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The limitations of available nutrients are strong in the boreal forest, especially 

of nitrogen (N). Due to slow mineralization rate of organic soil nitrogen, 

caused by low temperatures and acidic soils. Few organisms can fixate at-

mospheric nitrogen. Among those who have the ability there are some that 

are common in the boreal forest. Cyanobacteria associated to feather mosses 

are one example. This study is focused on finding if there is a difference in 

N2 fixation rate by cyanobacteria associated to feather mosses between forest 

stands of different tree species. The two tree species that are compared are 

Scots pine (Pinus sylvestris L.) and Norway spruce (Picea abies (L.) H. 

Karst). In a study by Nilsson et al. (2012) the Scots pine stands produced 

much more volume compared to the Norway spruce. The hypothesis of this 

study is that N2 fixation by cyanobacteria associated to feather mosses, would 

enhance N input in particularly Scots pine stands. Thereby contribute to the 

larger volume production of these stands compared to the Norway spruce 

stands. The study is carried out on some of the plots used by Nilsson et al. 

(2012), along with some other similar ones. Samples of the feather moss spe-

cies Hylocomium splendens (Hedwig) and Pleurozium schreberi (Bridal) was 

collected from 14 sites on 6 locations, half of which was Scots pine stands 

and half Norway spruce stands. An acetylene reduction assay was used in 

combination with a moss biomass inventory, to estimate N2 fixation rates. Re-

sults showed that the moss biomass of the two species Hylocomium splendens 

and Pleurozium schreberi was significantly larger in the Norway spruce 

stands than in the Scots pine stands. There was also a tendency that estimated 

N2 fixation rate per unit moss mass was higher in Norway spruce than Scots 

pine stands. The difference between the stands in estimated N2 fixation rate 

per hectare and year was not significant. In conclusion the study indicates that 

the N2 fixation in the moss layer does not have notable effect on the volume 

growth of the trees in this study.  

Keywords: boreal forest, Pinus sylvestris, Picea abies, acetylene reduction 

assay.  

Abstract 



 
 

I den boreala skogen är tillgången på näringsämnen, speciellt av kväve, be-

gränsande. Detta beror på den långsamma nedbrytningen av organiskt 

material orsakad av låga temperaturer och jordar med lågt pH. Få organismer 

kan fixera kväve från luften. Ett exempel på en av de organismer som har 

denna förmåga är cyanobakterier associerade till boreala bladmossor, vilka är 

vanligt förekommande i den boreala skogen. Denna studie är fokuserad på att 

jämföra kvävefixeringen för cyanobakterier associerade till boreala mossor 

mellan tall- (Pinus sylvestris L.) och gran- (Picea abies (L.) H. Karst) be-

stånd. Bakgrunden till denna studie kommer från en studie gjord av Nilsson 

et al. (2012) där trädtillväxten i jämförbara tall och granbestånd var betydligt 

högre i tallbestånden. Hypotes för denna studie är att kvävefixeringen asso-

cierad till boreala mossor är större i tallbestånden. Detta skulle kunna leda till 

större tillgång på växttillgängligt kväve i tallbestånden som i sin tur skulle 

leda till högre tillväxt. Prover av mossorna husmossa (Hylocomium splendens 

(Hedwig)) och väggmossa (Pleurozium schreberi (Bridal)) samlades in från 

14 bestånd på 6 olika lokaler. Hälften av bestånden var tallbestånd och hälften 

granbestånd. Acetylen-reduktions analys användes i kombination med en 

mossbiomassainventering i de olika bestånden, för att skatta kvävefixeringen 

per hektar. Resultaten visade att moss-biomassan för de två arterna H. splen-

dens och P. schreberi var signifikant större i gran- än i tallbestånden. Det 

fanns även en tendens till att kvävefixeringshastigheten per gram mossa var 

högre i gran- än i tallbestånden, men skillnaden var inte signifikant. Kväve-

fixering associerad till mossor verkade alltså inte ha någon betydelse för den 

observerade högre trädtillväxten i tall- än i granbestånd. 

Nyckelord: boreal skog, kväve fixering, Pinus sylvestris, Picea abies, acety-

len reduktions analys. 
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1.1 The boreal forest 

The boreal forest is the biome that occupies the zone between 50° and 65° N, which 

includes most of Sweden (Ahti et al., 1968). It is the largest biome and holds one-

third of earth’s forested land. The climate is characterized by low average annual 

temperature and low precipitation (Cain et al., 2014). Because of the last glaciation, 

the plant diversity is quite low in the boreal forest compared to other biomes 

(Townsend et al., 2008). Conifers are dominating the canopy of the boreal forest 

(Cain et al., 2014). Norway spruce (Picea abies (L.) H. Karst) and Scots pine (Pinus 

sylvestris L.) are the dominating tree species in Sweden. Ericaceous dwarf shrubs, 

bryophytes and lichen dominate the ground vegetation. Two bryophytes that are 

very common are the feather mosses Pleurozium schreberi (Bridal) and Hylo-

comium splendens (Hedwig), which in 2008-2016 was estimated to cover 19.5 and 

12.9% respectively of the ground layer in Sweden’s productive forests (SLU, 2017). 

1.2 The role of nitrogen in the boreal forest 

The boreal forest stores more organic matter than any other terrestrial biome 

(Anderson, 1991) and it occupies 11% of the earths terrestrial surface (Bonan & 

Shugart, 1989). The limitations of available nutrients, especially nitrogen (N) are 

strong in many boreal forest ecosystems (Grime, 1979). This has been considered 

to be caused by slow mineralization rate of organic soil N (Tamm, 1991; Vitousek 

& Howarth, 1991). The slow rate of mineralization is caused by low temperatures 

in combination with acidic soils (Jarvis & Linder, 2000; Swift et al., 1979). The fact 

that the anthropogenic N deposition in boreal forests often are low (Gundale et al., 

2011), is another reason to why N is more limiting here than in other biomes.  

Even tough N is dominating as atmospheric element, very few life forms can access 

it due to its none-reactive nature (N2) (Schelsinger, 1997). The microorganisms with 

the ability to fixate atmospheric N2 are called diazotrophs (Weil & Brady, 2008). 

Some of the few fungi and plants that are known to form symbiosis with diazotrophs 

in boreal forests are e.g. Alnus and cyanolichens (Henskens et al., 2012; Mitchell & 

1 Introduction 
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Ruess, 2009). Furthermore, feather mosses H. splendens and P. schreberi hosts large 

populations of N2 fixating cyanobacteria (Gundale et al., 2012; Zackrisson et al., 

2009; Lagerström et al., 2007; DeLuca et al., 2002). N2 fixating cyanobacteria as-

sociated to feather mosses is today believed to be a major source of N input to the 

boreal forest ecosystem (Markham, 2009; DeLuca et al., 2002).  

1.3 Nitrogen fixation by cyanobacteria 

On the feather mosses H. splendens and P. schreberi in the boreal forest, several 

epiphytic cyanobacteria have been found, for example strains of Nostoc sp., Cylin-

drospermum sp., Stigonema sp. and Calothrix sp. (Bay, 2013; Ininbergs et al., 2011; 

Zackrisson et al., 2009; Houle et al., 2006; Gentili et al., 2005; DeLuca et al., 2002). 

N2 fixation rates of cyanobacteria associated to feather mosses are controlled by 

several factors. The fixation rate can be reduced or inhibited by external N supply 

(Sorensen et al., 2012), such as anthropogenic N deposition (Gundale et al., 2011; 

DeLuca et al., 2008). It has also been shown that biomass of bacteria capable of 

biological N2 fixation often is reduced by external N supply (Demoling et al., 2008; 

Wallenstein et al., 2006). The abundance and growth rate of cyanobacteria is shown 

to be light dependent, due to the N2 fixations energetically expensive process (Staal 

et al., 2001; Gerard et al., 1990). Another factor of importance when it comes to 

biological N2 fixation rates is temperature, since that the nitrogenase enzyme is tem-

perature dependent when it comes to optimal activity, which also is species-specific 

(Gundale et al., 2012; Gentili et al., 2005; Zielke et al., 2002; Kashyap et al., 1991). 

1.4 Scots pine and Norway spruce in the Swedish forest 

Sweden’s total standing timber volume is estimated to 3445 m3sk, the Norway 

spruce and Scots pine holds approximately 40% of it each (SLU, 2017). The Scots 

pine is a pioneer species and the spruce is a late successional species (Engelmark & 

Hytteborn, 1999). The Scots pine is in general growing faster than Norway spruce 

in northern Sweden (Bergh et al., 2010; Heiskanen & Mäkitalo, 2002; Björkman, 

1953) and the Norway spruce is in general growing faster than Scots pine in south-

ern Sweden (Ekö et al., 2008). Due to that the availability of nutrients are related to 

temperature (Björkman, 1953). Increased temperatures can indirectly affect the 

availability of nutrients, by increasing mineralization and decomposition of organic 

matter (Jarvis & Linder, 2000).  

The study (Nilsson et al., 2012) compared the stem volume production of the two 

tree species with the hypothesis that the yields of Norway spruce and Scots pine are 

similar on sites carrying medium fertility. This hypothesis were in line with the 
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results of Ekö et al. (2008), were both species was stated to have equal volume 

production in the north of Sweden. The plots used by Nilsson et al. (2012) consisted 

out of pairs of Norway spruce and Scots pine stands that was sown or planted next 

to each other at relatively the same point in time. Their replicates were spread out 

over several locations from middle to northern Sweden. The layout of their repli-

cates is what makes their trial quite special compared to other studies. However, 

stem wood production of Norway spruce was only 29.4% of the Scots pine and did 

not support their hypothesis. Norway spruce was expected to give higher yields 

compared to Scots pine on rich sites in the same study, this was not the case, con-

tradicting previous studies. Over all this means that some of Nilsson et al. (2012) 

results isn’t corresponding to the common perception that Norway spruce is more 

suited for fertile sites then Scots pine (Albrektson et al., 2012). This deviant result 

is what caused the idea of this study to occur.  

1.5 Nitrogen fixation and volume growth 

This study is to be done on some of the stands used by (Nilsson et al., 2012), with a 

focus on biological N2 fixation by cyanobacteria associated to feather mosses. The 

hypothesis that has grown out of the facts presented above is that the N2 fixation 

might be greater in Scots pine stands then in Norway spruce stands. The higher N2 

fixation would then lead to a higher concentration of N in the humus layer, which 

over time would decompose and be of favour to the trees volume growth. This 

would then perhaps explain partly why the Scots pine is producing more volume 

than the Norway spruce in the study by Nilsson et al. (2012). 

1.6 Aim 

The aim of this study is to estimate and compare between Scots pine and Norway 

spruce forest stands: 1) the N2 fixation rate of cyanobacteria associated to feather 

mosses Pleurozium schreberi and Hylocomium splendens, and 2) moss-biomass for 

the two species of moss.  
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2.1 Plots 

The 14 plots used in this study are part of a long-term experiment of forest manage-

ment called Tiréns plots, managed by the Swedish University of Agricultural Sci-

ences (SLU). The 14 plots are spread over the county of Jämtland and the county of 

Västerbotten, in the northern parts of Sweden. Seven out of the 14 plots are Scots 

pine (Pinus sylvestris) stands and seven are Norway spruce (Picea abies) stands. 

The plots are spread over six locations between 63.14° and 64.18° N. There is one 

spruce stand and one pine stand on each location, except for Flakaträsk which has 

double replicates (Figure 1, Table 1). All the Scots pine stands have produced larger 

volumes then the Norway spruce stands (Table 1). 

2 Material and Methods 
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Figure 1. Map over Sweden with the six locations of the 14 study plots. 

Table 1. Descriptions over the 14 plots and their locations. 

Site name  

 

Tree species Establishment 

Methoda and 

year 

Stand volumeb 

m3 ha-1 and 

(year for latest inventory) 

Centrum coordinates 

wgs84 

1013 Fillsta   Scots pine Pl 1947 443.1     (2011) 63.142965, 14.543367 

1028 Kulbäcksliden Scots pine Pl 1950 421.5     (2008) 64.178727, 19.606340 

1050 Håsjön Scots pine Pl 1950 367.2     (1999) 63.472254, 16.222747 

1061 Övra Scots pine Ds 1943 485.6     (2017) 63.977328, 16.740322 

1062 Björkheden Scots pine Pl 1948 495.9     (2017) 63.425684, 16.061748 

2458 A Flakaträsk Scots pine Pl 1966 400.2     (2015) 64.270760, 18.497102 

2458 E Flakaträsk Scots pine Pl 1966 362.3     (2015) 64.270760, 18.497102 

1017 Fillsta Norway spruce Pl 1952 135.1     (2011) 63.142899, 14.545037 

1029 Kulbäcksliden Norway spruce Pl 1949 63.8       (2008) 64.179375, 19.605235 

1037 Håsjön Norway spruce Pl 1949 107.3     (2009) 63.472234, 16.223675 

1061 Övra Norway spruce Ds 1943 123.5     (2017) 63.977328, 16.740322 

1062 Björkheden Norway spruce Pl 1952 165.4     (2017) 63.425684, 16.061748 

2458 A Flakaträsk Norway spruce Pl 1966 129.5     (2015) 64.270760, 18.497102 

2458 E Flakaträsk Norway spruce Pl 1966 162.7     (2015) 64.270760, 18.497102 

a Pl = Planting, Ds = direct seeding. 
b ESF:s Field trial database, Swedish university of agricultural sciences. Available online: 

[https://www.slu.se/institutioner/skoglig-faltforskning/forsok/forsoksdatabaser/faltdatasystemet/]  

Accessed 2018-01-04.  
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2.2 Moss samples for acetylene reduction assay 

At each of the 14 plots (Figure 1, Table 1), five moss samples were randomly col-

lected from each of the two species of moss, H. splendens and P. schreberi resulting 

in a total of 140 moss samples. Each sample consisted of five H. splendens shoots 

or ten P. schreberi shoots that were placed in glass vials. Only the upper 2.5 cm was 

collected of each shoot, following DeLuca et al. (2002). All the vials were thereafter 

stored in a Styrofoam tray in the shade during the sampling on each plot. The sam-

ples were placed in a cooler and transported to the laboratory in Umeå at SLU. All 

samples were collected between the14th and 15th of September 2017. The moss sam-

ples were stored in a climate chamber in the lab which had the approximate temper-

ature of 16 °C, 75% humidity and 80% light intensity. All samples were stored for 

three to four days in the climate chamber, before the acetylene reduction assay. The 

moss samples were incubated 24h before they were run through the gas chromato-

graph (Clarus 500 Gas Chromatograph, with autosampler Turbomatrix Headspace 

Sampler). At incubation the vials were sealed, 2 ml of air was removed and 2 ml of 

acetylene gas was injected in each vial. Two vials without moss were injected in 

parallel with the moss samples and used as controls. The gas chromatograph quan-

tified the amount of acetylene converted to ethylene by each sample during the in-

cubation. The ratio of three moles ethylene reduced per mole N2 fixated was used 

to calculate the amount N2 fixated by the cyanobacteria, following (Lagerström et 

al., 2007; Zackrisson et al., 2004; DeLuca et al., 2002). The samples were then dried 

for 48h at 70 °C and weighed so g N fixated kg-1 moss d-1 could be determined.  

2.3 Collection of moss biomass data 

The moss biomass data was collected approximately three weeks after the samples 

for the acetylene reduction assay were collected on the 14 plots (Figure 2). On each 

of the 14 plots two 25m long transects were laid out diagonally. On each of the two 

transects, circular sample plots were placed with the interval of two meters, starting 

two meters from each site corner. From each sample plot all aboveground living 

moss biomass was collected and stored in plastic zip-lock bags, including the moss 

that was still recognizable as moss but brown in the colour.  
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The samples were sorted by species, dried for 48h at 70 °C and weighed. The results 

from the moss biomass inventory were used in combination with the results from 

the acetylene reduction assay to upscale the N fixation rate to kg N ha-1 yr-1. A 

growth period of 200 days was used, following DeLuca et al. (2002). 

 

 

 

 

  

Figure 2. Pictures of two of the plots showing:                            

a) Plot 2458A Flakaträsk a Norway spruce stand,                         

b) Plot 2458A Flakaträsk a Scots pine stand.                            

Red pole for proportion. Photo: Felicia Lidman. 

a)  

b)  
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2.4 Statistics 

To test the significance of the difference in moss-cyanobacteria N2 fixation rate be-

tween the Scots pine and Norway spruce forest stands, a statistical analysis in the 

form of a paired t-test was performed. The variables included in the statistical anal-

ysis were average moss biomass per hectare and the yearly N2 fixation per hectare, 

for both moss species H. splendens and P. schreberi. As well as average N2 fixation 

rate per unit moss mass and day, for each of the two moss species individually. All 

statistical analyses were done in Minitab 17. 
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There was a significant difference in moss biomass between the stands of the two 

tree species (Table 2). Moss biomass was approximately four times higher in the 

Norway spruce stands than in the Scots pine stands (Figure 3). In the Scots pine 

stands the average biomass for both moss species was 342.6 kg hectare -1 while in 

the Norway spruce stands it was 1408.3 kg hectare -1 (Figure 3). There was no sig-

nificant difference in average N2 fixation rate by cyanobacteria associated to the 

feather mosses H. splendens and P. schreberi separately per unit moss mass and day 

(µg N g-1 moss day-1), between Norway spruce and Scots pine stands (Figure 3), 

(Table 2). For H. splendens the average daily N2 fixation rate per unit moss mass 

was estimated to 0.78 µg N g-1 moss day-1 in the Scots pine stands and 3.13 µg N g-

1 moss day-1 in the Norway spruce stands (Figure 3). For P. schreberi the average 

daily N2 fixation rate per unit moss mass was estimated to 0.03 µg N g-1 moss day-1 

in the Scots pine stands and 0.23 µg N g-1 moss day-1 in the Norway spruce stands 

(Figure 3). There was no significant difference in yearly N2 fixation per hectare for 

both moss species H. splendens and P. schreberi combined between Scots pine and 

Norway spruce stands (Table 2). The average yearly N2 fixation per hectare for both 

mosses was estimated to 0.04 kg N hectare-1 year-1 in the Scots pine stands and 0.432 

kg N hectare-1 year-1 in the Norway spruce stands (Figure 3). 

 

There is a large variation in average yearly N2 fixation per hectare between plots, 

dominating tree species and moss species (Figure 4). There is large variation within 

the same location as well, for example the plots 2458A and 2458E Flakasträsk for 

Scots pine and Norway spruce are all in the same location (Figure 4). The large 

variations between plots and within the same moss and tree species (Figure 4) is 

causing the large standard errors (Figure 3). 

 

 

 

 

 

 

 

 

3 Results 
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Figure 3.  Mean of: a) moss biomass per hectare (kg dry mass moss hectare-1), b) N2 fixation rate per 

gram moss and day (µg N g-1 moss day-1) and c) N2 fixation rate per hectare and year (kg N hectare-1 

year-1) for the moss species Hylocomium splendens and Pleurozium schreberi, in stands dominated 

either by Norway spruce or Scots pine. Error bars show +1 SE. 
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Figure 4. Average N2 fixation rate by cyanobacteria per hectare and year (kg N hectare-1 year-1), for 

moss species Hylocomium splendens and Pleurozium schreberi for each plot, in stands dominated 

either by a) Norway spruce or b) Scots pine.  
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Table 2. The results of paired t-tests for moss biomass (kg dry mass hectare -1) and N2 fixation per 

hectare and year (kg N hectare-1 year-1) for the moss species Hylocomium splendens and Pleurozium 

schreberi combined. Results of paired t-tests for N2 fixation rate per unit moss mass and day (µg N g-

1 moss day-1) for each of the mosses Hylocomium splendens and Pleurozium schreberi separately. All 

four variables are compared between Scots pine and Norway spruce stands.  n=7  

 Moss biomass 

(kg dry mass  

hectare -1) 

N2 fixation 

(kg N hectare -1     

year -1) 

N2 fixation  

(µg N g-1 moss day-1) 

for P. schreberi 

N2 fixation 

(µg N g-1 moss day-1)  

for H. splendens 

     T    P    T    P    T    P    T    P 

Dominating 

tree species    

 

-18.78 0.000 -1.95 0.099 -1.57 0.167 -1.51 0.181 
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4.1 The difference in moss biomass and N2 fixation rate 

between Scots pine and Norway spruce stands 

This study states that average moss biomass per hectare was significantly higher in 

the Norway spruce stands than in the Scots pine stands. Also, the average N2 fixation 

rate per unit moss mass and day associated to each of the mosses H. splendens and 

P. schreberi, tended to be higher in the Norway spruce stands, but the difference 

between the stand types was not significant. The same result was found for average 

N2 fixation rate per hectare and year. However, the number of replicates in this study 

was rather low and the sampling took place at only one occasion during the snow 

free season. N2 fixation rate by cyanobacteria associated to feather mosses is varying 

throughout the growth season (DeLuca et al., 2007; DeLuca et al., 2002). This is 

resulting in that repeated measurements during a longer period might have 

strengthen the results of this study.  

 

The results of the acetylene reduction assay in this study showed N2 fixation rates 

varying between 0 and 1.6 kg N ha-1 yr-1 depending on moss species, location and 

tree species. This is in line with the results of similar studies, in which N2 fixation 

rates associated to mosses varies from 1.5 to 2 kg N ha-1 yr-1 (Lagerström et al., 

2007; Zackrisson et al., 2004; DeLuca et al., 2002; Cleveland et al., 1999), depend-

ing on the successional stage of the forest. That N2 fixation associated to H.splen-

dens was larger than that of P.schreberi for almost all plots is also consistent with 

the results of previous studies (Lagerström et al., 2007; Houle et al., 2006). Houle 

et al. (2006) found a larger abundance of N2 fixation capable cyanobacteria on H. 

splendens compared to P. schreberi, explaining the difference between the species 

in N2 fixation.  

 

4  Discussion 
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4.2 Factors affecting N2 fixation rates 

There are several factors known to affect the N2 fixation rate of cyanobacteria asso-

ciated to feather mosses, like for example moisture, as the rate increases with in-

creasing moisture (Jackson et al., 2011; Stewart et al., 2011; Gundale et al., 2009). 

Latitude is another factor that affects the N2 fixation rate of cyanobacteria associated 

to feather mosses significantly, due to the larger N deposition in southern than north-

ern Sweden (Zackrisson et al., 2009; DeLuca et al., 2008). Increasing N availability 

correlates with decreasing N2 fixation of cyanobacteria associated to feather mosses 

(Sorensen et al., 2012; DeLuca et al., 2008; Zackrisson et al., 2004). In addition 

different species of cyanobacteria have different temperature optima for N2 fixation 

(Gentili et al., 2005). Light is affecting the N2 fixation rate of cyanobacteria 

(Gundale et al., 2012; Zielke et al., 2002), especially when interacting with temper-

ature for cyanobacteria associated to feather mosses. Light increases N2 fixation at 

low temperatures and can have damaging effects at high temperatures (Gundale et 

al., 2012). Several of these factors can be excluded to have any effect in this study, 

since the climatic conditions after collection and during incubation was the same for 

all samples. The relevant factors here are those that potentially differ between Scots 

pine and Norway spruce stands, and are thereby contributing to a difference in N2 

fixation rate between the two stand types. N availability seems to be a possible non-

climatic variable explaining the variation in N2 fixation rate between the stands of 

the two tree species in this study. 

4.3 Stand turnover and availability of N - a decisive factor? 

There is no other study focusing on the difference in N2 fixation rate by cyanobac-

teria associated to feather mosses between Scots pine and Norway spruce stands. 

However, there are studies that have similarities in the layout to this study, for ex-

ample DeLuca et al. (2007) and Zackrisson et al. (2004), which have relevant re-

sults. DeLuca et al. (2007) and Zackrisson et al. (2004) both used the same natural 

regenerated stands for their studies. Zackrisson et al. (2004) stated that the N2 fixa-

tion rate by cyanobacteria associated to feather mosses increases with increasing 

time since last disturbance, in this case fire. DeLuca et al. (2007) transplanted 

feather mosses from early successional stands (42-102 years since fire) to late suc-

cessional stands (245-356 years since last fire) and vice versa. The mosses from 

early successional stands transplanted to late successional stands increased their cy-

anobacteria associated N2 fixation rate. The mosses transferred from late succes-

sional to early successional stands decreased their N2 fixation rate (DeLuca et al., 

2007).  
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Before fire the stands were mixed Scots pine and Norway spruce stands, after fire 

the young stands were dominated by Scots pine with a secondary occurrence of 

Norway spruce (Zackrisson et al., 2004). It is relevant to assume that as time goes 

the stands will get more dominated by Norway spruce, due to Norway spruce being 

a secondary species and Scots pine being a primary species (Engelmark & 

Hytteborn, 1999). This could be further implying that the dominating tree species 

may have an effect on N2 fixation rate of cyanobacteria associated to feather mosses 

and thereby showing a similar pattern as to the results of this study. In this study N2 

fixation rates by cyanobacteria associated to feather mosses were higher in Norway 

spruce stands then in Scots pine stands. The same thing applies for the results of the 

moss coverage in the study by Zackrisson et al. (2004). Moss coverage is increasing 

logarithmically with time since last disturbance in the study by Zackrisson et al. 

(2004) and in this study the moss-coverage was significantly higher in the Norway 

spruce than in the Scots pine stands, despite that there was no difference in age. 

Hence my results suggest that tree species is a more important factor than time since 

disturbance to explain differences in moss-cover between forest stands. 

 

DeLuca et al. (2007) also looked at available inorganic N and P in the forest floor 

on the same sites. The early successional stands had high N availability and the late 

successional stands had low N availability (DeLuca et al., 2007). N availability has 

been shown to affect the N2 fixation rate by cyanobacteria associated to feather 

mosses (Sorensen et al., 2012; Zackrisson et al., 2009; DeLuca et al., 2008). Which 

in this case could imply that it is the available inorganic N and perhaps not the dom-

inant tree species that has an effect on N2 fixation rates in the plots used by DeLuca 

et al. (2007) and Zackrisson et al. (2004). On the other hand, a possible explanation 

to the decreasing N availability and increasing N2 fixation with time since last dis-

turbance could be that the tree species in fact has an effect on the N availability and 

thereby also on the N2 fixation rate. 

4.4 The effect of the tree species 

In summary my results could be interpreted as there could be more available N in 

the Scots pine stands than the Norway spruce stands. The N2 fixation is perhaps a 

reaction to the N turnover rate more than a contributing factor to the volume growth 

of the trees. The higher the N turnover rate, the larger volume growth of the trees 

and the smaller the N2 fixation by the cyanobacteria. One possible explanation for 

this is the differences in canopy structure between the tree species and particularly 

the potential difference in climate underneath the canopy, which could affect the 

turnover rate. This potential climatic difference underneath the canopy could then 
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perhaps also be one of the potential explanations to the difference in moss abun-

dance between the stands of the two tree species, among species competition and 

other explanations. Further studies on this possible connection between the N2 fix-

ation rate of cyanobacteria and dominating tree species is needed to fully understand 

its possible significance and specific effects. 

4.5 Conclusions 

I found that the mosses H. splendens and P. schreberi were significantly more abun-

dant in Norway spruce stands then in Scots pine stands, although the trees were 

established at the same time (on average 60-70 years ago) in the two types of stands. 

In contrast to my hypothesis, there was no significant difference in N2 fixation rate 

by cyanobacteria associated to the mosses between the stands of the two tree species. 

The significantly faster growth of Scots pine than of Norway spruce was thus not 

correlated to larger input of N into the former stands by moss associated N2 fixation. 

Instead I suggest that the faster growth of Scots pine may indicate that the supply of 

plant available N is higher in these stands, due to higher N turnover rates, which 

may hamper moss associated N2 fixation. 

 

 

 

 
 

 

 



21 
 

 

Ahti, T., Hämet-Ahti, L. & Jalas, J. (1968). Vegetation zones and their sections in northwestern 

Europe. Annales Botanici Fennici, pp. 169-211. 

Albrektson, A., Elfving, B., Lundquist, L., Valinger, E. & Skogsstyrelsen (2012). Skosskötselns 

grunder och samband. (Skogsskötselserien. Skogsstyrelsens förlag.: Skogsstyrelsen. 

Anderson, J. (1991). The effects of climate change on decomposition processes in grassland and 

coniferous forests. Ecological Applications, 1(3), pp. 326-347. 

Bay, G. (2013). Symbioses between cyanobacterial communities and feather mosses in boreal forests 

and consequences for dinitrogen fixation. Diss.: Department of Forest Ecology and 

Management, Swedish University of Agricultural Sciences. 

Bergh, J., Nilsson, U., Kjartansson, B. & Karlsson, M. (2010). Impact of climate change on the 

productivity of Silver birch, Norway spruce and Scots pine stands in Sweden with 

economic implications for timber production. Ecological Bulletins, 53(16), pp. 185-195. 

Björkman, E. (1953). Om orsakerna till granens tillväxtsvårigheter efter plantering i nordsvensk 

skogsmark: Fahlcrantz. 

Bonan, G.B. & Shugart, H.H. (1989). Environmental factors and ecological processes in boreal 

forests. Annual review of ecology and systematics, 20(1), pp. 1-28. 

Cain, M., Bowman, W. & Hacker, S. (2014). Ecology. Sunderland. MA: Sinauer Associates. 

Cleveland, C.C., Townsend, A.R., Schimel, D.S., Fisher, H., Howarth, R.W., Hedin, L.O., Perakis, 

S.S., Latty, E.F., Von Fischer, J.C. & Elseroad, A. (1999). Global patterns of terrestrial 

biological nitrogen (N2) fixation in natural ecosystems. Global biogeochemical cycles, 

13(2), pp. 623-645. 

DeLuca, T.H., Zackrisson, O., Gentili, F., Sellstedt, A. & Nilsson, M.-C. (2007). Ecosystem controls 

on nitrogen fixation in boreal feather moss communities. Oecologia, 152(1), pp. 121-130. 

DeLuca, T.H., Zackrisson, O., Gundale, M.J. & Nilsson, M.-C. (2008). Ecosystem feedbacks and 

nitrogen fixation in boreal forests. Science, 320(5880), pp. 1181-1181. 

DeLuca, T.H., Zackrisson, O., Nilsson, M.-C. & Sellstedt, A. (2002). Quantifying nitrogen-fixation 

in feather moss carpets of boreal forests. Nature, 419(6910), pp. 917-920. 

Demoling, F., Nilsson, L. & Baath, E. (2008). Bacterial and fungal response to nitrogen fertilization 

in three coniferous forest soils. Soil biology & biochemistry, 40(2), pp. 370-379. 

Ekö, P.-M., Johansson, U., Petersson, N., Bergqvist, J., Elfving, B. & Frisk, J. (2008). Current 

growth differences of Norway spruce (Picea abies), Scots pine (Pinus sylvestris) and birch 

(Betula pendula and Betula pubescens) in different regions in Sweden. Scandinavian 

Journal of Forest Research, 23(4), pp. 307-318. 

Engelmark, O. & Hytteborn, H. (1999). Coniferous forests. Acta phytogeographica suecica, 84, pp. 

55-74. 

Gentili, F., Nilsson, M.-C., Zackrisson, O., DeLuca, T.H. & Sellstedt, A. (2005). Physiological and 

molecular diversity of feather moss associative N2-fixing cyanobacteria. Journal of 

experimental botany, 56(422), pp. 3121-3127. 

Gerard, V., Dunham, S. & Rosenberg, G. (1990). Nitrogen-fixation by cyanobacteria associated 

withCodium fragile (Chlorophyta): environmental effects and transfer of fixed nitrogen. 

Marine Biology, 105(1), pp. 1-8. 

References 



22 
 

Grime, J.P. (1979). Plant strategies & vegetation processes. Chirchester, United kingdom: John 

Wiley and sons, Ldt. 

Gundale, M.J., Deluca, T.H. & Nordin, A. (2011). Bryophytes attenuate anthropogenic nitrogen 

inputs in boreal forests. Glob Chang Biol, 17(8), pp. 2743-2753. 

Gundale, M.J., Gustafsson, H. & Nilsson, M.-C. (2009). The sensitivity of nitrogen fixation by a 

feathermoss–cyanobacteria association to litter and moisture variability in young and old 

boreal forests. Canadian Journal of Forest Research, 39(12), pp. 2542-2549. 

Gundale, M.J., Nilsson, M., Bansal, S. & Jaderlund, A. (2012). The interactive effects of temperature 

and light on biological nitrogen fixation in boreal forests. New Phytol, 194(2), pp. 453-63. 

Heiskanen, J. & Mäkitalo, K. (2002). Soil water-retention characteristics of Scots pine and Norway 

spruce forest sites in Finnish Lapland. Forest Ecology and Management, 162(2), pp. 137-

152. 

Henskens, F.L., Green, T.G. & Wilkins, A. (2012). Cyanolichens can have both cyanobacteria and 

green algae in a common layer as major contributors to photosynthesis. Ann Bot, 110(3), 

pp. 555-63. 

Houle, D., Bilodeau Gauthier, S., Paquet, S., Planas, D. & Warren, A. (2006). Identification of two 

genera of N2-fixing cyanobacteria growing on three feather moss species in boreal forests 

of Quebec, Canada. Botany, 84(6), pp. 1025-1029. 

Ininbergs, K., Bay, G., Rasmussen, U., Wardle, D.A. & Nilsson, M.C. (2011). Composition and 

diversity of nifH genes of nitrogen-fixing cyanobacteria associated with boreal forest 

feather mosses. New Phytol, 192(2), pp. 507-17. 

Jackson, B.G., Martin, P., Nilsson, M.C. & Wardle, D.A. (2011). Response of feather moss 

associated N2 fixation and litter decomposition to variations in simulated rainfall intensity 

and frequency. Oikos, 120(4), pp. 570-581. 

Jarvis, P. & Linder, S. (2000). Botany: constraints to growth of boreal forests. Nature, 405(6789), pp. 

904-905. 

Kashyap, A., Pandey, K. & Gupta, R. (1991). Nitrogenase activity of the antarctic 

cyanobacteriumNostoc commune: Influence of temperature. Folia Microbiologica, 36(6), 

pp. 557-560. 

Lagerström, A., Nilsson, M.C., Zackrisson, O. & Wardle, D. (2007). Ecosystem input of nitrogen 

through biological fixation in feather mosses during ecosystem retrogression. Functional 

Ecology, 21(6), pp. 1027-1033. 

Markham, J.H. (2009). Variation in moss-associated nitrogen fixation in boreal forest stands. 

Oecologia, 161(2), pp. 353-359. 

Mitchell, J.S. & Ruess, R.W. (2009). N2 fixing alder (Alnus viridis spp. fruticosa) effects on soil 

properties across a secondary successional chronosequence in interior Alaska. 

Biogeochemistry, 95(2-3), pp. 215-229. 

Nilsson, U., Elfving, B. & Karlsson, K. (2012). Productivity of Norway spruce compared to Scots 

pine in the interior of northern Sweden. Silva Fennica, 46(2), pp. 197-209. 

Schelsinger, W.H. (1997). Biogeochemistry: An Analysis of Global Change. 2nd. ed. San Diego, 

Calif.: Academic press. 

SLU (2017). Forest statistics 2017, Official statistics of Sweden. (Skogsdata). Umeå, Department of 

forest reasource management: Swedish University of Agricultural Sciences. 

Sorensen, P.L., Lett, S. & Michelsen, A. (2012). Moss-specific changes in nitrogen fixation 

following two decades of warming, shading, and fertilizer addition. Plant Ecology, 213(4), 

pp. 695-706. 

Staal, M., Lintel‐Hekkert, S.t., Harren, F. & Stal, L. (2001). Nitrogenase activity in cyanobacteria 

measured by the acetylene reduction assay: a comparison between batch incubation and 

on‐line monitoring. Environmental Microbiology, 3(5), pp. 343-351. 

Stewart, K.J., Lamb, E.G., Coxson, D.S. & Siciliano, S.D. (2011). Bryophyte-cyanobacterial 

associations as a key factor in N2-fixation across the Canadian Arctic. Plant and Soil, 

344(1-2), pp. 335-346. 

Swift, M.J., Heal, O.W. & Anderson, J.M. (1979). Decomposition in terrestrial ecosystems Vol.5. 

Berkeley and Los Angeles: Univ of California Press. 

Tamm, C.O. (1991). Introduction: geochemical occurrence of nitrogen. Natural nitrogen cycling and 

anthropogenic nitrogen emissions. In: Nitrogen in Terrestrial Ecosystems. Berlin: Springer, 

pp. 1-6. 



23 
 

Townsend, C., Begon, M. & Harper, J. (2008). Essentials of Ecology, 3rd. Massachusetts. MA. 

Wallenstein, M.D., McNulty, S., Fernandez, I.J., Boggs, J. & Schlesinger, W.H. (2006). Nitrogen 

fertilization decreases forest soil fungal and bacterial biomass in three long-term 

experiments. Forest Ecology and Management, 222(1-3), pp. 459-468. 

Weil, R.R. & Brady, N.C. (2008). The nature and properties of soils. Rev. 14th ed. Upper saddle 

river: Pearson. 

Vitousek, P.M. & Howarth, R.W. (1991). Nitrogen limitation on land and in the sea: how can it 

occur? Biogeochemistry, 13(2), pp. 87-115. 

Zackrisson, O., DeLuca, T.H., Gentili, F., Sellstedt, A. & Jaderlund, A. (2009). Nitrogen fixation in 

mixed Hylocomium splendens moss communities. Oecologia, 160(2), pp. 309-19. 

Zackrisson, O., DeLuca, T.H., Nilsson, M.-C., Sellstedt, A. & Berglund, L. (2004). Nitrogen fixation 

increases with successional age in boreal forests. Ecology, 85(12), pp. 3327-3334. 

Zielke, M., Ekker, A.S., Olsen, R.A., Spjelkavik, S. & Solheim, B. (2002). The influence of abiotic 

factors on biological nitrogen fixation in different types of vegetation in the High Arctic, 

Svalbard. Arctic, Antarctic, and Alpine Research, pp. 293-299. 

 

 

 



24 
 

First of all, I would like to thank my supervisor Annika Nordin and assisting su-

pervisor Michael Gundale for their help and advice. I’m sending a great thanks to 

Kelley Gundale for her much-appreciated help and assistance with the gas chro-

matograph and lab work. I would like to thank Hilda Edlund and Jonas Dahlgren 

for their advice on statistics. Another great thanks go to Tinkara Bizjak for her as-

sistance in the field, and for all her patience during the weeks we sorted mosses.  

Thank you, Johannes Larson, for commenting on my use of words. Last but not 

least I would like to thank my father Andreas Lidman for accompanying me out in 

the field during one intense day of driving and moss gathering, as well as for his 

ingenuity when it comes to field equipment.   

 

Tack! 

 

Felicia Lidman,  

January 2018. 

 

 

 

 

 

 

 
  

Acknowledgements 



25 
 

 



SENASTE UTGIVNA NUMMER 
 

2016:1 Författare:  Gustaf Dal 
Tree cover and tree traits affects soil carbon and soil compaction in Parklands in 
Central Burkina Faso 
 

2016:2 Författare:  Julia Mellåker 
Degradation and restoration method interact to affect the performance of planted 
seedlings in tropical rainforest restoration – evidence from plant functional traits  
 

2016:3 Författare:  Pia Sundvall 
Kväverikt spillvatten från sprängämnesproduktion – potentiell råvara i gödsel? 
 

2016:4 Författare:  Marcus Larsson 
Betydelsen av krukstorlek, odlingstäthet och planteringspunkt vid etablering och 
tillväxt hos täckrotsplantor – Analys av Jackpot & Powerpot 

 
2016:5 Författare:  Elin Kollberg 

Tidiga tillväxteffekter av kvävetillförsel på SeedPAD och plantor 
 

2016:6 Författare:  Lukas Holmström 
Restoration of degraded tropical rainforests through gap and line planting: Effects on 
soil and light conditions and seedling performance 

 
2016:7 Författare:  Lina Edgren 

Naturvård och efterbehandling i Masugnsbyns dolomittäkt 
 
 

2017:1 Författare:  Johan Åhs 
The influence of precipitation and nitrogen fertilization on aboveground tree growth and 
how this varies across small-scale microtopography gradients in Pinus sylvestris stands in 

  northern Sweden 
 
2017:2 Författare:  Joshua Johansson 

Utvärdering av en markvattenmodells förmåga att estimera markfuktighet och bärighet 
 
2017:3 Författare:  Stina Köppler 

Skogen som integrationsarena – kopplingen mellan svensk skogsnäring och integration 
 

2017:4 Författare:  Kristina Nilsson 
Överlevnad, tillväxt och snytbaggeskador i fält hos långnattsbehandlade ettåriga tallplantor 
med dubbelbarr 

 
2017:5 Författare:  Maria Jakobsson 

Naturlig föryngring efter brand – Fyra trädarters etablering i relation till mikromiljö och 
spridningsavstånd på Salabrännan 

 
2017:6 Författare:  Erik Sköld 

Lönsamhet vid fröträdsavverkningar på torvmark i östra Småland 
 

2017:7 Författare:  Anna Bergqvist 
Skogsbrukets brandskötsel. En intervju-undersökning utförd i Västerbotten år 2006 
 
 

2018:1 Författare:  Gustav Nord 
Tillväxteffekter för tall 33 år efter konventionell gallring och gödsling 
 

Hela förteckningen på utgivna nummer hittar du på www.seksko.slu.se 


