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THE SOIL CARBON POOL IN TWO SPRUCE FORESTS
ESTABLISHED ON FORMER OPEN GRAZING LAND.
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SUMMARY

Background and aim: Forest soils store a substantial amount of carlmohcarbon is a key
component is soil organic matter. During the stdadelopment of a forest site, a proportion
of the carbon sequestrated by trees and otheratsgets transferred into the soil by litterfall
and roots, and thereby building up a soil carbatkstThe main goal of my study was to
estimate the soil carbon pools in 55 and 15 ye&dtsNorway spruce Kicea abie} forest
stands that are established on formerly open gydaimd. To show how the soil carbon pool
change when an open land is forested. | have slsnaed the soil carbon pools in two open
grazing lands adjacent to the forest stands. Mynrhgpothesis was that the soil carbon pool
will increase over time following forestation.

Location: The study sites were located in As community ie tiorth-eastern part of
Akershus County, south-eastern part of Norway.

Methods: A total of 200 soil samples including vascular pdaand bryophytes were collected
in a restricted random procedure considering theat@n along ecological gradients in
aspects, nutrient conditions, light supply, toppéia conditions and soil moisture etc. The
soil samples, reaching down to a depth of 15 crmewellected with a steel cylinder corer
that had a diameter of 5.8 cm. All samples werkcswes included the entire organic top soll
layer (a few cores were less than 15 cm long becatishallow soil and presence of rocks
and boulders). The amount of carbon in the soil s estimated by dry combustion.
Results: The overall mean carbon content across all stugg sias 2092 + 993 gfng+ SD)
with site-specific means ranging from 1043 + 23870 3297 + 828 g/f The soil carbon
pool was largest in the 55 years old forest stargbreas the 15 years old forest stand had the
lowest amount of carbon across the study sites. rékalts showed different trends and
variation in the amount of carbon content betweed within the study sites. In particular
there was a large variation in the size of the cmibon pool across fine spatial scales.
Conclusion: My results showed that the soil carbon pool wagdst in the oldest forest stand
and that it is likely that the soil carbon pool hiiicrease over time when open grazing land is
forested. My study also showed that the size efdiganic top soil carbon pools is highly
variable across fine spatial scales.

For more accurate monitoring of soil carbon pobésiand dynamics, it is important to collect

more field data across a broad range of spatigéésaa different types of ecosystems.
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1. INTRODUCTION

Forest ecosystems act as an important part to adatenthe atmospheric GGs organic
carbon (C) in living and dead biomass. The totabam of carbon stocks in forest floor and
terrestrial ecosystems are proportionately higtamtthe present level of carbon in the
atmosphere. The major contribution of carbon diexanissions are fossil fuel combustion
and deforestation of land area, which add aboutg8(®Pg= 1& gram) carbon to the
atmosphere each year, where only 3 Pg is adddteiattnospheric carbon pool and the rest
amount of is accumulating in the oceans and teraésicosystem (Liski et al. 2003; Prentice
et al. 2001). Carbon dioxide being a green houseagd its elevated concentration leads to
global warming and climate change. The concentidéwel of CQ is highly variable and the
increasing concentration of carbon dioxide in thwasphere depends on various factors.
Factors such as industrial revolution, populatiogspure, use of fossil fuels, land use changes
etc. are the dominant source of carbon dioxideh® atmosphere (Malhi et al. 1999).
According to fourth assessment report of IPCC (fjaeernmental Panel on Climate
Change), the mean temperature increased 0.74°CebetW906 to 2005 and the rate of
temperature will increased from 3 to 6 °C by 21D@e level of CQ increased from 367 ppm
to 379 ppm in 2005 and continued to increase 1rb jppevery year (IPCC 2007; Malhi et al.
1999). However, it is important to bear in mindtthage amount of carbon has accumulated
in the forest ecosystem during a long period oftifut because of the human disturbance,
forest burning, deforestation and other ecologiisiurbances and misbalances in the forest
ecosystems, results in the release of huge amofi@s), into the atmosphere (Pregitzer &
Euskirchen 2004). To combat with the global warmigmust have to reduce the production
of greenhouse gases and to find out the sink @rdreuse gases like GO

Forest ecosystems are acting as atmospheric fofe@0, and the level of atmospheric €O
varies with the carbon balance in global forestsgstems (Neilson et al. 2007). The net
carbon balance in a forest ecosystem is a finenbaland controlled by two processes: (1)
fixation of carbon dioxide and (2) release of carlmioxide from the forest ecosystems.
Fixation of CQ and processes of carbon acquisition are controNephotosynthesis process,
tree growth, forest ageing and soil carbon accutimunaystem, where processes of release of
carbon dioxide from the ecosystem caused by m@&smir of living biomass, tree mortality,

oxidation of soil carbon, degradation, deforestgtimicrobial decomposition of litter and



disturbances processes (Malhi et al. 1999). Diffetese parts are acting as the main source
of the litter fall, which is the major contributida input of carbon and nutrients to the soil.

Soil is an important factor for sequestering theagpheric carbon dioxide and also has an
important effect on the size of the organic carpool in the soil (Morisada et al. 2004). In
order to estimates the potential changes in thecadbon storage in the forest floor, one of
the important factors is the estimate of the curaenount of carbon in different soils (Liski &
Westman 1995). Soil organic matter is one of thestmimportant key components of any
terrestrial ecosystem and has potential effectthervariation of abundance and composition
of many processes that occur within the systemgi@dda et al. 2004). Due to increasing the
carbon dioxide concentration into the atmosphere,uegent issue needs to assess the
feasibility of managing ecosystems to store carbon.

To estimate the possible changes on the carboksstncsoils, it is important to establish a
baseline to measure the current amount of carbookstin different forest floors and
vegetation composition. The total net stock of swganic carbon at regional, national or
global scales is essential information for disaugshe possible changes in carbon content or
fluxes at each scale. For these purposes, regamobinternational studies are necessary (Liski
& Westman 1997; Watson et al. 2000).

When it comes to the boreal forest ecosystems imés&andinavia, there have been several
studies focusing and analyzing on the measurenfecarbon pools and fluxes due to large
amounts of carbon contain at different scales (Died al. 1994). Boreal forests are of
particular interest because of their immense tistion and supposed to undergo the greatest
climatically changes during the 2tentury (Mukkunen & Heiskanen 2005). Boreal forest
occupies a circumpolar belt in high northern latés, tundra and temperate forests and
grasslands with a large land-area of about 13.#omikm? and contains a considerable high
carbon density in these soils, around 15-20% odballterrestrial carbon reserves in the soils
(Grace 2004; Larsen 1980; Liski et al. 1995; Posi.€1982) Boreal forest also function as a
source and sinks for nitrous oxide (M, methane (CkJ and in addition to carbon dioxide
(COy,) (Callesen et al. 2003). According to the figupessented by Dixon et al. (1994), 69%
of the carbon is stored in the form of soil orgamatter and the rest of 31% stored as living
biomass. However, there is a significant differebeaveen high latitude and temperate forest
floors: in the boreal forest total 84% of carborsisred in soil organic matter and only 16%
of carbon stored in the active biomass, whereakartropics the carbon is divided more or

less equally between the soil and vegetation paftstalhi et al. 1999). Due to climate



changes and increasing the £6to the atmosphere that also increasing the tesiyne can
influences the total net amount of soil carbonesian the boreal forest ecosystems in several
ways. The current total amount of carbon storedlifferent soils is a key factor when
calculating the changes in the soil carbon stoiagesponse to climatic warming (Liski &
Westman 1997)Finér et al. (2003) studied the changes in carbmwispin Finnish boreal
forests and found significant effects of clear iogtton soil carbon pools and fluxes. Liski and
co-workers suggested that the soil carbon sink wmaertain by 35% to 50% and the largest
sources of this uncertainty were depend upon orcéheulation of the litter production of
different parts of trees and decomposition in s@lsidies have been conducted in Norway as
well. For example, Clarke et al. (2007) studied $patial variation in the concentration of
dissolved organic carbon (DOC) pools in four Norvggyuce stands. These studies showed a
significant effect of stand age. Therefore knowkedg carbon storage and forest dynamics is
very important for getting reliable information armdbtaining more accurate results and
predictions on carbon sequestration at the globdl @ational scales. For improving our
knowledge about the boreal soil carbon storagegmdetailed information on the size of the

soil carbon reserves and their spatial variabiityeeded (Liski et al. 1997).

The main aims of my study are:

1. To estimate the amount of carbon in the soil dowva tlepth of 15 cm in two forest
sites and two adjacent open grazing lands.

2. To identify the organic top soil part of the sorofle and estimate the size of the
carbon pool in this soil compartment individually.

3. To compare the size of the soil carbon pool betwieessted and non-forested open

sites.



2. MATERIALS AND METHODS

2.1 Selection of the study sites

The study sites are two closed canopy forests\andpen land areas located on the property
of the Norwegian University of Life Sciences UMBAs community in the north-eastern part
of Akershus County, south-eastern Norway (Fig.1 2nd

N :
El10246:3736

A

Fig. 1: 55 years old forest stand and neighboring non-forest stand Fig. 2: 15 years old forest stand and adjacent non-forest stand.

The data presented were collected from 200 soipkssrfrom four study sites. According to
Meteorological data for As, the average monthlygerature is -9.5 °C in January and 16.9
°C in July, while the average annual temperatur8.7/s°C. The average precipitation per
month varies from maximum 149 mm in August to mimim211 mm in January; with a total
annual average of 807mm. The two forest sites wlerainated by Norway spruc®itea
abieg and there were some dead trees in the oldesttfsite.



Fig. 3: Site-A (55 years old) Norway spruceRicea abies) forest stand.

Site- A: A ca. 55 years old forest located 89 m above leeal, approximately 2.3 km
northeast (59 °40° 38" N, 10 ° 45" 47'E) of¢henpus at the Norwegian University of Life
Sciences (UMB). The forest is planted on a fornmrograzing land and consists mainly of
Norway spruce Ricea abies The ground vegetation is dominated Wgccinium myrtillus
and the following vascular plant species are comnfaremone nemorosa, Deschampsia
flexuosa, Droypteris expansa, Hieracium sylvaticubgctuca muralis, Maianthemum
bifolium, Melampyrum sylvaticum, Oxalis acetoselRuibus idaeus, Sorbus aucuparia,
Stellaria nemorumandTrientalis europaeaThe bryophyte flora is dominated by species like

Pleurozium schrebeandHylocomium splender(®likael Ohlson, personal communication).

Fig. 4. Non-forest stands adjacent to 55 years ofdrest stand.
Site- B: An open grazing landirectly neighboring the south-east border of the 55 year ol
spruce forestSite- A). Both study sites (55 years old forest + adjacemt-focest land) are



referred to as Location A. The ground vegetatiothis area is dominated lyeschampsia

caespitosaand Poa pratensisOther typical species areAchillea millefolium,Lepidotheca

suaveolens, Polygonum aviculare, Plantago majorm&u longifolius, Tripleurospermum
perforatum and Trifolium reper(®ikael Ohlson, personal communication)

Fig. 5: Site- C (15 years old) Norway spruceP{cea abies) forest stand.

Site-C: A ca. 15 years old Norway spruce forest stancetened to as Study site C, located
117 m above sea level approximately 2.5 km north@&s® 41" 04"" N, 10 °© 46" 28 'E ) of the
UMB campus. The forest is planted on former opearigg land and is partly wet due to a
small narrow ditch that is passing inside the forasea. Besides Norway spruce, the
vegetation consist mainly ofSorbus aucuparia, Fraxinus excelsior, Rubus ida&asnbucus
racemosus, Salix caprea, Betula pubescens, Urtiggsical Deschampsia caespitosa,
Lysimachia vulgaris, Filipendula ulmaria, Poa prass and Dactylis glomerata(Mikael

Ohlson, personal communication)
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Fig. 6: Non-forest stands neighboring to 15 yeardaforest stand.

Site-D: An open grazing land neighboring the southern sidéhe young spruce forest stand
at site C. Both study sites C and D are togethenohstrated as Location B. The ground
vegetation is rather species-rich wilbeschampsia caespitosa, Alopecurus pratensis,
Elytrigia repens, Dactylis glomerata, Agrostis dégies, Poa pratensis, Filipendula
ulmaria, Trifolium hybridum, Rumex longifolius, @ah mollugo, Artemisia vulgaris,
Cirsium arvense, Cirsioum palustre, Hypericum matuh, Tanacetum vulgare,
Chrysanthemum leucanthemum, Vicia cracca, Anthsigylvestris and Achillea millefolium
being common in the area (Mikael Ohlson, persooairaunication)
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2.2 Soil sampling

10 m

5m

Fig. 7: Design of the selection of data sampling pitions by a restricted random procedure.

Ten macro sample plots, sized 5 x 10 m, were plateshch of the four study sites. The
macro sample plots were located subjectively ineortb represent the variation along
ecological gradients in aspects, nutrient cond#jdight supply, topographic conditions, soil
moisture etc. Five sampling positions within thecnsasample plot were determined by
random, i.e. a restricted random sampling procedsee e.g. @kland 1996 for further
information). The soil samples were collected fritva center of the selected 1 x 1 m plot. A
total of 50 samples were taken from each study 8t and bryophyte samples were
collected by using a steel cylinder (diameter 518.d-irst, the thickness of the organic top
soil was measured and then was the total lengtftifjlef the soil core measured. After was
the entire soil profile in its natural form put ia carefully marked plastic bag for
transportation to the laboratory (Liski et al. 1R9Fhe reason for using the plastic bag is that
will not soak the moisture of soil sampleSoil cores included the entire layer of the organic
top soil and the cores were intended to represesailalepth of at least 15 cm. However, a

few cores were shorter due to shallow soil and weage of rocks and boulders. Here, the



12

motivation for sampling of the 15 cm top-soil-layerthat this soil layer is rich in carbon and
that this carbon pool is biologically reactive (&iret al. 2003). Totally, 200 soil samples with

vascular plants, and bryophytes were collected fiteerstudy sites for this analysis.

2.3 Laboratory analysis

The organic and mineral horizons of the soil covese separated carefully to avoid

contamination between the layers (Liski and Westm887b).The vegetation from the top of
the soil cores was removed and bryophytes and lasglants were stored separately. | also
removed large tree roots from the organic and threeral soils and placed organic soil, roots
from the organic soil, mineral soil and roots fréme mineral soil in separate paper bags. All
samples were than dried to constant weight at 1@&5ernight) and stored them for further

analysis.

Loss on ignition: The percentage weight loss on ignition gives busb estimate of the
organic content in the soil. Generally, percentlgs on ignition values showed an inverse
relationship with percentage dry weight values.nfriibe dried ( overnight at 105 °C) soil
samples, 3 g was taken from each samples and putéibles that were placed in the furnace
and kept at 550 °C for 2 hours. When the sampldschaled slightly, they were placed in a
desiccator and allowed to cool fully before theyrevee-weighted. The percentage of the dry

weight lost on ignition was then calculated.

2.4 Data analysis

A carbon content of 50% was assumed for the organit components and all living
components such as field layer vegetation, branchesphytes, roots, living trees, etc.
(Chapin et al. 2002). In the analyses | have catedl the size of the soil carbon pool on both
a volume and an area basis, i.e. g carbon perdiirand g carbon per Frorest ground.
Many samples contained no organic soil, for instamicthe sampling spot was a rock outcrop
or root at the soil surface etc. The carbon conterdifferent soil was calculated with the
following formula, C = {W*LOI (%)*0.5}/A, where W=soil dry weight, LOI= loss on
ignition percentage, A= soil area. Simple summaayigtics like mean, standard deviations,
degree of freedom, F value and p values were Gabmlifor the raw datand are presented in
the tables. In cases where mean values are prdsentiee text, the precision of the mean is

indicated by £ 1 SD of the mean. ANOVA and two stigests were used for the testing the
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differences in soil carbon content between thetionasites and also within the location. In
order to adjust for differing volumes of the cotledt samples, the thickness of the samples
was also included in this analysis. ANOVA and tdesere also used for the analysis of the

effects of depths on carbon content. All calculagiovere done by using the SPSS software.
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3.RESULTS
Table 1: ANOVA- test of differences of carbon conten(gm?) between four study sites.
Carbon content Site-A(55 Site-B Site-C (15 Site-D Average for F P
years old (Adjacent years old (Adjacent all sites
forest) to site A) forest) to site C)
Organic soll 1322 + 369 0.0 142 £59 664 + 230 532 + 564 392.8 <.0001
Mineral soil 1692 + 553 1826 + 566 713 152 123234 1368 * 604 72.11 <.0001
Total in soil 3014 + 785 1826 + 566 855 + 180 1907 1900 * 923 144.78 <.0001
Bryophytes 172 +£130 0.0 122 + 160 257 + 388 138 +237 11.946<.0001
Vascular plants 110+ 98 37 +£69 63 £ 87 4 423 BU+ 17.90 <.0001
Total in vegetation 283+178 37 +£69 187 + 180 2688 192 + 251 11.20 <.0001
Total carbon 3297 + 828 1864 + 575 1043 £ 233 24648 2092 £ 993 129.85 <.0001

All values are mean = SD and significant level mgasat p<0.05. The test is not allowed to express significant
value due to the absence of organic soil and brytgshin the site B.

Table 1A: ANOVA-test of differences of carbon contenon a soil volume basis (g/l) between four studytes.

Carbon Site-A (55 Site-B Site-C (15 Site-D Average for F P
content years old (Adjacent to years old (Adjacent to | all sites

forest) site A) forest) site C)
Organic soil | 29+ 8 0.0 17 6 26 £8 18 %13 220.37 <.00p1
Mineral soil | 10 %3 8 3 3+0.7 6 +1 7 3 82.92 <000
Total in soil | 39 10 8 +3 21 47 32149 25 +14 176.18<.0001

All values are mean + SD and significant level measat p<0.05. The test is not allowed to express significant
value due to the absence of organic soil in the Bit

The carbon content in the soil varied significargijmong the four study sites (Table 1).
Among the study sites, mean soil carbon content vigisest in site A and lowest in site C.
The mean carbon content was higher in the mineiéltlsan in the organic soil on an area
basis. Carbon content in the mineral soil was highesite B compared to site A, C and D.
The percentage value showed that site B conteo)2arbon in mineral soil, where site A,
C and D content (19%), (27%) and (21%) respecti\(€igure 8). Carbon content in the
organic soil was higher in site A in comparisonatbother sites. An organic top soil layer
lacked in Site B, which explain the zero valuetfte organic soil in site B (Table 1). Carbon
content in the vegetation varied considerably acthe study sites. The carbon content in the
vegetation was significantly higher in the site bAit lower in site B (Table 1). The carbon
content in the bryophytes varied significantly beén the study sites and there were more
carbon in the bryophytes than in the vascular plafie total mean carbon content in the soil
down to a depth of 15 cm was 2092 + 993%ffiable 1). The total mean carbon content,
expressed on a volume basis, was significantlydrigh site A than in any other of the study
sites, where site B had the lowest content permelunit of soil (Table 1A). The content of

carbon per volume unit of the organic top soil wagificantly higher than in the underlying
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mineral soil. The forest soil in site A had mosgamic top soil and thus more carbon in this
soil layer than sites B, C and D (Table 1A). Inmtsrof percentage of carbon value site A
forest content higher (39%) than site B, C and EhW22%), (13%) and (26%) respectively

(Figure 8).

Table 2: Two sample test of differences of carbon ctent (gm) in the soil of forest and non-forest at the locéon A.

Carbon content Site-A (55 years age old Site- B (Non-forest) Total (Site A and B) t P
forest)

Organic soil 1322 + 369 0.0 661 £ 713 9.26 <.0001

Mineral soll 1692 + 553 1826 + 566 1759 + 561 31.36234

Total in soil 3014 £ 785 1826 + 566 2420 + 905 26.[7 <.0001

Bryophytes 172 + 130 0.0 86 + 126 6.85| <.0001

Vascular plants 110 + 98 37 £69 74 £92 8.0p <1000

Total in vegetation| 283 +178 37 £69 160 + 182 68.7 <.0001

Total in Location | 3297 + 829 1864 + 575 2580 + 1011 2552 <.0q01

A

All values are mean + SD and significant level measat p<0.05. The test is not allowed to express significant
value due to the absence of organic soil and brytgshin the site B.

Table 2A: Two sample test of differences of carbon Wwme (g/l) in the soil of forest and non-forest athe location A.

Carbon content Site-A (55 years old forest) |  Site-BNon-forest) Total (Site A and B) t P
Organic solil 29 18 0.0 15 £16 9.35 <.0001
Mineral soll 10 £3 83 9+3 30.98 .018
Total in soil 39 +10 83 24 +18 13.93 <.0001L

All values are mean = SD and significant level megasat p<0.05. The test is not allowed to express significant
value due to the absence of organic soil in the Bit

In location A, the mean carbon content in the garied significantly between the forest and
open grazing land sites as mean soil carbon contasiconsiderably higher in the site A than
site B (Table 2). Because the organic top soil comepts was fully missing in site B, no
carbon was found in the organic soil at the sitéoist floor. The carbon content in the
mineral soil did not differ between the two sitdsowever, the carbon content in the
vegetation was significantly higher in the foresh {years old) than in the open grazing land.
The mean carbon content in vascular plants wadfisimtly higher in site A than site B,
whereas bryophytes were fully missing in site Baahenever | compared the variations of
carbon content between two sites | found that carbentent in site A was significantly
higher than in site B (Table 2).

In the location A, the mean carbon content per m&uunit of soil varied significantly
between the study site A and B (Table 2A). The oig#op layer of the forest soil in site A
contained more carbon than the mineral soil (h@migtop soil layer was present in site B).

In mineral soil, the carbon content was almost lsimn both study sites, where site A had a
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little bit higher value than the site B forest sddowever, the mean carbon content per
volume in the soil was higher in the site A forémtn site B (Table 2A).

Table 3: Two sample test of differences of carbon ceent (gm) in the soil of forest and non-forest at the locann B.

Carbon content Site-C (15 years old Site-D (Non-forest) Total t P
forest)

Organic soil 142 + 59 664 + 230 403 + 311 12.9¢ 06D

Mineral soil 713 + 152 1239 + 230 976 + 328 29.74 .0091

Total in soil 855 + 180 1903 + 327 1379 + 588 23.44 <.0001

Bryophytes 121 + 160 257 + 388 189 + 303 6.24 .025

Vascular plants 66 + 87 4+23 35+71 4.97 <.0001

Total in vegetation 187 + 180 261 + 388 224 + 303 .397 227

Total in location B 1043 £ 233 2164 £518 1603 H69 23.21 <.0001

All values are mean + SD and significant level mgasat p<0.05.

Table 3A: Two sample test of differences of carbononitent on a soil volume basis (g/l) in the soil dbrest and non-
forest at the location B.

Carbon content Site-C (15 years old forest)|  Site-[Non-forest) Total t P
Organic soil 17 +6 26 +8 22 +8 26.45 <.0001
Mineral soil 30.7 6+1 52 27.04 <.0001
Total in soil 21 %7 3219 27 10 28.84 <.000

All values are mean £ SD and significant level measat p<0.05.

In location B, the carbon content in the soil siigaintly varied between the study sites (Table
3). The mean soil carbon content was higher inntivgeral soil than organic soil. Carbon
content in the mineral and organic soil was highethe site D than in the site C forest soil.
The total carbon content in soil was significarftlgher in the site D than site C with 1903 +
327 gn¥ and 855 + 180 gih respectively. The carbon content in the vegetatiaried
insignificantly across the study sites (forest nsn-forest), but higher in the site D (non-
forest) than site C (forest). The carbon conterthenbryophytes was higher in the site D than
site C, where for vascular plants; the carbon valae significantly and comparatively higher
value in the site C forest floor than non-forestofl The overall study revealed that, the
average carbon content in the location B was higliethe site D than site C area with
indicated significant variation in the carbon prdmm between the forest and non-forest
stand (Table 3).

The content of carbon per soil volume unit theltataan value was significantly higher in

site D compare to the site C forest soil (Table.3A)



17

Table 4: Two sample test of differences of carbon ctent (gm?) between two locations.

Carbon content Location A Location B Total in all locdions t P
Organic soil 661+ 713 403 £ 311 532 + 564 13.34 01.0
Mineral soil 1759 £ 561 976 + 328 1368 £ 603 32.04 <.0001
Total in soil 2420 + 905 1379 + 588 1899 + 923 20.0| <.0001
Bryophytes 86 +126 189 + 303 138 £ 237 8.21 .002
Vascular plants 74 £92 35171 54+84 9.16 .001
Total in vegetation 160 + 182 224 + 303 192 + 252 0.79 .071
Total in study area 2580 + 1011 1603 + 690 20923 9 29.79 <.0001

All values are mean £ SD and significant level measat p<0.05.

Table 4A: Two sample test of differences of carbon atent on a soil volume basis (g/l) between two logans.

Carbon content Location A Location B Total in all locdions t P
Organic soil 15 +16 22 +8 18 +13 19.80 <.0001
Mineral soil 9 +3 5+2 7 +3 30.90 <.0001
Total in soil 24 +18 27 10 25 +14 25.90 .156

All values are mean £ SD and significant level measat p<0.05.

The mean differences of carbon content in thelssilveen two locations varied significantly
and higher in the location A compared to locationT&able 4). The average soil carbon
content was higher in the mineral soil than orgaoit. Location A content higher percentage
of carbon value in both organic and mineral sadntithe location B. The variation of carbon
content in bryophytes and vascular plants acrossstiidy sites was significant. Location B
content higher percentage of carbon in bryophytas tocation A, where carbon in vascular
plants was higher in the location A forest flooheToverall carbon content across the study
locations varied significantly, but higher in tleezétion A than location B (Table 4). When all
components are considered together (soil and viegetsamples), location A showed higher
percentage of carbon amount (62%) compared tootteion B (38%) forest site (Figure 8).
The mean carbon content in the soil volume diddiibér significantly between the location
A and B. Location B content higher percentage obaa volume than location A forest soill
(Table 4A). In the both locations, organic soil @t higher percentage of carbon than

mineral soil.
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Table 5: Two sample test of differences in soil cartrocontent (gm?) between two forests of different age.

Carbon content Site-A (55 years old forest)| Site-Cl5 years old Total in all t P
forest) forest

Organic soil 1322 + 369 142 £ 59 732 £ 648 11.p9 0081
Mineral soll 1692 + 553 713 £152 1203 + 636 18.96<.0001
Total in soil 3014 £ 785 855 + 180 1935 + 1224 15.8 <.0001
Bryophytes 172 £130 121 +160 147 + 147 9.9p .084
Vascular plants 110+ 98 66 + 87 88 £95 9.26 .019
Total in vegetation | 283 +178 187 +£178 235+ 185 2.78 | .009
Total in study area| 3297 +829 1043 + 233 21708412 16.89 | <.0001

All values are mean £ SD and significant level measat p<0.05.

Table 5A: Two sample test of differences in soil cadn content (g/l) between two forests of differentge.

Carbon Site-A (55 years old Site-C (15 years old forest) | Total in all t P
content forest) forest

Organic soil | 29 18 18 +6 23 +£10 25.33 <.0001
Mineral soil | 10 +3 3+0.7 7 £3 16.86 <.0001
Total in soil | 39 £10 21 +7 30 13 24.10 <.0001

All values are mean + SD and significant level mgasat p<0.05.

The mean carbon content differed significantly lestw the two different aged forest stands
(Table 5). The total mean soil carbon content wighdr in the 55 years old forest soil
compared to 15 years forest soil. Mineral soil bxkd higher carbon content than organic
soil on an area basis. Soil carbon in mineral agdric soil was significantly varied in site A
and C. The average carbon content between twovatiésd significantly and higher in the 15
years forest stand than the 55 years stand. Theomracontent in the vegetation was
significantly higher in the site A compared to 8ie C. The carbon content in the bryophytes
varied insignificantly between the study siteseSk forest floor contained more carbon in
bryophytes than site C forest floor. For vasculanis, the carbon value was significantly
observed in all study sites and also higher irstteeA forest floor.

The total mean carbon content in the organic anteral soil differed significantly between
the site A and C and showed higher percentagerbbnan site A forest soil than site C forest
soil. Organic soil content significantly higher pentage of carbon than mineral soil (Table
5A).
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Carbon percentage in mineral Carbon percentage in
soil in all study sites organic soil in all study sites
ESITEA WSITEB HSITEC WSITED mSITEA mSITEB = SITEC mSITE D

Total carbon percentage Carbon percentage in four study

M Location A ™ Location B sites

mSITEA mSITEB mSITEC mSITED

M Total mineral soil C % in four sites

B Total organic soil C % in four sites

 Total bryophytes C % in four sites

H Total vascular plants C % in four sites
2%

Fig. 8: Distribution of carbon percentage across té four study sites.
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4. DISCUSSION

Boreal forests contain a large quantity of orgazacbon in different types of soils and the
percentage of carbon content varies within the dorene. However, more detailed and
accurate knowledge is needed to estimate accursddlC reserves in different parts of the
boreal forests as well as in boreal forests onathele (Liski et al. 1995). In the discussion |

will focus on the following main conclusions thadrbw from my results.

4.1 Amount of carbon in all study sites

The total average amount of carbon in the stud@mdpartments across all study sites was
2092 + 993 g/rh This value is considerably lower than other stadFor example, Pregitzer
& Euskirchen (2004) who studied five age classelsavéal forests, found an average of 14.3
kg/m? carbon in the study area. Another study condubtedrinér et al. (2003) in an old
growth mixed coniferous forest in eastern Finlarftere Norway spruceP{cea abiey was
dominated species, had an average amount of Iy kwhich is a considerably higher
amount of carbon than in my study. According tokList al. (1995), 68% of carbon was
found in 1m depth mineral soil down and 28% wasiaudated in the organic top layer soil,
where my study revealed that 19%, 33%, 27% and @fléarbon in mineral soil at site A, B,
C and D respectively with a depth of 15 cm and 46%, 17% and 37% of carbon in organic
top soil layer at site A, B, C and D respectivéfjglre 8). The main reason for the difference
in carbon value compare to other studies is thatrekulted value of carbon in my study sites

was in a small volume of soil (15 cm deep sampiespare to 100 cm deep samples).

4.2 Soil organic carbon (SOC)

The total mean value for SOC across all study aress1900 g/fhwith a range from 855 to
3014 g/m. Site B and D mean carbon values were very clossome other findings. For
instances, Liski et al. (1997) studied in a comier forest in southern Finland found a mean
value of 1.2 kg/rh are close to the mean soil carbon value of mylt®sAnother study
reported by Kolari et al. (2004) in different Scptae aged forests in Southern Finland had an
average carbon mean values between 1.2 and 1.8 lstpoved almost close result of my
findings. Different aged Norway sprucPi¢ea abiey stands in southern Norway showed
similar results, for example, a study done by Glagk al. (2007) showed mean SOC values
ranging from 2.3 kg/mto 5.2 kg/mi where my study sites showed mean SOC values mngin
from 855 g/m to 3015 g/m. According to some studies the main factors thfiénce the
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total amount of soil organic carbon in the firsD1fn is the soil texture and climatic variation
of forest structure (Kleja et al. 2008). Anothectéas such as precipitation, temperature,
aspect, topography, soil parent material, soil agehon pools, vegetation and climate also
showed a relationship to response C density in(€aillesen et al. 2003; Liski et al. (1995).

My study sites were situated quite close to eatleroand the climatic conditions and soil
types were similar. So it can be say that regi@wlogical factors are involved in SOC
variation. It is really difficult to explain whadactors are associated that caused the significant
variation across sites and the higher percentagemarion amount in the soil at site D. My
findings showed that site C (15 years old plantgtmontained lower percentage of SOC than
site-D (non-forest stand). The possible reasonccbel that, in site-C area, a small ditch was
passing into the forest area, creates shallow swits affected the root biomass and site
hydrology that produces low productivity and redsitiee potential overestimation can be a
factor for this result. Some studies suggestedl#tatide can be a factor for the variation of
carbon density in the forest floor. Reed & Naged(2@) found that, the latitude factor is
effective for calculating on the larger geographieage areas, where my study sites were

quite close to each other and this application oaha applied in my sites.

4.3 Field layer vegetation and bryophytes

The field layer vegetation and bryophytes for sostedies was carried out iaccinium
myrtillus type and bottom layer witRleurozium schrebettype, similar to these study areas.
Generally, the field layer vegetation and bryophytied not contribute more percentage of
carbon to the total ecosystem. But it may playmapartant role in many ecosystem processes.
Finér et al. (2003) found that field layer vegeiat{0.04 +0.01 kg/@ and bryophytes (0.08
+0.01 kg/nf) contributed less than 2% of carbon pools, whege study showed high
percentage of carbon in total field layer vegetatidgth the average of (192 +251 djnand in
case of bryophytes and vascular plants with (1387+@/nf) and (54 +84 g/f3). During the
field survey, location A had higher percentage efetation abundance than the other sites.
Another study done by Reed et al. (2003) found ttmaffield layer vegetation and bryophytes
contribute a small part of the total ecosystem afbon pool. In comparison to other
components of the research variables, the totatepémge of understory vegetation is
relatively small, only 2-8% of the total carbon fmdout it is still not negligible (Figure 8).
This small percentage can play an important rolenemy ecosystem processes, such as,

nutrient and carbon cycling in forest floor. Thegke amount olVaccinium myrtillus herbs
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and grasses has a higher rate of decompositionttigaoonifers and also has an important
interference effects that can also interfere withnmass accumulation process between
components such as tree, field layer and bottomrlagecies. This means that the field layer
vegetation together with bryophytes is likely tav@a major important part of the total carbon

pool in boreal forest ecosystems.

4.4 Depth effect

The depth effect turned out to be significant farbon content, where a decreasing carbon
trend was observed. Some studies found positiva@fgignt effects on carbon content with
deeper soil profiles. These have that carbon is incorganic top-soil and the less carbon
found in underlying mineral soil. For instancese tjlobal data set by Jobbagy & Jackson
(2000) showed that up to 3 meters and 20 cm intemayanic carbon content diminishing
constantly from 0-1 meter with the following disttion 50%, 25%,13%,7% and 5%.
Pregitzer et al. (2004) also noticed in his studht tarbon concentration was decreasing with
increasing soil depth. Another study done by Caltest al. (2003) showed a decreasing soil
organic carbon (SOC) trend in well drained soil apl00 cm) with increasing soil depth
from four Nordic countries. However, my result skawvsimilar carbon trend from the
previous studies. With increasing thickness ofgbi volume, the amount of carbon content
was decreasing from organic top soil to deeper ralrsoil. SOC was decreasing in terms of
soil depth or thickness, organic top soil contenterC than mineral soil. In Finland, Havas &
Kubin (1983); Mélkénen (1975) studied on the densit organic carbon, no deeper than 60
cm in mineral soil has been analyzed by the losgyoition method. These studies were not
very useful when calculating the total amount @famic carbon in the soil. First of all, up to
60 cm soil layers contained large quantities ofaarg carbon and secondly, conversion of
loss-on-ignition method was problematic in minesail samples. However, my results
showed that up to 15 cm soil layers compare tokt@ss in different layers, organic soill
contained higher amount of soil carbon. This cdugda significant effect may be due to the

narrow range of depths studied only 0-15 cm.

4.5 Forest age
Forest age can be a variation factor for total @arboncentration. Some studies found that
forest stand age has a positive correlation fachiocalculating soil carbon (llvesniemi et al.

2002; Pregitzer et al. 2004). According to Birkelaf1984), soil carbon storage increases
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rapidly for first tens or hundreds of years ande¢héer this increase slows down gradually,
and the storage reaches at equilibrium stage aparranging from as little as 200 years to
some 10000 years, depending on the conditionsreéfatructure and other climatic factors.
Based on those findings the carbon storage indleeted soil layer at the research sites is at
equilibrium.

The average amount of carbon in different foresiess varied from 3297 g/m{55 years old
forest) to 1043 g/Mm(15 years plantation) and the total amount of Glinraged forest was
2170 g/ni for both aged forest sites. Compare to other sgydhese stands showed a lower
value. For example, Finér et al. (2003) found aerage of carbon value 10.7 kd/mith an
old-growth (140 years to 170 years), mixed forastastern Finland. Another study done by
Kleja et al. (2008) in three 40 year old Norwayusjer stands along a north-south climatic
gradient in Sweden showed carbon variation fromkg/8¥ in the north to 8.0 kg/fnin the
south.

A positive trend was observed between the carboteob and forest stand age. For example,
in the site A (55 years old) forest stand countedrly about 39% of all the carbon found,
while site C (15 years old stand) counted 13% ob@a at the site (Figure 8). According to
Kolari et al. (2004) study, higher percentage waseoved for the oldest stand. Pregitzer et al.
(2004) also noted that with the increasing livingnbass with increasing age, increased
carbon percentage in boreal forest. Different sttabyors may perhaps be explained these
differences in the results. While many studies espnted a large-scale research on boreal
forest with different forest stands and locatiang,research was based on smaller scales with
fairly small geographical area.

4.6 Difference in carbon distribution between location A and B with regard to the amount

of carbon

The main goal for the two locations was to see hwwifferent aged plantation influence on
the amount of carbon, and to see if | could fing amgnificant trends in carbon distribution
between location A and location B. The differenetaen location A and B across all study
sites including the amount of carbon in soil, raad vegetation was highly significant. It
should be noted that, location A yield more precesult regarding the average amount of
carbon content is soil as compared to location Bgibstand (Figure 8). One possible reason
could be, in the location- A at the site- B forlkak no organic soil samples and site —A forest

content more mature forest tree and forest floantlocation B, where location B has more
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soil sample data across the entire study sitesaaiige site C, forest floor was wet in some
parts. In the site-B forest floor, | found stoneghe soil that could be affect the soil carbon
balance, net primary production and decompositibrorganic matter in soil. The stones
should reduce the soil carbon density Liski et(B3097). However, some more explanations
for the observed results between the two studytimeaites could be done.

If all components are considered together (soil aagketation samples), location A showed
highest values for across all study sites, whitatmn A had the highest amount of carbon in
terms of volume measurements. All zeros (“no sodses) were included in the analysis

leading to these results.
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