questions for the data analysis that was applied:
When calculating the slopes of the rates in the jar experiments, did you apply any
outlier check? Author response: Yes, we conducted a check for obvious outliers.

| don’t agree with the linear data interpolation that you used to correct for missing data
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points. In my experience, reactions rates tend to follow exponential trends rather than
linear ones. If you want to use this linear interpolation, | would advise to include a
small section on the possible errors you make while doing this interpolation. Author
response: The linear data interpolation was used to estimate mineralization rates at
10-15 cm depth, based on measured mineralization rates at depths above and below.
It is true that mineralization rates tend to decrease exponentially from the surface and
downwards — the exponential pattern is typically very evident from the surface to a few
cm depth, while the variation in mineralization rates with depth appears almost linear
below. We therefore think that in this case linear interpolation in between two measured
data points is a reasonable way to estimate missing data. The error of using linear
contra exponential interpolation between data points will be minor since mineralization
rates decrease almost linearly at the relevant depths.

The correlation you used to convert organic matter to OC units is based on only two
points? How did you estimate the significance? Can you show a plot that shows the
OM vs the OC, and what model you used? Author response: The conversion equation
to convert organic matter (OM) into OC was based on 20 data points, that showed a
highly significant linear OM — OC relationship in the soils [‘OC(%) = 0.0649xOM(%) +
0.0936”, r2=0.9824, n=20]

Minor specific comments:

- P1L11, P3L18: | seem to get a bit confused with the sentence structure. Was station
C not in the area that was reflooded? And is the sampling area reflooded, planned to
be reflooded or not planned to be reflooded? Author response: Both stations are in the
reclaimed area, and also the area that has been flooded in the managed realignment.
What we tried to explain is that station C, which is agricultural soil, is representative
for the majority of the area, while station UC only represent a minority of the area
(reedswamp). This is also visualized in figure 1. As this did not become clear, we will
re-phrase the sentence on P3L18 to “Station C however, resembled the majority of the
re-flooded area that was farmed since the land reclamation (fertilized, ploughed and
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used for monoculture, also illustrated in Fig. 1)”

- P7L14-21: you mention that the experimental period was not long enough to achieve
full saturation of SO4 at 20 cm depth. However, in the C cores, sulphate reaches that
depth after the first week, and the concentration at depth decreases over time. This
shows that sulphate consumption increases over time (most likely when the Felll in-
ventory decreases). The UC cores show an increase of sulphate over time and have
indeed not achieved saturation at depth. Author response: By full saturation we mean
the same concentration (or close to) as the overlying water as is typically observed in
marine sediments with moderate metabolic activity. In both soil types sulfate concen-
trations decreased steeply with depth throughout the entire experiment and porewater
sulfate in the deeper soils were far from equilibrium with respect to sulfate. We will
amend the text to clarify this.

- P8L11-14: You say that TCO2 production could not be determined below 5 cm depth.
You then estimate this TCO2 production by assuming that SR was the dominating path-
way at depth. However, when | look at Table 3, you show that the contribution of other
anaerobic pathways was 19% for UC and 54% in C, so SR was clearly not the domi-
nant pathway. Also, considering the high Felll concentrations in the sediment, | would
assume that dissimilatory iron reduction is also an important pathway. Considering
this, | have some problems with Figure 5, where you show that all TCO2 production
from 4 months onwards is due to SR. This is a consequence of your assumption, and
| don’t feel that this is well founded. Can you provide more justification for this? Author
response: Regarding table 3, please see the next comment below. In our experiment
there was an almost 2:1 relationship between CO2-production and sulfate consump-
tion. This will be mentioned in the revised manuscript. We will also add a reference for
the SRx2 conversion (Jgrgensen 2006).

- P11L30: | think you can make an estimate of the time evolution of the relative im-
portance of the mineralisation pathways, which could provide more information than
the integrated budget over 1 year (since SR will always end up being the dominant
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pathway if you wait long enough). It would also improve the impact of the manuscript.
Author response: We thank the reviewer for the suggestion and acknowledge that the
budget in table 3 doesn't illustrate this point. In the revised manuscript we will change
table 3 to indicate the total values, as well as temporal development in contribution
of mineralization pathways. This will also contribute to the argumentation for carbon
preservation.

- P12L5: Based on the results from the Felll — measurement of Lovely and Philips, |
believe you can estimate the importance of dissimilatory iron reduction (at least, that is
what they teach at the AMME summerschool in Odense every year). Author response:
It is true that there are some tentative correlations between the Felll content in marine
sediments and relative contribution of Fe-reduction to total OC-mineralization — see fig.
6 in Jensen et al. (2003). But this relationship only holds for marine sediments under
steady state conditions — not in this case where we are far from steady state.

Technical corrections:

- Abstract: | find the paper well written, but | don’t feel the same about the abstract, it
does not flow very well (e.g. ‘So far’ at the beginning of a sentence). | would advise
revising the abstract in order to improve attraction. Author response: We will revise the
abstract as suggested by the reviewer.

- P2L18: “Further it is” -> Furthermore it is - P3L25: is the water in the tanks from the
same site? If so, please indicate. -P10L9: aerobic OC degradation contributed to 18
and 10 % to of the total . . . - P11L21 anaerobic TCO2 production, was detected ->
remove the comma - Figure 3: | would use different symbols for the different months
(when printed in black and white, the colors will be difficult to distinguish). - Figure 4:
same remark as for figure 3, and | would consider changing the axes of the right panels
(it is impossible to see the different SR rates). Author response: We will include the
above corrections in the revised manuscript.

Interactive comment on “Carbon degradation in agricultural soils flooded with seawater
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after managed coastal realignment” by Kamilla S. Sjggaard et al. Anonymous Referee
#2 Received and published: 7 February 2017

General Comments: Sjogaard et al. investigate the effect of seawater flooding on the
metabolism of soil organic carbon in soils from a reclaimed wetland that had either been
cultivated for 140 years or allowed to become a reedswamp. This is an important issue
globally as coastal land managers turn to a program of “depoldering” to restore the
functions and ecosystem services of intertidal coastal habitats. The author’s use bottle
and core incubations to explore patterns of carbon mineralization both through time
and with soil depth. They conclude that seawater sulfates rapidly accelerate carbon
degradation upon flooding, but soils quickly regain a new equilibrium as mineralization
slows over time, resulting in only 6-7% of the original soil organic carbon being lost,
which they conclude indicates seawater flooding will result in a negative feedback on
atmospheric CO2 concentrations by preserving C. While the analysis conducted were
generally well executed and the results comprehensive, they were not designed to test
the hypotheses posed in the introduction, specifically (H1) that soil carbon degradation
is related to the lability of organic matter, which is not assessed in the current study,
(H2) that flooding preserves organic carbon or (H3) there is a negative feedback with
soil flooding and atmospheric CO2 concentrations. The results presented are sufficient
to support a comprehensive study of the effects of seawater reintroduction to reclaimed
coastal lands, but the hypotheses and conclusions must be significantly re-framed to
be acceptable for publication. | recommend major revisions.

Major specific comments:

-The abstract is the first mention of coastal realignment but through the manuscript it is
discussed as a relatively novel concept about which little is known. There is an exten-
sive body of literature on “managed realignment” also call dike-breach restoration, or
depoldering. While | believe the author’s data is amongst the most detailed laboratory
study of carbon degradation in this body of literature, making it a unique and impor-
tant addition, they have not used this literature to their advantage and have neglected
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some key publications, among them the studies of Portnoy and Giblin (Eco. Apps. 1997
pp1054), recent publications by Ardon et al. (GCB 2013 pp296 and Biogeochemistry
2016 411), for a review of biogeochemical changes due to salinization see Herbert et
al (2015 Ecosphere) and for reviews of dike-breach restoration see Burdick & Roman
(2012) Tidal Marsh Restoration: A Synthesis of Science and Management (Springer)
Author response: We thank the reviewer for considering our study ‘amongst the most
detailed laboratory study of carbon degradation in this body of literature’. While it is
always difficult to find and incorporate all available knowledge into manuscripts, we will
certainly read and incorporate the studies suggested by the reviewer into the revised
version of the manuscript.

- There are two problems with the authors’ central argument that flooding soils en-
hances carbon preservation and therefore has a negative feedback with atmospheric
CO2 concentrations. (1) The authors do not show that flooding soils enhances carbon
preservation (over what?). The reader may assume that the authors intend to say that
flooding the soils preserves more carbon than would be preserved if the land was not
subjected to flooding. In fact, the data they present shows flooding increases carbon
mineralization, at least initially. While the authors’ supposition is not unfounded (in-
tertidal soils on average accumulate carbon at 5-10x the rate of terrestrial soils e.g.
McLeod et al 2012) the authors analyses cannot show this because they did not mea-
sure mineralization rates in the cultivated and uncultivated soils in the absence of sea-
water flooding. At the very least the authors could provide a comparison of published
rates for similar marine sediments, similar reed swamp sediments, and similar agri-
cultural soils, however this would only be sufficient to suggest, not confirm, enhanced
carbon sequestration. Author response: As described in the first response comment
to reviewer 1#, we will refine the argumentation and provide comparisons to published
rates.

(2) The authors have confused preserving stored carbon with negative carbon-climate
feedbacks. Preventing carbon from entering the atmosphere (i.e. through flooding
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of soils) at best has a null impact on atmospheric CO2 concentrations. To have a
negative feedback on atmospheric CO2 concentrations a system must remove CO2
from the atmosphere which is a process not explored in the current MS. Mackey et al
(Nature Climate Change 2013) provide an excellent perspective on this. This may well
be the case if intertidal vegetation is established etc. but is not the case in the current
study. Author response: We have used the term “negative feedback on atmospheric
CO2 concentrations” to describe the fact that, due to the preservation of the organic C
present in the soils at the time of flooding, on a longer term less CO2 will be emitted
than under a scenario where the area would not have been flooded. We believe that
this is the correct understanding of the term ‘negative feedback’. In the revised version
of the manuscript we will consult the manuscript suggested by the reviewer and assess
if our argumentation should be refined.

- Hypothesis 1 & 2: while the dependence of mineralization on content is investigated,
the authors do not make any measurements of lability or the origin of organic matter,
thus these are weak points of argument that should not be the focus of the manuscript.
Instead, the bulk of the analysis are targeted toward bulk organic matter degradation
and the pathways of degradation. Author response: There’s a considerable amount of
literature discussing the importance of labile and refractory organic matter from bulk
C-degradation rates (Westrich and Berner 1984, Burdige 1991, Valdemarsen et al.
2014). The exponentially decreasing trend in C-degradation can only be explained by
a gradual depletion of the most labile components of soil organic C. This will be clarified
in the revised manuscript.

-The strongest way to re-frame the data in hand would be a comparison of the effects of
seawater flooding on cultivated versus what seem to be freshwater wetland soils focus-
ing on the rates of carbon loss, the proportion of initial carbon lost, and the pathways
of mineralization. There are obvious differences in the two sites that lend themselves
to this discussion and the topic is still highly relevant to efforts to re-flood former agri-
cultural land (cultivated) as well as restore artificial freshwater impoundments (Portnoy

C10

Printer-friendly version

Discussion paper


http://www.biogeosciences-discuss.net/
http://www.biogeosciences-discuss.net/bg-2016-417/bg-2016-417-AC1-print.pdf
http://www.biogeosciences-discuss.net/bg-2016-417
http://creativecommons.org/licenses/by/3.0/

& Giblin, Bouldoc & Afton etc.) or the migration of saltwater into historically freshwa-
ter areas (absent of restoration). Author response: We thank the reviewer for his/her
suggestion to rewrite the manuscript with an alternative angle. However, rephrasing
the manuscript would be counterproductive in relation to the main motivation for the
manuscript, which was to assess the total impact of flooding on soil C degradation in
the specific area that was flooded.

-Section 4.1 It is the production of small polymers/monomers small enough for micro-
bial uptake that is considered the rate limiting step for carbon degradation (e.g. the en-
zymatic latch hypotheses) not the generation of DOC which can be highly recalcitrant.
DOC is not equivalent to easily degradable materials. Author response: The reviewer
is right that it is ‘the production of small polymers/monomers small enough for micro-
bial uptake that is considered the rate limiting step for carbon degradation’, but in most
cases by far, most of the DOC produced per time unit is ‘small polymers/monomers
small enough for microbial uptake’ while only a small proportion is recalcitrant DOC.
However, over time recalcitrant DOC may accumulate to high (and quantitatively impor-
tant) levels in soil porewater. We will make sure that this point is adequately described
in the revised manuscript.

-The authors do not sufficiently address the caveats of long core/bottle incubations
and the various experimental artifacts introduced. Author response: We will include
a section discussing the potential influences that our experimental setup had on our
results, e.g. day/night cycles of light and temperature, daily water exchange due to
tides, very undisturbed soils in the experiment due to e.g. lacking of fauna.

Minor specific comments: Abstract o Ln. 6 delete “continue for centuries and” o Ln.
8: delete “So far”; what kind of soils? o Ln. 9: delete “In this study” Author response:
We will adjust the abstract to the changes after revision of the manuscript and revise it
accordingly.

Section 1 o Ln. 20: This paragraph invokes far too many specificities related to SLR.
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Suggest compressing into a single sentence. This paper is about managed realign-
ment with SLR as one of the justifications, not specificities of SLR or scenarios. o
Please revisit this argument. It is the hydrolytic enzymes in conjunction with radicals
that can depolymerize refractory compounds. There are also multiple other arguments
for accelerated decomposition in aerobic environments, including free energy of alter-
nate terminal electron acceptor pathways and other metabolic constraints. o The last
two sentences of the first full paragraph starting on page 2 are confusing. Where is
“here”? Do the authors intend to say soil organic matter of terrestrial origin may be
difficult for marine organisms? o Soil organic carbon is generally abbreviated as SOC
Author response: We will reduce the paragraph on SLR (sea level rise) to one or two
sentences and fuse it with the following paragraph that introduces managed coastal
realignment. All the other minor points mentioned by the reviewer related to this part
of the manuscript will also be addressed in the revised manuscript

Section 2.1 o Give details about the reclamation: was the area diked and drained? Au-
thor response: This is correct. In the revised manuscript “reclaimed” will be substituted
with “diked and continuously drained”.

o Because the authors are using so many acronyms for different carbon compounds,
the use of “C” and “UC” for the sites can make for difficult reading. Suggest switch to
agricultural field (AF=C) and reedswamp (RS=UC) as they are more descriptive. o0 Was
the reedswamp freshwater? Author response: We thank the reviewer for an alternative
suggestion for abbreviations, but we prefer to keep our original terminology.

Section 2.2.3 o Were vials flushed to remove oxygen prior to the incubations? Author
response: Vials were not flushed prior to incubations.

Section 2.3 o The budget calculation is unclear. Please clearly describe which data
sources are utilized for the carbon budget. Author response: We will improve the
description of budget calculations.

Section 4.4 0 Reduced iron (Fell) responsible for buffering sulfide accumulation (Reddy
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and DelLaune 2008) appears to increase through most of the study and show no sub-
stantial declines (particularly in station C) over the course of the year, indicating there
should be sufficient Fe buffer for sulfide generated over longer time scales (>1 year)
since metabolic rates appear to decline over time (See Schoepfer et al. 2014. JGR:
Biogeossciences). Author response: In the revised manuscript, the argument related
to sulfide buffering will be revised according to the reviewer’s suggestion, with e.g. the
incorporation of the suggested references.

Technical corrections:

2.2.1 Give simple details of flow injection analysis (model of instrument). Was Zinc
added to prevent H2S interference for CO? Author response: The instrument for flow in-
jection analysis is exactly as described in the reference provided (Hall and Aller 1992),
so we feel that no additional description is needed. Saturated HgCI2 was added, which
also precipitates sulfide through the formation of HgS.

Figure 2b. Re-scale y-axis to fit data. Author response: We will perform the suggested
change in the revised manuscript.

Interactive comment on “Carbon degradation in agricultural soils flooded with seawater
after managed coastal realignment” by Kamilla S. Sjggaard et al. E. Metzger (Referee)
edouard.metzger@univ-angers.fr Received and published: 10 February 2017

Dear Editor and co-Authors, | was happy to have a chance to read this manuscript that
provides interesting data about coastal soils that are about to be flooded by seawater
under sea level rise. | intended to give constructive comments and suggestions and
apologize if some comments seem too harsh, my stylistic skills are quite limited in
English. Edouard Metzger Associated professor at the University of Angers, France

Overall comments:

The study depicted and discussed in the present manuscript represents considerable
experimental and analytical work that deserves to be published. In my opinion, the
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most interesting feature is the almost total replacement of iron oxides by iron sulphides
after one year of incubation of a soil with seawater. Such rapid mineralogical trans-
formation suggests rapid anaerobic mineralisation processes that affect the carbonate
system and carbon recycling that should be less efficient since the soil tends to be-
come anoxic due to sulfate reduction. Therefore, author main hypothesis is that it
should represent a significant negative feedback on atmospheric CO2 concentrations.
There is a major objection to such statement due to the lack of elements of compari-
son. The authors do not show any mineralisation rate of soils before seawater flooding.
Author response: Reviewer #1 and #2 have also mentioned that we lack a comparison
to mineralization rates in soils before flooding. As stated in the response to reviewer
#1’s comment, the revised manuscript will include comparisons to typical mineralization
rates in soils as well as improved arguments related to this matter.

Returning to the mineralogical transformation (i.e. iron oxides turned into iron sul-
phides), nothing is said about potential release of phosphorus and eutrophication that
should also have as important feedback even more important to atmospheric CO2.
Samples exist, | would suggest to analyse P and address its remobilisation. Author
response: While we acknowledge that P-release from newly flooded sediments is an
extremely important process in relation to eutrophication issues, we have tried to write
a focused manuscript dealing with C-, Fe- and S-cycling. Adding P-cycling would make
it impossible to keep the story tight and focused, as we would have to discuss many
more processes in detail related to P-cycling, as well as broader eutrophication issues.
We therefore prefer to not include P at this point.

The considerable amount of data should permit authors to make a temporal mass bal-
ance in order to better precise the relative importance of anaerobic respiration pro-
cesses and secondary reactions that limit reduced iron and free sulphide diffusion
within the sediment and toward the soil water interface. Author response: We agree
with the comment and temporal mass balances for C, S and Fe are already included in
the manuscript — see figures 5, 6 and 7. Furthermore, we already will address a simi-
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lar comment of reviewer #1 at “- P11L30:” under “Minor specific comments” regarding
table 3, which will also clarify the temporal mass balance.

A secondary point but still important is a better discussion about HCI extractions and
iron speciation. There is an extensive literature about selectivity of phases extracted
by HCI, dithionite and ascorbic acid that should be considered here (e.g. Kotska and
Luther, GCA, 1994; Hyacinthe et al., GCA, 2006). Author response: We do not think
that a detailed discussion of Fe-extraction methodology is relevant for the story. How-
ever, in the revised manuscript we will improve the description of Fe-extractions and
include relevant references to illustrate which Fe-pools are extracted by the chosen
method.

Then, a quick discussion about the limitations of ex situ long term incubations that cut
down hydrosedimentary processes should be addressed. Author response: Reviewer
#2 has already recommended this above (the comment after “Section 4.1”), and we
will address the potential influences that our experimental setup had on the results in
a new paragraph.

Summarizing, | recommend a major revision of the manuscript by stepping down on
conclusions about carbon preservation and atmospheric CO2 feedback and by exam-
ining in more detail the importance of iron cycling.

Abstract:

Should be rewritten in a new version of the manuscript Author response: The abstract
of the revised manuscript will be thoroughly revised.

Introduction:

L64-68 advection processes induced by tidal currents in such porous environment with
higher level of connectivity between pores and burrows is not considered here Author
response: We do not think including information about tidal currents and soil porosity
would add to the overall story and improve the indicated passage.
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L83-88 check on in situ experiments by Yucel and Lebris about lignin degradation Au-
thor response: Thank you for making us aware of this, we will check the suggested
reference.

Materials and methods:

L152 were cores sliced, centrifuged and conditioned under nitrogen flux? Author re-
sponse: Cores were sliced under normal atmosphere.

L162-163 was chloride analysed as well? As a conservative species, chloride is nec-
essary to evaluate sulfate consumption from sulfate profiles in environments of vari-
able salinity. This could refine SR calculations from bulk incubated sediment. Author
response: Chloride was measured as a proxy for the progress of the intrusion of sea-
water into the core. However, in this highly unusual case, with virtually all dissolved
components (including CI) far from being at steady state, it is, to our knowledge, very
difficult, if not impossible, to use chloride data to correct for sulfate consumption.

Results

L265-283 Difficult to use TCO2 data since they are potentially compromised. | always
recommend to analyse TCO2 or alkalinity as soon as the sample was extracted from
the core slice to avoid such disagreement. At this point those date seem invalid for
publication. Author response: As mentioned in the manuscript (P8 L12-16) we only
use the CO2 data that are not compromised by experimental artefacts.

L284-291 The authors mention that incubation time is too short to achieve full satura-
tion over the entire core. | would agree with that and this can be quite well predicted
using diffusive models. For instance the Einstein equation (x = (Dt)1/2, Boudreau,
1996) suggest that in 12 month a molecule of sulfate would diffuse in free water at
20 _C of about 12 cm (D=5 10-6 cm-2.s-1, Krom and Berner, 1980). For one week,
diffusion allow sulfate to travel only 2 cm. This would suggest that not only diffusion can
explain sulfate data and that during pouring of marine water most of it flowed down-
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ward through burrows or gaps in the soil. In order to avoid transport processes and
to show sulfate consumption from profiles in variable salinity you could, as mentioned
above, to normalise sulfate by chloride: a decrease of the ratio would indicate sulfate
consumption that could be quantified in terms of rate to be compared to SR calculated
from anoxic incubations. From IC spectra you should be able to retrieve chloride con-
centrations at least for low salinity samples. | am afraid samples at the higher salinity
have to be diluted and reanalysed. . . Author response: True, the initial water infiltra-
tion during flooding was also a transport mechanism for sulfate. This information will
be added in the revised manuscript. While we agree that it could be interesting to eval-
uate if sulfate reduction could also be measured by considering chloride/sulfate ratios
in porewater, we believe that the suggested method would be subject to large errors as
we are dealing with an experimental system far from steady state. We therefore prefer
to base our discussion on direct sulfate consumption measurements, which is usually a
very precise method to obtain sulfate reduction measurements — see e.g. (Kristensen
and Hansen 1995, Valdemarsen et al. 2012)

L327-328 add a reference for the SRx2 conversion. Do you achieve a ratio of 2:1 in
measured samples? Plotting both measerements should give a nice line with a slope
of 2. What about methane oxidation affecting sulfate consumption (1:1 ratio)? Author
response: We will add a reference for the SRx2 conversion (Jergensen 2006). We
observed an almost 2:1 relationship between CO2-production and sulfate consumption
in our experiment, indicating that the influence of methane oxidation was negligible.
This will be mentioned in the revised manuscript.

L405-407 You suggest other processes than sulfate reduction to explain carbon min-
eralisation. You should consider more carefully iron reduction. Data are there to show
how important this process is in your soils. This can flaw your main hypothesis that SR
is the main mineralisation process going on in your soils after marine water flooding.
In a recent study our team showed in intertidal estuarine mudflats that iron reduction
remains a major process among sulfate reduction whatever the salinity due to regular
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replenishment of iron rich particles from the river (Thibault de Chanvalon et al, JSR,
2016). This points out the fact that such long term incubation experiments have some-
how to take into account hydrosedimentary processes that can greatly affect organic
matter mineralisation. Author response: As mentioned by the reviewer, systems with
high importance of Fe-reduction are systems where Fe-oxides are continuously replen-
ished e.g. by either sedimentation of Fe-oxide-rich particles or intense vertical mixing
of the sediment matrix due to bioturbation. Fe-reduction may also be of high relative
importance in Fe-rich sediments with low metabolic activity. However, in our experi-
mental system where organic matter of high lability is present in excess initially, sulfate
reduction will become the dominating pathway. This becomes very clear from our di-
rect measurements of CO2 production and sulfate consumption, showing that sulfate
reduction was responsible for 63 and 36% of total organic carbon degradation (P10
L6). We do not see how we can use our results to quantify Fe-reduction, as oxidized
Fe may have been reduced due to both bacterial and chemical reduction and we have
no method to distinguish between the two.

Discussion

L448-449 Have a look into in situ experiments of wood degradation in marine waters
realised by Nadine Lebris team in the Mediterranean (e.g. Yucel et al, Chemosphere,
2013). Author response: Thank you for bringing this to our attention, we will include
this reference and compare the SR rates.

L470 The athors claim that SR accounted up to 100% of TCO2 production. How they
explain dissolved iron profiles that still show an effective source of reduced iron that
should account for a significant part of anaerobic mineralisation processes. Author
response: The high importance of SR was evaluated based on direct measurements
of sulfate consumption and CO2-production, and we do not see how this method can
be questioned. We agree that any proportion of TCO2 production not explained by SR,
may have been due to Fe-reduction.

C18

Printer-friendly version

Discussion paper


http://www.biogeosciences-discuss.net/
http://www.biogeosciences-discuss.net/bg-2016-417/bg-2016-417-AC1-print.pdf
http://www.biogeosciences-discuss.net/bg-2016-417
http://creativecommons.org/licenses/by/3.0/

478-481 there is a bias in the statement since it is made from anaerobic incubations.
Data show tha important sulfate reduction occurs near the surface, station UC and
is about to be near zero in the other station. What about sulfate reduction if oxygen
still diffuses from the surface? You could assess such question looking at porewater
profiles. | would be glad to see TCO2 time series and how they fit to linear regres-
sions. Maybe there you can find clues about the relative importance of other mineral-
isation processes than SR. Author response: We are not sure how to understand the
reviewer's comment. In our experimental setup the water overlying the cores was oxy-
genated and oxygen continuously diffused from the overlying water into the soil cores.
The reason that sulfate reduction was occurring close to the sediment surface is that
all oxygen was consumed in the uppermost soil layers due to extremely high metabolic
rates of aerobic microorganisms initially.

L494-495 this final statement underlines the importance of having robust co2 consump-
tion rates: if the sum of iron and sulfate reduction does not achieve mass balance, it
becomes to consider other reducing processes for iron in a way and other mineralisa-
tion processes in the other

So far, my concerns seem to suggest that a tentative of achievement of mass balnce
calculation for C, S and Fe could greatly help interpretations. This could be possi-
ble from solid phase speciation and dissolved iron, CO2 and sulfate profiles Author
response: No doubt Fe-reduction may have been a metabolic pathway of minor im-
portance in our experiment. However, we cannot estimate the importance of microbial
Fe-reduction since Fe may have been reduced by two competing processes — microbial
reduction or spontaneous chemical reduction by sulphide — and we do not have a way
to estimate the relative importance of the two.

502-504 not a sink, at most a zero source. The whole paragraph lacks of evidence.
Especially that there are no unflooded cores as reference. Author response: This has
also been mentioned by reviewer #2. We acknowledge this and will address this matter
in the revised manuscript.
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Section 4.4. could be developed by discussing in more detail the switch from Felll
to Fell of the solid phase. It would benefit of mass balance calculations as well. Is
there any chance of adding some mineral images or analyses? It would be interesting
to look at the crystallinity of iron sulphide minerals formed during the experiment. In
marine sediment fromboidal pyrite is formed. | wonder what would be the impact of
refractory organic matter on pyrite formation. Author response: The presented data
clearly documents a switch in Fe-speciation from the domination of oxidized Fe initially,
to almost exclusively reduced Fe by the end. Unfortunately we do not have mineral
images of any kind and will therefore not be able to add information obtained from
image analysis in the revised manuscript.

Conclusion Conclusions should be re-drawn according to discussion’s evolution. Au-
thor response: The conclusions will be re-written after the revisions according to all
reviewer comments have been implemented.

Figures Figures 3 and 4: | would suggest a change in colours for different profiles
overtime. The grey scale print is very difficult to read. It would be perfect if colours and
grey scale evolve progressively with time and with more contrast. Author response: We
will implement the suggestion of the reviewer in the updated version of the manuscript.
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