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Abstract

In this study, physical and chemical soil analyses were carried out on six habitas in the Tuczno State
Forest District. The basic objective of the research was be to define the impact of natural habitat fer-
tility, manner of forest utilization and history of use on the volume of the accumulated carbon diox-
ide in a hectar of soil. An attempt was made to evaluate the stock of organic carbon in every genetic
horizon and the whole profiles of selected soils and one countedtrophic soil index (SIG) indicator.
In the examined soils, particle size distributions, content and organic carbon storage capacity were
analysed together with total nitrogen, C:N ratio, soil reaction and sorption properties. Beech forest
stand formed from the undergrowth and saplings after removal of pine stands accumulated over
20% more organic carbon content than a pine stand with the same uprising history. The influence of
beech underwood on the increase of organic carbon stocks in soils is noted. The studies have shown
the post-arable influence on the organic carbon stocks. In post agricultural soils, the organic carbon
stock was much lower (the average stock of organic carbon was 55.53Mg-ha™') than in forest soils

that were not subject to agriculture (averagely 101.23 Mg-ha™).

1. Introduction

As commonly known, land-use sector, land-use change and
forestry (LULUCF) all absorb and emit carbon dioxide. Thus
carbon is absorbed from the atmosphere and stored in trees
and other plants, in soil and in timber. In turn, carbon dioxide
is emitted due to deforestation, forest degradation and human
economic activity like infrastructure development, expansion of
agriculture, soil-use change into pasture lands, fires and agricul-
tural activities (ploughing). The balance of green-house gases in
this sector reflects net accumulation as a positive balance means
absorption exceeds recorded emission.

Due to global climate change, the function of forests has long
been emphasized as a significant and natural complex green-
house gas reduction system. The Kyoto Protocol and the Paris
Agreement include the implementation of forest projects (LU-
LUCF - Land-Use, Land-Use Change, Forestry; Joint Implementa-
tion LULUCF JI) the aim of which is increasing the effectiveness
of greenhouse gas absorption within, for example, the forestry
sector. These activities include afforestation, forest manage-
ment and management of arable land or reclamation (Decision,
2013). As a result, RMU - Removal Units are established (KOBiZE,
2016). At the same time, the European Council and the European
Parliament have stressed the role of the economy in restricting
emissions. Due to the specific type of this sector, separate legal
provisions are suggested to include the land-use sector to meet

EU reduction goals. The primary goal is creating identical con-
ditions for accounting forest, farming, energetic and other sys-
tems. However, this requires an optimized monitoring system
and joint reporting (Statement of the Commission of the Euro-
pean Parliament, 2012).

In the case of forest soil carbon concentration, the main
factors influencing contentare biochemical processes and their
intensity together with plant litterfall gain (Kondraset al., 2012;
Jandlet al., 2007; Jobbagy and Jackson 2000). The soil concentra-
tion of this element is very variable. It is influenced not only by
morphological properties and soil structure but also local and
global meteorological factors. Despite numerous attempts to es-
tablish the Soil Regions for Europe Map, at this moment this is
not possible due to large data variability and significant statistic
error (Baritzet al., 2010). Undoubtedly, soils are the largest stock
of organic carbon on Earth (Schlesinger, 1997). Poland has pro-
posed introducing units of accumulated RMU emissions, gener-
ated by the forest sector in the frame of additional operations
conducted by FCF (Forest Carbon Farms) for revenue in the coal
market. Therefore this research addresses the problem of the in-
fluence of forest management on the volume of organic carbon
stock in forest soils. The basic study objective was to specify the
impact of the natural habitat fertility and the manner of forest
utilization and the history of use on the volume of the accumu-
lated carbon dioxide in a hectar of soil. The selected research
plots were in the Tuczno Forest District, where studies between
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1988 and 2018 recorded how forestes and forest soil can be used
to reduce the atmospheric carbon dioxide concentration to re-
generate these soil, increase their productivity, shape biodiver-
sity and control population dynamics (Szyszko et al., 2019). The
research stands presented in the paper are only an excerpt of
the research to be presented in subsequent publications.

2. Materials and methods

Investigations of soils were conducted in the Tuczno State
Forest District. According to the nature-forest division, the Dis-
trict is located in the 1%t Baltic Region in the 3t District of the
Waleckie-Mysliborskie Lakes, in the mesoregions of the Waleckie
Lakes (Strzalina and central and eastern Tuczno) and the Draw-
ska Plain (western Tuczno). Investigations were carried out in
six sites, representing the characteristic for this complex forest
habitat. The analyzed surfaces were overgrown by various plant
communities (Table 1). Sites 1b, 2, and 16 were overgrown by
Leucobryo-Pinetum (Sub-Atlantic fresh pine forest). Site 5 was
overgrown by Leucobryo-Pinetum towards Luzulo Pilosae-Fage-
tum, which is acidophilouslowland beech forest. In site 1a occurs
Luzulo Pilosae-Fagetum (acidophilous lowland beech forest) and
in site 21 Quercoroboris-Pinetum (continental mixed forest). The
stands in sites 1b and 16 were in age class III (website 1), in site
5-in age class IV, in sites 1a and 21 in age class V, and in site 2 in
the oldest age class VI.

SOIL SCIENCE ANNUAL

The stations 1a (compartment 321c) and 1b (compartment
321f) is composed of two forest stands. The first (1a) one is a
98-year-old (in 2013) beech stand developed from the shrub
layer and undergrowth after the removal, 40 years ago, of a 130-
year-old pine stand planted in the place of natural stands. Soil:
Brunic Arenosol, habitat type: fresh mixed broad leaved forest
(FMBF). The second forest stand is from 2013, a 40-year-old pine
stand formed after the removal, 40 years ago, of a 130-year-old
pine stand with the shrub layer and beech undergrowth with
the same history, utilisation and lookas stand la (Dymitryszyn
et al., 2013; website 2). The study plot No. 2 (compartment 339a),
pine stand in 2013 at 103 years of age, stocking 0.8, site class
(bonitation) 2. Underplanted with beech around 1970. Soil: Al-
bic Brunic Arenosol post agricultural, habitat typefresh: mixed
coniferous forest (FMCF) (Dymitryszyn et al., 2013; website 2).
Study plot No. 5 (compartment 328a) habitat type was fresh co-
niferous forest (FCF) in accordance with the forest management
plan of 1983. After habitat surveys this was fresh mixed conifer-
ous forest (FMCF) (Forest management plan of 1993) and Albic
Brunic Arenosol post agricultural soil. Pine stand at 63 years
of age in 2013, stocking 0.6, site class (bonitation) 1.0. In 1979-
1982, the stand was heavily damaged by nun moth attacks and
by snowfalls and windbreaks in the following years. The fallen
and dead trees were not removed (Dymitryszyn et al., 2013;
website 2). Study plot No. 16 (compartment 211) pine stand at
37 years of age in 2013 on post agricultural lands, habitat type
fresh mixed broad leaved forest (FMBF). Study plot No. 21 (com-
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’ Gleba rd: tasci Gleba rd:
FMBF la 321c Luzulopilosae-Fagetum age Qfgp sand moder-mullfresh eha rdzawa wiasciwa eha rezawa
(RDw) typowa (RWt)
Bk 98
10So Gleba rdzawa bielicowa Gleba rdzawa
FMCF 1 21f L -Pi § f; - fresh
C b 3 eucobryo-Pinetum age S040 Qfgp sand moder-mor fres (RDb) zbielicowana (RVb)
1080 Gleba rdzawa bielicowa Gleba rdzawa
FMCF 2 339 L bryo-Pinet f d der- fresh
a Leucobryo-Pinetum age Qfgp san moder-mor fres (RDb) porolna zbielicowana (RVb)
So0103
Leucobryo-Pinetum in 10So, Gleba rdzawa bielicowa Gleba rdzawa
FMCF 5 328 . f d der- fresh .
a Luzulopilosae- Fagetum  age So063 Qfgp  san foder-mor fres (RDb) porolna zbielicowana (RVb)
10So Gleba rdzawa bielicowa Gleba rdzawa
FMCF 16 211 L -Pinet ! f; d der- fresh
¢ eucobryo-Pinetum age So37 Qfgp  san moder-mor Ires (RDD) porolna zbielicowana (RVDb)
8So
. 1Db Gleba rd: tasci Gleba rd:
FMBF 21 182h  Querco-Pinetum 1Brz Qfgp sand moderfresh (R]ivj)r zawa wiasciwa ty;ojv; (ia‘l/‘slg
age So88

FMBF - fresh mixed broad leaved forest, FMCF - fresh mixed coniferous forest, Qfgp — Fluvio-glacial sands, So — Pine, Bk — Beech, Brz — Birch, Db — Oak
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partment 182h) pine stand about 88 years of age in 2013 with a
share of oak, beech and birch growing on forest soils in fresh
mixed broad leaved forest (FMBF) habitat (Dymitryszyn et al,,
2013; website 2).

We conducted soil excavations, morphological descriptions
and the systematic position of the soils was defined according
to the Classification of forest soils in Poland (Bialy et al., 2001),
Polish Soil Classification (2019) and according to the FAO-WRB
classification (IUSS Working Group WRB, 2015). Forest habitat
and plant community were described for each site. Soil sam-
ples were collected from the distinguished genetic horizons.
Particular parameters were determined using (Ostrowska et al.,
1991; Bednarek et al., 2004) grain size composition — Areomet-
ric method by Bouyoucos in the modification of Cassagrande
and Prészynski, grain size fractions were determined accord-
ing to PTG (2008); pH - in H,0 and 1M KCI - dm using the po-
tentiometric method; hydrolytic acidity (Hh) —using the Kap-
pen method; total organic carbon (Corg) using a Shimadzu TOC
5000A automatic analyser; total nitrogen content (Nt) — using the
modified Kjeldahl method with application of a Kjeltec-Tecator
analyzer; content of exchangeable cations — in an extract of 1M
(CH,COO)NH,; Ca and Mg - using the ASA technique; K and Na
using the flame photometry technique; bulk density of dry soil
(BD) in mineral horizons — using the weight method with 100 cm?
cylinders; for organic horizons the bulk density was applied 0.2
Mg-m after Borek (1983), Janowska and Czepinska-Kaminska
(1983) and Karczewska (2007). The following coefficients were
calculated with theC:N ratio; organic carbon stock according to
formula Zp [kg - m?] = [(h- BD - C,/10] - (1-8%); whereh - thick-
ness of the horizons (cm); BD - bulk density (Mg - m-); C,rg — DeT-
centage content of organic carbon in a particular horizon; 10
- calculation index of mass and surface units to obtain the result
in kg - m? 6 - percentage of gravel ¢ > 2 mm content (Stendhal
et al. 2010); base cations (BC Ca+ Mg+ K+ Na); cation exchange
capacity CEC=Hh (hydrolityc acidity) + BC base saturation BS =
(TEB/CECQ) - 100. Using the physical and chemical properties, and
following Lasota and Bloniska (2013), the SIG (Trophic Soil Index)
was calculated for each soil type.

SIG = W,, +W, +W_+W,,

where:

W_, — index of soil abundance in floatable particles;

W, - index of soil abundance in alkaline cations;

W, - index of acidity subdivided by the reserve of floatable
particles;

W, - index of calculated nitrogen, i.e. N, ,C? in the first mineral
horizon.

3. Results and discussion

The soils were classified according to the Classification
of Forest Soils in Poland (Bialy et al., 2001) as Brunic Arenosol
(profiles 1a and 21) with a sequence of horizons Ol-Ofh-A-ABv-
Bv-BvC-C and Albic Brunic Arenosol (profiles 1b, 2, 5, 16) with
a sequence of horizons 0l-Ofh-AEes-BvBfe-Bv-C. Classification
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of the studied soils according to other systems as presented in
Table 1. With regard to the varieties of soil subtypes, according
to the Classification of Forest Soils in Poland, all profiles fulfil
the criteria for oligotrophic soils. When assessing the quality
of the studied soils based on the habitat soil index, two trophic
varieties of soil subtypes were distinguished: profiles 1a and 2
were assigned to oligotrophic soils, and the remaining soils were
classified as dystrophic soils. According to a synthetic diagnosis
including the partial diagnoses from plants (forest stands and
undergrowth), the habitats were classified as fresh mixed broad
leaved forest (FMBF) in site 1a and 21 and mixed coniferous for-
est (FMCF) in sites 1b, 2, 5, and 16. According to anthropogenic
features distinguishing the varieties of forest soil subtypes in
sites 2, 5 and 16, post-agricultural soils were observed.

The sediments, from which the analyzed Brunic Arenosols
and Albic Brunic Arenosols were developed include glacial sands
characterised by loose sand fraction only horizon C3 in profile
16 and horizon C1 in profile 2 had a fraction of sand and loamy
sand (Table 2). They are characterized by the largest percentage
contribution of three medium (3.17% to 27.42%), fine (26.95% to
56.09%) and very fine (13.42% to 42.35%) sand fractions.

All studied soils had an acidic reaction in the entire profile,
although varying among the genetic horizons and subtype types
and varieties from very strongly acidic to acidic. The pH values
in KCl were at 2.47 in site 2 in horizon Ol to 4.92 in study plot 1a
in horizon C5. With regard to hydrolytic acidity, the ectohumus
horizon sat tained values from 32.25 cmol , kg™ (site 16 — Ol) to
81.23 cmol kg™ (site 1b — Ol) in the organic horizon and from
0.47 cmol kg™ (site 1a - C5) to 8.19 cmol kg™ (site 21 - A) in the
mineral horizon.

The sorption capacity in the ectohumus horizons was sev-
eral times higher than in the mineral horizons. The content of
particular alkaline cations in all soil profiles was similar, with
the exception of site 1a, where the content in the mineral hori-
zon was much higher than in the remaining profiles. This was
most probably due to the type and age of the forest stand. The
plant litter fall from beech stands enriches the soil in alkaline
cations, changing the physico-chemical properties of the organic
horizons and the surface mineral horizons (Ilmurzynski and
Wtloczewski, 2003).

Similar relationships were observed for total nitrogen de-
termination. The largest values were noted in site 21 in horizon
Mb1 -23.2 g-'kg* and in site 2 in the organic horizonsat 17.2 and
15.8 g-kg. In most soil profiles, total nitrogen content was not
noted in the parent material. In the analyzed soils, organic car-
bon is accumulated mainly in the organic and accumulation-hu-
mus horizons (Table 4). Rather high reserves were also noted in
sideric horizons Bv. Organic carbon was not noted in the parent
rock in profiles 2, 5 and 16, and traces occurred in profiles 1a,
1b and the biggestin 21. The organic carbon reserve, beside its
content in the soil substrate of each horizon, distinguished in
g-kg, also depends on the thickness of this horizon, the density
of dry soil and gravel content (> 2.0 mm) (Kondras et al., 2012).
The species composition (plant community) and the age of the
forest stands has a large influence on organic carbon reserves.
This factor also has large influence on the vertical distribution
of soil profile organic carbon. The analyses indicated that in

)
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Table 2
Texture of soils

The Percent of granulometric fractions in diameter in mm Texture
study (}(Il(;rizon >02 o 0.05- 002~  0.005- class
plot pth cm) (%] 20-10  10-05 05025 025-0.1 01-005 "\ oo oo <0002 (prG 2008]
A(0-8) 0 0 7 17 33 37 2 4 0 0 sand
ABV (8-19) 0 0 3 12 43 36 2 3 0 0 sand
Bv1 (19-35) 2 3 2 12 54 27 2 1 0 0 sand
BV2 (35-46) 3 2 3 12 60 22 2 0 0 0 sand
1a C1 (46-70) 0 0 1 3 79 16 1 0 0 0 sand
C2 (70-94) 0 0 2 10 68 17 2 0 0 0 sand
C3 (94-140) 0 0 4 14 43 38 0 0 0 0 sand
C4 (140-190) 0 0 3 4 57 32 3 0 0 0 sand
C5 (190-200) 0 0 1 5 76 16 2 0 0 0 sand
AEes (0-10) 0 0 3 11 50 32 1 3 0 0 sand
BvBhfe (10-20) 2 2 5 12 51 31 0 0 0 0 sand
Bv1 (20-50) 2 2 4 10 58 26 1 0 0 0 sand
» BV2 (50-76) 1 3 6 2 43 34 3 0 0 0 sand
C1 (76-108) 0 0 1 8 69 20 2 0 0 0 sand
C2 (108-180) 0 0 1 6 76 13 3 0 0 0 sand
ApEes (0-21) 0 0 3 24 29 42 2 0 0 0 sand
BvBhfe (21-52) 1 1 4 13 39 37 3 4 0 0 sand
2 C1 (dark) (52-110) 1 3 8 21 27 30 7 7 0 0 sand
C1 (bright) (52-110) 0 0 3 12 55 26 5 0 0 0 sand
C2 (110-180) 0 0 2 16 55 23 3 0 0 0 sand
ApEes (0-21) 0 0 4 22 40 26 5 2 1 0 sand
BvBhfe (21-42) 2 2 5 10 54 26 5 0 0 0 sand
5 C1 (42-70) 0 0 5 10 45 31 8 0 0 0 sand
C2 (70-120) 0 0 5 19 37 32 7 0 0 0 sand
C3 (120-180) 0 0 5 27 27 34 7 0 0 0 sand
ApEes (0-5) 0 0 3 13 51 28 3 1 1 0 sand
Ap (5-26) 0 0 2 14 56 23 3 2 0 0 sand
BvBhfe (26-51) 0 0 3 15 53 28 2 0 0 0 sand
16 C1(51-64) 0 0 1 17 56 26 0 0 0 0 sand
C2 (64-104) 0 0 7 23 31 33 4 1 0 0 sand
C3(104-160) 0 0 4 18 41 20 17 0 0 0 loamy sand
C4 (160-200) 0 0 1 11 53 19 15 0 0 0 sand
A(0-11) 0 0 1 7 32 55 2 2 0 0 sand
ABv (11-24) 0 0 2 8 33 53 3 1 0 0 sand
BV (24-58) 0 0 1 8 43 45 2 0 0 0 sand
C1(58-95) 0 0 1 5 41 50 3 0 0 0 sand
€2 (95-101) 0 0 1 3 33 62 1 0 0 0 sand
“ Mb1iMb2 (101-104) - - - - - - - - - - -
AEesb (108-125) 0 0 3 19 35 41 3 0 0 0 sand
Eesb (125-131) 0 0 3 20 29 41 7 0 0 0 sand
BvBfeb (131-162) 0 0 3 19 35 41 2 1 0 0 sand
Cb (162-200) 0 0 2 19 39 35 4 0 0 0 sand
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Table 3
Selected soil physico-chemical properties

The plot Depth PH [cmol,, kg']
study Horizon [cm] in H,0 in KCI Hh* Caz* Mg? K Na* BC CEC BS [%]
la 01 0-1 4.21 4.01 39.45 31.42 7.25 0.97 0.12 39.76 79.21 50.2
Ofh 1-3.5 4.13 3.99 48.20 27.64 2.25 0.63 0.09 30.61 78.81 38.8
A 0-8 4.21 4.00 6.31 1.04 0.12 0.42 0.04 1.62 7.93 20.4
ABvV 8-19 453 3.81 4.13 0.55 0.05 0.05 0.03 0.68 4.81 14.1
Bvl 19-35 4.73 4.43 2.75 0.05 0.00 0.03 0.02 0.10 2.85 35
Bv2 35-46 4.64 4.41 2.10 0.12 0.02 0.03 0.02 0.19 2.29 8.3
C1 46-70 4.99 4.74 0.83 0.12 0.02 0.02 0.01 0.17 1.00 17.0
c2 70-94 4.67 4.72 0.71 0.13 0.02 0.02 0.00 0.17 0.88 19.3
C3 94-140 4.96 4.72 0.62 0.02 0.00 0.02 0.00 0.04 0.66 6.1
C4 140-190 5.58 4.73 0.57 0.32 0.04 0.03 0.00 0.39 0.96 40.6
C5 190-200 5.91 4.92 0.47 0.33 0.05 0.02 0.01 0.41 0.88 46.5
1b ol 0-1 3.65 2.83 81.23 24.17 7.32 1.11 0.19 32.79 114.02 28.8
Ofh 1-7 3.75 2.98 70.65 17.32 1.37 0.85 0.09 19.54 90.28 21.7
AEes 0-10 4.30 3.64 5.75 0.33 0.01 0.07 0.02 0.43 6.18 6.9
BvBhfe 10-20 4.68 4.30 3.47 0.06 0.01 0.04 0.01 0.12 3.59 3.3
Bvl 20-50 4.91 4.59 1.61 0.04 0.00 0.04 0.01 0.09 1.70 5.2
Bv2 50-76 4.72 4.45 0.96 0.03 0.00 0.03 0.01 0.07 1.03 6.8
C1 76-108 4.81 4.56 0.83 0.06 0.00 0.04 0.01 0.11 0.94 11.6
C2 108-180 5.04 4.43 0.71 0.16 0.01 0.03 0.01 0.21 0.92 22.7
2 0l 0-2 2.91 2.47 73.35 21.60 0.63 0.88 0.33 23.44 96.79 24.2
Ofh 2-10 2.93 2.55 58.46 16.64 0.53 0.23 0.15 17.55 76.01 23.1
ApEes 0-21 4.84 4.29 2.76 0.24 0.03 0.04 0.02 0.33 3.09 10.7
BvBhfe 21-52 5.03 4.60 1.77 0.16 0.02 0.04 0.03 0.25 2.02 124
C1 52-110 5.04 4.05 1.47 0.87 0.38 0.24 0.00 1.49 2.96 50.4
C1 52-110 4.98 4.48 1.35 0.06 0.01 0.05 0.00 0.12 1.47 8.2
Cc2 110-180 5.54 4.57 0.83 0.27 0.04 0.06 0.00 0.37 1.20 30.8
5 ol 0-1 4.02 3.89 77.32 23.24 1.03 1.00 0.16 25.43 102.75  24.8
Ofh 1-6 4.13 3.95 74.55 11.47 0.99 0.67 0.17 13.30 87.85 15.1
ApEes 0-21 4.84 4.30 3.23 0.07 0.01 0.03 0.03 0.14 3.37 4.1
BvBhfe 21-42 5.27 4.69 1.64 0.19 0.02 0.03 0.03 0.27 1.91 14.1
C1 42-70 5.40 4.71 0.92 0.04 0.00 0.03 0.01 0.08 1.00 7.9
Cc2 70-120 5.43 4.67 0.87 0.20 0.01 0.04 0.01 0.26 1.13 22.9
C3 120-180 5.24 4.64 0.83 0.24 0.03 0.03 0.00 0.30 1.13 26.6
16 ol 0-1 3.85 3.27 32.25 17.07 0.84 0.76 0.13 18.80 51.05 36.8
Ofh 1-4 4.40 3.93 33.45 15.45 0.63 0.17 0.13 16.38 49.83 32.9
ApEes 0-5 3.77 3.56 6.23 0.33 0.05 0.09 0.01 0.48 6.71 7.2
Ap 5-26 4.51 4.00 3.44 0.20 0.03 0.04 0.01 0.28 3.72 7.5
BvBhfe 26-51 5.06 4.51 1.22 0.15 0.02 0.03 0.02 0.22 1.44 15.3
C1 51-64 5.04 4.55 0.77 0.15 0.02 0.03 0.01 0.21 0.98 21.4
Cc2 64-104 4.98 4.36 1.23 0.17 0.02 0.03 0.00 0.22 1.45 15.2
C3 104-160 5.95 4.57 0.93 1.12 0.15 0.02 0.00 1.29 2.22 58.1
C4 160-200 5.25 4.38 0.78 0.35 0.03 0.03 0.00 0.41 1.19 34.5
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The plot Depth PH [cmol,, kgl

study Horizon [cm] in H,0 in KCI Hh* Ca?* Mg K Na* BC CEC BS [%]

21 (0} 0-1 4.35 4.11 47.10 29.76 6.50 0.99 0.21 37.46 84.56 44.3
Ofh 1-2 4.40 3.78 39.45 11.40 1.50 0.75 0.13 13.78 53.23 25.9
A 0-11 443 3.58 8.19 0.48 0.20 0.06 0.04 0.78 8.97 8.7
ABv 11-24 4.43 4.04 3.71 0.10 0.10 0.01 0.03 0.24 3.95 6.1
Bv 24-58 5.33 4.49 1.49 0.05 0.00 0.01 0.03 0.09 1.58 5.7
C1 58-95 5.34 4.70 1.76 0.02 0.00 0.01 0.02 0.05 1.81 2.7
C2 95-101 4.68 4.04 2.45 0.13 0.00 0.01 0.01 0.15 2.60 5.7
Mb1 101-104 3.79 3.44 3.87 3.99 0.20 0.05 0.02 4.26 8.13 52.4
Mb2 104-108 3.81 3.50 3.01 2.35 0.11 0.07 0.02 2.55 5.56 45.8
AEesb 108-125 4.79 4.23 1.89 0.15 0.00 0.00 0.00 0.15 2.04 7.4
Eesh 125-131 5.05 4.56 1.58 0.13 0.00 0.03 0.00 0.16 1.74 9.2
BvBfeb 131-162 5.60 4.91 1.73 0.80 0.01 0.03 0.01 0.85 2.58 32.9
Cb 162-200 5.26 4.78 1.01 0.11 0.00 0.03 0.00 0.14 1.15 12.2

Explanation: *Hh - hydrolityc acidity, BC — base cations, CEC — cation exchange capacity. BS — base saturation

plant communities like Luzulopilosae-Fagetum or Querco-Pin-
etum, most of the organic carbon stock is accumulated in soil
mineral horizonsat 84% in site 21 and 82.8% in study plot 1a.
Comparison of the 1a and 1b research area shows the influence
of beech stand on the shaping of organic carbon stocks in forest
soils as regards total stocks and soil profile vertical distribution.
The sites have two forest stands. The first is a 90 years old (1a)
and formed from under brushes and saplings after removal of a
130-year old pine stand planted instead of natural forest stands
42 years ago. The second stand is 42 a year-old pine wood (1b)
formed after the complete removal of a c. 130-year old pine stand
with under brush with beech saplings, and the same history of
utilisation and look as the stand as site 1a stand (Dymitryszyn et
al,, 2013). The type of forest management in the analyzed sites
had large influence on the content and stocks of soil organic car-
bon and other physico-chemical soil properties (Table 4). Higher
organic carbon stocks were noted in the beech stand than in
the pine stand sites. The organic carbon content in particular
genetic horizons and its stocks are also variably distributed
among the stands. In the 1b beech stand site, higher stocks of
organic carbon were noted in the mineral horizons in compari-
son to the organic horizons, with a ratio of 82.8% to 17.2%. In
turn, in the pine stand site, higher stocks of organic carbon were
noted in the organic horizons (58.4%) in relation to the mineral
horizons (41.6%). In the studied interval, a significant increase
of the content of organic carbon was observed in humus and
sideric horizons. Some authors have observed increase of or-
ganic carbon content particularly in the surface part of forest
soil (Post and Kwon, 2000; Vesterdal et al., 2002). Litter fall and
beech leaf decomposition also contributed to the transforma-
tion of soil physical-chemical properties. Soil acidity decreased,
whereas the content of alkaline cations and total nitrogen in-
creased. These results confirm other authors’ reports (Ritter,
2005; Annunzio et al., 2008). The study sites can be considered as
reference areas in Forest Carbon Farms for parts of forests with
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scheduled forest management activities modified to increase the
accumulation of organic carbon (additional forestry activities).
Instruction no. 2 of the General Director of State Forests of 17®
January 2017 (Instruction 2017) recommends increasing under
brush cover and changing forest protection style to protect from
damage caused by game and other biotic and abiotic factors. The
influence of beech under brush on soil organic carbon stocks
has been noted in the studied sites. In site 5 significant damage
caused by nun moth was observed in 1979-1982, followed by
windfall and snow break in the following years (Dymitryszyn et
al,, 2013). This could have caused a decrease of organic carbon
stocks, when compared to site 1b with a similar structure of the
forest stand in a lower age class with much larger stocks of or-
ganic carbon.

The studies have also shown the post-arable influence on
organic carbon stocks. In post agricultural soils, organic carbon
stock was much lower (the average stock of organic carbon was
55.53 Mg-ha) than in forest soils that were not subject to ag-
riculture (averagely 101.23 Mg-ha™). Studies have indicated the
significant role of forest management and its modifications on
the increase of soil organic carbon stock. In the analyzed case,
a critical role was played by the introduction of beech forest
stands modifying soil sorption complex properties. The results
may be a base to conduct a larger-scale project with regard to
Instruction no. 2 of the General Director of State Forests of 17®
January 2017 (Instruction 2017). It should be emphasized that
the project would directly answer the regulations of the Paris
Agreement 1.282/4 0f 19.10.2016 on climate change. According to
article 5, point 2, the agreement encourages to take actions to im-
plement and support, also through results-based payments, the
existing framework as set out in related guidance and decisions
already agreed under the Convention for policy approaches and
positive incentives for activities relating to reducing emissions
from deforestation and forest degradation, and the role of con-
servation, sustainable management of forests and enhancement
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Table 4

Influence of forest management on soil organic carbon stocks

Organic carbon and total nitrogen content, C:N ratio, bulk density and carbon stocks

The Genetic Depth Org C Nt C:N BD* SIG” Stock of org C
plot horizon In horizons Inprofile Inhorizons (organic and
study mineral) in % of stock in profile
cm [g'kg] g-em® [kg'm?] [kg-m?] %
la 0l 0-1 315.6 15.2 20.8 0.2 16 0.63 10.76 5.87 17.18
Ofh 1-3.5 2434 10.6 23.0 0.2 1.22 11.31
A 0-8 42.4 34 12.5 1.31 4.44 41.31
ABv 8-19 14.6 1.3 11.2 1.42 2.28 21.20
Bv1 19-35 6.9 0.8 8.6 1.42 1.58 14.57 82.82
Bv2 35-46 0.9 0.1 9.0 1.43 0.14 1.32
C1 46-70 0.7 0.1 7.0 1.50 0.25 2.34
Cc2 70-94 0.6 0.1 6.0 1.55 0.23 2.07
c3 94-140 0 0 0 1.55 0 0
C4 140-190 0 0 0 1.55 0 0
C5 190-200 0 0 0 1.55 0 0
1b 0l 0-1 368.7 14.6 25.3 0.2 9 0.74 8.45 8.73 58.38
Ofh 1-7 349.6 14.0 25.0 0.2 4.20 49.65
AEes 0-10 10.8 0.8 13.5 1.31 1.42 16.74
BvBhfe 10-20 6.6 0.5 13.2 1.42 0.94 11.09
Bvl 20-50 1.2 0.2 6.0 1.43 0.52 6.09 41.62
Bv2 50-76 0.8 0.1 8.0 1.51 0.31 3.72
C1 76-108 0.7 0.1 7.0 1.50 0.34 3.98
C2 108-180 0 0 0 1.55 0 0
2 0l 0-2 276.5 17.2 16.1 0.2 18 1.11 6.04 18.32 80.84
Ofh 2-10 235.8 15.8 14.9 0.2 3.77 62.51
ApEes 0-21 3.2 0.2 16.0 1.32 0.89 14.7
BvBhfe 21-52 0.6 0.2 3.0 1.45 0.27 4.47
Cl(dark) 52-110 0 0 0 1.52 0 0 19.16
C1(white) 52-110 0 0 0 1.46 0 0
C2 110-180 0 0 0 1.60 0 0
5 0l 0-1 372.6 15.6 239 0.2 10 0.75 5.73 13.01 74.77
Ofh 1-6 353.6 14.3 24.7 0.2 3.54 61.76
ApEes 0-21 4.0 0.4 10.0 1.38 1.16 20.25
BvBhfe 21-42 0.9 0.2 4.5 1.51 0.28 4.98
C1 42-70 0 0 0 1.60 0 0 25.23
C2 70-120 0 0 0 1.60 0 0
C3 120-180 0 0 0 1.56 0 0
16 0l 0-1 302.5 10.7 28.3 0.2 12 0.60 4.89 14.03 45.58
Ofh 1-4 298.2 9.4 31.7 0.2 1.79 28.72
ApEesl 0-5 9.1 0.8 11.4 1.29 0.59 20.25
ApEes2 5-26 4.3 0.5 8.6 1.33 1.20 4.98
BvBhfe 26-51 2.0 0.1 20 1.43 0.71 0 54.42
C1 51-64 0 0 0 1.51 0 0
C2 64-104 0 0 0 1.49 0 0
c3 104-160 0 0 0 1.59 0
C4 160-200 0 0 0 1.48 0
21 0l 0-1 311.3 14.2 21.9 0.2 12 0.62 11.16 5.58 8.9
Ofh 1-2 185.4 10.4 17.8 0.2 0.37 3.32
A 0-11 15.6 1.2 13.0 1.23 211 18.91
ABv 11-24 7.7 0.8 9.6 1.29 1.29 11.57
Bv 24-58 1.1 0.1 11.0 1.36 0.51 4.56 91.1
C1 58-85 0 0 0 1.45 0 0
C2 95-101 2.7 0.3 9.0 1.39 0.22 2.02
Mb1 101-108 271.6 23.2 11.7 0.4 3.26 29.2
Mb2 108-108 97.4 8.3 11.7 0.4 1.17 10.47
AEesb 108-125 2.2 0.3 7.3 1.32 0.49 442
Eesb 125-131 1.1 0.2 5.5 1.38 0.09 0.82
BvBfeb 131-162 14 0.2 4.7 1.51 0.65 5.87
Ch 162-200 0.6 0.2 3.0 1.60 0.36 3.27

Explanation*: BD - Bulk density, SIG — Trophic Soil Index
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of forest carbon stocks as well as alternative policy approaches
like joint mitigation of climate change and adaptation for the
integral and sustainable management of forests (Decision 2016).
The scheduled implementation of the concept of Forest Carbon
Farms to international economic practice would increase for-
est significance in the process of stabilizing CO, concentration
in the atmosphere and increasing additional forest ecosystem
functions in bearing public burdens (Drabarczyk, 2016). Similar
FCF concepts are realized in other countries like Sweden (The
Swedish Environmental Protection Agency 2006) or Australia
(Website 2).

4. Conclusions

1. Beech forest stand formed from undergrowth and saplings
after removal of pine stands accumulated over 20% more
organic carbon content.

2.  Under a beech stand, much more organic matter is accumu-
lated in mineral horizons than in organic horizons.

3. Itseems valid to introduce beech undergrowth and saplings
into pine forest stands in succeeding generations.

4. The experiment should applied in a wider scale in Forest
Carbon Farms.

6. In post agricultural soils, the stock of organic carbon was
much lower (average organic carbon stock at 55.53 Mg-ha™)
than in forest soils that were not subject to agriculture (av-
eragely 101.23 Mg-ha™).

References

Annunzio, R,, Zeller, B., Nicolas, M., Dhote, J.F., Saint-Andre, L. 2008. De-
composition of European beech (Fagus sylvatica) litter: Combining
quality theory and 15N labelling experiments. Soil Biology and Bio-
chemistry 40, 322-333.

Baritz, R., Seufert, G., Montanarella, L., Vanranst, E., 2010. Carbon con-
centrations and stocks in forest soils of Europe; Forest Ecology and
Management 260(3), 262-277.

Bednarek, R., Dziadowiec, H., Pokojska, U., Prusinkiewicz, Z., 2004. Ba-
dania ekologiczno-gleboznawcze. [Ecological and soil science of the
study] Warszawa. Wydawnictwo PWN: 344 ss.

Bialy, K., Brozek, S., Chojnicki, J., Czepiniska-Kaminska, D., Januszek, K.,
Kowalski, A., Krzyzanowski, A., Okolowicz, M., Sienkiewicz, A., Skiba,
S., Wejcik, J., Zielony, R., 2000. Klasyfikacja gleb lesnych Polski. [Clas-
sification of forest soils of Poland]. Centrum Informacyjne Laséw
Panstwowych, Warszawa: 127 ss.

Borek, S., 1983. Niektore wiasciwosci fizyczne gleb Rezerwatu Granica w
Kampinoskim Parku Narodowym. Wplyw dzialalno$ci cztowieka na
$rodowisko glebowe w Kampinoskim Parku Narodowym. [Selected
physical properties of soils in the Granica Reservation in the Kampi-
noski National Park. Influence of human activity on the soil environ-
ment in the Kampinoski National Park] Wyd. SGGW-AR, Warszawa:
73-80.

Decision 16/CMP.1 of 21 May 2013 on the rules of reporting and activity
plans related to the emmission and absorption of greenhouse gases
due to land-use, land-use change and forestry.

Decision Council (EU) 2016/1841 of 5 October 2016 on the conclusion, on
behalf of the European Union, of the Paris Agreement adopted under
the United Nations Framework Convention on Climate Change

172

SOIL SCIENCE ANNUAL

Drabarczyk, J., 2016. Zatrzymac wegiel w lesie [Retaining carbon in for-
ests] w: Glos lasu, numer 1 (543) styczen 2016.

Dymitryszyn, L., Szyszko, J., Rylke, J., 2013. Terenowe metody oceny i wy-
ceny zasob6éw przyrodniczych. [Field methods of assessing and valu-
ation of natural resources] Wydawnictwo SGGW. 264 ss.

Ilmurzynski, E., Wloczewski, T., 2003. Hodowla lasu. [Forest cultivation]
Panstwowe Wydawnictwo Rolnicze i Le$ne. 539 ss.

1USS Working Group WRB, 2015. World Reference Base for Soil Resources
2014, update 2015. International soil classification system for nam-
ing soils and creating legends for soil maps. World Soil Resources
Reports No. 106. FAO, Rome.

Jandl, R., Linder, M., Vesterdal, L., Bram, B., Baritz, R.., Hagendorf, F.,
Johnson, D., Minkkinen, K., Byrne, K., 2007. How strongly can forest
management influence soil carbon sequestration? Geoderma 137,
253-268.

Janowska, E., Czepiniska-Kaminska, D., 1983. Ksztalttowanie sie wlasciwo-
$ci sorpcyjnych ektopréchnicy niektérych gleb KPN. [Shaping of the
sorption properties of ectohumus in some soils of the Kampinoski
National Park] (w) Wplyw dzialalno$ci cztowieka na Srodowisko gle-
bowe w Kampinoskim Parku Narodowym. Wyd. SGGW: 47-58.

Jobbagy, E.G., Jackson, R.B., 2000. The Vertical Distribution of Soil Organic
Carbon and its Relation to Climate and Vegetation, Ecological Appli-
cations 10(2), 423-436

Karczewska, A., Szopka, K., Bogacz, Kabala, C., Duszynska, D., 2007. Roz-
wazania nad metodyka monitoringu gleb strefy lesnej Karkonoskie-
go Parku Narodowego (KPN) — w swietle zréznicowania wlasciwosci
tych gleb. [Speculations on the methods of monitoring soils in the fo-
rest zone of the Karkonoski National Park] - In: Stursa J. & Knapik R.
(eds), Geoekologické problémy Krkonos. Shorn. Mez. Véd. Konf., fijen
2006, Svobodan. Upou. Opera Corcontica 44, 1, 95-105

KOBIZE, 2016. Report entitled Analysis of the possibilities of using ab-
sorption to report greenhouse gases in the 2030 perspective, Warsaw,
29 February 2016, p. 3.

Statement of the Commission of the European Parliament, of the Council,
of the European Economic-Social Commitee and the Regions Com-
mitee, of 13 March 2012 on impact assessment of the role of land use,
land use change and forestry (LULUCF) in the EU’s climate change
commitments.

Kondras, M., Czepinska-Kaminska, D., Sienicka, P., Otreba, A., Torzew-
ski, K., Oktaba, L. 2012. Zapas wegla organicznego gleb lesnych ze-
spolu kontynentalnego boru mieszanego $wiezego w Kampinoskim
Parku Narodowym [Organic carbonstock in forest soils of the conti-
nental mixed fresh coniferous forest assemblage in the Kampinoski
National Park], Roczniki Gleboznawcze — Soil Science Annual 63(4),
26-33.

Lasota, J., Blonska, E., 2013. Siedliskoznawstwo le$ne na nizinach i wyzy-
nach Polski. [Forest habitats in Polish lowlands and highlands] Wy-
dawnictwo Uniwersytetu Rolniczego w Krakowie: 25-42.

Ostrowska, A., Gawlinski, S., Szczubialka, Z., 1991. Metody analizy
i oceny wlasciwosci gleb i roédlin. [Methods of analysis and assess-
ment of soil and plant properties] Warszawa, Instytut Ochrony
Srodowiska, 334 ss.

Paris Agreement, 2016. Official Journal of the European Union of 19 oc-
tober 2016, L.282/4.

Post, WM., Kwon, K.C., 2000. Soil carbon sequestration and land-use
change: processes and potential. Global Change Biology 6, 317-327.

Ritter, E., 2005. Litter decomposition and nitrogen mineralization in new-
ly formed gaps in a Danish beech (Fagus sylvatica) forest. Soil Biology
and Biochemistry 37, 1237-1247.

Schlesinger, W.H., 1997. Biogeochemistry, an analysis of global change.
Academic Press, San Diego, California, USA

Stendhal, J., Johansson, M.-B., Eriksson, E., Langvall, O., 2010. Soil organic
carbon in Swedish spruce and pine forests-differences in stock levels
and regional pattern. Silva Fennia 33(1), 5-21.



SOIL SCIENCE ANNUAL

Szyszko, J., Dymitryszyn, L., Szwerk, A., Szyszko-Podgoérska, K., Jojczyk, A.,
Bodzenta, M., Salek, P, Pliszka, P., 2019. ,Las dla ludzkosci w Tucz-
nie”. Cz. 1 — ,Forest for humanity in Tuczno”. Part 1. Wydawnictwo
SGGW, 2019.

Polish Soil Science Society, 2009: Klasyfikacja uziamienia gleb i utworéw
mineralnych - PTG 2008. Soil Science Annual 60( 2), 5-16.

Polish Soil Classification (Systematyka Gleb Polski), 2019, Polskie Towa-
rzystwo Gleboznawcze, Komisja Genezy, Klasyfikacji i Kartografii
Gleb, Warszawa.

The Swedish Environmental Protection Agency., 2006. The Integration of
LULUCF in the EU’s Emissions Trading Scheme to mitigate Climate

Influence of forest management on soil organic carbon stocks

Vesterdal, L., Ritter, E., Gundersen, P., 2002. Change in soil organic car-
bon following afforestation of former arable land. Forest Ecology and
Management 169, 137-147.

Instruction no. 2 of the General Director of State Forests of 17 January
2017 on the realization as a joint venture of organizational units of
State Forests of a pilot development project “Forest Carbon Farms”

Website 1: https://www.bdl.lasy.gov.pl/portal/k

Website 2:https://www.bdl.lasy.gov.pl/portal/mapy

Website3: https://www.environment.gov.au/climate-change/carbon-neu-
tral/carbon-neutral-program

Change, Stockholm .

Slowa kluczowe

Gospodarka lesna
Zapas wegla
Sekwestracja wegla
Gleby

Wplyw gospodarki lesnej na zapasy wegla organicznego w glebach

Streszczenie

W pracy przeprowadzono analizy fizyko-chemiczne gleb na szesciu stanowiskach réznych sied-
lisk w Nadle$nictwie Tuczno. Podstawowym celem badan byto okres§lenie wplywu zyzno$ci natu-
ralnego siedliska oraz sposobu uzytkowania lasu i historii uzytkowania w przeszlosci na sekwe-
stracje dwutlenku wegla w postaci wegla organicznego na hektarze. Podjeto prébe oszacowania
w kazdym poziomie genetycznym oraz w calym profilu glebowym wybranych gleb zapasu wegla
organicznego oraz obliczono wskaznik siedliskowy indeks glebowy SIG. W badanych glebach
analizowano sklad granulometryczny, zawarto$ci wegla organicznego oraz azotu ogdélnego,
stosunek C:N i wlasciwosci sorpcyjne. Drzewostan bukowy powstaly z podszytéw i podrostéw
po usunieciu drzewostanu sosnowego zgromadzil ponad 20% wigcej wegla organicznego niz
drzewostan sosnowy o takiej samej historii powstania. Zauwaza sie wplyw podszytu bukowego
na zwiekszenie zapaséw wegla organicznego w glebach. Badania wykazaly wplyw gospodarki
le$nej na zapasy wegla organicznego w badanych glebach. W glebach porolnych zasoby wegla
organicznego byly znacznie nizsze (Srednie zapasy wegla organicznego wyniosty 55,53 t-ha™) niz
w glebach les$nych, ktére nigdy nie byly uprawiane rolniczo (Srednio 101,23 t-ha?)
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