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Dear Editorial Team,

Thank you very much for accepting our manuscript for open discussion. We
found the comments and questions by the unknown referee #2 very useful and
suggest revisions of the manuscript accordingly. All of our responses are listed
below.  The line number in the question, comment or clarification request always
refers to the submitted pdf file. The line information in our answer always refers
to a futur revised version of the manuscript.

 

Response to the first general comments of referee 2.

 

Referee 2: “In general, I think that the story of the manuscript, the hypotheses, and
objectives need to be further improved. The use of highly specific jargon in the text makes
challenging to understand the manuscript without enough context for some of the
technical terms used. Being the scope of this journal so broad, I suggest reducing the
jargon, use the same terminology across the manuscript and explain it briefly where
possible. Finally, I agree with reviewer1 that this manuscript needs to include enough
information to be a standalone manuscript and needs to explicitly state how it builds up
from the previous study.”

Our response: We appreciate the arguments of Referee 2 and will avoid very specific
technical jargon and acronyms as much as possible. However, we rely on the use of
specific terms as e.g. “aluminous clay” in order to be unambiguous in our language. We
checked the correct use of technical terms and we will write out the abbreviations of the
mineralogical combinations as much as possible to improve readability (e.g. Abstract:
Lines 43‒44). To further improve understanding of the used abbreviations, we will also
add the definition of thresholds to differentiate between “high” and “low” levels of
aluminous clay and pedogenic Fe oxides (Lines 226‒228: “The threshold values for
aluminous clay and pedogenic Fe oxides in order to distinguish between “high” and “low”
were set to 250 g kg-1 and 60 g kg-1, respectively.”).

 



Referee 2: “The Introduction does a good job exposing the gaps in knowledge and
presents enough information to support the proposed hypotheses. However, it lacks
context regarding some of the factors assessed. For example, why is it relevant to
measure the response variables at different depths (0‒5/5‒10cm)?”

Our response: Soil organic carbon storage in the study region is most influenced by
cultivation and other environmental factors in the uppermost soil depths (0‒10 cm)
(Kirsten et al., 2019). Furthermore, change in soil structure in this depth has a maximum
influence on e.g. plant growth, water infiltration, and probably also on the storage of OC
(Feller and Beare, 1997; Six et al., 2002). Therefore, we used the 0‒10 cm topsoil for our
study. In the forest soils, we identified two different soil horizons at this depth varying in
soil OC and soil structure. Hence, we differentiated between 0‒5 cm and 5‒10 cm. To
have a consistent sampling design, we applied this distinction to the cropland sites, too.
We will add this explanation at the end of the introduction. We think that adding more
details about the whole experimental approach and methods applied will improve the
reader’s understanding of the context (Lines 163‒165: “We generally focused on soil
samples from 0‒10 cm to test our current hypothesis since land-use induced OC losses
from soils of the study region largely occur in this depth increment (cf. Kirsten et al.,
2019)”)

 

Referee 2: “Including a paragraph where it is stated how this manuscript builds up from
previous studies would also aid to better highlight the novelty of this study.”

Our response: We agree with Referee 2 and will prepare a paragraph in the introduction
with further information. In addition, we will include an additional sentence in which we
indicate that we used the same mineralogical combinations (i.e. soil samples) as in our
previous study (Kirsten et al., 2021), but applied a completely different fractionation
scheme (Lines 149‒154: “In the precursor study, we found a positive relationship between
the storage of mineral-associated OC and the ratio of pedogenic Fe to aluminous clay
under forest and cropland land use, suggesting that a larger share of Fe oxides is linked to
larger OC storage and persistency against land-use change (Kirsten et al., 2021). In the
present study, we test whether aggregation and its contribution to OC storage follow
similar patterns, or are decoupled from the individual contribution main mineral
constituents.”, and Lines 159-161: “For this purpose, we determined the aggregate size
distribution of soils under both land uses, determined the OC contents of obtained
aggregate fractions, and tested the stability of the two largest aggregate size fractions
(2‒4 mm and > 4 mm).”).

 

Referee 2: “The materials and methods also need to include more information regarding
the experimental design and sampling protocols. In this version, it is challenging to follow
how the database for this study was built, how many samples per plot were taken, and
how they were processed. The author references a previous paper (Kirsten et al., 2021)
for more details about the experimental design and this paper is also cited in the results
section, which is quite confusing. I’m rather unsure of what was measured in this study
and what results came from the previously published paper.”

Our response: We agree with the referee that providing more information about the
experimental design would be beneficial for the reader (see response to comments of
referee 1). We will add additional information to the material and method section to (i)
describe the selection of the study sites, (ii) illustrate that the forests have similar input of
fresh organic matter, and (iii) show the similar management practices at the different
croplands (Lines 190‒197: “The site selection was done based on total clay amount



determined in the field and the associated total Fe amount measured with a portable XRF
device (Kirsten et al., 2021). We did not observe systematic differences in vegetation
composition of the forest sites and NMR spectra showed a similar composition of litter for
each of the two land uses investigated (Kirsten et al., 2021). Furthermore, several visits in
the study region over the last decade (2012, 2013, 2015, and 2018) combined with
personal communications with farmers and local partners working in the region, enabled
us to select cropland sites with similar agricultural management (cultivation of cassava
(Manihot esculenta), hand hoe tillage, biomass burning before seed bed preparation).”).

In the article originally submitted, we already explained how many samples were taken
from the six forest and three arable land plots. Nevertheless, we will rephrase the
sentence to make this clearer (Lines 197‒198: “At each plot, mineral soil from three
adjacent and randomly distributed soil pits at mid-slope position was sampled at 0‒5 and
5‒10 cm depths.”). As indicated in our response to referee 1, we will include additional
information on sample processing.

 

Referee 2: “For the discussion, I would suggest the authors be more concrete and build
up a stronger argument that links the results with the proposed hypotheses.”

Our response: We thank Referee 2 for his comment. We hypothesized that the
mineralogical combination resulting in the largest aggregate stability also results in the
largest OC persistence under forest and cropland land uses. As indicated in our response
to Referee 1, we will clearly point out in the conclusions that we must reject our
hypothesis, which is then more clearly deduced from the discussion. We will add to the
conclusion section (Lines 598‒599: “Hence, we must reject our initial hypothesis that the
mineralogical combination that results in the greatest aggregate stability best preserves
OC during forests to cropland conversion.”).

 

Answers to detailed comments of referee 2

Abstract

Referee 2: “Lines 30‒32: Please split this sentence in two as it is hard to follow the
argument.”

Our response: We agree with referee 2 and will split the sentence in two (Lines 30‒32:
“However, as aluminosilicates, aluminum oxyhydroxide and Fe oxides are part of the clay-
sized fraction it is hard to separate, how certain mineral phases modulate aggregation. In
addition, it is not known what consequences this will have for organic carbon (OC)
persistence after land-use change.”).

 

Referee 2: “Line 34: insert “land uses” after “cropland”

Our response: We agree with referee 2 and will add “land uses” “after cropland” (Line
34).

 

Referee 2: “Line 41: It is not clear from the statement above about the methods and
measurements done, how was the persistence of OC was measured?”



Our response: Land-use change from natural forest to cropland is often related to large
losses in OC and larger losses indicate smaller OC persistence. We assessed the
persistence of OC by comparing OC storage in aggregate fractions between forest and
cropland soils for each mineralogical combination. Similar OC storage in the two land uses
studied indicates high persistence whereas lower OC values in cropland than in forest soils
reflect low persistence. This approach was possible because of very similar environmental
conditions and applied to all individual mineralogical combinations with varying contents of
aluminous clay and pedogenic Fe oxides. We will add a short description of this approach
to the introduction (Lines 161‒163: “As a measure of OC persistence, the OC content of
aggregate size fractions was compared between the two land uses in the same
mineralogical combination.”).

 

Referee 2: “Line 41: “after the change in land use”. Not clear what this means. It makes
me think that this study is a Chrono sequence in which impacts on land-use change across
time were assessed rather than comparisons done between plots with different land uses.”

Our response: We agree and will change “after the change in land use” to “even under
agricultural use” (Line 43).

 

Introduction

Referee 2: “Line 58: “aggregation depends strongly on inorganic cementing agents”, like
those mentioned in the previous line? Please better link these two sentences if that is the
case, or give some examples of the inorganic cementing agents of relevance for the
tropics.”

Our response: We agree with Referee 2 and will rewrite the sentence so that it is better
linked to the previous sentence. (Lines 78‒80: “The study by Six et al. (2002) points to
the special role of inorganic compounds such as clay minerals and pedogenic metal oxides
in the formation of aggregates in the tropics.”).

 

Referee 2: “Line 99: remove “into””

Our response: We agree with Referee 2 and will remove “into” (Line 155).

 

Referee 2: “Line 102: “hypothesize”?”

Our response: We agree with Referee 2 and will exchange “presume” with “hypothesize”
(Line 158).

 

Referee 2: “Line 103‒104: “after conversion of forests into croplands” sounds like it was
assessed in a Chrono sequence. Also, I’d suggest splitting this hypothesis in two, one
focused on the “mineralogical combination resulting in the largest aggregate stability also
results in largest OC persistence” and the other one regarding the impact of land-use
change. Are there any hypotheses/predictions related to the depths included as factors?
Also, what do you mean by “combination”, the proportion of clays vs Fe oxides?”



Our response: We agree with Referee 2 and will rephrase the sentence because we did
not conduct a chronosequence study (Lines 158‒159: “We hypothesize that the
mineralogical combination resulting in the largest aggregate stability also results in the
largest OC persistence.”). Furthermore, we will add additional information how we tried to
answer the hypothesis (Lines 159‒163: “For this purpose, we determined the aggregate
size distribution of soils under both land uses, determined the OC contents of obtained
aggregate fractions, and tested the stability of the two largest aggregate size fractions
(2‒4 mm and > 4 mm). As a measure of OC persistence, the OC content of aggregate size
fractions was compared between the two land uses in the same mineralogical
combination.”).

“Combination” means the proportion of aluminous clay and Fe oxides in a given topsoil.
We will clarify that (Lines 154‒157: “In detail, our main research goal was to investigate
the individual role of aluminous clay and pedogenic Fe oxides for determining…”).

We do not have a specific hypothesis related to the two depth increments because we
want to keep the focus of the manuscript as straightforward as possible.

 

Referee 2: “Line 103: Here and from the introduction, is still not clear to me what the
authors refer to by "OC persistence". This OC property tends to be associated with
measurements over time, which makes me wonder again if this study is done in a Chrono
sequence of land-use change but I couldn’t find enough information in the M&M regarding
this.”

Our response: Please, refer to our reply given above where we explain our approach to
determine OC persistence (i.e. comparing OC between forest and cropland soils).

 

Referee 2: “Line 104‒105: This sentence reads disconnected from the paragraph.”

Our response: We agree with Referee 2 and will rephrase the sentence to connect it
better to the former sentence (Lines 163‒165: “We generally focused on soil samples
from 0‒10 cm to test our current hypothesis since land-use induced OC losses from soils
of the study region largely occur in this depth increment (cf. Kirsten et al. 2019).”).

 

M&M

Referee 2: “Line 116: Could you please provide more information about the
characteristics of the soil profiles at the site? I’m guessing 0-5 organic layer and 5-10 is
mineral soil?”

Our response: We agree with Referee 2 and refer to the additional information given
based on the comment of Referee 1. Furthermore, we will clarify that we used only
mineral soil (0-5 cm and 5-10 cm) in our study (Lines 197‒198: “At each plot, mineral soil
from three adjacent and randomly distributed soil pits at mid-slope position was sampled
at 0‒5 and 5‒10 cm depths.”).

Detailed information about the soil profiles can be found in the supplementary material of
Kirsten et al. (2021) in Section 1: General soil description (Table S1).

 



Referee 2: “Line 132: It is not clear how these groups (of what? …plots? samples?) were
determined, please be more specific.”

Our response: We agree with Referee 2 and will include additional information in which
we clarify that each sample is assigned to a specific mineralogical combination based on
its respective content of aluminous clay and pedogenic Fe oxide (Lines 224‒228: “Based
on the respective content of aluminous clay and pedogenic Fe oxide in the 5–10 cm depth
increment, each sample was assigned to a certain mineralogical combination. The
threshold values for aluminous clay and pedogenic Fe oxides to distinguish between “high”
and “low” were set to 250 g kg-1 and 60 g kg-1, respectively.”).

 

Referee 2: “Line 139: Why is this relevant? Was the soil sampling done during this
season?”

Our response: This information shows that drying at 40°C for sample transport
resembles processes under natural conditions and ensures low changes in OC by microbial
processes.

 

Referee 2: “Line 165: please state here, the n of the experiment and your treatments
(land-use and the “mineralogical combination”). Also from results, depth was also a
factor? Why?”

Our response: We showed the number of repetitions in each table and figure. We will
add this information to “Statistics and calculations” (Lines 270‒273: “Based on our
selected threshold values for aluminous clay and pedogenic Fe oxides, we were able to
achieve the following number of replicates for the mineralogical combinations: ‛low
clay‒low Fe’ under forest (n = 4), ‛low clay‒high Fe’ under forest (n = 4), ‛high clay‒low
Fe’ under forest (n = 3), ‛high clay‒high Fe’ under forest (n = 7); all cropland
combinations (n = 3).”)

 

Referee 2: “Line 168–169: Could you be more specific about what were you looking to
find with these correlations? What specific hypothesis were you aiming to solve?”

Our response: We will rephrase the sentence to be more specific about our aims in
applying regression analyses (Lines 263‒265: “Regression analysis was used to test for
relationships between mineralogical properties and MWD, masses of aggregate size
fractions, aggregate stability, and OC losses due to land-use change.”).

 

Results

Referee 2: “In general, this section needs to be better synthesized and focused only on
the results from the present study that are relevant to the proposed hypotheses.”

Our response: We will try to improve the result section, particularly by clarifying the
links to our objectives. We also have checked the presented results regarding their
relevance for our objectives and hypothesis. Based on this, we would like to keep parts of
section 3.1, summarizing the general soil properties, which are crucial baseline data for
this study.



 

Referee 2: “Line 174‒176: maybe something to include in the introduction instead? This
is not part of the results of this study.”

Our response: We agree with Referee 2 and will remove this sentence from the results
section to the introduction where it will replace a similar sentence (Lines 129‒131: “The
mineralogical composition of the study soils is very homogeneous with kaolinite and
gibbsite as the main aluminous minerals of the clay fraction and goethite and hematite as
dominant pedogenic Fe oxides (Kirsten et al., 2021).”). Furthermore, we will add
additional information about the consequences for the aluminous clay to Fe oxides ratio in
the following sentence (Lines 131‒149: “Yet, the ratio of aluminous clays to Fe oxides
differed strongly, giving rise to unique mineralogical combinations under both land use
types. Thus, the conversion of natural forest to cropland in the study region...”)

 

Referee 2: “Line 180‒181: ibid

Table 1: two soil increments were measured but it’s not clear to me why. This table
contains a lot of information that is not discussed or mentioned in the text aside from a
broad description of the site characteristics. If not that relevant, maybe it belongs to
supplements? I would be interested to read a short description of the impact of the
treatments: land use, depth, and mineralogical combination on the OC and other variables
in this table…”

Our response: Here, we do not agree with Referee 2. In our opinion, Table 1 provides
the most important soil properties affecting aggregation and OC and, therefore, we would
prefer to keep this table in the main manuscript.

 

Referee 2: “Line 192‒194: Awkward sentence structure.”

Our response: We agree with Referee 2 and will rephrase the sentence (Lines 305‒307:
“For most combinations, about 74% of soil mass was present in aggregates > 2 mm
(Figure 1a), whereas in forest soils with low contents in both aluminous clay and Fe oxides
only 40% could be assigned to aggregates > 2 mm. Only 3‒12%”).

 

Referee 2: “Line 228: This analysis was not.”

Our response: The model is specified in the supplementary Table S1 under the item
“Mass.Aggregates0-10 cm > 2 mm” (aluminous clay = -0.20, pedogenic Fe oxides = 0.85,
intercept = 169.81, Df = 51, F-value = 35.95, r2 = 0.57, p < 0.01).

 

Referee 2: “Line 250‒257: This is a great paragraph that really helps to put in context all
the above results. Previous paragraphs were too dense so I suggest trying to use more of
this sort of narrative to describe the results of the study, given all the variables analyzed.”

Our response: This is exactly what we wanted to achieve – a short and concise summary
of the results related to the observed aggregate size distribution. The other two sections
of the results are less dense and less diverse. Therefore, we do not think that similar



summaries would be necessary / helpful for the reader.

 

Referee 2: “Line 287 and 291: Please focus on the results of your study, this is an
example of when it is not clear what was done in this study vs the author’s previous
publication.”

Our response: We will remove these two sentences in order to make crystal clear the
results from the current study in comparison to the previous one.

 

Referee 2: “Line 300‒301: Not fully certain what is the support for this statement.”

Our response: We agree with Referee 2. We will remove the sentence, because this
aspect is already included in the discussion (Line 427).

 

Discussion

Referee 2: “Line 316: respectively? Which value belongs to what? Not clear.”

Our response: We agree with Referee 2 and will restructure and rephrase this sentence
(Lines 446‒452: “For example, soils with strongly contrasting clay content (220 and 650 g
kg−1) but similar clay mineralogy (kaolinite) in the central highlands of Kenya displayed
macroaggregate contents of 245 and 636 g kg−1 soil, respectively (Gentile et al., 2010).
In addition, for soils from the catchment of the Riru river also located in the central
highlands of Kenya it was shown that macroaggregates (2−4.2 mm) displayed a large
stability (Kamamia et al., 2021). The reported MWD's after application of the fast-wetting
stability test were 2.5 mm for cropland and 3.2 mm for indigenous forest sites (Kamamia
et al., 2021).”).

 

Referee 2: “Line 335‒338: Neat!”

Our response: Thanks.

 

Referee 2: “Line 357: replace “elsewhere” to like reported in Rabbi et al., 2015 (without
the parenthesis).”

Our response: We agree with Referee 2 and will remove the word “elsewhere” (Line:
517).

 

Referee 2: “Line 358‒359: I was not under the impression, from the introduction, that
confirming this was the purpose of this study.”

Our response: The aim of our study was not to determine the role of pedogenic Fe
oxides for macroaggregation in general. Our focus was to investigate the individual role of
aluminous clays and pedogenic Fe oxides (Lines 154‒155) on the soil aggregate size



distribution. Therefore, we chose to open this paragraph with the excellent study by Six et
al. (2002), and further showed that our results differ from the findings given there.

 

Referee 2: “Line 398: taken into account… in the models?”

Our response: We refer in this sentence on data given in Table 2 and the significant
differences observed between forest and cropland. We will rephrase the sentence and will
add this information to the sentence. (Lines 560‒563: “Comparing forest with cropland
soils (Table 2), we observed significantly reduced OC contents in the majority of
macroaggregate fractions of the low clay‒low Fe and high clay‒high Fe croplands, as
reported in other studies (Blanco-Canqui and Lal, 2004; Lobe et al., 2011).”).

 

Referee 2: “Line 401: fewer changes”

Our response: We agree with Referee 2 and will replaced the word “least” with “fewer”
(Line 563).

 

Referee 2: “Line 408‒412: This is for example a way in which the fractionation and
aggregate characterization did in this study build up from the previous paper by the
authors.”

Our response: Thank you for this comment. We tried to improve this in many parts of
the manuscript.

Please also note the supplement to this comment: 
https://soil.copernicus.org/preprints/soil-2020-98/soil-2020-98-AC2-supplement.pdf
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