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We thank associate editor Sara Vicca and the two reviewers for their comments. Our responses are reported below in normal font, 

while the editor’s and reviewers’ comments are in italic. 

 

Responses to the associate editor  

Thank you for your clear responses to the reviewers. The three reviewers were generally positive about your work and mainly 

highlighted aspects that need further clarification. They also raised several questions out of curiosity. Your responses indicate that 

you can address most of these comments and questions. I am inviting you to submit a revised manuscript in which the reviewer 

comments have been addressed, along with a response letter with point-by-point answers to the reviewer comments. The revised 

manuscript will be returned to at least one of the previous reviewers. 

Our response to the reviewers’ comments are reported below, focusing on the actual changes made in the revised manuscript. We 

have left extended discussions in the individual responses published during the open review phase. In addition to addressing the 

reviewers’ comments, we also edited the text elsewhere to improve clarity and consistency in the use of symbols and terms. 

 

Responses to Reviewer #1  

This study proposes a phase-space model fitted to about 40 studies which estimates that ~75% of MAOM C and nearly all of 

MAOM N are stabilized by the in vivo pathway, in contrast to measurements which tend to be lower than this. The authors posit a 

few reasons for the discrepancy, including ex vivo stabilization pathways missing from the model, and the most interesting which 

is that necromass may be stabilized faster but turns over at a faster rate, resulting in less persistent MAOM from necromass.  

We thank the reviewer for their feedback and we agree that the finding of dominant in vivo stabilization is interesting and 

complementary to recent literature. 

I think in order to explore the hypotheses brought up by this study it is useful to run the model considering time. I assume that you 

would get the same curves that can be seen in the main results (Figs 2 and 4) when running the model forward as differential 

equations and plotting the model output as the relationship between pools, so I’m not sure what the phase space simplification 

really adds.  

Solving the mass balance equations through time and then plotting one state variable as a function of the other will give the same 

results as directly solving the system in the phase space (see an example in the published response to Reviewer #2). We now clarify 

why we move from time domain to phase space at the beginning of Section 2.1.3: 

“Equations (4) and (7) can be solved through time after specifying how the rates 𝐷𝑃 and 𝐷𝑀 vary with the state variables 𝐶𝑃 and 

𝐶𝑀, as well as with environmental conditions. To remove part of the variability induced by environmental conditions and to limit 

the number of model parameters, we move from this representation in the time domain to one in the phase space.” 

We have revised Section 3.3 to refer to the new Figure 4, which now includes examples of time trajectories. We also discuss the 

advantages of a phase space representation in Section 4.1, were we added: 

“This is particularly useful when the temporal trajectories are very different among datasets (e.g., Figure 4A-F), while in the phase 

space data start exhibiting more consistent (and simpler) trends (Figure 4G-I).” 

I think that retaining the ability to consider absolute values of MAOM and POM and track losses (C and N min) are relevant for 

addition scenarios in the field where total C retained in the system is as or more relevant than the form of C. 

Normalizing the C and N contents in the modelled pools by the added residue C and N does not preclude the possibility to calculate 

absolute amounts of C and N in the soil pools, as we explained just before Eq. (10) where the normalization step is presented: 

“Moreover, the equations expressed in normalized form are independent of the units used to quantify inputs and mass in each 

compartment, and if needed it is easy to convert the normalized variables into absolute quantities by multiplying by the mass of 

added residue C.” 

There were similarly some places in the text (L357-359) and Fig. 4 where I was really curious how accumulation of N vs C in 

MAOM was evolving over time. 
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In the revised manuscript, we expanded Figure 4 to also illustrate the time series of the data, as suggested by the reviewer. 

Moreover, we added Appendix A (with a new figure) to show how C and N accumulate in MAOM at first and then are lost. In the 

Appendix A we explain: 

“General trends in MAOM accumulation can be assessed by calculating the change in C or N in MAOM per unit change in residues 

+ POM (∆𝑐𝑀∆𝑐𝑃
−1). Because the residues + POM compartment loses mass due to decomposition, its changes are always negative 

(∆𝑐𝑃 < 0). As a consequence, negative relative changes in MAOM (∆𝑐𝑀∆𝑐𝑃
−1 < 0) indicate accumulation of mass in MAOM. 

Generally, in the early phase of decomposition when the fraction of remaining residues + POM is still high, both C and N 

accumulated in MAOM, but below a 𝑐𝑃 or 𝑛𝑃 threshold, both C and N are lost from MAOM (Fig. A1). The turning points when 

MAOM starts being depleted are at 𝑐𝑃 ≈0.26 and 𝑛𝑃 ≈0.18.” 

Appendix A is referred to in the main text, at the beginning of Section 3.1: 

“In general, the data show that C and N from the residues + POM compartment accumulate in MAOM in the early decomposition 

phase, while later both residues + POM and MAOM compartments lose mass (Appendix A).” 

I suppose my ask to the authors is to justify to readers the utility of phase space modeling compared to running the time-dependent 

form of the model, or to use time-dependent modeling to more completely address some of the hypotheses advanced, especially 

about N vs C accumulation in MAOM. 

We agree with the reviewer that the temporal dynamics contain additional information, but that will mostly reflect incubation 

conditions rather than the intrinsic capacity of the soil and its microbial community to promote organic matter stabilization in 

MAOM through the in vivo or ex vivo pathway. We have revised the manuscript as suggested above to better motivate our choice 

to focus on the phase space rather than the time domain, but we would be reluctant to fit the model to the time series as interpreting 

patterns in both kinetic constants (which we now do not consider) and partitioning coefficients (our current focus) would be difficult 

and results would depend on the selected kinetics. 

L59-60: I think this sentence needs a main clause verb. 

Thanks for catching this mistake. Deleting “and” fixes the problem. 

L120: Probably good to acknowledge that some C will be lost as DOC leaching, even if it is small and you don’t consider it here. 

We clarified by adding that “Leaching of dissolved organic matter is neglected.” 

Fig 1: A fraction of necromass is sorbed and the rest goes back into particulate C… what is that fraction based on?  

The fraction of necromass that is sorbed is quantified by the parameter m, which is estimated by fitting the model to the data. 

Therefore, we do not make any assumptions about this fraction, but rather let the data tell if it is large or small. We would not add 

a clarification on this comment, because the estimation approach for parameter m is presented in Section 2.2.2. 

At L322, Section 0 is referenced as where you explain how m is constrained but I could not find this section. 

Sorry about this, there was an issue with a section referencing. It should read “Section 3.2” 

Eq.10 is the same as Eq. 9 but with a different boundary condition. I would suggest referencing Eq. 9 instead of printing the 

equation again. 

Equation (10) looks similar, but besides the different boundary conditions, it also includes normalized variables (small c instead 

of capital C), so we would prefer to keep it. 

N mineralization assumes a one-way flow where N is mineralized but not taken up again. This is similar to a lot of soil models but 

not necessarily realistic, so perhaps worth acknowledging that in text somewhere. 

We understand the concern, but the reviewer missed that this is not necessarily the case in our formulation of net N mineralization, 

which accounts for possible net N immobilization when microbial N demand is higher than the N supply from organic matter 

decomposition. We can add a clarification below Eq. (17): 

“These formulations for net N mineralization allow capturing both net N release if substrates are sufficiently rich in N (𝑁𝑃𝑆 𝐶𝑃𝑆⁄ >
𝑒𝑃𝑟𝑃𝐵, 𝑁𝑀𝑆 𝐶𝑀𝑆⁄ > 𝑒𝑀𝑟𝑀𝐵) and net N immobilization when they cannot provide enough N for microorganisms (𝑁𝑃𝑆 𝐶𝑃𝑆⁄ < 𝑒𝑃𝑟𝑃𝐵, 

𝑁𝑀𝑆 𝐶𝑀𝑆⁄ < 𝑒𝑀𝑟𝑀𝐵).” 
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Table S1: If POM+residues are considered as one category in the model (Fig 1) then why are they separated out here? Please 

clarify how each category is allocated when used in the model.  

The dataset contains data on residues alone, POM alone, or combined residues + POM. As most datasets report combined residues 

+ POM, we chose to use this as a state variable in the model. We added a short explanation in Section 2.1.1: 

“The choice of merging residues and POM in one model compartment is motivated by the fact that in many datasets they were not 

separated.”  

L266 seems to imply that those studies without POM+residues reported were not used, does this change the reported sample size 

used in analyses? 

Six studies reporting only POM or only residue C were not used, so only 36 of the 42 studies included in the database were actually 

used in this work. We clarified in Section 2.2.1: 

“Due to these gaps, 36 out of the total 42 datasets are used in the following analyses” 

While all data from these 36 studies was used in the first part of the Results, only a subset of the data was used for model fitting, 

as explained in Section 2.2.2.  

L357-359: I found it curious that a higher C:N ratio causes lower C accumulation in MAOM but higher N accumulation. Does the 

C:N of MAOM really decrease in this scenario or is this an artifact of only viewing Cm as relative to Cp which is also changing 

over time?  

Higher residue C:N does not affect C accumulation in MAOM (dashed and solid curves overlap in Figure 4, panel in the top row, 

second column); however, higher C:N does promote N accumulation in MAOM because more N is immobilized by 

microorganisms, converted into necromass, and eventually transferred from the residues + POM to the MAOM compartment. We 

added a minor clarification in Section 3.3:  

“… relatively N poor residues exhibit strong N immobilization and accumulation of N in MAOM” 

In Figure 4, it is also interesting that N seems to accumulate faster than C in MAOM, but again we are not looking at time here so 

travel along either curve could occur at different speeds. Can you discuss this or provide some information about the time 

component? 

The reviewer is correct—we are not looking at temporal trajectories, so it is not possible to read reaction speed in these phase 

spaces. As suggested above, we added panels in Figure 4 to illustrate the temporal changes and commented on those patterns in 

Section 3.3. 

Following from the understanding that in vivo is more important for N than C, I wonder if this can tell us something about the rate 

of the in vivo pathway vs ex vivo. 

We appreciate the reviewer curiosity, but as explained above with the current analysis, we cannot evaluate and rank the rates of C 

and N stabilization, but only the relative proportions. 

Figure 3b: I know there are many data sources, but can the data source color bar be discretized? 

We replace the existing Figure 3B with a revised version where the colorbar for the data source is discretized. 

L466: I was a little surprised to see such a strong prediction of clay trends in B and C but no trend in univariate space (Fig 5). Do 

you feel confident in the LME prediction? 

P-values for the clay effects on the fraction of C and N following the in vivo pathway are low (<0.05) and coefficients are relatively 

large, so yes, we are confident there is a trend. If were hoping to strengthen our analysis by adding some datasets we found during 

the review phase (Hilscher and Knicker, 2011; Córdova et al., 2018), but such datasets were deemed not suitable (either biochar 

incubations, while the other studies focused on fresh residues, or experimental design incompatible with the model assumptions). 

However, we did add data from an unpublished study (Cotrufo et al., in review). 

To address this comment and also a similar one by Reviewer #3, we removed the univariate analysis. 
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Responses to Reviewer #2 

Manzoni and Cotrufo propose a two-compartment model (POM + residues and MAOM), which can be used to diagnose through 

which pathway (in vivo vs. ex vivo) C and N are stabilized. The simplicity of the model reduces the number of parameters and 

allows the authors to solve their equations analytically in the so-called space phase, i.e. they focus on relations between 

compartments instead of analyzing temporal trajectories to detect underlaying mechanisms. The model suggests that stabilization 

via the in vivo pathway is more relevant in clay-rich soils and less relevant in C-rich soils, whereby the calculated fractions seem 

to be higher than reported by earlier studies. Overall, the paper is well (and lively!) written and the chosen approach is an 

interesting method to explain potentially appearing inconsistencies in data sets. E.g. the model is able to capture MAOM 

stabilization during early decomposition and destabilization of MAOM in late decomposition by the same mechanism. From that 

perspective and because it adds a new insight into the process of C and N stabilization, the paper is a highly relevant for the BG 

community. Also, discrepancies with earlier studies are mentioned and discussed appropriately.  

We thank the reviewer for their supportive comments—both on our writing style and on the content of the manuscript. 

However, I’m concerned about the assumptions and approximations, which are made during the derivation of the solution, and 

that are a bit loosely justified (see below), and would ask the authors to elaborate these parts a bit further.  

We agree that assumptions need to be spelled out clearly—please see our responses below. 

As mentioned before, I’d ask the authors to explain used assumptions and approximations in more detail. Especially the assumption 

of (quasi-)equilibrium needs more explanation and discussion. Why (under which circumstances) can quasi-equilibrium be 

assumed?  

In our published response to Reviewers #2 and #3 we tested numerically the quasi-steady state assumption and confirmed that it is 

reasonable in most conditions except when both microbial turnover is slow and residue turnover is fast. We have now commented 

on the quasi-equilibrium approximation in the new section of the Discussion “4.2. Model limitations”: 

“The model was initially constructed with five compartments (including POM and MAOM substrates and microbial biomass, as 

well as DOM), but assuming that microbial biomass and DOM are at quasi-equilibrium allows reducing the model to two 

compartments. This simplification has minor consequences on the POM and MAOM dynamics as long as both microbial biomass 

and DOM turn over faster than the POM and MAOM substrates. Microbial biomass has a turnover time in the order of a few 

months (Spohn et al., 2016) and DOM dynamics are even faster—shorter than the turnover of POM and MAOM. Therefore, our 

quasi-equilibrium assumption appears to be reasonable.” 

Are the data filtered by that?  

No, there is no way from the data available to filter datasets according to the turnover rate of microbial biomass or DOC. Our 

arguments for model simplification are general and not data-driven.  

How does this relate to the later discussion about “early” and “late” decomposition?  

Early and late decomposition phases are discussed based on residues + POM decomposition and MAOM accumulation and 

subsequent decomposition, which are both evident from the data and model results even when assuming that microorganisms are 

in quasi-equilibrium. 

How do this assumption and the other assumptions and approximations, which are used to derive the final analytically-solvable 

model, i.e. the first-order decay with a constant decomposition rate or the “similar” C:N ratios, affect model results and limit their 

transferability, e.g. under a changing climate? 

We would like to first clarify that we did not assume first-order decay, but only that the decay rate constants for residues + POM 

and MAOM decomposition are proportional. This assumption is less strict than assuming first-order decay for these processes. 

Regarding our assumption of a single value for microbial biomass C:N ratio, we could not find evidence in the literature of different 

microbial C:N between POM and MAOM fractions. We can elaborate on these model assumptions in the new Discussion section 

“4.2. Model limitations”:  

“Microorganisms growing on residues + POM are likely different from those feeding on organic matter desorbed from minerals. 

For example, we could expect higher fungal to bacterial ratio in POM, with higher microbial biomass C:N and possibly lower CUE 

(Soares and Rousk, 2019), but lack of specific information on microbial traits within the soil fractions does not allow us to 

parameterize these communities in the model (though soil fraction-specific traits are retained in the general solutions of the mass 

balance equations).” 
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Figure 2: I think, it would help the reader, if you could add a reference figure (base values used) to understand the overall model 

behavior and the direction of the changes. I would also like to see the varied values, i.e. the values that are used to derive the solid 

and dashed lines in each sub-figure, in the figure description. 

We have revised Figure 2 according to this suggestion, by adding a column with model results obtained using the baseline 

parameter values. The values of the parameters used to make each panel are listed in the legends at the bottom of the figure, so it 

seems redundant to also report them in the caption. 

What is “Section 0”? (L322, L416) 

These are issues with section referencing. They should read “Section 3.2” and “Section 3.4”, respectively. 

L34 Please check the unit.  

Font issue—it should be µm. 

Table 2: I personally would like to have the Parameter/Symbol entries all centered (or maybe all right-bounded), but not changing 

within lines, which seems to happen for all entries that do not have subscripts. Or is there I reason for that? 

No particular reason, but it seems equation objects sit in the center by default despite normal text being aligned to the left. The 

table has now been formatted so that all symbols are centered. 

 

Responses to Reviewer #3 

The submitted manuscript aims at improving our understanding of the formation of mineral associated organic matter (MAOM), 

particularly the relative contributions of plant versus microbial derived carbon to MAOM formation. Therefore, they apply the 

innovative approach of fitting respective parameters of a simple soil microbial model in phase space. The datasets used are from 

decomposition experiments, where added labelled residues are traced from the particulate organic matter (POM) to the MAOM 

fraction. Instead of looking at temporal changes, the relative proportional changes of POM and MAOM along the decomposition 

continuum are mathematically formulated and solved, considering both C- and N- dynamics. The results showed that the in-vivo 

pathway (microbial derived) was more important than the ex-vivo pathway (plant-derived) MAOM-C and particularly MAOM-N 

formation. It was further possible to identify some controls on the relative importance of the two pathways. The authors conclude 

that the in vivo-pathway is particularly important in clay rich and carbon poor soils and that this path is accordingly stronger 

controlled by available mineral surfaces. The authors did a great job in writing and explaining each modelling step in the 

manuscript and I enjoyed reading it. I also believe that this could be an interesting new diagnostic, potentially applicable to the 

interpretation also of other incubation studies looking at the fate of labelled substrates in soils. Nevertheless, I still have some 

open questions as outlined below. 

Thanks for these positive comments! we agree that the methodology can be adapted to other contexts where the goal is to study 

the pathway of transformation (stabilization as done here, or partitioning of carbon between microbial growth and respiration etc.) 

instead of the speed of the biogeochemical reactions. 

Since not being a mathematician, I am wondering how sensitive the model output is towards violating some of the assumptions 

made when solving the equation. One is the assumption that microbial biomass is in quasi-steady state. This might apply for 

individual states of the model, but not when integrating across the decomposition continuum? Since there is no input to the model, 

microbial biomass is first building up after residue addition (growth > mortality) and then declining (growth < mortality) during 

the subsequent starvation phase. Both phases are required to reconcile the studied decomposition patterns.  

In our published response to Reviewers #2 and #3 we tested numerically the quasi-steady state assumption and confirmed that it is 

reasonable in most conditions except when both microbial turnover is slow and residue turnover is fast. We have now commented 

on the quasi-equilibrium approximation in the new section of the Discussion “4.2. Model limitations”: 

“The model was initially constructed with five compartments (including POM and MAOM substrates and microbial biomass, as 

well as DOM), but assuming that microbial biomass and DOM are at quasi-equilibrium allows reducing the model to two 

compartments. This simplification has minor consequences on the POM and MAOM dynamics as long as both microbial biomass 

and DOM turn over faster than the POM and MAOM substrates. Microbial biomass has a turnover time in the order of a few 

months (Spohn et al., 2016) and DOM dynamics are even faster—shorter than the turnover of POM and MAOM. Therefore, our 

quasi-equilibrium assumption appears to be reasonable.” 
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Also, equation 8 suggests that the decomposition of the POM and the MAOM pool are proportional along the decomposition 

process (right?). Is that the case in the real world, or would it not change e.g. with increasing depletion of easily degradable 

compounds with increasing decomposition in the POM fraction, which is not necessarily paralleled in the MAOM fraction when 

this is indeed built up from microbial residues?   

Equation (8) (i.e.,  𝐷𝑀 ≈ 𝐷𝑃
𝐶𝑀

𝐶𝑃
,) states that there is a proportionality between MAOM decomposition rate constant and residues 

+ POM decomposition rate constant. This does not mean that the rates themselves are proportional. By definition, the 

decomposition rate constants for these two rates are given by the rates divided by the carbon contents in the respective compartment 

(for MAOM, 
𝐷𝑀

𝐶𝑀
, and for residues + POM, 

𝐷𝑃

𝐶𝑃
). The only assumption we make is that these rate constants are proportional, so it is 

still possible for the decomposition rate of residues + POM to be at first larger than that of MAOM, and then lower when most of 

the residue carbon is already in the MAOM compartment. We can clarify this in Section 2.1.2 (just after Eq. (8)):  

“This assumption only implies a proportionality between the decay constants, while the actual rates will still be different depending 

on the relative abundance of C in residues + POM and MAOM.” 

In the second part of this comment, the reviewer correctly points out that the chemical characteristics of the carbon compartments 

differ through time. Indeed, we have not accounted for such a change. We can comment on this model limitation in the new 

Discussion section “4.2. Model limitations”: 

“Residues + POM and MAOM contain compounds with contrasting chemical characteristics (depending on residue chemistry and 

on the pathway of stabilization into MAOM, respectively), but we neglected these chemical differences both to keep the model 

simple and because of limited data to parameterize more than one compartment for residues + POM and one for MAOM. As a 

consequence, we also neglected the decreasing rates of decomposition through time as a result of accumulating recalcitrant 

compounds. However, we can expect that less decomposable compounds remain in both POM and MAOM (because of their 

different chemical recalcitrance or accessibility, respectively), so that the ratio of the decay constants for these compartments (i.e., 

parameter ) should remain relatively stable, which is the only assumption we need to make in our derivation. Therefore, 

neglecting chemical heterogeneity may significantly affect the prediction of decomposition rates, but it is likely to be less important 

when modelling residues + POM and MAOM in phase space.” 

Another assumption of the modelling approach is that ex-vivo and in-vivo formed MAOM have the same decomposition. Since they 

will differ in chemical composition and CN ratio, this might not necessarily be the case as also discussed by the authors in lines 

545ff and could also have biased the results. 

This is also a good point, but as explained above, with the current data we could not test this very reasonable hypothesis. We would 

explain our rationale for chemically lumped compartments as explained above. 

If I understand it correctly, parameter fitting was not done based on total carbon and nitrogen in the two pools (POM and MAOM) 

of the studied soils, but just the fate of labelled residues added and their transfer to the MAOM fraction was considered, right? 

Correlations to bulk soil carbon concentrations of the original samples were done afterwards to see how the fitted parameters 

were affected by background SOC? 

Yes, the reviewer is correct. Total SOC is used to characterize the soil environment, based on the idea that different SOC contents 

might affect the contributions of different stabilization pathways via e.g., saturation of mineral surfaces or maintenance of a more 

or less active microbial community. We can clarify this point in the Section 2.2.2:  

“The model was fitted to residue-derived C and N contents in both residues + POM and MAOM fractions.”  

Moreover, we also clarified in Section 2.2.3 that SOC is regarded as an index of overall C availability. 

Nitrogen will probably play an important role for model parameterization, as the in vivo pathway leads to higher MAOM-N 

contents than the ex vivo path. Some of the datasets seem to have contained information on both, nitrogen and carbon, others not 

(table S1). How were the different data-streams then used for model fitting?  

Too few datasets contained time series of N contents in POM and MAOM, so we could not use individual N datasets for parameter 

estimation, as we did for the C data. This limitation has now been spelled out in Section 2.2.2: 

“Too few datasets included residue-derived N contents in soil fractions for a systematic analysis, so model parameters were fitted 

only to the C data, except for a few examples.” 
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I was surprised that Figure 3 shows a proportional decline of C and N in POM with decomposition, since my understanding was 

so far, based on litter decomposition experiments (which should be equivalent to POM decomposition), that C is lost in excess to 

N, leading to a relative enrichment of N versus C particularly during the early stages of litter decomposition (e.g. 

https://doi.org/10.1016/j.ejsobi.2018.02.003, https://doi.org/10.1007/s10021-004-0026-x). The concept of the present study and 

outcome of the model-data integration is now, that if litter or POM is decomposed next to minerals instead of in litter bags, nitrogen 

is transferred to the mineral phase as microbial necromass and not accumulating in the POM fraction. It would be nice, if the 

authors could elaborate on these different observations a bit more.    

We agree that this pattern is surprising and we elaborated on these points at the end of Section 4.3: 

“The phase space representation also shows that the stoichiometry of residues + POM is conserved during residue decomposition 

and stabilization, regardless of the residue initial C:N ratio (Figure 3A). This result might seem surprising, as N is preferentially 

retained during residue decomposition, often resulting in a temporary net N accumulation if residues are N poor (Moore et al., 

2006; Parton et al., 2007). This pattern can be explained by microbial N immobilization and recycling of N rich microbial 

necromass within the residues, which gradually lowers the residue C:N to values close to those of microbial biomass (Manzoni et 

al., 2008). The observation that the residues + POM compartment retains the initial residue C:N ratio indicates that microbial 

necromass is not recycled within that compartment, but rather it is stabilized into the MAOM fraction through the in vivo pathway 

(parameter m=1). Therefore, the phase space of C and N in residues + POM both informs about stabilization mechanisms and helps 

constrain model parameters.” 

I was further wondering, how the transformation from organic to inorganic N and the potential stabilization of ammonium on 

minerals was considered in the cited experiments? If N accumulation on minerals by sorption as inorganic N is not considered, 

could that bias the results in soils rich in clay minerals? Could this have contributed to the observation, that the in vivo pathway 

is more important in clay rich soils? 

The experiments did not distinguish between N stabilized in MAOM in organic vs. inorganic forms. Indeed, both processes might 

have occurred—stabilization of organic N or of mineral N from mineralization of the residues, even though inorganic N form are 

typically negligible when compared to the organic forms. The N from the added residues recovered in the MAOM fraction is the 

result of both processes. Therefore—if we understand the reviewer’s comment correctly—there would be no bias due to some N 

remaining unaccounted for. 

It also surprised me, that the in vivo pathway should be more sensitive to saturation than the ex-vivo pathway (e.g. line 561). 

Microbes can also live and die directly attached to mineral surfaces. Probably more microbes can potentially live on mineral 

surfaces if these provide more substrate at higher OM-loading, so I am wondering what the mechanism behind the expected higher 

sensitivity of the in vivo pathway to saturation should be. 

Thanks for raising this point. While there are no definitive explanations for this finding, we have summarized the arguments 

proposed in the recent literature in Section 4.5: 

“This finding is consistent with N-rich organic matter—likely of microbial origin—directly bonding to minerals (Spohn, 2024) 

and thus being dependent on the availability of active mineral surfaces. In contrast, C-rich organic matter from the ex-vivo pathway 

tends to indirectly bond to minerals through organic matter-organic matter interactions (Spohn, 2024) and is thus less constrained 

by saturation of the mineral surfaces (Begill et al., 2023).” 

The results presented in Figures 5 and 6 regarding the relation between microbial CUE and CN ratios seem contradictory: while 

it is positive in Figure 5, it is negative in Figure 6. What is the difference? This should be clarified, since in the discussion the 

focus is on the observed negative relation (line 565 ff). 

To avoid confusion, and also in response to a comment by Reviewer #1, we have removed the univariate regressions, leaving only 

the box plots (left column in the original Figure 5) to illustrate the parameter ranges and distributions. The statistical analysis now 

focuses on the more complete linear mixed effect model. Moreover, data points have been added in Figure 6B-C, to show the 

spread of the data in a scatter-plot format.  

It was not clear to me, why the authors always use the term “residues + POM” throughout the manuscript – what is the difference? 

Does the term “residue” stand for the labelled material added and traced into MAOM? Why is the same distinction then not also 

necessary for MAOM when it is composed of both, residue- and POM-derived OM? 

We used the term “residues + POM” to indicate C or N originated from the added residues that is either still in the form of “residue” 

(fragments larger than 2 mm or separated by hand) or POM (obtained via size or density fractionation). In many datasets, residues 

were not removed prior to fractionation, so it was not possible to distinguish between residues and POM. Therefore, we chose to 

model residues and POM combined, and MAOM in a separate compartment. We clarified in Section 2.1.1: 

https://doi.org/10.1016/j.ejsobi.2018.02.003
https://doi.org/10.1007/s10021-004-0026-x


8 
 

“The choice of merging these two fractions in one model compartment is motivated by the fact that in many datasets residues and 

POM were not separated.” 

In line 19 of the abstract, the authors state that MAOM is fuelled by microbes decomposing POM – since there were two microbial 

pools in the model – can a distinction be made how much MAOM is from each microbial pool? Similar to direct input by microbes 

in the MAOM, also plant/ex vivo-derived MAOM is subsequently recycled in microbial biomass – is this not also a kind of in vivo 

OM transformation, since it will also affect MAOM CN ratios? 

The statement in the Abstract is accurate, as the flow of C from residues + POM to MAOM is dominated by the in vivo pathway 

according to our results. Within MAOM there is indeed recycling of microbial necromass, but that does not contribute to MAOM 

accumulation—only to C and N cycling within the MAOM compartment. With time, more and more of the MAOM will be 

composed of necromass from MAOM microbes. In a sense we agree that this is also an in vivo transformation, but we would use 

this term to refer specifically to stabilization into MAOM of necromass from microbes decomposing residues + POM. 

Mathematically, the fraction of MAOM originated from either one or the other microbial group could be calculated, but we are not 

sure it would add to our discussion about the transfer of C and N from residues + POM to MAOM. 

Line 539: remove “tend” or adapt accordingly 

Thanks, that was a leftover from a text edit. 
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