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This is a short communication on a comparison study of the effect of two different 15N tracer 

application techniques, i.e. mixing of tracer with soil and injection of tracer into the soil, on N2O and 

N2 fluxes. They used either undisturbed soil cores or disturbed, sieved soil, recompacted back to the 

original bulk density after homogenization. The authors measured N2O and N2 evolution from the soil 

after 15N tracer (nitrate) application on six different days over a period of eight days. They found 

generally no significant differences in N2 flux between intact soil cores and homogenized soil, 

withstrong dominance of N2 over N2O fluxes. The larger variability of N gas fluxes found in intact soil 

cores was attributed to the natural heterogeneity of soil. The paper is very short, which is not a minus 

in itself, as it is on an interesting and relevant topic. The idea to compare 15N label injection to intact 

or homogenized soil with prior mixing of the label with homogenized soil is original. Nevertheless, the 

paper appears to be at a premature stage, as only one soil type was studied at one water level (75% 

WFPS), and as the 15N label was applied at a relatively high dose (more than 100% of the natural 

soil nitrate pool, as indicated by the initial 15N content of the nitrate pool immediately after addition 

of the label), which might have strongly biased the obtained results. Therefore, I suggest that the 

authors conduct additional experiments with different soils, at different water levels, and with lower 

doses of 15N label, and evaluate the results on this broader basis of results. 

Thank you for the positive comments. We fully agree that testing the relevance of labelling techniques 

on measured denitrification should be extended to other conditions and soil types since the suspected 

artefacts by homogenisation and mixing depend on soil properties such as organic matter properties, 

pore structure, microbial community dynamics or heterogeneity of label and water distribution. This 

test was performed for the only one soil type that we needed for our further studies of a certain project 

to evaluate the comparability of the results and answer the question if the injection technique may 

cause bias of the results. High soil moisture and high enrichment of nitrate was necessary to enhance 

denitrification and optimizes measuring sensitivity in view of the poor sensitivity of the 15N gas flux 

method. Please note that in past denitrification studies using the 15N gas flux method, these potential 

artefacts have been ignored. Therefore we think it is useful to publish these first results. A study large 

enough in terms of soil types and conditions which would allow to generalise our findings 

representing all possible conditions would be far beyond the feasibility of our current project. It would 

be certainly very interesting, but currently we do not have resources for performing this. Therefore, we 

believe this short study is worth publishing as the first idea which should be deepened by future 

studies. This need for further research will be emphasised at the end of conclusions: 

In this study only one soil with one moisture level was tested and this experiment was conducted with 

high dose of 
15

N labeled fertilizer. Since the indicated artefacts due to homogenisation and mixing 

depend on soil properties such as organic matter properties, pore structure, microbial community 

dynamics or heterogeneity of label and water distribution, for more universal conclusions further 

studies with different soils, moistures and 
15

N label additions should be conducted. 

 



Due to the exemplary character of our study we submitted it as a short communication. 

The high dose of 15N label applications was applied due to the limited sensitivity of 15N gas flux 

method. The N2 gas flux is only detectable for the high 15N content. The common recommendations 

for low N additions are important for the studies where we want to trace the natural N transformation 

for this soil and the fertilization effect must be as minimal as possible. Here our aim was to compare 

the effects of tracer addition, so it was important to obtain a well detectable N2 flux and it was not 

intended to draw conclusions for the particular study site. If we compare the different addition 

strategies by addition of even more N than usual, the potential experimental artefacts should be even 

enhanced, which would be positive consequence for our study objectives. This discussion will be 

added to the manuscript at the beginning of 3.2 section, line 110 : 

In this study, the addition of N to the soil was quite high resulting in more than doubled NO3- content. 

This was much above the common recommendations of tracer addition of 10-25% of native soil N 

(Davidson et al., 1991). These recommendations are motivated by the need of minimizing the 

fertilization effect to trace the naturally occurring N transformation processes. But, in this study we 

only aimed at comparison of tracer addition strategies and not intended to draw conclusions for this 

particular study site. Establishing a high 15N enrichment of the NO3- by high addition of 15N-labelled 

NO3- enhanced the sensitivity of N2 fluxes detection, which is a prerequisite for reliably identifying 

potential experimental artefacts, which we aimed to evaluated in this study.   

We will also add this information in the introduction: 

To determine soil gross N transformation rates, enrichment in 
15

N of a few percent (e.g. 10 at% 
15

N) is 

sufficient (Müller et al., 2004). However, in applications where N2 fluxes are analysed (
15

N gas-flux 

method) the labelled N pool (e.g. NO3
-
) should ideally be enriched by approximately 50 at% 

15
N to 

achieve precise results (Stevens et al., 1993). 

 

Specific comments: 

 

Title: The title suggests that N2O pathways have been characterized in the study, implying that also 

N2O production pathways, e.g. either from nitrification or from denitrification have been elucidated, 

which was not really the case. 

The title will be changed accordingly: 

The 
15

N gas-flux method to determine N2 flux : a comparison of different tracer addition approaches 

 

Abstract: It does not become clear from the Abstract, whether this is a (mini-)review or whether only 

own results were compared. Furthermore, the Abstract does not provide any information about the 

experimental setup. In L16-19 it should be indicated for which soil the results were obtained. 

The missing information in the abstract will be added, line 13: 

Soil incubation experiments with silt loam soil using (i) intact soil cores injected with 15N label 

solution and (ii) homogenized soil with injected label solution and (iii) homogenized soil with 

admixture of label solution were performed. 

 

Introduction: The introduction is very short. Despite the statement in L27-28 that the 15N tracer 

application technique “implies a significant impact for the soil due to additional fertilization and soil 



disturbance depending on the way of tracer addition”, and the fact that exactly this technique was 

applied in the present study, no further elaboration of this topic follows. Thus, some further 

information from the literature should be added here. 

Introduction will be expanded by adding (after line 28):  

The impact associated with soil fertilization can be minimized by applying the lowest effective 

fertilizer doses. In most cases, enrichment in 
15

N of a few percent (e.g. 10 at% 
15

N) is sufficient to 

determine soil N transformation rates (Müller et al., 2004). However, in applications where gaseous N 

species such as N2O and N2 are analysed (
15

N gas-flux method) the labelled N pool (e.g. NO3
-
) should 

ideally be enriched by approximately 50 at% 
15

N which provides the most precise results (Stevens et 

al., 1993). The impact due to soil disturbance is often minimised by 
15

N tracer application to the intact 

soil cores (Rütting et al., 2011). 

The 
15

N gas-flux method is based on the assumption of an isotopically homogenous NO3
-
 pool. Failure 

to fulfil this condition, which is often the case, may result in underestimation of denitrification rates up 

to 30% (Arah, 1997; Mulvaney, 1984). An initial homogeneity can be obtained by intensive mixing of 

the soil, but this is a massive disturbance with huge potential effects on N processes including 

denitrification dynamics. However, application of intact soil cores can enhance problems with 

homogeneous 
15

N label distribution, since incomplete equilibration of water content after injecting 

aqueous tracer solution could lead to increased wetness near the injection spots and thus to enhanced 

denitrification (Wu et al., 2012).  Hence, for the 
15

N gas-flux method a compromise must be found 

between homogeneous 
15

N label distribution, which is crucial for N2 fluxes calculations, and a 

possibly minimal change of the real soil N transformations.   

 

Materials and Methods: L41: no rationale has been provided why the soil was sieved at 4 mm, and not 

e.g. at 2 mm, as commonly done. 

This is basically for simplification and fastening of sieving procedure. Silt loam soil is not easy to 

sieve and from our experience this only possible way to sieve large amounts of soil sufficient for 

experiments with large mesocosms as in our study with reasonable effort. We will expand the 

description to explain this:   

4mm mesh size was used because this enabled us to sieve the necessary amount of soil (56 kg) within 

adequate time. 

 

L61: The ratio 30R should be 30N2/28N2, not 30N2/29N2 

Thank you this mistake will be corrected. 

 

L116: Not clear which differences in what were observed here. 

Differences in soil parameters presented in Table 2. This will be clarified 

Significant differences in soil parameters between treatments (Table 2) were observed.  

 

L 136: “modulus of differences”: Isn’t the modulus the rest of a division? 

We meant by modulus the absolute value (not negative). We think this is right term, should we change 

to absolute value? 



L137: “Here it clear: : :”: Unclear at this point, what is clear why. 

This will be clarified 

For the comparison of mean absolute difference between aP_N2 and aP_N2O we obtained quite a good 

agreement, 

 

L 138-139: “: : :much better than for comparisons with aNO3 (Table 3). This shows that both gases 

originate mostly from the same soil pool.”: But the pool they originate from is the nitrate pool, isn’t 

it? Shouldn’t all three parameter be then comparable with each other? 

Yes, they should if the nitrate pool is homogenous. However, this is often not the case since we may 

deal with formation of isolated nitrate pools in soil especially in soil anoxic microsites. It was tested if 

one of the applied treatments may enhance this process. By this comparison it was shown that the bulk 

nitrite is not always representative for the pool where denitrification occurs.  

 

L146: “: : :than the aNO3 value measured for total soil.”: The logic of this part of the sentence is not 

clear. 

This sentence will be clarified: 

This shows that the multiple injection technique reduced the formation of isolated soil microsites 

characterized by distinct 
15

N enrichment when compared to the bulk aNO3 value measured. 

 

L160-162: Check wording, this sentence is hard to understand. 

This sentence will be clarified: 

However, we can conclude that despite pronounced differences in a
15

N values of different treatments 

and different pools, the calculated results for gas fluxes and product ratios were mostly not 

significantly different between the treatments. 

 

L173-175: I would have expected the opposite logic here, i.e. that oxic conditions lead to greater 

disagreement due PRESENCE of nitrification and hence MORE dilution of the 15N-nitrate pool by 

native (soil-derived) N-sources. 

Yes, this is true. In the sentence we wrote about anoxic microsites that’s why it was opposite. The 

sentence will be corrected to be easier to understand: 

Oxic conditions can be expected to yield greater disagreement between aNO3 and aP due to dilution of 

the bulk aNO3 by soil-derived non-labelled N sources in contrast to anoxic soil microsites.  

 

L191-193: I think also here the logic is wrong. As it stands, the dominance of N2 fluxes is due to the 

calculation method applied. 

This sentence will be clarified: 



This good accordance of the results is thanks to calculation method applying aP values determined 

individually for each sample which assures the adequate results for flux calculation, even with 

existence of multiple N pools. 

 

Figures general: I would not recommend the use of spline functions to connect the data points, but the 

use of straight lines instead. 

This will be modified. 

 

Fig. 1: Caption and figure panels do not fit together. Caption 1B says “fraction of 15Npool derived 

N2O”, but Fig. 1B shows fp_N2, but the values are in ppm, which does not make sense (should be 

dimensionless between 0 and 1). Caption 1C says “N2 concentration”, but Fig. 1C shows 

fp_N2+N2O, and again the values are in ppm, but should be dimensionless between 0 and 1. 

The inconsistency will be corrected: the figure caption will be modified. The ppm is correct: this is 

between 0 and 1, but it is a very low fraction expressed therefore in part per million. Fraction of 

labeled N2 is very low in atmospheric background, even since we used the modified atmosphere with 

only 2% of N2. 

Figure 1: Comparison of the temporal changes in N2O concentration (A), fraction of 
15

N-pool derived 

N2 (B), fraction of 
15

N-pool derived denitrification products (N2+N2O) (C), and N2O residual fraction 

(D) in three treatments: homogenized soil mixed with fertilizer (black dots), intact soil cores with 

fertilizer added through needle injection (red triangles), and homogenized soil with fertilizer added 

through needle injection (green squares). Error bars represent the standard deviation of 4 replicates 

within one treatment. 

 

Thank you very much for the detailed edition of the manuscript in the attached supplement. All the 

corrections and suggestions will be taken into consideration by preparing the revised version of the 

manuscript. 

 


