
Anonymous Referee #1 (text in italics): 

 

Overall comments: 

The manuscript compares the biological nitrogen fixation (BNF) potential at three polluted 

peat bogs of central Europe. The topic is of great interest taking into account the key role of 

BNF in the availability of N in peatlands. These ecosystems could be a source of greenhouse 

gases, especially disturbed polluted ones, and very few studies have been done in historically 

highly polluted areas. In addition, they also provide insight into biotic and abiotic controls 

over BNF. 

The manuscript fits well with the SOIL aims and scope. In general, it is very well organised 

and presented. However, there are several causes of major concern that prevent accepting the 

paper for publication. In the first instance, from the general perspective, the authors need to 

build a stronger case to convince the reader of the results obtained from one single BNF 

measurement in time. Other parameters have been measured over years, but BNF at each site 

is just one single measurement, and not in-situ but in the laboratory. 

 

Our response: We present replicated (n = 4) delta15N measurements at time t = 0 and t = 7 

days for three sites. In the revised version, we are ready to add similar measurements at t = 2 

days (three sites, n = 2) which we performed as a preliminary trial (it gave data consistent 

with the 7-day experiment). The total of delta15N measurements in the BNF incubation 

experiment at the Czech sites is 42. The total number of delta15N measurements in our entire 

paper is 403. It was our intention to perform more natural-abundance N isotope measurements 

as part of the in-situ monitoring at 3 study sites than delta15N measurements as part of the 

Sphagnum incubation study (361 vs. 42). In the moss incubation study, we mainly wanted to 

illustrate extremely different BNF rates among sites and within sites with similar N pollution 

(these data are in Fig. 3). At the same time, we intentionally paid a lot of attention to the other 

part of the project, the delta15N monitoring under natural conditions. That type of research 

appeared to be an underexploited approach to assessing BNF occurrence. The overarching 

motivation for our study design was to present simultaneously short-term BNF results (15N2 

assays) and longer-term results (natural-abundance N isotope monitoring). Ideally, the results 

would be complementary. What the reviewer views as a potential weakness (single BNF 

measurements vs. parameters measured over years), was intended by us to be a strength. 

Please note that some of the landmark papers in this field offer lower or similar number 

delta15N incubation measurements relative to the current study. For example, Vile et al. 

2014, performed 16 N isotope measurements, van den Elzen et al., 2017, made 16 N isotope 

measurements, and van den Elzen et al., 2020, made 58 N isotope measurements. Our total 

number of delta15N measurements (403) is higher compared to the N isotope data set 

presented by Knorr et al., 2015 (72), Saiz et al., 2019 (100), and Saiz et al. 2021 (156). Our 

entire delta15N data set is somewhat lower than the N isotope dataset by Stuart et al., 2021 

(580) and Zivkovic et al., 2022 (536). We understand the Reviewer’s point that a time-series 

of incubation experiments using samples collected in different seasons would be needed. We 

have recently submitted a research proposal planning to do exactly that at newly selected 

sites. In our incubation, we used summer-time temperatures (June 21 – September 23) to 

show the potential BNF rates in the mid-growing season which we believed would be high, 

compared to spring and autumn. (BNF peak in summer was reported, e.g., by Zivkovic et al., 

2022.) We are ready in include information on how we chose the incubation conditions in 

light of meteorological data from the studied areas. 

 

In addition, some more specific questions regarding the methodology must be clearly 

addressed and justified: 



The authors indicate that surface bog water was collected in June 2019 at each study site 

(lines 175-176). And that Sphagnum mosses and peat were collected in October 2018 (line 

180). How can be compared their δ15N value (e.g. lines 322-324) with sampling dates eight 

months apart? 

 

Our response: The surface bog water was used as part of the natural-abundance N-15 study, 

the data are reported in Fig. 6. These samples were collected in June 2019, as mentioned on 

lines 175-176. In contrast, collection in October 2018 is mentioned in association with the N-

15 labelling study. For the N-15 labelling study, the used bog water was collected on the same 

day as Sphagnum in October 2018. Regarding the comparison between bog water and moss 

on lines 322-324: As seen in Fig. 6, the range of delta15N values of living Sphagnum was 

rather narrow (within 2.5 per mil). The homogenized green Sphagnum plants were 5 cm long, 

the growth increment represents probably more than 3 years, i.e., more than the 8-month 

interval between bog water and Sphagnum sampling. We know the typical increments from 

many 210 Pb dated profiles from the same Central European region. (We have published 

lead-210 dating of vertical Sphagnum peat profiles from the following 14 peat bogs in the 

area: Bozi Dar, Rybarenska slat, Bila Smeda, Tajga, Pancavska louka, Cervene blato, Pod 

Jeleni horou, Mrtvy luh, MMJ, Ocean, Velke jerabi jezero, Blatenska slat, Pod Zielencem, 

and Velke Darko; cf., Novak et al., 2003, Environ. Sci. Technol. 37:437; Novak et al., 2008 

STOTEN  390:426). At the depth of 4 cm, peat is on average 3.3 years old; at the depth of 6 

cm, the peat is on average 7.2 years old. Even if we performed several samplings of bog 

water, it probably would not cover the entire time span of the sampled living Sphagnum 

plants. We suggest to delete the statement on lines 322-323 and/or to add references to 210-Pb 

dates of living Sphagnum in similar environments.  

 

Related to the above (may answer it), in Table S3, “Data from October 2018” is for all the 

data provided by the table? It does not add up with the information provided in the materials 

and methods section as mentioned before nor in Table S2. It should be clear that the 

comparisons are among samples collected on the same date, or otherwise justify why they are 

comparable. 

 

Our response: We did not analyze the entire chemism (17 variables) in all monitoring 

samples presented in Tab. S2. The chemism in Tab. S3 was intended to illustrate typical local 

conditions. All these values were measured in samples collected within the same month, i.e., 

in October 2018. In a revised version, we can stress the snapshot character of info in Tab. S3. 

 

The authors mention that they collected live Sphagnum and transported it to the laboratory at 

6 °C (lines 182-186) and later on they talk about the incubation experiment (lines 190-214). 

However, several questions arise: 

How long it took from the collection in the field to the laboratory? And to the incubation? 

 

Our response: The journey from the field sites to the laboratory took 2 to 4 hours. The time 

elapsed between moss collection and the start of the laboratory incubation was as follows: 2 

days in the case of BRU, 3 days in the case of UHL, and 6 days in the case of MMJ. Due to 

the geographical distribution of the 3 study sites, it was not feasible to collect moss samples 

on a single day for the concurrent incubations. 

 

How were the live Sphagnum samples maintained in the laboratory? 



Our response: Prior to the start of the incubation experiment, the Sphagnum samples were 

kept in a growth chamber at 6 °C. They came from the field saturated with bog water. 

Therefore, we did not moisturize them during storage. 

 

Was there an acclimatization period before the incubation? 

 

Our response: Yes, there was an acclimatization period before the beginning of the 

experiment: 4 hours at room temperature of 22 °C. 

 

What may be the shortcomings (or reasons) of laboratory incubations instead of in-field 

ones? Have these been considered? 

 

Our response: According to Myrold et al. (1999), “because of the need for gas-tight assay 

system, 15N2 incorporation is better suited for laboratory than field studies.” A survey of the 

recent literature indicates that the following major papers on BNF rates in peat also preferred 

a laboratory experiment under controlled conditions: Stuart et al. 2021, Rousk et al., 2018, 

Warren et al., 2017, van den Elzen et al., 2017, and Knorr et al., 2015. On the other hand, in-

situ incubations were performed, for example, by Zivkovic et al., 2022, Saiz et al., 2021, van 

den Elzen et al., 2020, Rousk et al., 2018, and Vile et al., 2014.  

 

The authors explain that their laboratory conditions during the incubation period were 16 h 

day at 18 °C and 8 h night at 10 ° However, they do not justify the reason. Is this setup 

mimicking real conditions at the time of sampling? Is it just optimal conditions for the BNF 

process? It needs to be justified and put in context.  

 

Our response: The chosen incubation temperatures/light duration did not mimic real 

conditions at the time of sampling. We used an approximation of summer-time temperatures 

(18 °C day, 10 °C night) at the study sites. Since continuous temperature measurements are 

not performed directly at the study sites, we used temperature data from nearby 

meteorological stations operated by the Czech Hydrometeorological Institute. Throughout the 

Czech Republic, this institute runs a total of 217 stations, many are situated at elevations 

significantly lower than those of our mountain-top peat bogs. Our temperature approximation 

was based on data from similar altitudes and stations typically located less than 20 km from 

the study sites. We view our BNF estimates as potential rates during the three summer months 

(June 21-September 23). Similar “optimal” incubation conditions were used by van den Elzen 

et al., 2017 (18 °C, 16 hours of light per day). 

 

Line 196. Here it is indicated that the incubation lasted 168 hours, which is 7 days. The 

authors noted (lines 207-210) that this is a longer incubation than most previous studies, but 

do not explain the reason. This incubation time should be justified. Here the authors should 

address what potential errors or shortcomings are associated with such a long incubation, 

aside from changing headspace concentrations of gases. This is important to explain clearly 

because literature suggests for this type of BNF measurements, short-term incubations, i.e., 

less than 4 days (Myrold et al., 1999). 

 

Our response: Before measuring delta15 values in a 7-day incubation, we tested whether a 

delta15N shift toward higher values would be measurable after 2 days (Myrold et al., 1999 

recommend experiment duration of less than 4 hours). In the 2-day experiment, we arrived at 

the following del15N values (in per mil): MMJ: t = 0 …-3.7 and -3.7, t = 2 days … +2.7 and 

+3.3; BRU: t = 0 …-4.0 and -4.0, t = 2 days … -3.8 and -3.4; UHL: t = 0 …-4.0 and -4.0, t = 



2 days … -3.9 and -3.5. Two delta15N values differing by less than 0.3 per mil are 

indistinguishable. We perform the longer 7-day l incubation to obtain more distinct trends 

toward higher delta15N of the moss at the end of the experiment, compared to the 2-day data. 

We minimized the effect of changing gas chemistry in the sealed headspace toward the end of 

a longer experiment by using relatively large containers. Specifically, while most experiments 

in the literature use 50 to 60 mL containers, we used air-tight 200 mL containers. We were 

able to show that even in days 3 to 7, the delta15N values at MMJ continued to grow. At BRU 

and UHL, BNF was triggered off neither within the 2-day, nor 7-day period. We are ready to 

present these data in the new version of the manuscript. 

 

Minor comments: 

Line 89: delete the comma after “Zivkovic et al.” 

 

Our response: O.K. Thank you. 

 

Line 227: It is mentioned an “Appendix I”. I was not able to find it. Was it provided? 

 

Our response: Appendix I is part of the submission now. 

 

Line 310: “MMJ mean of 1.0 wt.” should say “1.1 wt.” 

 

Our response: O.K. Thank you. 

 

 


