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Abstract 
Carbon accumulation in soils constitutes a significant sink for carbon. How the climate 

change with increasing temperatures will affect the soil carbon storage represents uncertainty 

of the predictions in the climate change ecosystem feedback mechanisms. In this study the 

temperature impact on the decomposition of the large carbon pools in peatlands was 

investigated. Peat cores from different microtopographic units in a boreal oligotrophic 

minerogenic mire in northern Sweden were collected from in three depths (5-10, 10-15 and 

15-20 centimeters below the surface). The samples were incubated at four temperatures: 4, 9, 

14 and 19°C and the heterotrophic respiration (CO2- production) was measured hourly or 37 

days. Unexpectedly, basal respiration did not show any correlation with temperature. 

However, the exponential increase in respiration (µ) was correlated with temperature: i.e.  

giving Q10 values between 2 (SE +/- 0.36) and 5 (SE +/-1.05). Soil depth or vegetation covers 

did not affect temperature response (Q10) of µ. The substrate induced respiration (SIR) did not 

occour but for a few of the samples.  

The conclusion from this study is that degradation of peat seams not be affected by a 

temperature increase. The addition of glucose, nitrogen and phosphorus increased with 

increasing temperature with a Q10 value as expected.  

KEYWORDS: CO2, degradation, organic material, peat, temperature response  

1. Introduction   
Climate is presently changing by becoming warmer all over the globe. The average global 

temperature and precipitation has increased in the last century and is estimated to increase 

furthermore. (Solomon et al., 2007) Likely, these changes will affect the pool of organic 

material stored in soils, which may lead to a negative or positive feedback on the 

concentrations of the green house gases in the atmosphere. This calls for studies on the 

sensitivity of soil organic matter conversion in relation to changes in temperature and 

moisture regimes. This study addresses temperature effects on the organic matter in peatlands.   

1.2 Carbon cycle 

Carbon occurs in different compartments on the planet: as carbon dioxide in the atmosphere, 

as organic molecules in living and dead organisms in the biosphere, as dead organic matter in 

soils and in the oceans including sediments. The exchange of carbon between the different 

pools depends on physical, geological or biological processes.  

 

Through the photosynthesis terrestrial plants utilize carbon dioxide (CO2) from the 

atmosphere together with water to synthesize carbohydrates and produce oxygen. The carbon 

fixed by plants will then become part of the plant biomass or be respired and return as carbon 

dioxide to the atmosphere. Large amounts of carbon are contained in dead plants and 

organisms that are stored in the soil. The decomposition process is almost never instant and 

the carbon can be stored as dead organic material in the ground for long periods. The dead 

organic matter (OM) is decomposed by microorganisms e.g. bacteria and/or fungi. 

Decomposition leads conversion of OM to inorganic molecules (CO2 and water, i.e. 

mineralisation) or a more recalcitrant fraction of OM, which accumulates in the soil. Thus, the 

microbial respirations (heterotrophic respiration) in aerobic environments lead to an efflux of 

carbon dioxide from soils. Under anaerobic conditions the degradation is slower under aerobic 

conditions (Thormann, 2005; Moore et al., 2006; Davidson and Janssens, 2006) and often 

methane (CH4) is released in addition to CO2. Respiration in soils is also driven by the 
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autotrophic activity, i.e. the respiration of plant roots, also resulting in a return of CO2 to the 

atmosphere.  

 

Peatland ecosystems accumulate large amounts of OM. Even if the net primary production 

most commonly is low in peatlands the decomposition is even slower resulting in long term 

accumulation of OM, i.e. peat. Peat accumulation is a result of low temperatures and high 

water tables making the soil anoxic, which in turn results in low microbial activity. Peatlands 

can have accumulated peat for thousands of years. Small amount of the biomass is 

decomposed and the remains are compacted by the weight of new material that is formed 

above and by snow. (Rydin and Jeglum, 2006)  

 

The carbon cycle is affected by the global warming in many ways that gives different 

feedbacks to the system. A release of the large amounts of carbon stored in the terrestrial 

ecosystems to the atmosphere will have large impact on the climate. (Heimann and 

Reichstein, 2008) One positive feedback of the climate change is that increasing temperatures 

may increase the microbial heterotrophic respiration, which consequently would lead to 

increased CO2 fluxes to the atmosphere, which in turn would accelerate the temperature rise 

with a further effect on the soil respiration. (Heimann and Reichstein, 2008; Schlesinger and 

Andrews, 1999)     

 

1.3 Organic matter, OM 

Soil OM characteristics vary both with respect to its chemical composition and quantity. The 

vegetation type together with climate conditions, activity of soil biota, parent material and soil 

drainage are factors affecting this variation. Soils OM is used as energy and carbon sources 

for heterotrophic organisms, which results in the decomposition of OM. This in turn leads the 

release of nutrients, which become available for e.g. plant growth. (Bardgett, 2005) 

 
The organic compounds in soils are mainly carbohydrates (cellulose, hemicellulose and 

sugars), polyphenols (lignin and tannin), nitrogen compounds (proteins, amino acids) and 

lipids (fat, waxes, and pigments). Cellulose often constitutes more than half of the residual 

carbon from plants. Hemicellulose can make for up to one third of the plant derived OM. 

After cellulose and hemicelluloses, lignin is the most common component in plant litter.  

 

Polymers of phenols, aliphatic carbon or their combinations are the most resistant OM 

fraction of plant litter entering the soil. Groups that have polymers of phenols are tannins and 

lignin. Tannins are relatively small molecules composed of several phenolic acids, while 

lignin is a larger and more complex amorphous phenol polymer. The strong chemical bonds 

within the molecule and its random structure make it resistant against microbial 

decomposition. As a result the lignin fraction of OM will increase with time in soils (Killham, 

1994) and with increasing carbon concentration (Preston et al., 2005).   

 

Sugars, amino acids and other water soluble compounds in plant litter are easily degraded. 

They are rapidly released to the surrounding environment and become metabolized by the 

microorganisms. (Rydin and Jeglum, 2006) 

1.3.1 Organic matter in peatland 

Compared to other soil types peatlands have a high OM content. The OM content criteria 

defining a peatland vary between, 50 and 80%. (Rydin and Jeglum, 2006)  
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The OM composition of peat varies depending on the plant species groups present. Peat 

mainly consisting of Sphagnum tends to have a high amount of carbohydrates, uronic acid and 

bitumen. Sedge peats with e.g. Carex species included in the vegetation have instead a higher 

lignin and amino acids content. (Rydin and Jeglum, 2006) 

1.4 Degradation of organic material 

Litter decomposition rates are controlled by environmental factors: chemical and physical 

conditions, soil type and quality and by the soil organisms (Aerts, 2006; von Lützow and 

Kögel-Knabner, 2009). 

 

Environmental factors can constrain the degradation of the OM both temporally and 

indefinitely (Davidson and Janssens, 2006) by physical or chemical protection of OM. The 

physical protection is related to the structure of the soil, when OM is integrated in soil 

aggregates making it hard for the microorganism to access the OM. OM can also be 

chemically protected, when the organic material become integrated in some mineral surfaces 

that make it chemically protected against decomposition. Sphagnum contains phenolic 

compounds which inhibit hydrolysis enzymes. This makes sphagnum litter very resistant to 

decay. (Davidson and Janssens, 2006; Freeman et al., 2001; Rydin and Jeglum, 2006) 

 

Other environmental constrains are drought, flooding and freezing. The water amount is an 

important variable in the degradation process. Auto- and heterotrophic respiration are all 

chemical and biochemical reactions that are temperature and water dependent. Drought 

reduces the water films thickness around the soil aggregates, which inhibits the diffusion of 

the extracellular enzymes from the microorganisms and thereby decrease the microbial 

decomposition processes. Under frozen conditions the enzyme diffusion is also inhibited. 

High amounts of water as during flooding often lead to anaerobic conditions due to low 

oxygen diffusion and thus, lower decomposition rate. (Davidson and Janssens, 2006)  

 

1.4.1 Temperature effect on degradation 

As touched upon above temperature is an important factor governing the activity of 

organisms, i.e. higher activity occurs at higher temperature leading to higher decomposition 

rates in soils.  A higher decomposition rate in areas normally acting as carbon sinks, e.g. 

peatlands, may lead to a change of a sink to a source due to changes in emission of green 

house gases. Furthermore, carbon stored as OM in peatlands may be released into the 

atmosphere, a feedback which will further increase the global warming. (Heimann and 

Reichstein, 2008; Schlesinger and Andrews, 1999)  

 

The stability (recalcitrance) of the organic material in soils influences the sensitivity of 

degradation in relation to temperature. Stable OM with more complex molecules with higher 

activation energy is more temperature sensitive than labile OM molecules (Davidson and 

Janssens, 2006; von Lützow and Kögel-Knabner, 2009). Accordingly, Trasar-Cepeda et al. 

(2007) discovered that the enzymes like cellulase and casein protease, acting on substrate with 

higher molecule weight are those that would be most affected by increased temperatures. 

However, although that the relative increase of the decomposition rate is higher for the 

recalcitrant compounds, this response is difficult to distinguish. A small increase as a response 

to increased temperature still results in a substantial degradation rate increase due to the 

intrinsic high decomposition rate of labile OM. This makes it difficult to determine the 

temperature response of recalcitrant OM if there is a high abundance of compounds of labile 

compounds present (Davidson and Janssens, 2006).   
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The parameter Q10 (temperature coefficient) is frequently used to describe the relationship 

between soil temperature and soil respiration measured as CO2 formation. Theoretically 

derived Q10 values for degradation of OM are often around 2, which means that the 

degradation rate increases twice the rate at a temperature increase of 10°C (Davidson and 

Janssens, 2006). Investigations of different types of soils have given different values. The 

study of Peng et al. (2009) indicates that different ecosystem shows different Q10 response: the 

alpine meadow and tundra had the largest Q10 values at 3.1 and an evergreen broadleaf forest 

the lowest Q10 value at 1.8. For a soil from a middle age plantation with spruce the Q10 values 

were between 2.0 and 2.2 (Fang et al., 2005), while soils in an oak forest gave a mean Q10 

value of 2.3 (Tedeschi et al., 2006).  

 

Zhou et al (2009) conducted a study on global patterns of heterotrophic respiration Q10 values 

showing mean values to vary among different biomes within a range of 1.4 and 2.0. The 

lowest values were from deserts and highest from tundra and the conclusion was that in 

general the Q10 values are higher at higher latitudinal regions.  

 

The Q10 values can also varies with soil depth. Several studies indicate that there is a general 

increase in Q10 values with increasing soil depth (Karhu et al., 2010; Pavelka et al., 2007; 

Peng et al., 2009; Tang et al., 2003).  

1.5 Peatlands 

Boreal and tundra mire ecosystems store the largest amounts of carbon as soil OM. Peatlands 

store one third of the world’s soil OM (Vitt and Wieder, 2006; Rydin and Jeglum, 2006). The 

cold climate is an important factor for OM accumulation. Temperature is prognosticated to 

increase substantially in these areas due to climate change. Losses of carbon as released from 

degradation of OM are consequently assumed in these areas as a response to the temperature 

increase (Fang et al., 2005; Schlesinger and Andrews, 1999). This is demonstrated e.g. by a 

study on subarctic peatland on permafrost, where an increase of 1°C will accelerate the total 

ecosystems respiration rate at an average of 52-60% (Dooreapaal et al., 2009 The losses of 

permafrost will change the surface hydrology, which also will affect the peatlands. The 

vegetation changes in peatlands as a result of climate change is an important factor that can 

change the decomposition rate and carbon storage in peatlands. (Johansson et al., 2006) 

 

There are many studies on the soil OM response to a temperature increase, but only a few 

from peatlands. The main findings so far demonstrate that peatlands are temperature sensitive, 

which varies depending on peat type and hydraulic conditions (Xiang and Freeland, 2009). 

Because of the large amounts of the terrestrial soil carbon in these ecosystems, they are 

important to study in this context. 

 

This study will add to the analysis of the land-atmospheric exchange of CO2 from this specific 

site, where many studies e.g. of NEE (net ecosystem exchange of photosynthesis and 

ecosystem respiration) rates are done (Nilsson et al., 2008; Sagerfors et al., 2008; Yurova et 

al., 2007). Further modeling of the NEE measurement together with the soil temperature 

response (Q10 values) can give a prediction how much respiration is going to increase given a 

certain temperature increase.  

1.6 Aim and research questions 

This thesis will focus on carbon that is stored in OM of peatlands, and how the global 

warming will affect this carbon storage. The overall objective of the study was to determine 

the temperature sensitivity of the degradation rates of surface peat from different 
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microtopographical units in a boreal, oligotrophic minerogenic mire. The plant types within 

the different microtropographical units are expected to give rise to litter with different OM 

compositions with in turn different temperature response during degradation. 

 

1.6.1 Hypothesis 

The hypothesis was that a temperature increase will lead to higher decomposition rates, and 

that the Q10 value would increase with soil depth, because more recalcitrant OM is present 

deeper in the peat profile. This fraction is expected to be more temperature sensitive. Another 

hypothesis is that sedge-dominated samples have more phenolic compounds then other plants 

and thus, are more temperature sensitive. 

 

Research questions: 

 

 Is increasing temperature leading to higher decomposition rate? 

 Is peat OM down the depth profile (older material) more sensitive to temperature 

changes then surface peat? 

 Does microtopography, i.e. different plant community compositions, have any effect on 

the response in decomposition rates to temperature? 

 How does the temperature sensitivity vary depending on microbial metabolic status 

during decomposition of mire plant litter? 

 

To answer these questions surface peat cores were collected from a number of different plant 

communities and investigated concerning, basal and substrate induced heterotrophic 

respiration as well as increase in exponential respiration in relation to temperature in a 

laboratory incubation experiment.  

 

2. Material and methods  
 

2.1 Location 
In this study the samples were collected from Degerö Stormyr (64°11´N, 19°33´E), which is a 

mixed acid mire system covering an area of 6.5 km
2
. It is located near Vindeln in the county 

of Västerbotten, in northern Sweden. The mire consists of several different interconnected 

smaller mires that are divided by islets and ridges of glacial till and are situated between two 

major rivers, Umeåälven and Vindelälven. The peat depth is mainly around 3-4 m, but reaches 

8 m, which corresponds to an age of around 8000 years. For further details the reader is 

referred to Mikkelä et al. (1995). 
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Figure 1. Map over Degerö Stormyr (modified from Nilsson et al., 2008), with markings 

where the different samples are collected as presented in Table 1.  

Peat was collected in October just when the mire surface (0-10 cm) had started to freeze. The 

samples were kept in the freezer until start of the study in February. Three peat cores of 20 cm 

length and a diameter of 10x10 cm were sampled from five different locations on the mire 

with different vegetation and microbial topography: lawn, wet carpet or tussock (Table 1). 

The vegetation is dominated by different species of Sphagnum: S. balticum, S. majus and S. 

fuscum. In some locations the samples were collected from tussocks with Eriophorum 

vaginatum. These communities dominates the mire topography. 
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Table 1. Main characteristics of the peat cores used for the incubation studies  

ID Area 

Microtopographical 

unit 

GWT
a
 

(cm) Dominating vegetation 

1 

 

North 

 

Lawn 

 

12 

 

Sphagnum balticum, Vaccinium oxycoccus,  

Eriophorum vaginatum 

2 North Wet carpet 4-5 Sphagnum majus 

3 North Lawn 8 S. balticum, V. oxycoccus, E. vaginatum 

4 North east Lawn 6 S. balticum, E. vaginatum 

5 North east Firm/ tussock 12 E. vaginatum 

6 North east Firm/ tussock 13 E. vaginatum 

7 North east Lawn 8 S. balticum, S. majus 

8 North east Lawn 7 S. balticum 

9 North east Firm/ tussock 15 E. vaginatum 

10 East Tussock >30 Sphagnum fuscum 

11 East Tussock >30 S. fuscum 

12 East Tussock ~25 S. fuscum 

13 South Firm/wet carpet 8 S. balticum, S. majus 

14 South Firm/ wet carpet 7 S. balticum, S. majus 

15 South Firm/ wet carpet 12 E. vaginatum 
a
 – depth from the mire surface to the water table at the time of sample collection. 

2.2 Peat preparations 

After the peat cores was almost defrosted, the 15 different peat cores were divided into three 

depths after removing of the top layer with living plant material (around 2-5 cm), yielding a 

total of 45 samples. The first sampling depth was from the top five centimeters and the third 

depth from the bottom and five centimeters up. The second layer was the remaining peat 

between the other two and varied between 5 and 8 cm length depending on how much of the 

top plant layer that was removed. 

 

All samples were each homogenized after taking away all living plant material like roots by 

cutting the peat into smaller pieces with knife/scissors. Thus, the sample consisted of dead 

organic matter. This procedure was made within a couple of hours at room temperature. The 

samples were then stored cooled in air tight plastic bags. The water content was measured 

gravimetrically by drying subsamples at 105°C for 24 hours, while the OM was determined 

by means of loss on ignition (550°C for 6 h).  

 

The samples were initially very wet, while varying largely in water content. To eliminate the 

possible influence of moisture variation among the samples during the experiments, the water 

content was adjusted to -40 kPa. This level is reported to be optimal for microbial growth and 

activity (Ilsted et al., 2000). The adjustment was done by placing the samples in cylinders 

with a net in the bottom on ceramic suction plates. After that the new water content was 

determined as above, resulting in a mean value of 220 % water/g dry OM (SE +/- 81). This 

was done at room temperature during ca 12 hours.   

 

2.3 Microbial respiration measurements  
To measure the decomposition of the samples a Respicond apparatus was used (Respicond, A. 

Nordgren Innovations AB, Djärkneboda). Each peat sample was placed in a jar, which in turn 

has a smaller vial with 0.6 M KOH solutions and electrodes allowing for measurement of 
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electric conductivity. The KOH solution captures the CO2 produced from the samples, which 

results in a decrease in electrical conductance of the solution. In this way the amount of CO2 

formed is calculated after calibration of the conductivity change against CO2 absorption 

(Nordgren, 1988). The kinetics of the CO2 formation is used to describe different 

physiological features of the soil microorganism. The respicond data are given as mg CO2 /h/ 

g OM.  

 

The jars were incubated at four different temperatures: 4, 9, 14 and 19° C. The jars were kept 

in a water bath to achieve a constant temperature. One replicate of each of the 45 samples was 

incubated at each temperature. Peat sub samples corresponding to half a gram dry OM were 

put in every jar, except for two samples, when 0.25 g OM was used (because of limited 

amount of peat of these samples). Several Respicond apparatus were used allowing all 

samples at the different temperatures to be analysed simultaneously.  

  

The Respicond equipment was used to study basal and substrate induced respiration as well as 

the exponential increase in respiration according to the manual (Fig. 2). Basal respiration is 

the inherent microbial decomposition of the peat OM. After the basal respiration rate became 

stable (250 hours), carbon, nitrogen and phosphor (CNP) were added to the incubation jars to 

determine substrate induced respiration (SIR) and exponential increase in respiration (µ). SIR 

is the respiration that occurs directly after the CNP is added. µ represents the exponential 

growth rate, i.e. microbial biomass production under unlimited substrate conditions. The CNP 

is added in concentrations that give unlimited substrate conditions as given by Nordgren 

(1988). 

 
Figure 2. Conceptual model over hetrotrophic microbial respiration response to the carbon, 

nitrogen and phosphor (CNP) addition.  

 

The amounts of carbon and nutrients added to each jar were 75 mg glucose, 12.69 mg 

(NH4)2SO4 and 1.88 mg KH2PO4, except for two samples where half amount were supplied. 

The substrate is added at saturating levels resulting in Vmax, (Nordgren 1988).  

 

2.4  Data analysis   
The data from the respiration measurements were recalculated to CO2 respiration values 

normalized to 1 g dry OM. This is done to make all sample values comparable to each other. 
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The electrodes in the jars were very sensitive to external disturbance, so some high negative 

or positive values were manually removed. The external disturbances could be coupled to 

shifts of KOH in a jar or to occasion of CNP addition.    

 

Basal respiration, which is regarded to represent the intrinsic OM decomposition, was 

calculated as an average respiration from 60-80 hourly measurements. 

 

The substrate induced respiration, SIR, was calculated as a mean value of the hourly 

respiration measurements starting directly after stable conditions were obtained upon the CNP 

addition. Five hourly measurements were used to get a mean SIR value (n=5).  

 

The exponential increase in respiration (µ) is defined as the slope of the exponentially 

increasing respiration phase after CNP is added. To obtain this value, the natural logarithm 

(ln) for the respiration values per hour was calculated and the slope of this linearalised curve 

gives the µ-value. This value represents the growth rate of the microorganism at the different 

temperatures applied for each sample. To calculate this component the amount of hourly 

measurements used varied.   

 

Q10 values were calculated with the formula: 

  

   (1) 

 

The 10 in the formula represent the temperature difference of 10°C and the β in is the value 

from the exponential curve (eq. 2) that describes the temperature response. Y is the respiration 

rate and k is a constant.  

 

   (2) 

 

2.5 Statistics  
The statistical analyses were based on the regression model: 

 

  (3) 

 

In this model is the natural logarithm of respiration, k is the sample ( ,  is 

the temperature ( and  are the reminding variance not explained by the model 

( . F-test was used to test the hypothesis , that is, equal 

temperature effects for all sample µ-values separately. If the hypothesis was rejected a pair 

wise comparisons among the samples slopes was made in a Tukey’s test.  

 

The standard error for the β value was calculated in SPSS, where a curve fitting test was used 

on the exponential curve, from which standard error for Q 10 was calculated with the formula: 

 

 (4) 

3. Results 
The general pattern for the peat OM respiration in relation to the four temperatures is 

exemplified by a sample from the S. majus-dominated areas (core 2, in Table 1) in Fig. 3. At 

4°C the time to reach an exponential increase of the respiration rate after the substrate 
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addition is the longest and the maximum respiration rate is the lowest in comparison with the 

other temperatures. With increasing temperature the lag before the exponential increase 

becomes shorter as is also the case for reaching the highest respiration rate. However, the 

basal rates and SIR were about the same and thus, independent to the temperature levels 

applied.  

 

 
Figure 3. Typical microbial respiration rate development at the four temperatures applied (4, 

9, 14 and 19°C) to the peat samples before and after addition of substrate (CNP).  

 

3.1 Respiration comparison over depth   

There were hardly any differences among the respiration rates for the different depths (5-10, 

10-15 and 15-20 cm from the surface). The samples 2, 7 and 15 illustrate the general 

observations for the samples respirations rate compared to the depth at 9°C (Fig. 4). 
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Figure 4. Respiration rates at 9°C for cores 2 (a), 7 (b) and 15 (c) at three depths, 5-10, 10-

15 and 15-20 centimeters from the surface as indicated by 1-3, respectively. The substrate 

(CNP) is added at time zero. 
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3.2 Basal respiration 
The basal respiration did not show any correlation with temperature (Fig 5). However, it 

varied substantially, i.e. for some samples the basal respiration was higher at low temperature 

than at high, while for others the 9-14°C gave the highest respiration. Just for one sample of 

the S. majus site respiration increased with increasing temperature (sample 2.1, fig. 5a). The 

basal respirations response to temperature is also varied within the field replicates. The basal 

respiration mean values varied within an order of magnitude, i.e. between 0.02 mg CO2/h /g 

OM (SE of the mean +/- 0.01) (sample 12.2 at 4°C) and 0.22 mg CO2/h /g OM (SE of the 

mean +/- 0.03) (sample 15.2 at 14°C). 
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Figure 5. Basal respiration at 4, 9, 14 and 19°C. The values are mean values from around 70 

hourly measurements at each temperature, with the standard error displayed (n=60-80). The 

samples are grouped after the sampling sites on the mire (see Fig. 1 and Table 1). The sample 

depths, 5-10, 10-15 and 15-20 m from surface as indicated by 1-3, respectively.  

 

3.3 Substrate induced respiration, SIR  
In many of the SIR measurements the values were negative or the same as the basal 

respiration. At 9°C no SIR occurred, but show lower or the same respiration as the basal 

respiration. SIR was mostly distinguished at 19°C only (Fig. 6). 
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Figure 6. Substrate induced respiration, SIR, at 4, 9, 14 and 19°C for the samples showing 

respiration higher then the basal respiration. The samples are grouped after the sampling 

sites on the mire (see Fig. 1 and Table 1). The sample depths, 5-10, 10-15 and 15-20 m from 

surface as indicated by 1-3, respectively. 

 

3.4 Exponential increase, µ   
All samples gave higher respiration rates and they were exponentially correlated with 

temperature. Figure 7 shows core number 1 µ values and illustrat the general trend for all 

cores. The µ values are increasing exponentially with increasing temperature.  

 

 
Figure 7. The µ values for the core number 1 at three depths, 5-10, 10-15 and 15-20 

centimeters from the surface as indicated by 1-3, respectively. The exponential curves are 

displayed with the equations and R
2
 values.  
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3.5 Temperature response, Q10 
µ was the only variable that showing correlation with temperature, why it is the only one used 

for Q10 calculation (Fig. 8). The Q10 values varied between 2.4 (SE +/- 0.4) (sample 2.2) and 

5.0 (SE +/-1. 1) (sample 5.1).   
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Figure 8. Q10 values for the exponential growth, µ, with the standard errors displayed. The 

samples are grouped after the sampling sites on the mire (see Fig. 1 and Table 1). The sample 

depths, 5-10, 10-15 and 15-20 m from surface as indicated by 1-3, respectively.  

 

The statistical analysis of the Q10 values shows that there is a statistical difference among the 

Q10 values (p=0.048). The comparison of pairs of the samples with the Tukey test, however, 

confirmed significant difference between the Q10 of samples 5.1 and 2.2 only.  

 

4. Discussion 
 

4.1 Temperature response 

Of the three microbial respiration types analyzed for the peat samples, only the one related to 

microbial growth responded to the variation in temperature applied. Thus, at logarithmic 

growth phase occurred as a response to the supplementation with an easily degradable energy 

source and nutrients. The Q10 values of the logarithmic growth in peat soil incubations varied 

from 2 to 5, which is in accordance with expectations based on theory that Q10 values are 

around 2.  
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Surprisingly, the basal respiration rates did not indicate any temperature response. If these 

results are correct they violate the present use of temperature sensitivity for degradation by 

peat Q10 values between 2 and 3, (Frolking et al, 2001). Furthermore, it would mean that the 

present prediction of peat OM decomposition is too high. This is a new and unexpected result, 

but not completely surprising because Sphagnum litter is known to deviate from other plant 

litter material with respect to the degradation pattern. The microorganism degradation of 

sphagnum is slow, and the bacterial composition is fundamentally different than for other 

plant communities. (Kulichevskaya et al., 2006)  

 

The missing temperature response by the basal respiration could be deceptive to the quality 

and amount of the available endogenous substrate. In the beginning of the 10 days incubation 

period before the substrate was added, the readily available endogenous substrate was 

probably consumed with increased rate with increasing temperature. At the higher 

temperatures the available endogenous substrate was degraded faster and was almost 

completely extinct at the time of substrate addition. This is supported by study of methane 

production from peat from the same peatland sites (Bergman et al., 1998), where lower 

methane production took place at higher temperatures than at lower temperatures. This may 

be the reason for a negative trend in basal respiration at increasing temperature indicated for a 

few samples (sample 11.1 in fig. 5d and sample 7.3 in fig. 5c). The easily available substrate 

is faster depleted at high temperature, while peat incubated at lower temperatures has access 

to easily available substrate for a longer period. The basal respiration 24 hours after the 

incubation start was higher than 24 hours before substrate addition at the low temperatures. 

For incubations at 14 and 19°C some respiration measurements problems occurred and the 

data for the first days of incubation are missing. When the lower temperatures are indicating a 

higher respiration rate in the beginning of the incubation it is probably the same trend for the 

higher temperature.  

 

During the water content adjustment the samples were exposed to room temperature. This 

could lead to that the easily available substrate was degraded before the substrate was 

analysed in the Respicond apparatus. This together with the issue discussed above could be 

the explanation to the missing temperature response for the basal respiration.     

 

4.2 Depth and plant community response 

The Q10 values based on µ did not vary significantly among soil depths or plant communities. 

A comparison of the Q10 values just gave a significant difference between the highest and 

lowest values. However, these two samples were from different depths and below different 

vegetation types, why no further conclusions may be drawn. 

 

4.2.1 Temperature response over depth  

There was no significant variation between the three soil depths and the temperature response 

(Q10) for any of the samples. The hypothesis was that Q10 would increase with soil depth, 

because more recalcitrant OM is present deeper in the peat profile and because the 

degradation of this OM is expected to be more temperature sensitive. One reason that the 

result did not identify a significant difference between the Q10 values and depth could be the 

problem stated in the introduction with measurement of respiration differences of labile and 

recalcitrant compounds (Davidson & Janssens, 2006). Even if peat has higher levels of 

recalcitrant compounds in deeper layers, the increase in respiration may be too small 

compared to the respiration from labile compounds that already have a high respiration rate 

from the beginning.  
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Zaccone et al. (2008) studied a Sphagnum-dominated ombrotrophic bog where the total 

phenolic constituents of peat decreased over the first 36 cm and then tended to accumulate in 

the deeper layers. In the study on methane production from the peat, on the same peatland 

area as used in this study, Bergman et al. (1998), looked at depths 20-60 and 90-130 cm. The 

Q10 values obtained for methane production rates indicated a difference with depth. The 

highest Q10 value occurred in the upper as well as in the lower layer depending on the plant 

community. This supports the present results. The phenolic constituents are probably reaching 

the higher concentrations in peat depths below those sampled for present study, why no 

significant difference in temperature response with soil depth would occur.    

 

The discussion above on the difficulty in discriminating between respiration from labile and 

recalcitrant compounds, could also explain why no significant difference was observed in 

temperature response among the different plant communities.  

 

4.3 Substrate induced respiration 

Several samples did not show any substrate induced respiration, SIR. This is an indication that 

the microorganism already had the enzymes needed from the beginning. The negative 

respiration values or values lower than the basal respiration are difficult to explain, since all 

samples responded with an exponential respiration increase. The latter shows that he 

microorganism responded both to the substrate addition and temperature.  

 

A possible explanation to the negative values is that the respiration measurements are very 

sensitive and external disturbance like the addition of the CNP disturbed the incubation. The 

electrode is very sensitive to disturbance and the KOH solution sensitive to temperature 

changes (Nordgren, 1988). If the temperature decreased in the KOH solution, when the cap is 

removed in connection with the CNP addition, the conductivity decreased and respiration 

measurement became deceptive.    

 

The occurrence of SIR at higher temperatures, however, may be a response of the basal 

respiration discussed earlier. At higher temperatures the available substrate could have been 

degraded almost completely in the incubation period before substrate addition, leading to 

more clear SIR response at the higher temperatures, when the substrate CNP is added. It is not 

that likely because almost all material in general is normally giving substrate induced 

respiration. Another explanation could be that the microorganism at higher temperatures was 

not as sensitive to the substrate addition and that the respiration measurements for the lower 

temperatures got disturbed more.  

 

5. Conclusion 
The study did not give a clear picture of the temperature response for peat degradation. When 

the samples were depleted of easily available endogenous substrate, no temperature response 

was observed. However, when the peat samples were incubated at high access of substrate, 

i.e. addition of CNP, the decomposition rate increased with increased temperature. The 

temperature response (Q10) under substrate addition did not indicate any significant difference 

of degradation rate between different peat depths or among different plant community 

compositions.  
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