
The authors want to thank Dr. Grønlund and the anonymous Referee for the very 
encouraging review on our paper. You will find an itemized response list to your report 
below. In general, we followed all of the suggestions.  Again, we wanted to thank Dr. 
Freibauer for the thorough review and all the effort she spent on our data. We are very 
appreciative of her comments on our manuscript in the interactive Discussion Forum 
of Biogeosciences. Referring to our response letter submitted on 11-Nov-2009, we 
added some information about (1) restrictions of the developed peat quality index 
(page 19, line 15), (2) calculation of methanogenesis (page 9, line 8), (3) differentiation 
between active and inactive peat (page 11, line 23), (4) sample selection for Py-GC/MS 
(page 8, line 13), and (5) the ratio used for the peat quality index (page 13, line 8). 
 
 
Response to Dr. Grønlund: 
 
2.1. Peat sampling 
Page 8779, line 13-16: The degree of humification has been given an only general 
description: H6-7 for sites C2 and D2 and H3-5 for sites sD1 and M. If available, degree of 
humification should be presented for every horizon of the four sites, e.g. in Table 2. 
 
We have only detailed information for site C2 and D2. Here, the degree of peat 
decomposition at the investigated depth of 40 cm did not change. For M and sD1 we 
do not have the degree of humification for each 10 cm zone. Thus, we were not able to 
add all the information in Table 2, but we added more specific information in the 
Materials and Methods section (page 6, line 15).   
 
3.1 Chemical properties of peat  
Page 8782, line 3-12: The sequence of parameters commented could be changed: C 
content, H content and Loss of ignition (LOI) are of cause well correlated in organic soil and 
will show the same pattern with depth. In fact, LOI is frequently used to estimate the SOM 
content in soil.  
 
We changed the order of parameters in chapter 3.1 (page 10) in the revised version of 
our manuscript. 
 
3.2 Microbial formation of CO2 and CH4  
Page 8783, line 5-6: The word “increase” should be replaced by “”peaks” or “maximum 
values”.  
 
The word was replaced by “maximum values”. 
 
Page 8783, line 19-24: The sentence is unclear. 
 
In previous investigations we could show that similar patterns for anaerobic gas 
formation rates occurred at the fen site independent from seasonal shifts. For 
clarification, sentence was modified (page 12, line 3).   
 
3.3 Peat quality  
Page 8785, line 3-7: The peat quality index should be presented in a table, e.g. in Table 3, 
not only in Figure 3, which shows the correlations between peat quality index and relevant 
parameters, and where the pattern between sites and depths are less predominant. 
 
The peat quality index was added to Table 3.  
 
Other comments 
The relationships between peat quality index and degree of humification (von Post classes) 
should be more discussed. It seems evident that the peat at sites sD1 and M were less 



humified, had the lowest von post classes (3-5), the highest CO2 and CH4 and formation in 
the depth 10-40 cm, and possibly also the highest peat quality index. 
Could the degree of humification give any indication on the potential for anaerobic CO2 and 
CH4 formation in peat soil? 
 
Although there are indications that the degree of humification may be an important 
control of CO2 and CH4 production (e.g. Glatzel et al., 2004), we did not find a clear 
relationship which would allow a prediction of CO2 and CH4 production rates under 
oxic or anoxic conditions. This finding was previously reported (e.g. Moore and Dalva, 
1997). Thus, we do not think that the degree of humification is sufficient for a 
prediction of the gas formation. We have added more statements regarding this in our 
revised version (page 19, line 2).   
 
 
Response to anonymous Referee: 
 
Development of a thermalstability index is, however, the reinvention of the wheel and the 
authors do not seem aware of the literature. In some instances the text needs clarification 
and structuring. The functional relationship between thermal and biochemical stability is, from 
my point of view, questionable as it lacks a mechanistic understanding though often empirical 
relationships are found. Thermal indices of OM stability and their meaning have been most 
recently discussed in a review paper (Plante et al. 2009, Geoderma 153: 1-10) and I suggest 
having a look into it, particularly in their Table 2. 
 
We are not the first to develop a thermalstability index in general, but we are the first 
to compare thermal stability and carbon composition of peat with microbial activities. 
In the revised version we have referenced more previous investigations. 
However, the referee should note that the review paper (Plante et al., 2009) was 
published one month after submission of our manuscript. We have now included it in 
the revised version. We also point out that there is a lack of knowledge about of the 
relationship between biochemical and thermal stability (page 4, line 23). 
 
To the best of our knowledge, Rubino et al. (2007) first compared thermal degradability 
with microbial activities and tried to establish a litter quality index based on  biological 
function. Consequently, we applied thermogravimetry as an inexpensive and easy to 
use method to suggest a peat quality index which might have the potential to predict 
the formation of greenhouse relevant gases, i.e. CO2 and CH4 in peatlands. We agree 
that thermal analysis techniques have been used many times in the past and same 
previous investigations tried to develop thermalstability indices for the 
characterization of humic substances, composts or soil fractions. Only few studies 
have focused on analyses of whole soil samples. Mineral soil contains water. This 
water is released during the heating process (dehydroxylation reactions of clay 
minerals) and may overlap with the hydrolysis of organic matter. In contrast, the peat 
samples from the fen site studied do not contain clay minerals. Thus, the resolution 
and interpretation of quantitative thermal analysis is not as limited as in high clay 
soils poor in organic matter content. 
 
Detailed comments  
The quality index is already mentioned in the abstract without explanation and should either 
be removed from it or introduced here.  
 
Peat quality index is now introduced in the abstract (page 2, line 4 and 6). 
 
The relationship between thermal stability and chemical composition is not clear; what are 
the substances that evolve first in the TG? 
 



Less condensed, thermolabile and oxygen-rich compounds, i.e. polysaccharides, 
amino acids and volatile lipids evolve first in the TG (up to 300°C) by releasing 
intramolecular water. At higher temperature at about 500°C more condensed materials 
and high boiling lipids and lignin are destructed, followed by formed and pre-existing 
char. This information has now been added to the manuscript (page 8, line 1). 
 
In line 25, p. 8776, authors suggest that the new peat quality index should aide the 
estimation of GHG formation potentials. This is something I miss in the study: Application of 
the index to a range of samples from the same site to resolve the issue of spatial 
heterogeneity. It is, in addition, quite ambitious to generalize the index as it has been 
developed for one single site only. 
 
We did not aim to link greenhouse gas emission rates with the new peat quality index 
in this study. However, the link between peat quality and potential microbial CO2 and 
CH4 formation rates might be used to facilitate predictions for calculating gas fluxes 
from peatlands for climate change research in the future. We agree that it is quite 
ambitious to generalize the index as it has been developed for one single site only. 
More work is in progress to determine the potential for generalization.  
Here, we addressed only the spatial heterogeneity in one fen with four different sites 
and four different depth zones to explain the spatial heterogeneity of anaerobic gas 
formation. We have revised the manuscript to be more precise regarding this matter 
and replaced “greenhouse gas formation potential” with “potential greenhouse gas 
formation”. 
 
P. 8778 l. 1-5. A more elaborated statement on whether peatlands are CO2 sources or sinks 
would be helpful. 
 
A more elaborated statement about sources and sinks was added (page 3, line 8 and 
11). 
 
P. 8778 l. 10. One reason for not having a general accepted definition of OM quality is that 
quality can only be expressed in conjunction with functioning. For the current paper, authors 
may more clearly state that their quality is related to biological functioning.  
 
Thank you very much for this helpful comment. We will more focus on the link of peat 
quality and biological functioning (page 19, line 7). 
 
L. 12. I find that sentence misleading. In the cited study by Rubino et al. (2007), the authors 
discuss that ‘On this basis, we do not advise the use of Tg to produce an integrated index of 
litter quality, at least until the correspondence between thermal and microbial degradation is 
better understood ...’. 
 
In Rubino et al. (2007), the authors investigated the influence of leaf litter quality on 
carbon fluxes during decomposition. Based on their data, we propose a relationship 
between litter composition and microbial CO2 formation as the proportion of thermal 
labile compounds and CO2 respiration rates decreased during an 8-month incubation 
period. The authors did not make this statement and we have rephrased this sentence 
to clarify (page 5, line 5). 
 
P. 8780, 2.2. Incubation was done with field-moist samples and the water content varied 
between samples. Without estimation of water content effects on decomposition rates, 
correlation of the latter to other influencing factors such as quality may be biased.  
 
The peat samples were naturally saturated or near saturation. Variations in water 
content between northern and more southern samples were caused by different 
degrees of peat decomposition. At location sD1 in depth below 20 cm granite gravel 



from the bedrock decreased the relative water content as well. As mentioned in 
chapter 3.2, patterns of anaerobic CO2 and CH4 formation rates were similar to 
previous investigations, and were not affected by the fluctuating water table which 
caused different water contents (Reiche et al., 2008; Reiche et al., 2009). Some 
sentences were added (page 10, line 14). 
 
L. 18. Heating rates are usually given per minute. What is the reason to first pyrolyse and 
then to combust? Needs explanation. 
 
Heating rates will now be given per minute. Pyrolysis under anoxic conditions was 
done first to estimate the amount of thermal labile compounds. Final combustion 
under oxygen was necessary to calculate the amount of formed and pre-existing char. 
Additional explanations have been added to the manuscript (page 8, line 1). 
 
P. 8783, lines 12-29. These two sections may be re-organized. They overlap with discussion 
and I suggest to first referring to the previous work on classification of rates before it is 
applied. 
 
We have revised this paragraph entirely instead (page 12, line 3).   
 
P. 8784 l. 21. Authors refer to ‘highest’ and ‘increased’. Is their any statistical analysis to 
support these terms, i.e., are there significant effects? 
 
We agree that we should carefully use these terms as they are often associated with 
statistical significances. Duplicate measurements does not allow statistical analysis, 
thus, we have weakened our statements (page 13, line 15).  
 
P. 8786 l. 11. It is argued that a high percentage of labile pyOM in 0-10 cm stems from input 
of fresh, less decomposed litter. I suggest to measure litter from that site to compare litter 
thermal stability to peat thermal stability. 
 
While we absolutely agree with your suggestion, that was not the focus of this 
manuscript. In a current project we are focusing on the validation of the peat quality 
index as well as the determination of the thermal stability of plant litter. 
 
P. 8787, first paragraph. Several pyrogram patterns are discussed. I miss a discussion about 
the only consistent pattern visible in Fig. 4, namely a decline in carbohydrates with depth. A 
pattern typical for peat seems the steady increase in lignin-derived phenols with depth (e.g. 
Zaccone et al. 2008, Org. Geochemistry 39: 830-838); is this in contrast to the current 
findings? 
 
We discuss the decline in carbohydrates in the revised version (page 16, line 14).   
Copper oxidation as used in the investigation of Zaccone et al. (2008) is a well known 
method to determine the content and composition of phenols/lignin in soil and peat 
samples. However this method is rather unspecific and all kind of condensed and 
humified structures can produce lignin like oxidation products. Zaccone et al. found 
lignin products in Sphagnum peat, however, Sphagum does not contain lignin (Kracht 
and Gleixner, 2000). Interestingly, compared to our study, the increase of these lignin-
like oxidation products are well correlated to the increase of "inert" material found 
with depth. The results of Zaccone might be an artefact of the Copperoxid oxidation 
method. Pyrolysis, on the other hand, is known as a rather specific method to detect 
lignin and lignin degradation products (Steinbeiss et al., 2006 and references therein). 
From our pyrograms it is visible that the content of lignin remains high with depth 
indicating that lignin is not decomposed. This is in line with the lack of molecular 
oxygen that is needed to decompose lignin and with a larger relative contribution on 
lignin derived compounds with depth. 
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