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Abstract Forest conversions may lead to an accumulation of carbon in vegetation, but little is known about
changes in soil C storage with establishment of plantation forests. Understanding these effects is important to
addressing issues relevant to ecosystem function and productivity, and to global balance of carbon.

The study investigated the effects of the created coniferous plantations on former beech and pasture sites on the soil
organic carbon storage. The major forest-related land-uses in the high mountainous regions of central Stara Planina
Mountain were investigated: mountainous pasture, coniferous plantations (planted on previous pasture and beech
forests between four and five decades ago) and natural beech forests. The experimental data of soil properties,
conducted in 2005, 2006 and 2007, were used in determining the variations in organic carbon storage in forest litter
and in mineral soil under different land-use patterns. At each site five representative soil profiles were opened and
described giving a total 75 soil samples from the soil layers respectively at 0-10, 10-30 and 30-50 cm depth. A total
of 55 samples from forest floor layers (Aol, Aof, Aoh and greensward) were collected with 25:25 cm plastic frame.
The main soil properties were determined in accordance with the standardized methods in the Laboratory of soil
science at the Forest Research Institute - BAS. The IPCC Good Practice Guidance for Land Use, Land Use Change
and Forestry was used to estimate the soil organic carbon stock in soil and litter. The results obtained showed that
the SOC stock was quite similar among forest land-uses. The conversion of natural beech forests to coniferous
plantations in studied region is related with slightly expressed decrease in soil carbon storage. The values of SOC
stocks in 0-50 cm soil layer in these sites were 8.5 (£2.1) tones/ha for pine and 11.0 (+1.4) tones/ha for spruce,
while under the natural beech forest it was 14.8 (£1.0) tones/ha. The SOC stock in mountainous pasture was 20.7 (+
6.5) tones/ha, while in spruce plantation created on previous pasture it was 13.5 (£2.7) tones/ha. Our finding
showed that forest conversions effect in central Stara Planina Mountain is expressed by decrease in SOC stock
related with losses of carbon from the upper mineral soil decades after creation of coniferous plantations.
Nevertheless the relatively large organic carbon storage in forest litter in the spruce plantations compensated C lost
from mineral soil after the land-use change. The overall carbon stock both in forest litter and soil under plantations
ranged from 56 tones/ha (pine) to 77 tones/ha (spruce), while under natural beech forest and pasture the values
were 70 and 81 tones/ha respectively. But in terms of stability C sequestrated in mineral soil is more desirable than
C sequestrated in forest floor which are more vulnerable to decomposition following disturbances. The application
of silvicultural activities in coniferous plantations created by conversion of forest lands or grasslands in the region
of central Balkan is desirable to improve the carbon sequestration in soils.
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H3zBoxa: Ilpomena mryma Mo)Ke JOBECTH JI0 HArOMMIIaBama YIJb€HHKA y BEreTallMjH, MIIaK Mauo je MO3HATO O
MPOMEHH KOHIEHTpAIUja YIJbeHUKA Y 3eMJBUIITY MPHINKOM IMOIIyMjbaBata. PasyMeBame 0BHUX edekaTa BaXKHO je
y JOMEHy pelllaBama IMHTama Koja Cy peleBaHTHA 3a (YHKIHMje eKOCHCTEMa M NPOAYKTHBHOCT, Kao U II00aiHN
caapxaj YIbeHHKa. Y OBOM pajly MCTPa)XKHBAaHE Cy MOCIEIMIIE HacTajle caljereM YeTHHApa Ha TEPEHUMa KOjU Cy
HekaJ Ouiy 1moJ; OyKBOM M MAIlbalMa, Ha 3eMJBHIITY OOraTOM yrbeHUKOM. Y HeHTpainHoM aeiy Crape niaHuHe
HCTpaXMBaHU Cy IUIAHUHCKM IAINBAly, 3uM3eleHe Inyme (koje cy caljeHe Ha HeKaJalllbMM ManlkbanuMa U
OyKOBHM ILIyMama), Kao M npupojHe Oykose myme. ITofganm KapakTepHCTHKA 3eMJBHINTA, KOjU Cy HPUKYIJEHU
TokoM 2005, 2006 1 2007 kopuuthenu cy y nuiby JeTepMHUHaLUje Koyebama caapkaja yribeHuKa y 3embuinty. Ha
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CBaKoj Jokauuju oapelheHo je nmer npoduia u3 Kojux je y3umaHo 75 y3opaka emubuinta u3 cinoja Ha 0-10, 10-30 u
30-50 M, nybuHa. YkymHO 55 y30pKa y3eTo je u3 myMmcke noauore (Aox, Aod, Aox u OyceH) y paM O IIacTUKE
quMeHsHja 25:25 nm. OCHOBHY CBOjCTBa 3eMJBMINTA Cy YTBpheHa y CKiIaxy ca CTaHIapJU30BaHUM MeTolama y
JlaGopaTtopuju 3a Hayky 3emsbuiuta - lllymapcku unctutyT - bac. Bonuu MelyBinaauHor maHena 3a KIMMaTcke
mpoMeHe KopHIIheH je 3a MpoleHy 3aliXe yribeHHKa y 3eMJbHmTy. Jlobujenn pesynTaTtu cy nokasamu na je COLL
3anuxe OMiIe NPMIMYHO CIMYHEe Mel)y mymcknm 3emsbnmreM. KoHBep3uja NpHpoJHUX OYKOBHX HIyMa y LIyMe
YeTHHapa y peruony Owuina je mpaheHa cmamemeM yribeHHKa y 3emsbuiuty. Bpemnoctu COLL y cnojy 0-50 um
3eMJBHINTa Ha OBHM JOKanujama cy 8,5 (+ 2,1) Tona / xa, 3a 6op u 11,0 (+ 1,4) Tona / xa, 3a cMpeky, moJ
NPUPOIHOM OykoBOM IrymoM je O6mio 14,8 (+ 1,0 ) Tona / xexrapy. COL] y maHnHCKHM nammanuMa u3Hocu 20,7
(£ 6,5) ToHa / Xa, TOK IOA OMOPHKOM, a Ha MPETXOJHUM Mammaky je 13,5 (£ 2,7) ToHa / xekrapy. Pesynrar je
[I0Ka3a0 Ja je KoHBep3uja mryMa y neHrpansoM aery Crape IInanunu yrunana xHa mag COLL y Be3u ca ryoummma
0] YIJbEHUKA M3 TOPIEr CI0ja MHUHEPAIHHOT TJa HAKOH CTBapama 3acaja 4eTHHapa. Mmak penaTHBHO BelnKa
CKJIa[UIITa OPraHCKOI YIJbCHHKA Y IIyMH OMOPHKE MOIVIA Cy HAJOKHAIHTH YrJbEHHK MHHEPAIHHOI TJIa HAKOH
mpoMeHe ynorpebe 3eMibHIITa. BpeHOCT yribeHNKa y IIyMH M 3eMJBHIITY ITOA 3acaguma kpehie ce y pacroHy of
56 ToHa / xa, (6op) 1o 77 ToHa / Xa, (CMpeKa), 10K ce 1Mo/l OyKOBOM IIYMOM M NPUPOHUM MallbaliMa BPSIHOCTH
kpehy n3mely 70 u 81 ToHa / Xa. YIJbeHHK OPHCYTaH y IIyMCKOM ITOKPUBAdy CKIOHHjH jé PacTBaparby O OHOT y
3emspulITy. [IprMeHa y3rojHHX aKTHBHOCTH y 3acajiMa YeTHHApa CTBOPUO KOHBEP3HjE LIYMCKHX 3E€MJBUIINTA U
Nanmkaka y PeruoHy IeHTpaiHor bankana Tpedano 61 1a No0oJblIa CeKBECTPALH]y YIJbeHUKA Y 3eMJBHIITY.

K.l'l)y'-l}le pe'm: LTYMCKO 3€MJBUIITE, 3aJIMXE€ OPTAaHCKOT YTJbE€HUKA
Introduction

In view of climate change and carbon (C) trading programs, an increase in biofuel
production and new demands on agriculture and forestry, the need for a better understanding
of net terrestrial C sequestration has become essential to understand the cumulative effects
of these developments (Negra et al., 2008). The carbon sequestrated in forest ecosystems is
a major part of the global terrestrial C stocks. It is estimated that the forest biomass contains
more than 80% of all global C contained in the aboveground biomass and that forest soils
contain more than 70% of the C contained in soils (Batjes, 1996; Six et al., 2002).

Moreover the forest conversions of grasslandss into forest plantation have been
cited as an effective method for reducing the atmospheric CO, concentration because of the
ability to sequester C in vegetation and soil (IPCC, 2003; Jandl et al., 2007).

Despite the considerable SOC sequestration potential that afforestation offers,

many studies have reported contradictory findings. Afforestation resulted in either a
decrease (Parfitt et al., 1997; Farley et al., 2004) or an increase in soil organic carbon
(SOC) stocks (Del Galdo et al.,, 2003; Griinzweig et al.,, 2007), or had a negligible
effect (Davis, 2001; Davis etal., 2007; Smal & Olszewska, 2008).
Laganiére et al. (2009) have undertaken meta-analysis on the carbon accumulation in
agricultural soil after afforestation and summarized that the positive impact of afforestation
on SOC stocks was more pronounced in cropland soils than in pastures or natural grasslands
and suggested that broadleaf tree species have a greater capacity to accumulate SOC than
coniferous species. Moreover they established that afforestation using pine species does not
result in a net loss of the whole soil-profile carbon stocks compared with initial values
(agricultural soil) when the surface organic layer is included in the accounting (Laganiére
et al., 2009).

In a previous study in Central Balkan, based on ANOVA analysis, it is established
that different land-use type influence the carbon and nitrogen contents in the upper soil
layers (Zhiyanski et al., 2008). Consequently more information about organic carbon
stocks in forest soils is needed with regard to the monitoring of trends in soil C pools and
fluxes and the assessment of long-term C-sequestration potentials of soils under different
land use.

In this paper, we study the organic-C stocks in soils and the effects of forest-related
land-use changes on soil carbon stocks in representative ecosystems from the high-
mountainous region of central Stara Planina Mountain in Bulgaria.
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Materials And Methods

Five representative experimental sites within the altitude range 1050 - 1500 m were
chosen in the Beklemeto region, central Stara Planina Mountain. Some of their specific
characteristics are presented here (Table 1). The main forest-related land-uses in the high
mountainous regions of central Stara Planina Mountain were included. The experimental
data of soil properties, conducted in 2005, 2006 and 2007, were used in determining the
variations in organic carbon storage in forest litter and in mineral soil under different land-
use patterns.

Each experimental site had an area of 0.5 ha and characterized different type of
forest-related land uses — extensive mountainous pasture (PSP1), spruce plantation (PSP2)
created on part of adjacent pasture PSP1, natural beech forest (PSP3), spruce (PSP4) and
pine (PSP5) plantations, created through conversions of natural beech forests. The first site
(PSP1) is a high-mountain pasture, used intensively in the past but in the last decade the
pasture was occasional. The site is located on the top of the mountain, but the north aspect
predominates. PSP2 is forest plantation of Picea abies Karst., created to increase the forest
zone in this region and characterizes with lack of any silvicultural activities after the
creation. The conversion from pasture to plantation is realized in 1970 through planting of
3-years-old spruce trees. The stand density is very high and no underground vegetation was
observed. The third site is natural forest of Fagus silvatica L. with mean age of 45 years.

The coniferous plantations from Norway spruce (PSP4) and Scot’s pine (PSP5) are
created on the sites of previous natural beech forests after clear cutting. The experimental
sites PSP3, PSP4 and PSPS5 are managed in accordance with the local management plans.

At each site five representative soil profiles were opened and described giving a
total 75 soil samples from the soil layers respectively at 0-10, 10-30 and 30-50 cm depth.
The samples for bulk density determination have been taken with volumetric ring, from each
soil layer in two repetitions, only in one soil profile per site. A total of 55 samples from
forest floor layers (Aol, Aof, Aoh and greensward) were collected with 25:25 c¢cm plastic
frame. The samples were preserved in plastic bags and transported to the laboratories. The
fresh weight of forest floor layers was measured, then these samples were dried in oven at
72°C for 48 hours and the dry mass was determined. The soil samples were air dried. The
content of coarse fractions in soils was determined before the samples were sieved through 2

mm.
Table 1. Characteristics of the experimental sites in central Stara Planina Mountain

. . LUp attern and Altitude | Age |Aspectand| Forest floor Thickness of
Site Soil type dominant tree (ma.s.1]| [years] | slope [] [FF] FF
species S P [em]
. . High mountain
S1|Cambisol modic 1500 - N, 4 greensward 13
pasture
. . | Pure plantation 1 dysmull
S2 [Cambisol modic Picea abies Karst. 1420 35 W, 12 AoL, AoF 4
. . |Natural forest stand -| Hemimoder
S3 | Cambisol eutric Fagus silvatica L. 1240 | 40-45 N, 15 AoL. AoF 2.5
Cambisol Pure plantation 2 moder
54 dystric Picea abies Karst. 1300 4 NE, 15 AoL, AoF, AoH 45
Cambisol Pure plantation moder
S5 dystric Pinus silvestris L. 1050 >3 W, 24 AoL, AoF, AoH 4.0
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The following soil properties have been determined in accordance with the
standardized methods in the Laboratory of Forest Soil Science at the Forest Research
Institute — BAS (Donov et al., 1974): bulk density, coarse fractions, textural fractions, pH
(H,0), nitrogen content (Kjeldahl method), and carbon content (Thurin method). The IPCC
Good Practice Guidance for Land Use, Land Use Change and Forestry was used to estimate
the soil organic carbon stock in soil and litter (IPCC, 2003).

Results and discussions

The distribution of soil organic carbon under different studied land-uses is
presented on figure 1-A. The carbon contents in the upper 0-30 cm of soils in the high-land
pasture vary between 7 % (£2) — 10 % (£4) for 0-10 cm and 10-30 cm respectively and are
significantly higher compared with other studied forest land-uses, where the SOC is fewer
than 5 %. Only one exception in 10-30 cm on soil under the beech stand, where the carbon
was higher (8 % + 1), was detected. The overall SOC within the whole profile is 20 % under
the pasture, while under the forests it rages from 8 % (in S5) to 15 % in S3.

Soil organic carbon
A)
25
20 4 ]
15 | B0-10cm
g 010-30 cm
&) 10 | W 30-50 cm
Doverall
54
04
S1 S2 S3 S4 S5
LU
Total nitrogen
B)
2
184
1.6
1.4
B 0-10cm
- 124
é 11T T 0 10-30 cm
z 08 4 W 30-50 cm
06 | W overall
04 4
0.2 1
0+
S1 S2 S3 S4 S5
LU

Fig.1. Soil organic carbon (A) and nitrogen contents (B) in studied land-uses
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In most cases the total nitrogen content follows the tendency of soil organic carbon
(fig.1-B). The highest nitrogen contents are located in the upper 0-10 cm of soils and
decrease in depth. The soil from pasture characterizes with the highest nitrogen content (0.8
% in 0-10cm), while soils under different forest types have comparatively less N (0.4 - 0.6
% in 0-10 cm).

The soil bulk density is shown on fig.3. and the values are within the range for
Cambisols (FAO, 1991). A decrease in bulk density of all soil layers was determined for
the beech natural forest (S3), clearer expressed for the surface layer.

According to the percent of coarse fractions in studied land-uses two groups could
be divided (fig.4). The first group is formed from S1 and S2 sites, where the coarse fractions
content is less in the surface 0-10 cm and increase in depth. The other group includes the
sites located on the lower altitude - S3, S4 and S5, where the percent of coarse fractions in
the upper soil layer is higher due to the fluxes and movement of materials down the slopes.
Both the characteristics of soil sub-types and the topography influence the variations of this
parameter, which is closely related to the soil organic carbon stock.

Table 2. Mineral soil C:N ratio in studied sites

C:N S1 S2 S3 S4 S5
0-10 cm 7.6 7.1 6.4 6.7 8.4
10-30 cm 15.9 10.2 22.0 16.9 20.7
30-50 cm 17.3 17.9 9.7 133 5.1

The C:N ratios in different soil layers from forest-related land-uses strongly vary
from 6 to 22 (Table 2). Nevertheless the values in the upper 0-10 cm are similar (<8), which
indicates that the enrichment of organic substances with nitrogen in this layer is medium.
The values are higher for the deeper soil layers. The C:N ratio higher than 20 in 10-30 cm
soil layer under the beech and pine is an indication of high levels of organic materials
incorporated into the soil system (Saikh et al., 1998), or change in type of organic material
present in the soil, which is related with the specifics of the aboveground vegetation.

Bulk density of soils under different LU
(A)

1.4
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1
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Coarse fractions (>3 cm) content in soil layers under different LU

(B)
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Fig.2. Bulk density (A) and coarse fractions distribution (B)
in soil profiles in studied land-uses

The organic carbon stock in 0-50 cm of soils under different forest-related land-
uses in central Stara Planina Mountain shows well expressed variations (fig.3) especially
between pasture and forests. The results obtained for the SOC stock are quite similar among
forest land-uses. The highest SOC-stock (20 tones/ha) is determined in the high-land
pasture. The SOC stock under the natural beech forest is also high — 14 tones/ha, while
under the coniferous plantations it is lower and varies from 7 tones/ha under the pine to 10-
13 tones/ha under the spruce. The percentile expression of soil carbon stock in 0-50 cm
profile of Cambisols under different forest-related land-uses shows that the high-land
pastures have high importance in formation of carbon stocks in mountainous soils, followed
by the natural beech forests and spruce plantations.

SOC stock under different land-uses
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Fig.3. SOC stocks in tones/ha (A) and in % from total (B) in studied land-uses

The organic carbon stock in forest floor (and in greensward in S1) is notably higher
than the SOC stock for all studied land-uses (fig.4). The carbon stock in forest floors is over
42 tones/ha and in some land-uses it arrives 60 tones/ha (S2). The spruce plantations have
higher carbon stock in forest floor than all other land-uses, which is an indication for high
potential of carbon accumulation in these forest land-uses. In terms of ecosystems stability
the carbon accumulated in soils is more desirable and consider this fact it could be assumed
that in the soils of high-land pasture the main carbon content is accumulated. But in soil
system the forest floor remains the main reservoir of carbon.

The land-use change of native pasture and beech forests to coniferous plantation
was pronounced in decrease the SOC-stock in mineral soil decades after planting. The
results obtained confirm the conclusions from previous investigation where the decrease in
soil carbon content after conversions from pasture to spruce plantation was determined
(Zhiyanski et al., 2008). Here we could assume that the carbon losses in mineral soils are
compensated through the carbon sequestration in the forest floor formed in coniferous
plantations.

SOC stock in forest floor and soil under different land-uses
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@ 50il 0-50 cm O forest floor

Fig.4. Organic carbon stocks in forest floor and in 0-50 cm soil profiles under
different forest-related land-uses
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Conclusion

Our finding showed that the overall carbon stock both in forest floor and in soils
was highest for high-land pasture (81 tones/ha), followed by spruce plantations (77
tones/ha), while the beech forest and pine plantation characterised with comparatively lower
carbon stock.

The effect of conversion from natural pastures and beech forests into coniferous
plantations in central Stara Planina Mountain is expressed by decrease of SOC stock. It is
related with losses of carbon from the upper mineral soil decades after the creation of the
coniferous plantations. Nevertheless the large organic carbon storage in forest floors in the
spruce plantations compensates C lost from mineral soil after the land-use change. In terms
of stability the carbon sequestrated in mineral soil is more desirable than carbon
sequestrated in forest floor which is more vulnerable to decomposition following
disturbances.
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Pesume

CAJIP’KAJ YI''BEHUKA Y PA3JIMMUTUM IIYMCKUM THIIOBUMA
3EM/bUIITA Y HEHTPAJIHOM JIEJIY CTAPE IVIAHUHE, BYT'APCKA

Hamr pesynrar je mokasao Ja je yKymaH cajpikaj YIJbeHHKA, KaKo Ha MOBPIIMHHU LIYMCKOT TJa, TaKO WU Y
3eMJBHIITY HajBUINM Ha Mammaky (81 ToHa / xa), mox omopukoM (77 ToHa / Xa), IOK je HOx OYKOBOM IIyMOM H
©OpOBHMa peNaTHBHO HU3aK CA/IPKaj.

VTHIiaj npoMeHe of MPHPOJHKX Mallbaka ¥ OYKOBHX IIyMa y IIyMe YeTHHapa y LeHTpamHom ey Crape
IUIaHUHE je yTunao Ha cMmameme COLL cagpikaja. Mmak penaTHBHO BeNlMKa CKJIAJHINTAa OPTaHCKOT YIJbEHHKA Yy
LIyMH OMOPHMKE MOIJIA Cy HAJOKHAJWTU YIJbCHHK MHHEPAJHHOT Tja HAKOH HPOMEHE YNOTpede 3eMIbUIITA.
VIIbeHHK OPUCYTaH y IIyMCKOM ITOKPHBady CKIOHH]H j€ pacTBaparby O OHOT y 3eMJBHILTY.
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