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Abstract

Long-term changes in soil organic carbon (SOC) are relevant to the carbon cycle and global warm-
ing in coming decades. The possibility of the increasing of carbon sequestration in forest soils is
disputable as climate warming can accelerate carbon fluxes which affects the carbon stocks. Our
study aimed at evaluating SOC stocks and its vertical distribution in forest soils over 26 years. Soils
were sampled from genetic horizons in mature pine forest in northern Poland. The study was car-
ried out on the same plots in 1992, 2008 and 2018. Organic carbon, total nitrogen and bulk density
were determined at genetic soil horizons. SOC stocks were calculated in the 0-40 cm and 0-100 cm
soil layers. The SOC stored to the depth of 40 cm was found to decrease by ca. 15% over 26 years. The
SOC stocks decreased by 5% in 0-40 cm layer and by 9% in 0-100 cm layer over the last ten years.
About 84-88% of the total SOC stocks was found in the 0-40 cm, out of which 40% was accumulated
in the organic horizon. The results obtained indicate that no increase in SOC stocks in forest soils
developed from sands may be expected over the next years, even though forests and forest soils
represent a large reservoir of organic carbon.

1. Introduction

Forest soils store huge quantities of organic carbon (0C)
due to many-year-long stand production cycles. Thus, it is not
surprising that there is a growing interest whether and to what
extent carbon dioxide CO, binding in the biomass, and finally,
carbon accumulation in forest soils may help alleviate the effect
of global warming. Therefore, a great importance is attached to
estimating both the amount of OC accumulated in soils and its
stocks stored with the increasing stand age in the course of the
production cycle.

The rate of biomass production and flux to the forest floor
and, subsequently, of its transformation measured by the quan-
tity of soil organic carbon (SOC), is subject to changes throughout
the multiannual period of stand growth depending on its vary-
ing conditions. The key factors controlling the above processes
embrace the soil properties (Schoenholtz et al., 2000; Moffat,
2003; Shukla et al., 2006; Martin et.al., 2011; Zornoza et al., 2015;
Gruba and Socha, 2016) and climate, including mainly tempera-
ture and precipitation during the vegetation season and beyond
(e.g. Allen et al., 2011; Prietzel and Christophel, 2014; Stergiadi
et. al, 2016; Bloniska and Lasota, 2017), as well as management
practices and previous land use types (Dovydenko, 2004; Gross
et al., 2018; Hou et al., 2019).

Research dealing with estimating C accumulation in for-
est soils and opportunities to enhance this accumulation covers
multiple issues. Studies include the assessment of how different
soil properties affect the quality of forest sites (e.g. Schoenholtz
et al, 2000), dynamics of biomass production and accumula-
tion throughout the period of stand growth (e.g. Liu et al.,, 2017;
Lépez-Marcos et al., 2018; Martinik et al., 2018; Bouriaud et al,,
2019; Zhang et al., 2019), the rate of soil organic matter (SOM) de-
composition and flux down into the soil profile (Hagedorn and
Machwitz, 2007; Wickland and Neff, 2008; Schindlbacher et al.,
2010), the assessment of C stocks stored in individual genetic ho-
rizons and/or layers of varying thickness (Jobbagy and Jackson,
2000; Callesen et al., 2015; De Vos et al., 2015), as well as the de-
velopment of various indicators which help estimating changes
of a given process over time (Yigini and Panagos, 2016).

According to Griineberg et al. (2014), it is hardly possible
to accurately estimate the SOC stocks given the complexity of
physical, chemical and biological processes, which control the
C cycle in the soil, depending on the spatial scale wherein these
processes are considered. The average SOC stocks estimated for
the European forests were 108 t C ha in mineral soils down
to the depth of 1 m, and 22.1 t C ha™ in the forest floor (De Vos
et al,, 2015). For example, in the Nordic region the SOC stocks
down to 1 m of soil fluctuates from < 50 to more than 200t C ha™!
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(Gundersen et al., 2014), and it was increasing with the growing
temperature from the north to the south of country. The results
obtained by various authors also differ regarding the profile
distribution of SOC in forest soils (Jobbagy and Jackson, 2000;
Rumpel and Kogel-Knabner, 2011; De Vos et al,, 2015).

Our earlier studies showed that the SOC stocks distribution
in soils of pine forests depends on the habitat and soil type (Os-
trowska et al., 2010; Porebska and Ostrowska, 2013). In Poland,
the SOC stocks down to the depth of 1 m vary from ca. 40 to 120
t ha in different pine forest sites depending on the quality of
stands examined. At the same time, we noted that despite the
passing of 30 years, i.e. change in the age of stands from 50-55
to 80-85 years, the SOC stocks in soils did not increase. Contrast-
ingly, some declining trends were observed (Porebska and Os-
trowska, 2013). Thus, we concluded that the lack of SOC stocks
increase in soils over the ca. 30-year period might be due to un-
favourable growth conditions (water and nutrient deficit) and to
the variability of the conditions in different regions of Poland.

There are very few studies in the literature documenting
long-term changes in the SOC stocks in the soil profile. Therefore
the objective of this study was to analyze the changes in soil SOC
stocks in the pine forest over 26 years. The study was carried
out on the same plots as in the past, for the same soil type and
in this way, we aimed to assess whether the SOC stocks changed
with the age of the stand and to assess its vertical distribution
over time.

2. Materials and methods
2.1. Study sites

The study was carried out in the Przymuszewo Forest In-
spectorate in Tucholskie Forests, situated in the Middle Pomera-
nia of northern Poland. The area is covered with glaciofluvial
sands and gravels forming an outwash plain of the Brda river
in the forefront of the moraine zone of the Pomeranian stage of
northern Poland’s glaciation. The geomorphologically uniform
area is built by 25 m thick sand and gravel layers deposited on
several ten-meter-thick layers of boulder clays. The relief may
generally be characterized by two lobes, western and eastern,
of a weakly undulating surface of the outwash plain, and a frag-
ment of a deeply incised postglacial tunnel valley, filled with wa-
ters of the Gardliczno and Nawionek lakes. Varying in size ket-
tle holes are encountered in the north-eastern part of the study
area (Borzyszkowski, 1993a). The soil cover of the study area is
typical of many outwash plain areas in Poland. There dominate
soils developed from postglacial sandy-gravely sediments whose
morphology varies only slightly owing to the land relief. The
groundwater in sands and gravels occurs at the depths between
10 and 20 m and, locally, even deeper (Borzyszkowski, 1993b).

The study area embraces ca. 600 ha located between the fol-
lowing coordinates 53°54°45”-53°53’35”N latitude and 17°31°15”-
17°33’32”E longitude. Comprehensive studies of soils and stands
were conducted in the years 1990-1992 (Integrated Monitoring
Station Bory Tucholskie Forest, 1993), offering baseline for other
studies, which were continued under various aspects over the
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following years. In this work, we focused on the accumulation of
organic carbon in one soil type, which is widespread in the area
examined and also in other coniferous forest habitats in Poland.
In 2018, we established 10 study sites in the close vicinity of the
sites selected in the years 1992 and 2008. All the soils examined
were dominated by sand (more than 80%) with a humus layer
of 2-7 cm and according to WRB (2014) were classified as Al-
bic Brunic Arenosols (Dystric). All the study sites were located
within the coniferous forest (CF) site under the 75-90-year-old
stand with Scots pine (Pinus sylvestris L.) as a dominating spe-
cies (Leucobryo-Pinetum, Mat. 1962). Vegetation are mainly phy-
tocoenoses pine forest, developed as replacement communities
in pine monocultures used as a way of managing forest areas for
approx. 200 years (Sienkiewicz 1993). Historically, the Tucholsk-
ie Forests have been managed for pine plantations for a couple
hundreds of years. The mean annual temperature was 7.5°C in
1992, 8.3°Cin 2008 and 9.1°C in 2018, while the annual precipita-
tion: 511 mm, 582 mm and 520 mm, respectively.

2.2. Soil sampling

Ten soil profiles down to the depth of 1 m were dug at fol-
lowing divisions: 102a, 118b, 122a, 123c, 139c, 141c, 145a, 163a,
164c and 166d. We described the morphology of each profile and
measured the thickness of genetic horizons. The soil was sam-
pled from each profile from individual genetic horizons (Ofh,
AE, Bv, BvC and (), including undisturbed structure samples col-
lected into 100 cm? stainless steel cylinders to determine bulk
density.

2.3. Soil analysis

Bulk density (BD) was determined by the weight method in
the structurally undisturbed samples collected from soil genetic
horizons. Soil texture was determined by the aerometric method
(Ostrowska et al., 1991).

Soils samples air-dried at room temperature were passed
through the 2 mm sieve. The content of soil carbon was deter-
mined in powdered samples using TOC-5000A autoanalyzer
(Shimadzu model), with ignition at 1000°C (in 2018 and 2008). In
1992, the content of soil carbon was determined by Tyurin meth-
od. The principle of Tyurin method is an oxidation of soil organ-
ic carbon with excess potassium dichromate in a concentrated
sulphuric acid. Non-consumed potassium dichromate is deter-
mined by redox titration with ferrous ammonium sulphate. As
no inorganic carbon was present in the samples, all measured
soil carbon was assumed to constitute soil organic carbon (SOC).
The content of total nitrogen (TN) was determined by Kjeldahl
method, while pH in H,0 in the 1:2.5 soil:water suspension.

The soil C contents determined by Tyurin method were re-
calculated to the contents detected with the use of dry combus-
tion method, by applying a conversion factor of 1.05 provided
by Jankauskas et al. (2006), according to which a paired power
regression among these methods was r? = 0.947.

The organic carbon stocks in the 0-40 cm layer were ob-
tained by multiplying the carbon content, soil bulk density and
thickness of individual horizons encountered in that soil layer
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and summing up the respective stocks of all soil horizons. For
calculating the stocks, account was taken of the following hori-
zons: Ofh, AE and Bv, however, when the Bv horizon was deeper
reaching only a part of its thickness was used in calculations;
and in the opposite case the BvC horizon was partly taken into
account.

The SOC stocks of soil profile down to 1 m was calculated by
summing up the respective OC stocks of all horizons of that pro-
file. In the calculations only a part of C horizon was taken into
account to obtain a thickness of the layer to a depth of 1 m. It was
possible to calculate the SOC stocks to the depth of 1 m only for
data acquired in the years 2008 and 2018, since the study in 1992
did not embrace the level of parent rock.

Given the high homogeneity of the soils examined, and the
need for referring the results obtained in 2018 to the archive
data, account was taken of the average values (n =10) of soil
properties determined for the respective genetic horizons. The
significance of differences between years was determined on
the basis of analysis of variance and Tukey’s HSD test (honest
significant difference test).

Chemical analyses were conducted at the accredited labo-
ratory of the Institute of Environmental Protection — National
Research Institute.

3. Results

The soils have a typical sequence of genetic horizons: Ofh-
AE-Bv-BvC-C. The thickness of the organic horizon Ofh has
practically remained unchanged since the onset of the study,
fluctuating between 3 and 7 cm at present, whereas in 1992 it
was oscillating between 2 and 6 cm (Table 1). The humic AE ho-
rizon is from 5 to 16 cm thick, what is considered typical of local

Table 1

Changes in organic carbon stocks in soils under Scots pine (Pinus sylvestris L.) stands

variability of the entire soil cover, taking into account, for exam-
ple, the local land relief. The thickness of the horizon Bv ranges
from 17 to 35 cm what is typical of formation of the horizon in
the cover zone of periglacial transformations.

Minor morphological changes, observed in soil profiles,
provide evidence of the stability of both the organic and min-
eral horizons within the period 1992-2018. The texture of soils
sampled from all the profiles is typical of sandy soils, with insig-
nificant enrichment in silt and clay particles only in subsurface
layers, which may reach down to the Bv horizon at the deepest.
The morphological homogeneity of soils is corroborated by the
low variability in their bulk density (Table 1).

All the soils examined belong to acid soils with pH in the
Ofh horizon oscillating in the range 3.7-4.4, in the AE horizon
— from 4.0 to 4.4, in the Bv horizon — from 4.7 to 5.1, likewise as
in the BvC and C horizons (Table 1).

The mean contents of SOC and TN as well as the mean SOC
stocks in genetic horizons decrease with increasing depth of soil
profile (Table 2). The SOC stocks levels calculated for genetic ho-
rizons in the past and present are difficult to compare due to
spatial diversity even within the same soil type. The thickness of
soil horizons varies between profiles by a few or even a dozen
cm, which affects the amount of SOC stocks in a given horizon.
Therefore, the amount of SOC stocks stored in the 0-40 cm lay-
er, and in the whole soil profile down to the depth of 1 m, was
adopted as a more objective indicator.

A declining trend was observed for the average SOC stocks
from 0 to 40 cm which decreased by ca. 10% between 1992 and
2008, whereas, in the following period between 2008 and 2018,
by a further 5% (Table 3). It can be estimated that over the pe-
riod examined the SOC accumulation decreased by 0.28 tha y !,
although the regression line was not significant (negative trend,
R?=0.084).

Physical properties of the horizons of Albic Brunic Arenosol (Dystric) in 1992 and 2018

Horizon  Parameter 1992 (n = 10) 2018 (n =10)
Sand Clay  Silt Thickness ~ BD pH Thickness  BD pH
% % % cm gcms cm gem
Ofh Mean + SD 4 +1 0.10 +0.02 5+#1 0.10 +0.02
min-max 2-6 0.09-0.15 34-39 3-7 0.08-0.13 3.7-4.4
AE Mean + SD 89 +3 5+3 52 9+3 1.35 +0.08 12 +3 1.35 +0.09
min-max 83-93 2-11 49 4-14 1.22-1.47 34-43 5-16 1.18-1.49 4.0-4.4
Bsv Mean + SD 90 +4 6+4 442 5+1 1.45 +0.07 n.d. n.d. n.d.
min-max 81-94 3-16 1-6 4-8 1.39-1.60 4.0-4.8
Bv Mean + SD 93 £2 4 +2 3+1 16 +7 1.50 £0.21 25 £5 1.56 +0.07
min-max 90-95 1-6 1-5 7-27 1.45-1.59 4.5-5.0 17-35 1.45-1.67 4.7-5.1
BvC Mean + SD 96 +1 2+2 2+1 12 +6 1.59 +0.05 22 £7 1.63 +0.04
min-max 95-97 0-5 0-3 5-20 1.50-1.65 4.7-6.0  13-35 1.57-1.73 4.7-5.2
C Mean + SD n.e n.e n.e n.e n.e. n.e 379 1.60 £0.08
min-max 25-52 1.41-1.68 4.8-5.1

Abbreviations: SD - standard deviation, BD — bulk density, n.d. — not determined, n.e. — no examined
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Table 2

SOC and TN contents, C/N values as well as SOC stocks in soil horizons in 1992, 2008 and 2018
(mean values and standard deviation, mean: n = 10 for 1992, n = 7 for 2008, n = 10 for 2018)

SOIL SCIENCE ANNUAL

Table 3
Organic carbon stocks (t ha™) in the 0-40 cm soil
layer in 1992, 2008 and 2018 (mean: n = 10 for 1992,

n =7 for 2008, n = 10 for 2018)

Year Horizon SOC N C:N SOC stocks
% tha Year Mean SOC stocks min - max SOC
1992 ofh 3558+3.53a  1.091:0.151a  32.6:361  14.81:495a stocks
AE 1.64£0.62 b 0.0690.042b 23754  19.24:820a 1992 536:138a 37.4-706
Bvs 1.05 £0.27 0.041 £ 0.010 25645  8.02+2.76 2008 48446.0a 42.2-57:5
Bv 0.55+0.22b 0.0240.007b 220 3.0 11.87 45.02 a 2018 46.0+11.9a 27.2-67.0
BvC 0.18 £0.08 b nd. nd. 352272 a g‘:y:‘:‘zrie:(‘;’:;;?g?agzat differences between
C n.d. n.d. n.d. n.d.
2008 Ofh 42.18+2.74b  1.099:0208a 39463  20.7045.65a
AE 0.95+0.16 a 0.0300.008a  327+7.5  17.56:3.66a
Bv 0.30:0.15a 0.016£0.005ab 17553  10.87:5.00a
BvC 0.08:0.01 a 0.009 £0.003 8.0 0.9 4584136 a
c 0.08 +0.01 0.005 +0.004 nd. 3.77 +1.45
2018 Ofh 4124+354b  1.165:0.140a 35738  20.65:6.29a
AE 0.82 032 a 0.034:0012a 25066  1353:7.25a
By 0.30 +0.09 a 0.015+0.004a  201+32  11.65+4.01a
BvC 0.09 +0.05 a 0.006 0.003 156455  292:159a
c 0.03 £0.02 0.003 £0.001 9.5 43.0 1.56 £0.73

Abbreviations: SOC - soil organic carbon, TN —total nitrogen; the same letters in soil horizons
mean that differences between the year are not significant (significant at p < 0.05)

When comparing the contents of SOC found in the entire
soil profile between 2008 and 2018, it was noted that the aver-
age SOC stocks down to 1 m was 57.5 t ha' in 2008 while in 2018
was lower by ca. 9% and attained 52.3 t ha, but the differences
were not significant. In 2008, the SOC stocks in the Ofh horizon
accounted for 36% of the stocks down to 1 m, ca. 30% in the AE
horizon, 19% in the Bv horizon, whereas, in 2018, the respec-
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tive amounts were: 40%, 27% and 23%, consequently, 85-90%
of carbon accumulated in the soil occurred in the above ho-
rizons. The SOC stocks in the 0-40 cm layer accounted for ca.
84-88% of the SOC pool down to 1 m. Mean values of SOC stocks
for soil horizons in 2008 and 2018 are presented in Fig. 1.

The distribution of SOC in soil profile was similar in 2008
and 2018 (Fig. 2), however, the contribution of Ofh and Bv ho-

W 2008

m 2018

P

Fig. 1. Mean soil organic carbon stocks in soil hori-
zons in 2008 and 2018 (error bars represent stand-
ard deviation)
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rizons was slightly higher in 2018, and that of AE, BvC and C
horizons - lower, which testifies to a lower rate of organic mat-
ter migration to BvC and C horizons and this may be related to
water condition depending on the rainfall and temperature.

4. Discussion

The research was carried out on the plots in one forest com-
plex (Tucholskie Forest), in Scots pine stands, for one type of
soil to minimize spatial variability connected with different soil
types and forest sites. The C accumulation proceeds successively
from the soil surface down into the soil profile. The vertical dis-
tribution of SOC stocks in soils of coniferous forest sites depends
on soil type and site quality (Ostrowska et al., 2010; Porebska
and Ostrowska, 2013). The results of the study, carried out in
the pine forest with Albic Brunic Arenosol (Dystric) soil devel-
oped from sands, show that 80-90% of SOC stocks is stored in
the main plant rooting zone, i.e. to the depth of 40 cm, while 40%
of SOC stocks fall for the organic horizon. According to Jobbagy
and Jackson (2000), the vertical distribution of SOC stocks is sim-
ilar in soils of both deciduous and coniferous forests, i.e. ca. 50%
SOC is stored in the 0-20 cm layer, ca. 70% down to the depth of
40 cm, while the remaining up to 30% in the 40-100 cm layer.
Rumpel and Kogel-Knabner (2011) highlighted the possibility for
the accumulation of considerable amounts of C in subsoil layers,
below 40 cm, reporting that, in some ecosystems, the half of C
stabilized in soils is stored in subsoil horizons.

The SOC stocks down to 1 m in the Albic Brunic Arenosol
(Dystric) soil is 52.3 t ha and is contained in the range of val-
ues found earlier for other pine forest in Poland (Ostrowska et
al., 2010; Porebska and Ostrowska, 2013). According to Baritz et
al. (2010), the SOC stocks in soils of the European forests ranges
from 1.3 to 70.8 t C ha™ for the O-layer, and from 11.3 to 126.3 t
C ha™ for the mineral soil 0-20 cm. In the Nordic region, the SOC
stocks down to 1 m varies from < 50 to more than 200 t C ha!
(Gundersen et al., 2014), while in the Bavarian forests, the aver-
age SOC stocks in the first 1 m layer is 9.8 kg m? (Wiesmeier et
al., 2013). According to Achat et al. (2015), the average SOC stocks
in the whole organic plus mineral soil profile for temperate Eu-
ropean forests reaches 95 t C ha™, while according to De Vos et
al. (2015), average SOC stocks achieves in mineral soil 108 t Cha™
and 22 t C ha in the forest bottom.

mofh

WAE
Bv

mBvC

mC

Fig. 2. Mean distribution of SOC stocks in soil profile in 2008 and 2018

Thus, the values of SOC stocks may differ even quite con-
siderably between authors, depending on the conditions of
stand growth (climatic and soil) and stand age as well as the
methods of determination. Soils are sampled from layers vary-
ing in thickness or individual genetic horizons, and the con-
tent of soil C is determined using either dry or wet combus-
tion methods, while coefficients for recalculation to compare
the results obtained by the above methods vary from 1.05 to
1.2 (Labetowicz et al.,, 1997; Jankauskas et al., 2006; J6zefowska
and Miechowka, 2011; Barancikova and Makovnikova, 2015).

The SOC stocks estimated at a given time do not indicate
whether and to what extent that stock increases/decreases dur-
ing the stand growth. Generally, soil C accumulation depends on
the decomposition rate of organic matter and the capacity for C
migration down the soil profile so the stocks of C in the soil are
affected by the balance between C input from vegetation and C
losses as a result of decomposition (Matos et al., 2010; Stergiadi
et al,, 2016; Ziegler et al., 2017). The C stocks in the soil declines
when there is a change in the production cycle. Restoring the
SOC pool to the level accumulated in the previous production
cycle requires about 50 year-long period of stand growth (Ste-
vens and van Wesemael, 2008) and, afterwards, the C stocks in-
creases with the increasing stand age (Seely et al., 2010; Liu et
al., 2017; Bec¢varova et al., 2018). Conversely, Chen et al. (2013)
suggest that the SOC stocks in the surface soil layer achieve a
steady level after ca. 20 years, and then maintain a stable level,
which depends on C input and organic matter decomposition.
Our results provide evidence that in pine stands, which at the
onset of the study, in 1992, were 50-65-year-old, the SOC stocks
did not increase after almost three decades of stand growth,
quite the contrary, a declining trend was observed. Similar
trends were noted in our previous studies carried out in other
types of forest sites (Porebska and Ostrowska, 2013).

Losses of SOC from soils were reported by various authors
(Conant et al.,, 2008; von Liitzow and Kogel-Knaber, 2009; Me-
lillo et al., 2011; Prietzel and Christophel, 2014), who ascribed
the losses to increasing temperatures. Smith et al. (2007) pro-
vided evidence that annual C losses in forest soils in Central
Europe fluctuated by ca. 0.05%. Causes underlying these losses
may be linked both to a decreased biomass input to the soil
surface and enhanced biomass decomposition with CO, emis-
sion to the atmosphere. The decomposition rate of organic mat-
ter on the soil surface, which conditions its migration down
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into the soil profile, was generally estimated based on the rate
of decrease in the C/N ratio. However, the increased input of
anthropogenic N to the soil environment, which was observed
over the past decades, significantly decreases the value of the
above ratio (Ostrowska and Porebska, 2015). Thus, we suggest
that with the recent level of climate change and CO, emission
to the atmosphere, the input of biomass to the soil surface may
decrease, while its decomposition rate increase. The observed
declining trend for the SOC stocks may be even more notice-
able in the subsequent cycles of stand production.

5. Conclusions

Based on the results obtained, it can be stated that about
85-90% of the total SOC stocks is stored in 0-40 cm, i.e. in the
rooting layer, while ca. 40% of the stocks is accumulated in the
organic horizon. In Scots pine forest, the SOC stocks down to
the depth of 40 cm in Albic Brunic Arenosol (Dystric) sandy soil
decreased by ca. 15% over 26 years, i.e. throughout the stand
growth from the age of ca. 50-65 to 75-90 years. Over the past
10 years, the SOC stocks decreased by 5% in the 0-40 cm layer,
and by 9% in the 0-100 cm layer. The observed decrease in the
SOC stocks is statistically insignificant. This may indicate the
relative stabilization of the SOC stocks in mature stands. Nev-
ertheless, the research shows a decreasing trend which should
be examined in the future.

A general conclusion is that forest stands, especially during
the vegetation season, have the potential to decrease CO, emis-
sion to the atmosphere and C accumulation in the tree biomass.
Thus, forest stands may, to a certain extent, counterbalance CO,
input/output to and from the atmosphere by C sequestration
and accumulation in biomass. However, our results point out
that, for Central Europe poor sandy forest soils could not be of
particular importance for CO, withdrawal from the atmosphere,
though they constitute a large reservoir of organic carbon.
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Zmiany zapasu wegla organicznego w glebach poros$nietych przez drzewostany
sosnowe (Pinus sylvestris L.) w pélnocnej Polsce w okresie 26 lat

Streszczenie

Zmiany zawarto$ci wegla organicznego w glebach (SOC) w dlugim czasie sa istotne dla obiegu we-
gla, szczegblnie w odniesieniu do ocieplenia prognozowanego w nadchodzacych dekadach. Moz-
liwo$¢ zwiekszenia sekwestracji wegla w glebach lesnych jest dyskusyjna, poniewaz ocieplenie
klimatu moze przyspieszy¢ obieg wegla, co ma wplyw na jego akumulacje i zapas. Celem badan
byla ocena zmian zapasu SOC i jego pionowej dystrybucji w le$nej glebie rdzawej z cechami bie-
licowania w okresie 26 lat. Probki gleb pobrano w dojrzalym drzewostanie sosnowym w Borach
Tucholskich w péinocnej Polsce i poréwnano wyniki badan uzyskanych w roku 1992, 2008 i 2018.
Oznaczono wegiel organiczny, azot calkowity i gesto$¢ objetos$ciowg w poszczegélnych poziomach
genetycznych. Zapasy SOC obliczono w warstwach gleby 0-40 cm i 0-100 cm. Stwierdzono, ze
w okresie 26 lat wzrostu drzewostanu, tj. od ok. 50-65 do ok. 75-90 lat, zapas SOC do gtebokosci
40 cm zmniejszyt sie o ok. 15%. W ciggu ostatnich dziesieciu lat zapas SOC zmniejszyl sie o 5%
w warstwie 0-40 cm i 0 9% w warstwie 0-100 cm. Zmniejszenie zapasu SOC jest statystycznie nie-
istotne i moze wskazywac na wzgledna stabilizacje zapasu SOC w dojrzatych drzewostanach sos-
nowych. Okolo 84-88% calkowitego zapasu SOC znajdowalo sie w warstwie 0-40 cm, z czego 40%
w poziomie organicznym. Uzyskane wyniki wskazuja, Ze w najblizszych latach prawdopodobnie
nie nalezy spodziewac si¢ wzrostu zapasu SOC w glebach leSnych wytworzonych z piaskéw, jakkol-
wiek lasy i gleby le$ne stanowia duzy rezerwuar wegla organicznego. Zaobserwowany malejacy
trend w zapasie SOC wymaga dalszych obserwacji.
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