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Abstract 

Respiration of soil carbon (C) is one of the largest carbon dioxide (CO2) fluxes on Earth. 

Ecto- and ericoid mycorrhiza (EM/ErM) are believed to slow down the heterotrophic 

respiration and increase the storage of C, but the role of mycorrhizal fungi for the nitrogen (N) 

and C dynamics has mainly only been studied along global gradients. Here, I investigate if 

global patterns are applicable on a manipulated small-scale ecosystem in the Arctic region. A 

plant community in Tarfala, northern Sweden, were experimentally manipulated by removing 

EM/ErM plants or plants with arbuscular mycorrhiza (AM) and non-mycorrhizal (NM) plants, 

before a labelling experiment with 13CO2 was conducted. Shoots, roots and soil were then 

analysed to get δ13C, allocation patterns and fixation of C. The results showed that EM/ErM 

dominated ecosystems released more C than both the controls and ecosystems with AM/NM. 

Further, I found that ecosystems with both kinds of mycorrhiza (i.e. the controls) fixed the 

highest amount of C, even though they did not allocate as much C to the roots and the soil as 

the manipulated ecosystems. Hence, it could not be proved that EM/ErM slow down the soil 

respiration on a local level in an Arctic ecosystem. In a warming climate, this could imply that 

an increase of EM/ErM plants would result in a positive feedback loop with more C released 

from the soil to the atmosphere. To avoid this, a diverse plant community is favourable. 

 

Keywords: Mycorrhizal fungi ∙ Soil carbon ∙ Carbon dynamics ∙ Tarfala ∙ 13C ∙ Tundra   



 
 

ii 

 

Sammanfattning 

Respirationen av markbundet kol (C) är ett av världens största flöden av koldioxid (CO2). 

Ektomykorrhiza och erkoid mykorrhiza (EM/ErM) tros sakta ner den heterotrofa respirationen 

och öka kolinlagringen i marken, men mykorrhizans roll för kol- och kvävedynamiken har 

främst studerats på global nivå. I den här studien undersöker jag huruvida de globala mönstren 

är applicerbara på ett manipulerat småskaligt ekosystem i den arktiska regionen. Ett 

växtsamhälle i Tarfala, norra Sverige, manipulerades genom att växter med antingen EM/ErM 

eller växter med arbuskulär mykorrhiza (AM) eller ingen mykorrhiza (NM) togs bort, innan 

ett inmärkningsförsök med 13CO2 utfördes. Därefter analyserades skotten, rötterna och jorden 

för att få fram δ13C, allokeringsmönster och fixering av C. Resultaten visade att ekosystem 

dominerade av EM/ErM avgav mer C än vad kontrollerna och ekosystemen med AM/NM 

gjorde. Vidare fann jag att ekosystem med båda typer av mykorrhiza (d.v.s. kontrollerna) 

fixerade mest C, även om de inte allokerade lika mycket C till rötterna och jorden som de 

manipulerade ekosystemen gjorde. Därmed kunde det inte bevisas att EM/ErM minskar 

respirationen av markkol på en lokal nivå i arktiska ekosystem. I ett klimat som blir allt 

varmare skulle det här kunna innebära att en ökning av EM/ErM-växter resulterar i en positiv 

feedbackloop där än mer C avges från marken till atmosfären. För att undvika detta behövs 

det ett växtsamhälle med flera olika typer av växter. 
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1. Introduction 

Soils are an important part of the carbon (C) pool – in total, there is around 2500 Gt C in soils 

(Lal, 2004), which is more C than there is in the atmosphere and vegetation together (Averill, 

Turner & Finzi, 2014), and one of the largest carbon dioxide (CO2) fluxes on Earth is the 

respiration of soil C (Averill & Hawkes, 2016). Therefore, in a time when the climate is 

changing due to global warming, it is important to understand the C dynamics in ecosystems 

to predict how the climate will be in the future.  

In terrestrial ecosystems, the storage of C in soils is regulated by net primary production 

(inputs) and decomposition and microbial respiration (outputs), which in turn is regulated by 

the availability of nitrogen (N) (Averill & Hawkes, 2016). According to recent studies 

(Averill et al., 2014; Averill & Hawkes, 2016), the amount of available N depends on which 

type of mycorrhizal fungi that exist at the site. Usually, plants take up nutrients and water 

from the soil with the help of mycorrhizal fungi, which they live in symbiosis with. There are 

different kinds of mycorrhiza – arbuscular mycorrhiza (AM) and ecto- and ericoid mycorrhiza 

(EM/ErM). The latter produces enzymes that degrades organic N and releases it from soil 

organic matter (SOM), which leads to more organic N available for EM/ErM plants compared 

to AM plants. The plants compete with soil microbes for the N, meaning that when there are 

EM/ErM fungi, there is less N for the microbes. This is believed to slow the decomposition 

and microbial respiration, and thereby the storage of C in the soil is greater. (Averill et al., 

2014). It has been shown that the respiration of soil C is slowed down with up to 67% by EM 

roots (Averill & Hawkes, 2016) and that ecosystems dominated by EM/ErM fungi store 70% 

more C per unit N than AM-fungi dominated ecosystems (Averill et al., 2014).  

The role of mycorrhizal fungi for the N and C dynamics has mainly only been studied along 

global gradients (Read & Perez-Moreno 2003; Averill et al. 2014) - this project will 

investigate if the same result can be shown on a manipulated small-scale ecosystem in the 

Arctic region. This region is especially vulnerable to climate change and the temperature is 

increasing more rapidly there than in other places. A warmer climate does not only regulate 

soil respiration, it can also alter the structure of the plant community, which might indirectly 

change the N and C dynamics of the soil. (Björk et al., 2007). Today, the tundra has a mix of 

plants associated with EM/ErM fungi and AM fungi, but the composition of the vegetation in 

Arctic regions has changed a lot during the past decades, possibly due to global warming 

(Elmendorf et al., 2012). How the vegetation will change is difficult to predict (Wookey, 

2007) and there are studies showing both that EM/ErM plants such as Dryas octopetala will 

increase (Welker, Molau, Parsons, Robinson & Wookey, 1997), and that AM plants such as 

forbs and graminoids will increase while Dryas decreases (Klanderud & Totland, 2005; 

Henry, Freedman & Svoboa 1986). Regardless of how the vegetation changes, it will have an 

effect on the C dynamics. This, in combination with the fact that the Arctic region has one of 

the largest C stocks on Earth (Tarnocai et al. 2009), can result in strong climate feedbacks. 

That is why it is so important to understand the C dynamics and the role mycorrhizal fungi 

play in this. 



 
 

2 

 

2. Aim and Research Questions 

By using stable isotope approach, this study aims to investigate how C dynamics in tundra 

ecosystems are affected by changes in mycorrhizal plant dominance relationship.  

Following research questions will be analysed: 

• Can the role of mycorrhizal fungi for the C dynamics be shown on a manipulated 

small-scale ecosystem in the Arctic region? 

• Is more C stored in ecosystems dominated by EM/ErM fungi? 

 

3. Materials and Methods 

3.1. Study site 

This study was conducted at Tarfala Research Station (67°55ˈN, 18°35ˈE), situated in the 

Kebnekaise Mountains, around 65 km west of Kiruna, northern Sweden (Fig. 1). The station 

is located in a high alpine valley at an altitude of 1130 m a.s.l. The bedrock in the valley 

mainly consists of amphibolite and the dominating geomorphological processes are 

gelifluction, frost creep and vertical cryoturbation (Andréasson & Gee, 1989; Jahn, 1991). 

Fig. 1. Map over Tarfala Research Station. 
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There are three big glaciers affecting the local climate and landscape, of which the biggest is 

Storglaciären. The annual mean air temperature is -4.2 °C (1961-1990). The warmest month 

for the period 1961-1990 was July, with a mean air temperature of +6.4 °C, and the coldest 

month was January, with a mean air temperature of -11.8 °C (SMHI, 2019). The vegetation is 

typically of the Low Arctic character, with Festuca vivipara, Empetrum nigrum, Carex 

bigelowii, Dryas octopetala, Vaccinium uliginosum, Bistorta vivipara and Salix polaris as 

dominant species (see Appendix I for common names). 

 

3.2. Experimental design 

The experiment was established in July 2016 in which different types of mycorrhizal plants 

were removed by cutting the aboveground part. Eight blocks, named A to H, were established 

at the site, but only six (A-C, F-H) were used for this study, due to no more chambers being 

available (see Section 3.3). In each block, 4 plots (1-4) at the size of 2×2 m2 were randomly 

assigned one of the following treatments: 

• Control – no treatment (hereafter called Ctrl) 

• Exclusion of all plants with arbuscular mycorrhiza or non-mycorrhizal plants 

(hereafter called EM/ErM) 

• Exclusion of all plants with ecto- or ericoid mycorrhiza (hereafter called AM/NM) 

• Halving of the species richness (4 blocks with 50% of the most common species and 4 

blocks with the rarest species; however, this treatment is not used in this study) 

See Appendix II for a list of the treatment for each plot. The mycorrhizal treatments were 

trenched and a polyamide filter cloth with a mesh size of 1 µm (Sintab Produkt AB) was dug 

down to a 30 cm soil depth, preventing surrounding mycorrhiza from getting into the 

manipulated plots but still letting water pass through. After the establishment of the 

experiment, the vegetation was cut annually (Table 1) according to the treatments above. 

Table 1. Table showing the dates for when the vegetation was started to cut at the manipulated sites, and the 

cutting was continued for up to three weeks after this date. 

2016-07-12 2017-08-29 2018-07-24 2019-07-09 2019-08-01 

 

 

3.3. 13CO2 labelling experiment 

The labelling experiment was carried out the 9-11 of August 2019, using 13CO2. In each plot, 

a chamber covering an area of 28×28 cm2 was placed, into which H2
13CO3 and acid were 

injected and mixed, resulting in 13CO2 released to the headspace air (Fig. 2). The chambers 

were left on for 4 hours, with start time set to the moment when the acid was added (T0). Gas 

samples of the headspace 13CO2 ratio and CO2 concentration was taken at T0 and just before 

removing the chamber (T4). A soil sample (10×10×10 cm; or as deep as possible) was taken, 

including whole plants, one hour after removing the chamber (T5), and then after 6 h (T10) and 

24 h (T28). Additionally, four background samples were taken between and around the blocks, 

as follows: 
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Background 1 Between A and B 

Background 2 Between B and C 

Background 3 Between E and F 

Background 4 Around H 

 

The samples were brought back to lab directly after sampling and whole plants (including 

their root system) were excavated from the soil. The remaining soil was sieved (2mm sieve) 

and frozen. Each individual plant was separated into shoot and root and dried in 70 °C for at 

least 48 h. The labelling was conducted between 10 a.m. and 2 p.m. at the 9th and 10th of 

August 2019. 

 

3.4. Plant and soil analysis 

The dried shoots and roots were cut into smaller pieces and milled in a ball mixer mill 

(Retsch, MM 400). The soil samples were dried in 70 °C for at least 48 h before a smaller 

fraction of each sample was milled in the same way as the shoots and roots. The rest of the 

soil was put in a muffle oven at 550 °C for 8 h for determination of SOM content. 

The milled samples (shoots, roots and soil) were weighed in tin capsules before 13C, total N 

and total C content was analysed with an elemental analyser isotope ratio mass spectrometer 

(EA-IRMS; Sercon 20-22 IRMS). 13C content was given in δ 13C, which is the ratio between 

Fig. 2. Illustration of the labelling experiment. H2
13CO3 and acid were injected with syringes into the chamber 

and mixed onto a petri dish. When reacting, they produced 13CO2 that was mixed in the headspace with a fan. 

The plants take up the 13CO2 through photosynthesis and 13C is incorporated into the plant shoot and allocated 

to the roots and soil. 
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the 13C content in the sample and the 13C content in a standard. The higher the δ 13C, the more 
13C there is in the sample. 

13CO2 isotope ratios and total CO2 concentration was measured at Ghent University, Belgium. 

They used a PDZ Europa TGII interfaced to a Sercon 20-20 IRMS with Syscon electronics 

(Sercon Ltd., Cheshire, UK). 

 

3.5. Calculations and statistical analysis 

To calculate the fraction of newly fixed 13C, following equation was used: 

f(13C) =
𝑎𝑇𝑥−𝑎𝑇𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑

𝑎𝑇0−𝑎𝑇𝑎𝑖𝑟
                                                 (1) 

where f(13C) is the fraction of newly fixed 13C, aTx, aTbackground, aT0 and aTair are the 13C 

enrichment of the CO2 in the sample at time X (Tx), the background, the air in the chamber at 

T0 and the atmosphere, respectively. f(13C) was calculated for each sample and thereafter used 

to determine how much of the 13C in the air the shoots took up. This was done by dividing the 

highest f(13C) for each plot (there were three samples per plot, T5, T10 and T28) with aT0 for 

that plot. For root and soil samples, f(13C) was instead divided with f(13C) for shoot to get the 

transportation of 13C from shoots to roots and soil. A mean was then calculated for each 

treatment. 

The amount of fixed and respired CO2 in µmol was calculated by first transforming the data 

from the EA-IRMS to µmol and then using following equations: 

The chamber was considered with an in (respiration) and out (fixation), so: 

𝐶𝑇4 ∙ 𝑎𝑇4 = ( 𝐶𝑇0 − 𝐹) ∙ 𝑎𝑇0 + 𝑅 ∙ 𝑎𝑅                                              (2) 

Further:  

𝐶𝑇4  =  𝐶𝑇0 – 𝐹 +  𝑅                                                           (3) 

so that:  

𝑅 = 𝐶𝑇4 −  𝐶𝑇0 + 𝐹                                                            (4) 

and:  

𝑭 =
𝐶𝑇4 (𝑎𝑇4−𝒂𝑹) –  𝐶𝑇0( 𝑎𝑇0−𝒂𝑹)

(𝒂𝑹−𝑎𝑇0)
                                                (5) 

where CT4 and CT0 are the amount of CO2 on time T4 and T0, aT4, aT0 and aR are the 13C 

enrichments of CO2 at T4 and T0 and of the respired CO2, and F and R are the amount of fixed 

and respired CO2. From this, fixed and respired CO2 per hour and area was calculated by 

dividing F and R with the time (4 h) and area (28×28 cm = 0.28×0.28 m = 0.0784 m2). The 

difference between respired and fixed CO2 (R-F) was then calculated and the mean difference 

for each treatment was determined. Equation 1-5 comes from Samuel Bodé (personal 

communication, March 2020). 
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For all statistical analysis, the software SPSS (IBM SPSS Statistics, version 26.0.0.0) was 

used. All data were, after addition of a constant, log-transformed and scaled to unit variance 

to achieve a normal distribution and to eliminate skewness and ensure homogeneity of 

variances according to Økland, Økland and Rydland (2001). If still not normally distributed, a 

nonparametric test was used. Levene’s test was used to see if the data were normally 

distributed. 

To assure that the different treatments did not have an impact on plant and soil characteristics, 

the difference in total N, C:N ratio, SOM and water content was tested for statistically. A 

Kruskal-Wallis test was used for total N and C:N ratio in shoots and roots as well as SOM and 

water content. For C:N ratio in the soil, a nested ANOVA was used, with block and treatment 

as fixed factors and block nested within treatment. A one-way ANOVA was used to assess 

whether the plant uptake of 13C in µmol h-1 m-2 was different between the treatments. For 

significance an α of 0.05 was used. 

 

4. Results 

4.1. Plant and soil characteristics 

There was no significant difference in the plant characteristics between the three treatments in 

shoots and roots. The N content in the shoots was slightly higher than in the roots (>1.5% 

compared to <1.3%; Fig. 3A). As a result, the C:N ratio was higher in the roots than in the 

shoots, with C:N ratio around 40 to 50 in the roots and around 30 in the shoots (Fig. 3B). 

Small variations within the plant parts were observed, especially within the shoots. SOM is 

somewhere between 20% and 50%, with the highest SOM in the control samples and the 

lowest SOM in the samples with the AM/NM treatment (Table 2). There was a significant 

difference between SOM in Ctrl and AM/NM (p=0.006). Water content in the soil is around 

40-60%, with the same pattern as SOM – highest in the control samples and lowest in the 

AM/NM samples (Table 2). However, there was no significant difference. The C:N ratio in 

the soil is around 15 to 18, with no significant difference between the treatments. 

 

Fig. 3. Nitrogen content in percent (A) and carbon to nitrogen ratio (B) in shoots and roots. Mean N% and mean 

C:N have been calculated for background and each treatment (Ctrl, EM/ErM, AM/NM). The error bars show the 

standard error of the mean. 
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Fig. 4. δ 13C in shoots (A), roots (B) and soil (C). Mean δ 13C has been calculated for background and each 

treatment (Ctrl, EM/ErM, AM/NM) and time after chamber removal (T5, T10, T28). The error bars show the 

standard error of the mean. 

Table 2. Soil characteristics. Mean SOM (in percent), water content (in percent) and C:N ratio have been 

calculated for background and each treatment (Ctrl, EM/ErM, AM/NM).  

 

4.2. Uptake of 13C 

All samples show a large uptake of 13C in the shoot (Fig. 4a). Both Ctrl and AM/NM peaked 6 

hours after the removal of the chamber (T10), thereafter the amount of 13C decreases, whereas 

for EM/ErM, the peak appeared after 24 hours (T28). Of the three treatments, Ctrl had the 

highest δ13C value, with a maximum mean value of 12.6 (at T10). EM/ErM had the lowest 

δ13C - at its peak at T28, the maximum mean value is 3.35. Somewhat higher is AM/NM, 

which has a maximum mean δ13C value of 5.36 at T10. It is clear that there has been an uptake 

of 13C in the shoots, with the 13C content high above the mean background level (-28.9).  

The 13C content in the roots is much lower than in the shoots, but there is still an increase 

compared to the mean background level (-28.3). The δ13C value in the roots of the Ctrl and 

AM/NM show a similar pattern, starting around -24 one hour after chamber removal (T5) and 

then slowly increasing over the experiment. EM/ErM has the same pattern for the roots as for 

the shoots, with a peak at T28 (-20.9). The increase is rather large compared to the other 

treatments and this is the highest amount of 13C in the roots, which is the opposite to the 

shoots. In the soil, the only effect that can be seen is that there is more 13C at T5 in AM/NM 

and EM/ErM (both just over -25). For the rest of the time, the δ13C value is similar to the 

background level, which is -26.1. 

 

 

 Background Ctrl EM/ErM AM/NM 

SOM (%) 42.6 (5.98) 48.5 (4.64)b 38.3 (5.66)ab 27.8 (5.75)a 

Water content (%) 50.4 (2.61) 54.6 (3.25) 45.6 (4.65) 41.0 (4.15) 

C:N ratio 15.5 (0.73) 17.1 (1.06) 16.2 (1.02) 16.1 (0.89) 
 

Mean values for SOM are significantly different (P < 0.05) among treatments if letters in the superscript differs 

within a row. Standard error of the mean is in parenthesis. 

SOM = Soil organic matter 
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4.3. Allocation of 13C 

The shoots in Ctrl were able to fix the highest amount of 13C from the air (32.5%). They 

took up 3.5% more 13C than the shoots in EM/ErM and 10.8% more than the shoots in 

AM/NM, which fixed 27.0% and 21.7%, respectively (Fig. 5). However, plants in both 

EM/ErM and AM/NM treatments transported more of the fixed 13C in the shoots to the roots 

and the soil. Of the 13C in the shoots, 27.2% in EM/ErM and 33.1% in AM/NM was 

transported to the roots, which is 4.1% and 10% more than in Ctrl, respectively. Not much 

of the 13C in the shoots was transported to the soil, only 1.47% in EM/ErM and 2.75% in 

AM/NM. This is 0.45% and 1. 28% more than in Ctrl. 

Fig. 5. Illustration showing how much of the total 13C in the air that the shoots have fixed (1) in mean and how 

much of the 13C that is transported from the shoots to the roots (2) and soil (3), depending on treatment - Ctrl 

(A), EM/ErM (B) and AM/NM (C). Note that the last arrows go from roots to soil, but it is the transportation of 
13C from shoots to soil that is intended. Standard error of the mean is in parenthesis.  

Fig. 6. Mean difference between respired and fixed CO2 for each treatment, measured in µmol h-1 m-2. Error bars 

show standard error. 
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4.4. Respired and fixed CO2 

Measuring the mean difference between respired and fixed CO2 (in µmol h-1 m-2), one can see 

that Ctrl and AM/NM fix more CO2 than they respire, while EM/ErM respires more CO2 than 

it fixes (Fig. 6). Of the three treatments, Ctrl keep the highest amount of CO2 (0.34 µmol h-1 

m-2) which is a little more than 10 µmol more than AM/NM. The plants in Ctrl keep almost as 

much CO2 as the plants in EM/ErM emit (0.37 µmol h-1 m-2). However, even though there is 

an apparent variance, the effect is not significant.  

 

5. Discussion 

The results of this study show that the EM/ErM treatment shifts the ecosystem from being a C 

sink (the control) to act as a C source. Meanwhile, the AM/NM community still fixes more C 

than it respires and keeps acting as a C sink. This would mean that Arctic ecosystems 

dominated by EM/ErM fungi store less C than those dominated by AM fungi, or with a 

combination of the mycorrhizal types. These results do not support previous studies on the 

mycorrhizal control of C dynamics, which shows that more C is stored in EM/ErM dominated 

ecosystems since the decomposition and microbial respiration is slower due to less N 

available for microbes (Averill & Hawkes, 2016; Averill et al., 2014). Averill et al. (2014) 

means that their study shows that the role of mycorrhizal fungi on the C storage is as 

important as the soil’s chemical properties. My result does not refute this, but it indicates that 

the way mycorrhiza affects the C storage is not always the same. It is noteworthy that 

previous studies mainly are made along global gradients, while this study is made on a small-

scaled model. This might mean that the assumption that EM/ErM dominated ecosystems store 

more C is true in general, but not on a local level. 

There is a possibility that the manipulations of the plots have affected the C dynamics since 

only the aboveground parts of the plants were removed and roots and mycelium were left in 

the soil. In EM/ErM, this might have had a priming effect on the soil microbes since the 

AM/NM roots have a slightly lower C:N ratio, indicating that they are more nutrient rich and 

thereby more easily decomposed. Therefore, the AM/NM necromass could have stimulated 

the microbes even three years after the initial cutting of the plants. Conversely, the EM/ErM 

roots and mycelium could be more recalcitrant than AM/NM (Cornelissen et al., 2007), which 

would inhibit the decomposition in the AM/NM plots. Consequently, more C would be 

released from the EM/ErM plots than from the AM/NM plots.  

It is to be noted that there is a large standard error for the EM/ErM and AM/NM treatments, 

which indicates that the variations within the treatments are big, especially within EM/ErM. 

Therefore, there is a possibility that one or a few extra high values have affected the mean 

value of fixed C and that, in the absence of these values, the results would be more in line 

with previous studies. Nevertheless, these values do also count, and ecosystems dominated by 

EM/ErM seems to store less C on a small-scaled level.  

The un-manipulated community did not only act as the largest C sink. The plants’ allocation 

pattern shows that Ctrl fixes more 13C from the air than both EM/ErM and AM/NM do, most 

likely due to larger aboveground biomass in the un-manipulated community. Most of the C 
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fixed by the plants stay in the shoots. Less than a third of this C is transported to the roots, and 

only a few percent to the soil. These patterns are seen in the δ13C values as well – most δ13C 

in the shoots, less in the roots and least in the soil. The relatively short time of the experiment 

(28 h at the most) can be an explanation for this - maybe 28 h is not enough of time for the C 

to reach the roots and soil. 

Despite the low amount of C in the roots and soil, a difference in the allocation patterns can 

be identified, where both EM/ErM and AM/NM allocate more of the fixed C from the shoot 

to the roots and soil, compared to Ctrl. This indicates that competition changes the allocation 

pattern, so that in situations with higher aboveground competition (in this case Ctrl), more C 

is invested in the shoot to make the plant even better in the competition for light (Xia Yuan, 

Wang & Zhang, 2017). When some plants are excluded, as in the manipulated plots, the 

aboveground competition for light decreases and the plants invest more C into the roots to 

take advantage of the increased space and increase of nutrient availability due to the initial 

decomposition of the roots and mycelia of the neighbouring clipped plants. Comparing 

EM/ErM and AM/NM, we see that AM/NM fixes less C but allocates more of it to the roots 

and the soil. Subke et al. (2012), found the opposite – their study showed that graminoids 

(AM/NM) allocated less C belowground, compared to the dwarf shrub Betula nana 

(EM/ErM). The discrepancy could mean that the allocation of C is not controlled by the 

mycorrhiza, but by the plant. This is also compatible with the idea that the allocation of C 

depends on the external conditions, such as competition and resource limitations. 

The allocation patterns, combined with the mean respired-fixed CO2, indicates that the 

respiration of C in ecosystems with both EM/ErM and AM/NM is lower than in ecosystems 

with only one type of mycorrhizal fungi. It also seems as though AM/NM respires less than 

EM/ErM, since it fixed less C from the air than EM/ErM, but still act as a C sink, while 

EM/ErM act as a C source. This shows that biodiversity is important for the processes in an 

ecosystem, and it seems as though higher biodiversity is beneficial for the storage of C in 

soils. 

Apart from the difference in 13C uptake between the plant parts, the isotope data also shows a 

variation between the three sampling times, especially for the shoots. Here, both Ctrl and 

AM/NM have a peak of δ13C at T10 and the lowest δ13C value at T28. EM/ErM, on the other 

hand, has the lowest δ13C value at T10 and peaks at T28. Intuitively, a variation between the 

times could be a consequence of most 13C being fixed directly after the chamber was removed 

and thereafter decreasing since no more 13C is added. However, in that case, the peak would 

be at T5 for all three treatments, but this is not the case. Instead, the variations could be a 

result of different amount of biomass or a variation of species in the samples.  

The analysis of plant and soil characteristics shows that there are small variations between the 

treatments, implying that the manipulations did not affect the characteristics of the soil or 

plants. The exception is SOM, for which Ctrl had a significantly higher content than AM/NM, 

but this might be a coincidence. The soils’ C:N ratio were around 15 to 18, indicating that it is 

a rather N rich environment, and a plant community of meadow character rather than heath 

(Björk et al., 2007). 
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6. Conclusion 

My results show that ecosystems dominated by EM/ErM fungi release more C than AM/NM 

ecosystems and the control plots do. Further, my results show that the un-manipulated 

community both fixed and stored most C. Thus, the theory that EM/ErM ecosystems store 

more C in the soil cannot be shown on a manipulated small-scaled ecosystem in the Arctic 

region. From a climate perspective, it seems to be optimal to have both EM/ErM and AM/NM 

plants, since the control plots stored most C. Thus, higher biodiversity may promote C 

storage. To only have EM/ErM plants seems less favourable, due to the fact that EM/ErM 

released more C than was fixed. If a warmer climate leads to an expansion of EM/ErM shrubs 

in the Arctic, the implications could be that more C is released to the atmosphere. Therefore, 

the C dynamics are important to understand to predict possible feedback loops, especially in a 

time when the Arctic is warming rapidly.   

 

Further Research 

To better understand the pathways of the C, further research on which microbes that take up C 

in the soil could be done by analysing 13C in PLFA. 
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Appendix I 
 

 

Latin English Swedish Mycorrhizal status 

Bistorta vivipara Alpine bistort Ormrot AM/EM 

Carex bigelowii Bigelow’s sedge Styvstarr AM 

Dryas octopetala Mountain avens Fjällsippa AM/EM 

Festuca vivipara Viviparous sheep's fescue Groddsvingel AM 

Empetrum nigrum Crowberry Kråkbär EM 

Salix polaris Polar willow Polarvide EM 

Vaccinium uliginosum Bog bilberry Odon EM 
 

AM = Arbuscular mycorrhiza 

EM = Ectomycorrhiza 

 

  



 
 

 

Appendix II 
 

Species removed for each plot. G2 and H3 were not included in the experiment. 

 

Block Plot Treatment Species removed 

A 1 Ctrl  

A 2 EM/ErM 

(AM/NM 

removed) 

Astraglus alpina 

Carex bigelowii 

Deschampsia flexuosa 

Festuca vivipara 

Rhodiola 

Barstia 

Carex glacialis 

Dryas 

Juncus trifidus 

Sausurrea 

Bistorta 

Carex nigra 

Euphrasia 

Pedicularis lapponica 

Silene acualis 

A 3 AM/NM 

(EM/ErM 

removed) 

Bistorta 

Empetrum 

Salix polaris 

Diapensia 

Rhodedendron 

Vaccinium uliginosum 

Dryas 

Salix herbacea 

B 1 Ctrl    

B 3 EM/ErM Bistorta 

Festuca vivipara 

Carex bigelowii 

Juncus trifidus 

Dryas 

Silene acualis 

B 4 AM/NM Bistorta 

Dryas 

Salix herbacea 

Cassiope hypnoides 

Empetrum 

Salix polaris 

Diapensia 

Rhodedendron 

Vaccinium uliginosum 

E 1 Ctrl    

E 3 EM/ErM Antennaria 

Equisetum 

Hieracium alpinum 

Sausurrea 

Potentilla 

Bistorta 

Festuca vivipara 

Juncus trifidus 

Silene acualis 

 

Carex bigelowii 

Grass 1 

Pedicularis lapponica 

Thalictrum 

 

E 4 AM/NM Bistorta 

Dryas 

Salix polaris 

Cassiope hypnoides 

Phylodoce 

Diapensia 

Salix herbacea 

F 1 EM/ErM Antennaria 

Carex nigra 

Festuca vivipara 

Juncus trifidus 

Rhodiola 

Thalictrum 

Bistorta 

Dryas 

Grass 1 

Luzula spicata 

Sausurrea 

Carex bigelowii 

Equisetum 

Hieracium alpinum 

Pedicularis lapponica 

Silene acualis 

F 2 AM/NM Bistorta 

Dryas 

Salix polaris 

Cassiope hypnoides 

Salix hastata 

Vaccinium uliginosum 

Diapensia 

Salix herbacea 

 

F 4 Ctrl    

G 2 EM/ErM Antennaria 

Carex nigra 

Grass 1 

Potentilla 

Thalictrum 

Bistorta 

Dryas 

Hieracium alpinum 

Rhodiola 

Trisetum spicatum 

Carex bigelowii 

Festuca vivipara 

Luzula spicata 

Silene acualis 

G 3 Ctrl    

G 4 AM/NM Bistorta 

Salix lanata 

Empetrum 

Salix polaris 

Salix herbacea 

Vaccinium uliginosum 

H 1 EM/ErM Antennaria 

Carex bigelowii 

Grass 1 

Potentilla 

Barstia 

Dryas 

Hieracium alpinum 

Silene acualis 

Bistorta 

Festuca vivipara 

Luzula spicata 

Thalictrum 

H 3 AM/NM Bistorta 

Salix polaris 

Dryas 

Vaccinium uliginosum 

Empetrum 

Vaccinium vitis-ideae 

H 4 Ctrl    

 

 


