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Abstract: Soil organic C storage in mountain areas is highly heterogeneous, main-
ly as a result of local-scale variability in the soil environment and microclimate.
The aims of the present study were to estimate soil organic carbon density (SOCD)
and stocks in leptosol on morainic deposits of high-altitude grasslands of the Lake
Plateau of Mt. Durmitor National Park in Montenegro, and determine the soil vari-
ables that can be used as factors to determine the SOCD at 28 soil profiles. Our
results indicated that SOC storage in the top 40 cm of the alpine grasslands were es-
timated at 560 414.86 t C, or 152.66 t-ha™!, with an average density of 15.27 kg'm2.
The soil organic carbon density increased significantly with soil moisture, clay
and silt content, but only moderately with mean annual temperature. In conjunc-
tion, these variables could explain approximately 51% of the total variation in SOC
density.
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AKYMVYJIAIIMJA OPTAHCKOTI YI'JbEHUKA Y 3EM/bUILITUMA
MNJIAHUHCKHUX TPABIHAKA JE3EPCKE IIOBPIIN HA AYPMUTOPY
H3Box: Canpikaj OpraHCKOT YIJbeHHKA Y 3€MJBHINTHMA IITAHWHCKUX 00IacTH
je BeoMa XeTeporeH, MITO jeé yTJIIAaBHOM pe3yiTaT BaphjaGMIIHOCTH 3eMJBUIITHE
CpeAMHE U MUKPOKJIHME y JIOKaJIHUM pa3Mmepama. Llusb oBOT McTpakuBama je
onpehuBame TYCTHHE 3€MJBHINHOT opraHckor yribeHuka (SOCD) m  merosor
cajipikaja y JIENTOCOTY Ha MOPEHCKHMM HAHOCHMA II0J TpaBmaluMa KOjU Cce
Hajia3e Ha BUCOKOj HAIMOPCKO] BUCHHHU je3epcke mospin y HamuonamHom mapky
»Aypmurop” y Lpuoj I'opu, xao u nedunncame Bapujabiin 3eMJBHIITA KOje CE
MOT'Yy KOPHCTHUTH Kao (h)aKTOpH 3a oxpehuBame rycTHHEe 3eMJBHIIHOT OpPraHCKOT
yrisernka (SOCD) ma 28 3emspmmHux npoduia. Hamm pesynrarn yxasyjy
Ha TO Ja je cajJpiKaj 3eMJpbHIIHOT opraHckor yriuseHuka (SOC) y mpeux 40 nm
aJTNICKUX MaNIbaka npouemen Ha 560 414,86 t C, nin 152,66 t-ha™!, ca npoceunom
ryctuHoM ox 15,27 kg'm—2. ['ycTnHa 3eMJBHITHOT OPraHCKOT yTJbEHUKA 3HAYAjHO
ce nosehana ca MOpacTOM BIIAXKHOCTH 3eMJBHINTA, MoBehameM caapikaja IIIMHE
W IIpaxa, ¥ caMO yMEpEHO ca II0pacTOM CpeAme IoAMIImhe Temneparype. OBe
NIPOMEHJbHBE y KOMOMHALIU]H [ajy oljallmemne 3a oko 51% ykymnHe BapHujanuje

T'yCTHHE 3eMJBUIIHOT opraHckor yribenuka ( SOC).
KibyuHe peun: anmncky mamrmany, cpefiiba TOAHIIHA TeMIepaTypa, BIaKHOCT
3eMJBHIITA, 3¢MJBUIIHN OPTaHCKH YTJbEHUK, TEKCTYPa 3eMJIBHIITA

1. INTRODUCTION

Soils contain a huge and dynamic pool of carbon (C), that is a critical regulator of
the global carbon budget. As the repository for more than three-fourths of the earth’s ter-
restrial C, soils store 4.5 times the amount of C contained in vegetation (Lal, 2004). In-
creasing carbon storage in soils is one option helping to mitigate increasing atmospheric
CO, concentrations and global climate change.

In terrestrial ecosystems the amount of carbon in soil is usually greater than the
amount in vegetation. It is therefore important to understand the dynamics of soil carbon,
as well as its role in terrestrial ecosystem, carbon balance and the global carbon cycle
(Post and Kwon, 2000). Soil carbon content and its changes represent some of the basic
indicators of terrestrial ecosystem status. Numerous investigations have shown that or-
ganic carbon stocks in soils are determined by the land use.

Grasslands are a significant type of natural vegetation, covering approximately
24% of the Earth’s vegetated area. They occur over a very broad range of climatic and
soil conditions and vary from natural grasslands to intensively managed sown pastures.
Grasslands account for about 12% of the total carbon storage in the terrestrial biosphere,
and therefore changes in the cycling of carbon in these ecosystems may be considered
globally significant (Campbell and Smith, 2000).
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Changing arable fields to managed grasslands increase carbon concentrations in
soil within a few years (Lal, 2004). The input of plant material to soil in grasslands is
controlled by the aboveground litter layer and the root distribution. At the same time
the carbon distribution in the soil profile changes. As 70 to 75% of the root biomass in
grasslands is located in the top 15 cm of the soil (Gleixner et al., 2005), organic carbon
concentrations increase in the main rooting zone but decrease beneath this input source.
Recent experimental evidence demonstrates that the type and diversity of plant species in
grasslands plays an important role for carbon transfer into the soil and is able to modify
carbon storage under a given land use scheme (Steinbeiss et al., 2007; Tilman ef al.,
2000).

Considerably more carbon is stored in the soil of grasslands than in the vegetation
alone. And additionally, more carbon is stored in high- and low-latitude grasslands than
in mid-latitude grasslands. In high-latitudes, grassland soils high in organic matter make
up for this difference; in low latitudes, grassland vegetation is more extensive than in mid-
latitudes (W hite at al. 2000).

The SOC storage in high-altitude ecosystems is of special interest because of the
high C density (soil C storage per area) (Davidson and Janssens 2006) and potential
feedbacks to climate warming (Goulden ef al. 1998; Zimov et al. 2006). However, the
storage and spatial patterns of SOC in high-latitude ecosystems remain largely uncer-
tain, due to insufficient field observations and extensive spatial heterogeneity (Yang et
al. 2008).

The amount of C stored in agricultural soils depends on local climatic and other
site-specific conditions, as well as the type and impacts of land-use and land management
(Leifeld et al. 2005). Although grasslands offer an extensive area for carbon storage,
more information is needed on how variations in their composition (non-woody veg-
etation, shrubs, trees, and soil types) affect the quantities of carbon that they can store
(White at al. 2000).

Mt. Durmitor is one of the most important refugia of arctic-tertiary flora. Numer-
ous endemic, relic and endemic-relic species are the best example. The flora of NP Dur-
mitor consists of 700 species of vascular plants. There are 37 taxa endemic to the area, and
6 specific to Durmitor. The vegetation zones in the park range from deciduous valley for-
ests, Mediterranean conifer forests, sub-alpine Fagetum subalpinum and Pinetum mughi
forests, subalpine heath and peat bogs, to alpine meadows. The dominant species include
Pinus sylvestris, P. resinosa, P. mugo, Abies alba, Fagus sylvatica, Betula alba, Junipe-
rus communis and Pinus heldreichii. The Park contains one of the last virgin forests of
very old, tall black pine Pinus nigra ssp.illyrica in Europe, on soils that would usually
develop beech woodland. The Park also supports a rich karstic and calcareous grassland
flora with many rare and endemic species including Verbascum durmitoreum, Gentiana
levicalix, Edraianthus glisicii, E.sutjeskae, Valeriana braun-blanquetii, Daphne maly-
iana, Carum velenovskyi, Saxifraga prenja, Trifolium durmitoreum, Oxytropis dinarica,
Silene graminea, Plantago durmitorea and Viola zoysii (UNEP, WCMC, 2005).
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In the Durmitor region the pressure of anthropogenic activities (urbanization and
exploitation of nature) have exerted a greater negative impact on highly complex and im-
portant forests and grassland ecosystems, than on water quality and resources, soil re-
sources, biodiversity (collection, use and trade of commercially important species). The
SOC content of surface soils is sensitive to human interference. The future policies of
the National Park management and the decision making processes which will direct the
changes in land-use and land management could become crucial in the protection and
may even potentially increase the existing pool of soil C.

The aim of this study was to quantify SOC stocks (SOCS) in the surface layers
of alpine grassland soils in the Lake Plateau of Mt. Durmitor and to determine to what
extend soil texture and soil moisture variables are sensitive to the variability of SOCS in
soil. In addition, we aim to understand the C variability of the topsoil layers.

2. MATERIALS AND METHODS

2.1. Study area

The Durmitor region is a rare and authentic work of nature, situated in the north-
western Montenegro (Fig. 1). It was proclaimed a National Park in 1952. The Park oc-
cupies a large area of the Durmitor massif
with the canyons of the rivers Tara, Draga
and Susica and the upper part of the river
Komarnica canyon, covering 39 000 hec-
tares. From 1980, the Park and the Tara
Canyon are under the protection of UNES-
CO. The investigaed area of the Lake Pla-
teau is 5105 ha. The alpine grasslands are
the most dominant ecosystems on the Pla-
teau, occupying 3 671 ha or 72%, and for-
ests (non grasslands) 1 431 ha or 28% of the
total area.

The climate conditions were typi-
cally alpine, with low mean annual temper-
atures. According to the isotherm map, the
mean annual temperature (MAT) varies be-
tween 4-6°C, with an average temperature
of 5°C. Annual precipitation is 1 458 mm
and during the growing season the precipi-
tation is 618 mm, or 42.3% (Andeli¢, 2001).

Figure 1. Study area of Mt. Durmitor in
Montenegro

The unique climate and vegeta-  Cumka 1. IIpoyuaBano noapydje JypMuropa y
tion types, together with possible negative Lpuoj Fopu
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impacts of human disturbance, make the plateau an interesting region for investigating
spatial patterns and environmental controls of SOC storage in high-altitude ecosystems.
In this study, we conducted two field sampling campaigns during the summers (June and
July) of 2005 and 2006, and during the summer (July) of 2009, to investigate the soils
and vegetation.

2.2. Soil and biomass survey

The site is represented by rendzic leptosol on morainic deposits. On this substrate,
the soils are weakly to moderately skeletal, and the percentage of skeleton increases with
depth. The soil textual class is sandy loam. The dominant fractions are fine sand and silt,
the percentage of colloid clay accounts for maximally 15%. The soil pH ranges from weak
acid to weak alkaline, though the greatest number of cases, based on the pH in H,0, be-
longs to the class of neutral soils (Fus§ti¢ and Puretié, 2000).

In order to estimate the storage and patterns of SOC in alpine grasslands, we sam-
pled 28 soil profiles on the Lake Plateau of Mt. Durmitor.

At each sampling site, soil pits were excavated to collect the samples for analyses
of physical and chemical properties. For each pit, the soil samples were collected at the
depths of 0-10, 10-20 and 20-40 cm. Bulk density samples were obtained for each layer
using a standard container with 100 cm? in volume (55.50 mm in diameter and 41.40 mm
in height) and weighed to the nearest 0.1 g. Soil moisture was measured gravimetrically
after 24 h of desiccation at 105°C. Bulk density was calculated as the ratio of the oven-
dry soil mass to the container volume. Soil samples for C analysis were air-dried, sieved
(2 mm mesh), handpicked to remove fine roots, and then ground in a ball mill. SOC was
measured using the Turin method (for mineral layers). The soil granulometric fractions
were separated using the combined method of sieving using 0.2 mm mesh sieves and by
the pyrophosphate pipette B-method, after the removal of organic matter and calcium car-
bonates. Additionally, all plants in three plots (0.50%0.50 m) in each site were harvested to
measure the aboveground biomass (AGB). The biomass samples were oven-dried at 65°C
to a constant weight, and weighed to the nearest 0.1 g.

2.3. SOC density estimation

We calculated SOC density for each soil profile using the Eon (1) (Vladimir S.,
et. al., 2003):

R )

SOCD = zT BD,- SOC,- (1- .t

where SOCD, T, Bi,, Soc, , and C, are SOC density (kg'm~?), soil thickness (cm), bulk
density (g cm*3) SOC (g'kg™h, and volume percentage of the fraction >2 mm at layer i,
respectively.

The SOCD provides a value for the sampling site. The guidance follows the general
requirements of the International Standard ISO/FDIS 10381-1:2002(E). It is particularly
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relevant to ISO 10381-4 devoted to “Sampling to support legal or regulatory action” that
covers the requirements to establish baseline conditions prior to an activity, which might
affect the composition or the quality of soils. Sampling strategies included in the proto-
col are consistent with the IPCC LULUCF’s good practical guidance (IPCC, 2003, p.1.6).

2.4. Floristic survey

The floristic research was performed in 2005 and 2006. All plants were collected,
identified and vouchers were stored at the herbarium of the Department of Landscape Ar-
chitecture and Horticulture, Faculty of Forestry, University of Belgrade, Serbia. The plant
material was identified using the relevant literature (Josifovi¢, 1970-1977, Sari¢ and
Diklié¢, 1986, Sari¢, 1992, Tutin, 1964-1980).

2.5. Statistical analysis

The ordinary least squares (OLS) regression analyses were conducted to evaluate
the relationships between SOC density, as a dependent variable, and soil moisture and
soil texture, and MAT (mean annual temperature), as independent variables. A general
linear model (GLM) was used to assess integrative effects of soil moisture, soil texture
and MAT on the SOC spatial distribution.

The cartographic data were processed using the ArcGIS program, primarily the
extensions Spatial Analyst and Geostatistical Analyst, and the geostatistical analysis of
samples was performed by the Inverse distance weighting (IDW) interpolation module.

3. RESULTS

The grasslands contained varying numbers of plant species with different mor-
phological, biological, and production characteristics. The floristic mixture of the study
grasslands consisted of the species of the families Gramineae, Leguminosae, Composi-
tae, Rosaceae, Caryophyllaceae, Cyperaceae, Juncaceae etc.

The percentage of individual grassland components was: 29.2% grasses, 15.4%
legumes and 55.4% herbaceous plants. The aboveground biomass (AGB) varied markedly
across 28 sampling sites. The AGB for alpine meadows ranged from 76.20 to 173.68 g'm~
2, with an average of 114.08 g'm~2C content in dry mass which ranged from 47.2 to 50.4%.

SOC density in alpine grasslands exhibited large variations, ranging from 2.14
to 8.64 kg'm for 10 cm depths, from 2.24 to 14.63 kg'm? for 20 ¢cm, and from 3.24 to
28.95 kg'm 2 for 40 cm, respectively. Mean SOC density of all sites in alpine meadow for
the three soil depths (10, 20, and 40 ¢cm) were 5.14 kg'm=2, 9.16 kg'm~2 and 15.27 kg'm~2,
respectively.

According to SOC density for the top 40 ¢cm in alpine grasslands of 15.27 kg'm=2,
the total SOC storage in 40 cm grassland soils was estimated at 560 414.86 t C, or
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152.66 tha™!. The average SOC density
in the upper 20 cm of 9.16 kg'm2, ac-
counted for 336 300.31 t C, or 60.01% of
total SOC in the 40 cm top soil.

Fig. 2 presents the relationship
between SOC density (SOCD) in the
top 40 cm of soil and aboveground bio-
mass (AGB). SOCD increased with an
increase in aboveground biomass and is
characterized by a linear function.

Fig. 3 presents the spatial distri-
bution of soil organic carbon (SOC) den-
sity for different soil depths (0-10, 0-20,
and 0-40 cm), (a-c), respectively.

The soil organic carbon density
also increased with an increase in soil
moisture at all soil depths and then lev-
eled off. The relationship between SOC
density and soil moisture for all depths
was well characterized by a linear func-
tion (Fig. 4 a-c).

e W T S

5 kg-m?

3 : : ‘ : .
Fﬁ%{@,ﬁf?g losx |
28 1 10.83)3.01) ; ;
24 | R*=0,258 R=0,508 Fu20=9,04

Figure 2.

Cuauka 2.

Relationship between SOC density
(SOCD) in the top 40 cm of soil and
aboveground biomass (AGB) in alpine
grasslands of the Lake Plateau at Mt.
Durmitor

Perpecrnona 3aBucnHoct m3mely caap-
’Kaja opraackor yribenuka (SOCD) mo
40 cm nyOuHe W Haa3eMHE Onomace
(AGB) mon nammanuma Ha JesepckoM
niaroy Ha JlypMutopy

Figure 3. Spatial distribution of soil organic carbon (SOC) density (a-c) for different depths (0-10,

0-20, and 0-40 cm) in alpine grasslands of the Lake Plateau at Mt. Durmitor
Canka 3. Jluctpubynnja cagpxaja opranckor yribernka (SOC) Ha pazmmanTtum ryonnama (0-10,
0-20, n 0-40 cm) y 3eMJBHINTY MO MAIIH-AIIIMa Ha Je3epcKkoM miaroy Ha Jlypmutopy
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In addition, SOC density was
positively correlated with both clay and
silt contents (Fig. 5, a-c for clay content
and d-f for silt content), at different soil
depths.

Although MAT on the Lake Pla-
teau varied between 4 and 6°C, the anal-
ysis of regression and correlation of
MAT effect on SOCD was performed for
the 0-10 and 0-40 cm soil depths.

For the 0-10 cm soil depth, the
output shows the results of fitting a lin-
ear model to describe the relationship be-
tween SOCD and MAT. The equation (2)
of the fitted model is:

SOCD, ,,=—3.05 + 1.64-MAT
(r>=0.2569; p<0.01),
For the 0-40 cm soil depth, the output
shows the results of fitting a linear mod-
el to describe the relationship between
SOCD and MAT as the equation (3):
SOCD, ,,=—24.10 + 7.87MAT
(r?=10.3989; p < 0.01),
GLM suggested that soil variables
(soil moisture, clay content, silt content)
and MAT, explained 51.31% of the over-
all variation of SOC density in the top
40 cm. The best-fit model of the GLM
analysis is expressed in Eqn 4:
SOCD = -36,534 + 0,671-SM +
0,272:CC + 0,307-SC + 5,062-MAT
R =0,71629225;
R?=0,51307458,;
Adjusted R?=0,42839190;
F 423 = 6,0588;
p <0,00176,
(where - SM - soil moisture, CC - clay
content, SC - silt content, MAT - mean
annual temperature).
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Figure 4. Relationship between SOC density

(SOCD) for different soil depths and
soil moisture in alpine grasslands of the
Lake Plateau at Durmitor (a - 0-10 c¢m,
b - 0-20 and ¢ - 0-40 cm)

Perpecrona 3aBHCHOCT M3Mehy cajp-
xKaja opranckor yribeHuka (SOCD) y
Pa3IM4YuTUM le61/lHaMa U 3EMJbUIIIHEC
BJIare I0J] NallikbalMa Ha Je3epckoM
maroy Ha Jlypmuropy (a-0-10 cm, b -
0-20 and ¢ - 0-40 cm)
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Figure 5. Relationship between SOC density (SOCD) for different soil depths (0-10, 0-20 and 0-40
cm) and clay content (a-c) and silt content (d-f) in alpine grasslands of the Lake Plateau
at Mt. Durmitor

Cuamnka 5. Perpecnona 3aBucHOCT y3Mel)y canpikaja opranckor yribeHuka (SOCD) y paznuautnm
IyOuHama M cajapikaja TiiHe (a-c) ¥ caapikaja mpaxa (d-f) mox nanmmanuma Ha Jesepckom
mwiaroy Ha Jlypmuropy (a - 0-10 cm, b - 0-20 and ¢ - 0-40 cm)
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4. DISCUSSION

4.1. Relationship between SOC density and AGB

Photosynthetic plants are the primary source of C incorporated into SOC (Hed g-
es and Ertel 1982), and the rate of C input will depend on land use management. Plant
functional types significantly altered the vertical distribution of SOC. The highest per-
centage of SOC is in the top 20 cm (Wang at al, 2008), relative to the whole profile. C,
species may have an advantage over C, species in response to increasing atmospheric CO,
and more frequent and severe droughts (Ward et al. 1999).

According to our data, for 0-40 cm profiles, sandy loam textural class, and mix-
tures of different grass species, had an average AGB of 114.08 grm~, in the soil profile
at 0-20 cm, with a mean SOCD of 9.16 kg'm™, and at 0-40 cm, mean SOCD was 15.27
kg'm=. The SOC content in the 0-10 cm layer is 33.7%, and in the 10-20 cm layer it
amounts to 26.3% of the total content for 0-40 cm depth. Based on the regression and
correlation analyses, it can be concluded with high reliability (significant parameter with
AGB) that the increase in AGB by 1 g'm 2 causes an increase in SOCD by 0.105 kg'm 2.

The depth at which the change in soil type occurs should be available to adjust the
SOC content to the fixed depth of the topsoil and subsoil layers. For mineral soils with a
more gradual change in SOC content with depth the subsoil SOC content in the 30-100
cm layer is approx. 27% of the topsoil SOC content under forest, 70% for arable land,
60% for grassland and 65% for all other areas. These values are only guides and have to
be adjusted by the actual depth of the soil stratum (Hiederer, 2009).

The soil C content in mountain grasslands of the Pyrenees ranges between 5.9-29.9
kg'm~2, and the mean content of the surface horizon for sandy loam texture class is 16.0
kgm2(Garcia-Pausas efal. 2007). In Swiss agricultural soils, the mean SOC density
in the 0-20 ¢cm profile ranged between 40.6 + 8.9 tha™! (95% confidence interval - CI)
for arable land and 50.7+12.2 t-ha™! for favourable permanent grasslands. In the 0-100 cm
profile SOC ranged from 62.9+15.2 ttha™! for unfavourable grassland to 117.4+29.8 t-ha™!
for temporary grasslands (Leifeld et al. 2005).

Distinct associations between the changes in SOC content with depth by land use
were obscured by the prevalence of some land uses to occur on specific soil types. For
forest soils a tendency for a more rapid decrease in SOC content from the topsoil to the
subsoil was found, an effect which is mainly due to an organic upper layer. On average
the subsoil SOC content under forest is approx. 25-30% of the topsoil SOC content. The
general change in SOC content with depth under grassland is comparable to the one found
for forest soils (Hiederer, 2009).

The cheapest, most efficient and most beneficial forms of organic carbon for im-
proving microbial activity and soil structure result from the tandem process of photosyn-
thesis followed by the exudation of carbon compounds from the actively growing roots
of plants in the Gramineae family. Soil carbon additions are governed by the volume of
fibrous roots per unit of soil and their rate of growth. The greater the number of active
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green leaves and active plant roots, the more carbon is captured from the air, and thus
translocated through the plant and exuded into the soil (Jones, 2006).

4.2. Relationship between SOC density and temperature

Temperature is an important variable affecting SOC density (Jobba'gy and
Jackson 2000; Callesen et al. 2003). Regression models of the regional soil databases
indicated that organic C increased with precipitation and clay content, and decreased with
temperature (Schimel et al. 1994; Burke et al. 1989). The SOC density decreased with
increasing temperature as a result of accelerated decomposition (Jobba’'gy and Jack-
son 2000).

Our data indicate that SOC density in the alpine grasslands increases significantly
with temperature, in accordance with a linear function of MAT. The correlation coef-
ficients equal to 0.51 (0-10 cm; r? = 0.2569; p < 0.01) and 0.63 (0-40 cm; r> = 0.3989; p
< 0.01), indicate a moderately strong relationship between the variables. In the alpine
grasslands on the plateau, temperature is a limiting factor for vegetation growth and thus
higher temperatures may stimulate greater productivity with respect to vegetation. Low
temperatures limit the biological activity and humus mineralization. Although this find-
ing conflicts with the general global trend (Schimel et al., 1994), it is consistent with the
studies from the high-latitude regions (Callesen et al., 2003; Piao et al., 2006). Also,
it can be presumed that the analysis of the effects of mean temperatures over the growing
season would show more realistic results.

4.3. Relationship between SOC density and soil moisture

Soil properties in mountain areas are highly related to their parent material, profile
depth and stone content, which are limiting factors for C storage (Leifeld et al. 2005).
In general, precipitation could stimulate plant production and thus contribute to the ac-
cumulation of SOC in a water-limiting area (Jobba’'gy & Jackson 2000; Callesen et
al. 2003). Precipitation clearly has a direct role regionally and globally in the amount of
SOC stored (Burke et al. 1989).

In our study, significant linear relationships (r>= 0.62, p < 0.001, for the 0-10 cm
soil depth; 7> = 0.447, p < 0.001, for the 0-20 ¢m soil depth, and 7> = 0.678, p < 0.001, for
the 0-40 cm soil depth; Fig. 9 a, b, ¢) were found between SOC density and soil moisture.

According to the relationship (Fig. 9 a-c), it can be claimed with high reliability
(significant parameter with soil moisture) that the increase in SM by 1% causes the in-
crease in SOCD by 2.896 kg'm2). The change in SOC density under moist soil conditions
is expected because other growth-limiting factors may constrain SOC density in the al-
pine grasslands, such as temperature and nitrogen availability (Kato et al. 2006; Zhao
et al. 2006). A similar relationship between SOC density and soil moisture has also been
observed in temperate regions, such as in the Great Plains of the United States (Burke
et al. 1989) and Australia (Wynn et al. 2006), implying that water availability may be a
powerful variable for predicting SOC density across broad biogeographic regions.
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4.4. Effect of soil texture on SOC density

Soil texture significantly influences SOC storage at the local scale (Brady and
Weil, 2004, Piao et. al., 2006, Wynn et al., 2006), mainly in two ways. Firstly, the in-
creasing clay and silt content reduces microbial decomposition through stabilizing SOC
and decreasing C leaching and thus leads to an accumulation of SOC (Torn et al., 1997;
Jobba’'gy and Jackson, 2000; Wynn ef al., 2006). Secondly, the increasing clay and
silt contents stimulate plant production via increasing water-holding capacity and thus in-
crease C inputs to the soil (Schimel and Parton, 1986; Burke ef al., 1989; Schimel
et al., 1994). For permanent grasslands at altitudes >1,000 m a.s.l., the SOC-clay relation-
ship was not significant, thus indicating that for soils with higher SOC concentrations
additional stabilisation mechanisms contributed to soil C storage (Leifeld et al. 2005).
Although precipitation and climate were the best predictors of total SOC in the top 20 cm
of soil, clay content was the best predictor in deeper layers (Jobba'gy and Jackson,
2000). Such C pools are strongly associated with clay particles and noncrystalline miner-
als that stabilize and protect the organic matter (Torn et al., 1997).

On the basis of the multiple regression analysis for the 0-40 cm soil layer (Eqn. 4),
it can be seen that the effect of the study variables explained 51% of variations in SOCD.
The correlation coefficient has a high value (r = 0.71) and it is statistically significant
(F(4,23) =6.0588; p <0.00176). On the basis of the study model, it can be expected that if
the variables were increased by 1%, SOCD would increase by 6.252 kg:m=2.

5. CONCLUSIONS

The aim of this paper was to quantify SOC stocks (SOCS) in the surface layers of
alpine grassland soils in the Lake Plateau of Mt. Durmitor and to determine to what extent
the soil texture and soil moisture variables are sensitive to the variability of SOCS in soil.
Field work was conducted in two campaigns during the summers (June and July) of 2005
and 2006, and during the summer (July) of 2009, to investigate the soils and vegetation.

The total SOC storage in 40 cm grassland soils was estimated at 152.66 t-ha™!, and the
average SOC density in the upper 20 cm was 9.16 kg'm~2 (60.01% of total SOC in the 40 cm
top soil). Based on the regression and correlation analyses, it was concluded that the increase
in AGB by 1 g'm causes an increase in SOCD by 0.105 kg-m=. Soil texture significantly
influences SOC storage, it can be concluded that the increase in silt content by 1% causes the
increase in SOCD by up to 0.645 kg'm 2. SOC density was positively correlated with both
clay and silt contents at different soil depths. The soil organic carbon density increased with
an increase in soil moisture, and the increase in soil moisture by 1% caused the increase in
SOCD by 2.896 kg'm™2. The SOC density in the alpine grasslands increases significantly
with temperature, in accordance with a linear function of mean annual temperature.
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Parko Kagosuh

Cuexxana bermanosuh
Jparuna O6paros-IlerkoBuh
WBana bjenos

Besbrko ITepouh

Musocas Anbenrh

Munan Kuexeruh

Henan PankoBuh

AKYMYJIAHUJA OPTAHCKOI' YI'bEHUKA Y 3EM/bBUIITUMA
NJIAHUHCKHUX TPABIbAKA JE3EPCKE IOBPIIA HA AYPMUTOPY

(IIPHA T'OPA)

Pezume

Pernon JlypMuropa npeicTaBiba jeTHHCTBEHO M ay TCHTHYHO MPHUPOJIHO MOApPYUje Koje ce
Hasas3m y ceBeposanannom aeny Lpue ['ope. 3a Hanmonannn napk je nporiamen 1952. rogune.
ObyxBata MacuB IutaHuue Jlypmurop, kamoHe peka: Tape, [Ipare, Cymmuie ¥ HajBUIIH J€0
kamoHCKe nonuHe Komaphure, ykymnae nospuuae 39.000 ha. On 1980. ronnue Hanronaiau napk
n kamoH Tape ce Hanasze Ha JIucTu cBeTcke npuponne u KyaTypHe 6amrnae Y HECKO.

Hentpannu neo peruona Jlypmutopa, Jesepcka moBpiI je KOMIAKTHA [EIMHA TOBPIIMHE
ox 5105 ha. JIoMHHaHTHH €KOCHCTEMH Cy IUTAHUHCKH TPaBHAIM Ha MOBpIKHU ox 36701 ha nim
72%, nok ce mox mrymama Hanasu 1431 ha unm 28% yxynue nospmune. [Ipoctupe ce msmehy
1350 u 1550 MHEM, 4ymHE je, HajBehuM JIeI0M, INIAHUHCKU TPaBHAaIlH, a IPOCTUPE ce u3Mely cie-
nehux xoopaunara: 43°4' u 43° 9" N u 19°7" u 19° 14° E. Ca oBe BUCOpaBHU c€ Y3IUXKY OpOjHHI
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MIJIAHWHCKY BPXOBH, O KOjUX je mux 48 ca nmpeko 2.000 mum. Hajeehu Bpx je BoboToB kyk 2.525
MHM. JlypMuTOp Kpacu 18 jielHHYKHUX je3epa Ha3BaHUX ,,TOPCKE OUH .

Kinma nmoppydja je THIIMYHA aiIicka KoOjy KapaKTepHIIe Cpeiba TOAHUIIha TeMIIepaTypa
n3mely 4-6°C, npoceuno 5°C. I'ogumma cyma majgasrHa je 1,458 mm a TOKOM BereTaryoHor I1e-
puoa Tanoxu ce cyma ox 618 mm wmm 42,3% (Auhenuh, 2001).

Jesepcka moBp1n je HacTasla Ha MOPEHCKUM HaHOCHMA JeaHuka. Ha oBom cymcTpaty dop-
MHUpaHa je PeH/I3UHA Pa3IHINuTOr CTEeIeHa neJjoreHes3e. 3eMJBUIITE je c1abo 10 yMEpeHO CKelIeT-
HO, a ydemrhe ckenera ca 1yomHoM ce noBehaBa. TekCcTypHO, 3eMJBHINTE TIPHITAJIa KIACH IECKO-
BHTE MioBaue. JJoMUHUPAjy QpaKIije CHTHOT IecKa U paxa JoK ydenrhe KolonHe TIMHe MaK-
cuMaitHoO u3HocH 15%. Peakmuja 3emspnmiTa ce kpehe oxn cnabo kucerne g0 cirabo aikaitHe, IPH
4eMy Hajsehu 6poj ciojeBa, mpema Bennarnu pH Bpennoctn y H,O, npunaia Knacu HEyTpaaTHUX
semsprmTa (Pymtuh u Bbypertuh, 2000).

Y oBuM ycrnoBuMa cy GpOpMHpaHU MIAHUHCKH TpaBH-AIM KOje YHHE BEIHUKH Opoj BpCTa
Pa3THMUATHX MOPQOIONIKUX, OMOIOMKIX U MPOU3BOJHUX KapakTepucTHKa. Y (GIOPHCTHIKOM
CMHCITY, TIPOyYaBaHH TPABHAIN Cy CACTaBJEHNU Off MEIIIABUHE BPCTA BUIIIE aMUIIHja 1 To: Poace-
ae, Fabaceae, Asteraceae, Rosaceae, Caryophyllaceae, Cyperaceae, Juncaceae, nTn.

Ha moapy4jy Hdypmwurtopa, anTponorenn (akTop ce MpHUMapHO MaHH]ecTyje TpeKo
HEraTHBHOT yTulaja (ypOaHM3alHja, CaKyljbambe U MPEKOMEpHO KopHInheme KOMEepLUUjaTHUX
OMJBHHX BpCTa, NpE CBera), Ha IIyMe M TpaBmaKe Kao HAJKOMIUJICKCHHjE€ U Haj3HAuYajHH]C
eKOCHCTeMe, KOju OMTHO yTHUy Ha CTame M KBAJIHTET BOAA, 3€MJBUINTA M OMOAUBEp3UTETA. Y
OBOM CMHUCIY, CaapiKaj 3eMJBHIIHOT OpraHckor yribeHuka (SOC) y MOBPIIMHCKUM CJIOjeBHMa
3eMJBHIITA j€ BPJO OCET/HMB Ha AHTPOIOTEHE YTHIAje KOjH YCIOBJhaBajy MPOMEHE HaYMHA
Kopumhema 1 ynpasibamba 3eMJBUITHUM IPOCTOpOM. 3amTuTa 1 nosehame mocrojehux pesepsu
noctojeher 3eMIBPUITHOT yIJbeHUKA NOCTaje 0/ MoceOHOT 3Havaja y cMucity Oyayhux mpucrymna y
ynpaBsbamby HanmoHamHuM mapkom.

Mmajyhu HaBeneHo y BUAY, OCHOBHM IIUJb OBOT pajia je Ja ce KBaHTH(UKYje aKkyMyJa-
1[1ja 3eMJBHIITHOT OPraHCKOT YIJbEHHUKA Yy TMOBPIIMHCKUM CIIOjeBHMa MJIAHMHCKUX TPaBaka Ha
noapy4jy Jesepcke MOBPIIM U Ja c€ YTBPAM YTHULAj] OjeAMHUX BapHjaliIu Ha OCET/BUBOCT U Ba-
PH1jabuIHOCT T'yCTHHE 3eMJBHMIIHOT OpraHckor yribeHuka (SOCS) y HMOBPIIMHCKHUM CIIOjeBUMaA
Mpoy4aBaHoOT 3eMJbHILTA. [IpoyuaBama cy BpiIeHa TOKOM JIeTHHUX Mecel (jyH u jyi) 2005-2006.
u TokoM Jeta (jyn) 2009. rox. IlpoyuaBama cy BpieHa Ha y30pLKUMa 3eMJbUINTA U3 28 npoduia,
a y30puUu cy y3uMaHu u3 ¢ukcaux nyouna: 0-10, 10-20 u 20-40 cm.

HaocHoBy no0ujenux pesynrara, yrephenoje najey ciojy 0-40 cm3eMIbUIITA INTAHUHCKUX
TpaBmaka akymyiaupano 560,414.86 t opranckor yribenuka unu 152.66 tC.hal, ca cpenmom
ryctunom ox 15,27 kg.m?, T'yCTHHA 3eMJBMIIHOI OpraHckor yribenuka (SOCD) ce 3HauajHo
noBehaBa ca moBehameM BIaXHOCTH 3eMJBHINTA, cajapkajeM (pakiiija rinHe U mpaxa. 3a pas-
JUKY O] TII00aJIHOT TPEHa, TYCTHHA 3eMJBUIITHOT OpraHckor yribeHuka (SOCD) y naaHnHCKUM
TpaBmalumMa ce cpefme jako nosehasa ca mosehamwem cpeame roaunimbe remneparype (MAT),
BEPOBATHO yCJiel MHAUPEKTHOT edekTa noBehamwa OuspHe npoaykuuje. OBe Bapujabie 3ajeaHO
objammaBajy 51% yKyInHe BapujaOMIHOCTH I'yCTHHE 3€MJBHIITHOT OpraHcKor yribeHuka (SOCD).
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