Acta Geodyn. Geomater., Vol. 15, No. 4 (192), 339-348, 2018 B GromnTaRiALIA

DOI: 10.13168/AGG.2018.0025 -

journal homepage: https://www.irsm.cas.cz/acta

ORIGINAL PAPER

DYNAMICS OF ORGANIC MATTER IN SOILS FOLLOWING A CHANGE IN
LANDUSE ON PERMO-CARBONIFEROUS ROCKS IN THE CESKY BROD AREA

(CZECH REPUBLIC)

Zinaida S. Artemyeva ", Anna Zigova 2 *,
Natalia P. Kirillova * and Martin Stastny ?

V. V. Dokuchaev Soil Science Institute, Pyzhevsky lane 7 building 2, 119017 Moscow, Russia
2 Institute of Geology of the Czech Academy of Sciences, Praha 6, Rozvojovd 269, 165 00 Czech Republic
¥ Soil Science Faculty, Moscow State University, Leninskie Gory 1-12, 119991 Moscow, Russia

*Corresponding author s e-mail: zigova@gli.cas.cz

ARTICLE INFO

ABSTRACT

Article history:

Received 11 September 2018
Accepted 29 October 2018
Auvailable online 7 November 2018

Keywords:

Organic matter
Granulo-densimetric fractionation
Sonification

Light fractions

Organic matter properties of soils were studied in a territory covered by Stagnosols after
afforestation. We quantified the impact of afforestation on the amount and distribution of free
organic matter, microaggregates (unstable and stable under low-intensity sonification) and their
components in the upper horizons of former arable soils overgrown by different species of forest
vegetation. The duration of 45 years after afforestation was revealed to be not sufficient for
a complete renewal of soil humus state, which appears only after till 115 years of the duration of
forest cenosis. The carbon storage in light fractions remains lower by 21-40 % relative to that of
forest soil, including significant losses of free organic matter (42-58 %) and occluded organic
matter (12-33 %), which present the most active part of soil organic matter. The positive impact
of the deposit regime, expressed by a sharp improvement of the carbon cycle balance, is reflected
by the Cunstable/Cstable Tatio, which decreases from 6.2 in arable soil to 2.4 on average in forest

Organo-clay complexes
Permo-Carboniferous rocks
Landuse

stands.

INTRODUCTION

Afforestation of agricultural soils is an important
tool for improving the landscape structure and its
ecological stability. This trend was reflected in the
composition of soil cover of the Czech Republic in the
last fifty years. The area of arable soils has decreased
from 3351570 ha to 2965606 ha and the area of forest
soils has increased from 2599628 ha to 2669850 ha
(Cesky titad zeméméfticky a katastralni, 2017).

Studies about the influence of change in landuse
on soils in the Czech Republic usually involve data
about aggregate stability, biological characteristics,
chemical properties and soil structure. Such
information can be found in the studies of Podrazsky
and Ulbrichova (2004), Holubik et al. (2014), Vacek
et al. (2016) and Artemyeva et al. (2017).

Soil carbon dynamics during afforestation is very
important due to its role in terrestrial ecosystem
carbon balance and the global carbon cycle.
Evaluation of soil organic carbon based on various
chemical, physical and physicochemical analyses has
been made by Podrazsky et al. (2009, 2015), Korkang
(2014), and Szoboszlay et al. (2017). The method of
granulo-densimetric fractionation allows isolation of
functionally  important soil  organic  matter
components, which are relatively homogeneous with
regard to morphological features, chemical

composition, and resistance to mineralization. This
approach of evaluate of organic carbon was published
in the papers of Artemyeva et al. (2009, 2013),
Kalinina et al. (2013, 2015), Popelau and Don (2013),
Artemyeva and Kogut (2016) and Li et al. (2016). The
distribution of organic matter on this basis has not
been described yet from soils of the Czech Republic.
The aim of this study is to characterize the
dynamics of the different organic matter pools in
upper horizons of soils following a change in landuse.

MATERIAL AND METHODS

The research area lies in the Blanice Graben
which is a major fault system 200 km long, trending
NNE-SSW. This basin has been preserved in
a discontinuous series of relics of which the most
important are the Cesky Brod relic in the north and the
Ceské Budgjovice relic in the south. The Blanice
Graben is filled with Permo-Carbononiferous sand-
and clay-dominated sediments with red coloration
deposited at 305 to 300 Ma. Holub (2001)
distinguished four units within the sedimentary fill:
the Peklov and Lhotice Members of the Cerny
Kostelec Formation and the Chynov and Bulanka
Members of the Cesky Brod Formation. The studied
locality lies in the Chynov Member which consists of
sandstones and arkoses. The characteristic rock of the
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Fig. 1 Localization of the soil profiles.

studied area is arkose. It consists of monocrystalline
and polycrystalline quartz, K-feldspar, plagioclase and
a small amount of clay minerals.

The study sites lie approximately 45 km
southeast of Prague (Fig. 1). Selection of soil profiles
was guided by a soil survey. The soils were described
in the field according to Jahn et al. (2006). Individual
soil profiles are classified according to IUSS Working
Group WRB (2015) as Stagnosols. Data including
coordinates, vegetation and landuse are shown in
Table 1.

The area of Krymlov 2 is a forest 115 year in age
with 50 % Scots pine (Pinus sylvestris L.) and 50 %
Norway spruce (Picea abies). The site of Krymlov 3
represents arable soil with oilseed rape (Brassica
napus). The research was also conducted at sites with
a different type of forest: 45 years in age, established
on former agricultural lands. These sites were
afforested by white birch (Betula alba — Krymlov 5),

Scots pine (Pinus sylvestris L. — Krymlov 6) and
Douglas fir (Pseudotsuga menziesii — Krymlov 7).

Basic chemical properties such as pHuzo, pHkcei
and cation exchange capacity were discussed by
Artemyeva et al. (2017). These data are summarized
in Table 2.

Physical properties of soils except O horizons
were determined in undisturbed core samples 100 cm’
in volume. Steel cylinders of this volume were
pressed into the soil and measured using the standard
method (Dane and Topp, 2002).

Different methods are currently applied to study
carbon distribution in various organic matter pools
(Blanco-Canqui and Lal, 2004). The results obtained
depend on the method selected (Ashamn et al., 2003).
We used a modified variant of granulo-densimetric
fractionation (Artemyeva and Kogut, 2016). This
scheme allows subdividing soil microaggregates into
four groups according to their stability to sonification,
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Table 1 Basic information about the studied sites.

Locality Coordinate N Coordinate E Vegetation Landuse
Krymlov 2 49°56'40.1" 14°55'32.6" 50 % Norvay spruce + 50 % Scots pine Forestry 115 years in age
Krymlov 3 49°56'47.7" 14°55'30.4" Oilseed rape Crop agriculture
Krymlov 5 49°56'43.6" 14°55'30.3" White birch Forestry 45 years in age
Krymlov 6 49°56'40.9" 14°55'28.9" Scots pine Forestry 45 years in age
Krymlov 7 49°56'39.7" 14°55'30.9" Douglas fir Forestry 45 years in age
Table 2 Chemical and physical properties.
Locality Horizon Depth pPHuz20* pHko® CEC* BD PD P
cm mM.100 g g.cm” g.cm” %
Krymlov2 Ahg 0-14 3.75 3.16 13.54 1.36 2.48 45.30
Bgl 14-65 443 3.38 16.40 1.71 241 29.05
Bg2 65-88 4.65 3.43 8.11 1.82 2.40 24.17
Cg 88-117 4.92 3.56 15.23 1.89 242 21.90
Krymlov3 Apg 0-18 5.60 4.84 16.90 1.34 242 44.84
AhgBgl 18-31 5.94 5.05 11.75 1.56 2.40 35.63
Bgl 31-85 4.78 3.64 14.29 1.69 2.36 28.39
Bg2 85-110 4.90 3.53 18.99 1.72 241 28.43
Cg 110-130 5.05 3.41 17.16 1.75 2.36 25.85
Krymlov5 Ahg 0-11 4.61 3.83 11.06 1.35 2.34 42.16
AhgBgl 11-22 4.53 3.79 10.17 1.37 2.37 42.05
Bgl 22-50 4.61 3.63 16.01 1.58 2.33 32.04
Bg2 50-90 4.57 3.53 14.85 1.84 2.32 22.47
Cg 90-114 4.62 3.55 11.91 1.97 2.32 15.08
Krymlov 6 Ahg 0-19 4.05 3.49 11.42 1.43 2.36 39.27
Bgl 19-59 4.67 3.65 13.50 1.65 2.34 29.63
Bg2 59-101 4.72 3.62 17.32 1.71 2.27 24.52
Cg 101-125 4.85 3.66 15.76 1.96 2.32 15.51
Krymlov7 Ahg 0-18 4.41 3.68 10.98 1.38 2.36 41.66
Bgl 18-39 4.48 3.52 10.56 1.51 2.36 36.16
Bg2 39-60 4.24 3.38 16.57 1.76 2.32 24.13
Cg 60-80 4.32 3.36 14.18 1.80 2.37 24.05

*The results were adopted from Artemyeva et al. (2017), CEC — cation exchange capacity, BD — bulk density, PD — particle
density, P — porosity

and the properties of organic and organo-mineral
components: nonoccluded (free) organic matter (LFy),
occluded organic matter (LF,oc = LFooc1 + LFooc2),
organo-clay complexes (Clay), and residue (Res) see
Figure 2. According to the microaggregate stability
concept (Edwards and Bremner, 1967), the soil
components identified over short term (5-15 min.)
ultrasonic processing are constituents of coarse
(unstable) microaggregates of 50-250 um in size.
Other soil components are constituents of fine (stable)
microaggregates, 1-50 um in size.

The soil fractionation scheme is presented in
Figure 2. Before granulo-densimetric fractionation
soil samples were air-dried and passed through
almm sieve. A probe-type ultrasonic vibrator
(LUZD-0,5K-02-00000 PS Criamid, Russia) was used
for physical dispersion of soils. After a sonication
(75 I.mlI™") of the soil sample (10 g + 50 ml deionized
water) for 1 min. and centrifugation of the aqueous
suspension of soils according to the Stokes Law (the

procedure was repeated 15 times), the aqueous-clay
suspension was collected and dried (80 °C). The clay
fraction (Clay) was removed from the soil sample, and
the light fractions (densities of 2.0 and 1.8 g.cm™)
were isolated according to a simplified scheme by
extraction with a bromoform-ethanol mixture (BEM).
Fractions with a density of <1.8 g.cm™ were sieved
into two subfractions: light fractions containing
particles >50 pm — nonoccluded organic matter,
localized in the interaggregate space (LFy), and finer
particles (<50 pum) localized within microaggregates
(LFoc). The scheme was described in detail by
Artemyeva and Kogut (2016). All separations were
performed in two replicates.

Coarse microaggregates with a diameter of 50—
250 um are unstable under sonification and consist of
variably humified organic residues (LF,.. = LFq; +
LF,) and organo-clay complexes (Clay). The
connection between the components is loose, and they
are readily disconnected under sonification.
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Fig. 2 Soil fractionation scheme (adopted and modified from Artemyeva and Kogut, 2016).
BEM - bromoform-ethanol mixture, LF,.; — occluded organic matter (light fraction with density 1.8-2.0 g.cm™),
LF,. — occluded organic matter (light fraction with density <1.8 g.cm™ and a size <50 pm), LF, — free organic
matter (light fraction with density <1.8 g.cm™ and a size >50 um)

Fine microaggregates with a diameter of 1-
50 um, stable under sonification (Residue), also
consist of clay particles and organic matter but the
connection between the components is very strong
and they do not disconnect under sonification.

The carbon content in the soil and fractions was
determined in duplicate using the combustion catalytic
oxidation method — TOC Analyzer (Shimadzu, Japan).

The statistical data processing was carried out
using the Statistics Package. The selected significance
level was a = 0.05.

RESULTS AND DISCUSSION
PHYSICAL PROPERTIES

Physical properties are summarized in Table 2.
The value of bulk density increases in the direction to
the parent material. This tendency was observed at all
sites. Bulk densities of Apg and Ahg horizons are
practically the same after 45 years of change in
landuse. In contrast, Korkang (2014) described
decreasing values of bulk density in the upper part of
soil profiles developed on marble after black pine and
cedar afforestation. Different results are probably
connected with different conditions of pedogenesis.

Stagnosols are at least temporarily influenced by
surface water, mainly rainfall. They show periodically
reducing conditions resulting in stagnic properties.
Soils developed on marble are classified according to
the IUSS Working Group WRB (2015) as Leptosols.
These soils are characterized by wetting through
precipitation only, with no additional wetting. Water
percolates through the soil profile freely without any
prolonged retention on the impermeable horizon.

Particle density characterized the solid phase of
soils. The measured values correspond to the type of
parent material and also, in the case of Apg and Ahg
horizons, to the content of organic matter.

Porosity was calculated from the bulk and
particle density. The distribution of porosity in soil
profiles has opposite tendency than bulk density.
These results were obtained in all soil profiles.
Porosity of the Ahg horizon, except of Krymlov 2,
decreased by 2.68 % to 5.57 % 45 years after
afforestation.

The analysed samples revealed differences in the
physical properties of upper part of soil profiles after
a change in landuse. Stagnosols of forest stands
established on agricultural lands demonstrated the
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Table 3 Bulk of organic and organo-clay fractions (%).

Locality Horizon Depth LF;, LF o2 LF 1 Clay Residue
cm

Krymlov2 Ahg 0-14 0.39+0.12 0.75+0.24 0.55+0.14 11.91£0.22  86.40+0.47

Krymlov3 Apg 0-18 0.16£0.10 0.73£0.10 0.79+0.16 11.23+0.14  87.09+0.49
AhgBgl 18-31 0.19+0.10 0.66+0.08 0.82+0.14 11.73£0.21  86.60+0.52

Krymlov5 Ahg 0-11 0.214+0.08 0.63+0.27 0.65+0.16 11.16£0.27  87.34+0.78
AhgBgl 11-22 0.16+0.06 0.34+0.06 0.53+0.10 12.04+0.31 86.93+0.53

Krymlov 6 Ahg 0-19 0.18+0.10 0.54+0.12 0.69+0.10 10.44+0.31 88.15+0.61

Krymlov 7 Ahg 0-18 0.18+0.10 0.44+0.06 0.55+0.12 10.74+0.21  88.09+0.46

LFy, — free organic matter (light fraction with density <1.8 g.cm™ and a size >50 pm), LF,. — occluded organic matter with
density <1.8 g.cm™ and a size <50 pm, LF,,, — occluded organic matter with density 1.8-2.0 g.cm™

same value of bulk density and predominantly slightly
decreasing value of porosity.

PROPERTIES AND DISTRIBUTION OF ORGANIC
AND ORGANO-CLAY FRACTIONS

These data are presented in Table 3. The bulk of
light fractions (LF) under ploughing remains
practically unchanged. In all the studied former arable
soils overgrown by different species of forest
vegetation, LF bulk decreases in the order: white birch
(-11.3 %) <pine (-16.1 %) <Douglas fir (-30.4 %),
relative to arable soil.

Studies of accumulation level and distribution of
different LF subfractions showed more obvious
differences between the studied soils. The abundance
of free organic matter (LFy), is more than 2.4 times
higher in forest soil, relative to arable soil. Forest
cenosis, unlike herbaceous, is characterized by high
productivity and reserves of decomposed organic
material (Bazilevich et al., 1986) and less favourable
climate conditions for microbial activity in forest
soils, as compared to arable soils. This determines the
high level of accumulation of free organic matter,
which is presented, substantially, by readily
degradable and visually well discernible fragments of
vegetation. In all studied forest stands the bulk of free
organic matter (LFy) increases in the order: Scots pine
and Douglas fir (+12.5 %) <white birch (+31.2 %),
relative to the arable soil, which is due to the absence
of alienation of fresh organic matter with the harvest,
contributing to its accumulation in the soil.

Occluded organic matter (LF,.), defined as that
with particle density of <1.8 g.cm™ and size of
<50 pm, differs from that of larger size (>50 um) by
their morphological and chemical characteristics. This
fraction is enriched by aromatic components and
depleted in carbohydrates, which, apparently, is
associated with higher degree of humification of plant
material (Golchin at el, 1994; Artemyeva and
Fedotov, 2013). The abundance of this subfraction
(LFocc2) in the arable horizon decreases only by 2.7 %
relative to forest soil. In all studied forest stands the
bulk of this fraction decreases in order as: white birch
(-13.7 %) <Scots pine (-26 %) <Douglas fir (-39.7 %),
relative to arable soil.

We observed sharp increase of the accumulation
level of another occluded organic matter fraction
(LFycc1), defined as that with particle density of <1.8—
2.0 g.cm™, under ploughing. This fraction is enriched
by siliceous compounds of biogenic origin (Golchin et
al., 1994; Artemyeva and Fedotov, 2013). This is due
to a large quantity of cereals in agrocenosis, compared
to forest cenosis. It is known that phytoliths are
amorphous silica microbiomorphs. They form in
plants, especially in cereals during their vital
functioning (Golyeva, 2001). Afforestation causes the
reduction of this fraction bulk in the upper horizons of
forest stands from 13 to 30 %, relative to arable soil.

THE DISTRIBUTION OF CARBON IN THE Apg AND
Ahg HORIZONS

The total carbon contents (C,) in the upper
horizons of the studied soils vary from 1.2 to 1.7 %
(Table 4). Ploughing causes a decrease in carbon
storage in the arable horizon: 1.46 % (Krymlov 2)
against 1.20 % (Krymlov 3). Afforestation provokes
an increase in C, up to 1.3—1.7 %, relative to arable
soil.

After the withdrawal of soil from agricultural
use, processes promoting differentiation of the former
arable horizon by carbon content develop in soil under
the canopy of white birch forest. This has been noted
by many researches (Litvinovich et al., 2004;
Litvinovich and Pavlova, 2007; Smal and Olszewska,
2008; Kalinina et al., 2013). First of all, it is attributed
to processes of profile renewal, which is typical for
the given biocenosis. In the case of several humus
horizons in a soil profile (Krymlov 5), the C
difference between the upper and lower humus
horizons may reach the factor of 1.2 (Table 4).

Taking into account the different number and
thickness of humus horizons in the studied soils, it
seems appropriate to analyse the total carbon storage
and carbon accumulated in different organic and
organo-mineral fractions in the upper 10 cm layer,
taking into consideration the bulk density (Table 5).

It has been demonstrated that intensive
ploughing may significantly disturb the balance of
humification and mineralization processes, due to the
activation of meso- and microbiological activity,
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Table 4 Carbon in organic and organo-mineral fractions (% in soil).

Locality  Horizon Depth LFy, LFocc2 LFcc1 YLF Clay Residue C;
cm
Krymlov 2 Ahg 0-14 0.12+0.04 0.21+0.10 0.06+0.02 0.39+0.08 0.67+0.03 0.40+0.07 1.46+0.08
Krymlov 3 Apg 0-18 0.05+£0.02 0.24+0.10 0.06+0.02 0.35+0.14 0.69+0.04 0.16+0.03 1.20+0.15
AhgBgl 18-31 0.06+0.02 0.21+0.08 0.06+£0.02 0.33+0.12 0.68+0.05 0.32+0.05 1.33%£0.01
Krymlov 5 Ahg 0-11 0.07+0.02 0.19£0.06 0.05+0.02 0.31£0.10 0.78+0.02 0.36+0.03 1.45+0.15
AhgBgl 11-22 0.05+0.02 0.09+0.04 0.03+£0.02 0.17+£0.08 0.60+0.05 0.49+0.07 1.26+0.05
Krymlov 6 Ahg 0-19 0.05+£0.01 0.16+0.02 0.04+0.02 0.25+0.05 0.71+£0.03 0.73+£0.06 1.69+0.01
Krymlov 7 Ahg 0-18 0.05+0.02 0.15+0.02 0.03+0.02 0.23+0.06 0.75+0.03 0.31+£0.07 1.294+0.06

LF;, — free organic matter (light fraction with density <1.8 g.cm™ and a size >50 um), LF.., — occluded organic matter (light
fraction with density <1.8 g.cm™ and a size <50 pum), LF . — occluded organic matter with density 1.8-2.0 g.cm”, X, — light

fraction with density <2.0 g.cm?, C, — total carbon

resulting in the improvement of water, air and soil
thermal regimes. This process is aggravated by the
lower content of fresh organic matter in the soil due to
the alienation of fresh organic matter with the harvest
and, as a result, provokes significant acceleration of
the organic matter mineralization. The intensity of
these negative processes may be reduced by the
application of agricultural technologies and, above all,
by organic fertilizers. For example, the losses of
carbon in the studied forest soils under ploughing in
the upper 10 cm layer are 19 % of the initial value,
which is almost 1.5 times lower relative to those of
Albeluvisols from the centre of the Russian plain
(Artemyeva, 2010), cultivated with the application of
much lower doses of organic fertilizers (~1 t.ha™).
Apparently, this is due to the application of
agricultural technologies and particularly organic
fertilizers in the form of crushed and ploughed straw
in the dry contents of grain 6 t.ha” or rape 3 t.ha” and
the N mineral fertilization (Artemyeva et al., 2017).

Data analysis clearly revealed a trend of increase
of carbon storages in the upper mineral horizons
(layer thickness 10 cm) of forest stands, which is in
compliance with literature data (Leifeld and Kogel-
Knabner, 2005; Christensen, 1992; Guggenberger and
Zech, 1999). The C, storage increases from 16.1 to
17.8-19.6 tha', not reaching, however, the level of
natural forest soil biocenosis (19.9 tha'). An
exception was observed only for the soil developing
under the canopy of a Scots pine forest (Krymlov 6),
where the carbon accumulation was even higher than
that of a Scots pine forest and Norway spruce forest
(Krymlov 2): 24.2 tha™ versus 19.9 tha™, respectively
(an increase by almost 22 %). This is due to the
cessation of cultivation of forest soils and
development of a secondary forest in their place. The
total carbon storages in the studied soils at forest
stands after withdrawal from agricultural use form
a succession: Douglas fir (+10.7 %) <white birch
forest (+21.7 %) <Scots pine (+ 50.3 %), relative to
arable soil.

One of the important processes that determine
the state of organic matter in arable soils is the
mineralization of discrete organic matter (LF). The

carbon storages of light fractions in the upper 10 cm
layer of arable soil are lower by almost 12 % relative
to that of forest soils: 4.7 versus 5.3 tha',
respectively. After a withdrawal of arable soil from
agricultural use, the carbon storage of discrete
organic  matter sharply decreases in the order:
Douglas fir (-32.4 %) <Scots pine (-23.9 %) <white
birch (-10.9 %) relative to arable Stagnosol (22.4 % +
12.2, on average — Table 5).

The most significant changes in the studied soil
occur with free organic matter (LFg). Ploughing
provokes a sharp decline of the carbon storages of free
organic matter (Cif™ in the upper 10 cm layer of
Krymlov 3) by almost 59 % from the initial values,
relative to forest soil. The carbon storages in soils of
forest stands form a succession: Douglas fir (+3 %)
<Scots pine (+6 %) <white birch (+42 %), relative to
arable soil, due to the absence of alienation of fresh
organic matter with the harvest (Table 5).

The application of organic fertilizers is able to
decrease the degree of mineralization processes
intensity. In effect, we observed an increase in carbon
storages of occluded organic matter (LF,.,) by almost
12 % relative to that of forest soil (Krymlov 2 —
Table 5). Apparently, organic fertilizers with different
degrees of fermentation are the substances attractive
enough to the microbial community of agricultural
soil, and are immediately colonized and included into
the unstable to sonification microparticles. After
a withdrawal of arable soil from agricultural use, the
carbon storage of this fraction decreases in the order:
Douglas fir (-35.7 %) >Scots pine (-28.9 %) >white
birch (-20.5 %) relative to arable soil (28.4 % + 8.6 on
average).

On the contrary, for another fraction of occluded
organic matter (Cproec1) ploughing causes only a slight
decrease in the carbon storage (less than 2.4 %
relative to forest soil). Later, after the withdrawal of
arable soil from agricultural use, the value of carbon
storage in all studied soils of secondary forest
decreases in the order: Douglas fir (-48.7 %) >Scots
pine (-28.7 %) >white birch (-16.3 %) compared to
arable soil (31.2 % + 18.5 on average — Table 5). This
is due to a sharp decline in the quantity of cereal
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Table 5 Carbon storages of organic and organo-mineral fractions in 10 cm layer of Ahg and Apg
horizons (t.ha™).

Locality Horizon LF; LFyc2 LF,c1 ZiF Clay Residue (o

Krymlov2 Ahg 1.6+0.5 2.9+1.3 0.840.3 5.3+1.1 9.1+0.5 5.4+0.5 19.9+8.9
Krymlov3 Apg 0.7+0.3 3.2+1.3 0.8+0.3 4.7+1.9 9.24+0.6 2.1+0.3 16.1+4.7
Krymlov5 Ahg 1.0£0.4 2.6+0.8 0.7+0.3 42+1.4 10.5£0.3  4.9+0.3 19.6+2.0
Krymlov 6  Ahg 0.7+0.2 2.3+0.3 0.620.3 3.6+0.7 10.2+0.4 10.4+09  24.2+0.2
Krymlov 7 Ahg 0.7+0.3 2.1+0.3 0.4+0.3 3.2+0.9 10.4+0.4  4.3+0.5 17.8+7.7

LFj, — free organic matter (light fraction with density <1.8 g.cm™ and a size >50 pum), LF,c, — occluded organic matter (light
fraction with density <1.8 g.cm™ and a size <50 pm), LF,,, — occluded organic matter with density 1.8-2.0 g.cm™, 3 —

light fraction with density <2.0 g.cm™, C, — total carbon

vegetation, which  forms  amorphous silica
microbiomorphs during the vital functioning, as
a result of removal agrocenosis.

The carbon storages of organo-clay complexes in
the upper 10 cm layer under ploughing increases very
slightly (9.1 versus 9.2 tha”, respectively) and by
only 1.5 % relative to forest soil (Table 5). The carbon
storages of organo-clay complexes in soils of forest
stands increase in the order: Scots pine (+9.7 %)
<Douglas fir (+11.9 %) <white birch (+13.8 %)
relative to arable soil (11.8 % +2.3 on average).

The carbon storages of Residue in the upper
10 cm layer under ploughing are sharply reduced from
54 to 2.1 tha' (-60.7 % relative to forest soil) see
Table 5. After a withdrawal of arable soil from
agricultural use, carbon storages in soils of secondary
forests show steady increases in the order: Douglas fir
(+100 %) <white birch (+127 %) <Scots pine
(+388 %) relative to arable soil (205 % + 180 on
average), without reaching, however, the value in
forest soil of 115 years in age (5.44 tha'). An
exception was observed only for the soil under the
canopy of a Scots pine forest, where the carbon
storages of Residue were higher than the value at
Krymlov 2 (almost doubled). Taking into
consideration that microparticles resistant to
ultrasonic treatment are present in this fraction, we
can conclude about a steady increase in the order
Douglas fir (-32.4 %) <Scots pine (-23.9 %) <white
birch (-10.9 %) relative to arable Stagnosol (22.4 % +
12.2 on average) see Table 5.

The most significant changes in the studied soil
occur with free organic matter (LFg). Ploughing
provokes a sharp decline of the carbon storages of free
organic matter (Ci " in the upper 10 cm layer of
Krymlov 3) by almost 59 % from the initial values,
relative to forest soil. The carbon storages in soils of
forest stands form a succession: Douglas fir (+3 %) <
Scots pine (+6 %) <white birch (+42 %), relative to
arable soil, due to the absence of alienation of fresh
organic matter with the harvest (Table 5).

The application of organic fertilizers is able to
decrease the degree of mineralization processes
intensity. In effect, we observed an increase in carbon
storages of occluded organic matter (LF,,) by almost
12 % relative to that of forest soil (Krymlov 2), see
Table 5. Apparently, organic fertilizers with different
degrees of fermentation are the substances attractive

enough to the microbial community of agricultural
soil, and are immediately colonized and included into
the unstable to sonification microparticles. After
a withdrawal of arable soil from agricultural use, the
carbon storage of this fraction decreases in the order:
Douglas fir (-35.7 %) >Scots pine (-28.9 %) >white
birch (-20.5 %) relative to arable soil (28.4 %+8.6 on
average).

On the contrary, for another fraction of occluded
organic matter (Cppoec1) ploughing causes only a slight
decrease in the carbon storage (less than 2.4 %
relative to forest soil). Later, after the withdrawal of
arable soil from agricultural use, the value of carbon
storage in all studied soils of secondary forest
decreases in the order: Douglas fir (-48.7 %) >Scots
pine (-28.7 %) >white birch (-16.3 %) compared to
arable soil (31.2%+18.5 on average) see Table 5. This
is due to a sharp decline in the quantity of cereal
vegetation, which forms amorphous trend of
improving the conditions for the formation of stable
microparticles in the soil after withdrawal from the
agricultural use and, consequently, an increase in
sustainable organic matter in soil (Artemyeva, 2010;
Artemyeva and Fedotov, 2013; Artemyeva and Kogut,
2016). A similar trend of increasing organic content of
stable aggregates <20 pum in size was observed in
a study on soil organic matter by changing landuse
patterns in Bavaria (Leifeld and Kogel-Knabner,
2005).

Data analysis revealed qualitative differences in
the composition of light fraction in the upper layer of
the studied soils. In forest soil (Krymlov 2), almost
31 % of carbon is represented by free organic matter
(LFg), whereas in the arable layer the share of this
fraction is less than 15 % of Cif (Table 6). In soils of
forest stands, the share of free organic matter
increases to 20-23 % of the Cg, without reaching,
however, the initial level of forest soil for a specified
period of time (45 years).

The share of occluded organic matter (LF,,) in
the forest soil is slightly over a half — almost 54 % —
of the Cy . Ploughing provokes a sharp increase in the
proportion of this fraction — up to 68.6 % of the Cpp.
In soils of forest stands the share decreases to 61—
65 % of Crp, without reaching, however, the initial
level of forest soil (Krymlov 2) for a specified period
of time (45 years) see Table 6. The share of another
fraction — occluded organic matter (Cpgo) — 1S very
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Table 6 The composition of light fractions in 10 cm layer of Ahg and Apg horizons (% of Cyp).

Locality Horizon LF;. LFocc2 LF et
Krymlov 2 Ahg 30.7+15.9 53.9+14.1 15.4+1.7
Krymlov 3 Apg 14.2+0.4 68.7£0.9 17.1£1.3
Krymlov 5 Ahg 22.7+1.1 61.2+2.2 16.0£1.1
Krymlov 6 Ahg 19.9+0.2 64.1+4.9 16.0+4.7
Krymlov 7 Ahg 21.8+4.2 65.31£9.0 12.9+4.8

Cyr — carbon storage in light fraction with density <2.0 g.cm™, LF; — free organic matter (light fraction with density
<1.8 g.cm™ and a size >50 pm), LF,.; — occluded organic matter with density 1.8-2.0 g.cm, LF,., — occluded organic

matter (light fraction with density <1.8 g.cm™and a size <50 pm)

Table 7 The distribution of carbon in organic and organo-clay fractions in 10 cm layer of Ahg and Apg horizons

(% of Cy).
Locality Vegetation CLe” C s Celay Cres
Krymlov 2 50 % Norvay spruce + 50 % Scots pine 8.2 18.5 459 27.4
Krymlov 3  Oilseed rape 4.2 25.0 57.5 133
Krymlov 5  White birch 4.9 16.5 53.8 24.8
Krymlov 6  Scots pine 2.9 11.8 42.0 43.2
Krymlov 7 Douglas fir 6.9 13.9 58.1 24.0

fi . . . .
C, — total carbon, C;s" — carbon storage in free organic matter, C " — carbon storage in occluded organic matter, Cqjoy —
carbon storage in organo-clay fraction, C, — carbon storage in Residue

low: it represents just over 15 % of the Cir in the
forest soil. Ploughing causes an increase in the
proportion of this fraction: almost to 17.1 % of Cyp,
which is, apparently, due to the considerably higher
quantity of cereals in the agrocenosis, compared to the
forest. In soils of forest stands the proportion
decreases to intermediate value (~ 16 % of Cpip),
reflecting the still large quantity of cereals in the
studied soils of forest cenosis (Table 6). An exception
was observed only for the Douglas fir forest soil
(Krymlov 7), where a very low share of this fraction
was revealed (13 % of Cir). Apparently, this is due to
a lower projective coverage of the soil of the grassland
ecological community.

In the upper 10 cm layer of Krymlov 2, the
discrete organic matter (LF) represents ~ 27 % of C,
(Table 7). Ploughing causes a slight increase in the
proportion of discrete organic matter — up to 29 % of
C,. Overgrowth of former arable soil by different
species of forest vegetation provokes a decline of the
discrete part of organic matter in soil carbon and
forms a succession: white birch <Douglas fir <Scots
pine (Table 7).

The analysis of the share of organo-clay
complexes in C; revealed that ploughing causes
a significant increase: from 46 to 58 % of C; (Table 7).
This is primarily due to the impact of heavy
agricultural machinery, which disrupts the natural soil
structure. Overgrowth of former arable soil by
different species of forest vegetation reduces these
negative effects, so the share of organo-clay
complexes in C, decreases in the order: white birch
(-4 %) <Scots pine (-16 %) relative to arable soil. An
exception was observed only for the soil under the
canopy of the Douglas fir (Krymlov 7), where a slight

increase in the share of organo-clay complexes of
+ ~1 % was revealed relative to arable soil.

Thus, the main bulk of carbon in the studied soils
is represented by light fractions (LF) and organo-clay
complexes (Clay). The quantity of these main
fractions in the studied soils varies, mainly lying
within the limits of 57-87 % of C, (Table 7).

The share of carbon accumulated by Residue in
C, of forest soil is 27 % of C. The share of this
fraction decreases under ploughing — up to 13 % of C,
(more than doubled) primarily due to the impact of
heavy agricultural machinery, which disrupts the
natural soil structure and contributes to the destruction
of microparticles stable (under low-intensity
sonification) under conditions of a native cenosis.
After a withdrawal of arable soil from agricultural use
and overgrowth by different species of forest
vegetation, the share of this fraction sharply and
steadily increases (+11 + 30 % from initial value) in
the order: Douglas fir (+11 %) <white birch (+12 %)
<Scots pine (+30 %) relative to arable soil. This
reflects the improvement of conditions for the
formation of stable microparticles and the resulting
accumulation of sustainable organic matter in soil
(Table 7).

Along with the processes of mineralization of
organic matter under ploughing, the disaggregation
process develops. As a result, the composition of soil
microstructure components altered. In soils where
structural stabilization is controlled by organic matter,
a direct link can be seen between organic
decomposition and the dynamics of soil aggregation.
Carbon storage of components of unstable (to
ultrasonic treatment) microparticles largely depends
on the intensity of dehumification and disaggregation
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processes. Carbon accumulation occurs due to 1. The
acceleration of mineralization intensity of LF due to
improvement of ecological conditions for micro-
organisms, 2. low inputs of fresh organic matter and 3.
reduction of stable microparticles strength. The study
of the distribution of carbon share of organic and
organo-clay fractions in the upper 10 cm layer of Ahg
horizons of Stagnosols studied in terms of their
location in the soil matrix revealed that the
microstructural organization of soil is significantly
affected by the landuse. So, ploughing dramatically
increases the share of carbon accumulated in the
unstable (to ultrasonic treatment) microparticles
(+18 % of C, relative to the initial value), the
components of which are represented by LF,.. (LF
+ LF,) and organo-clay complexes. Accordingly,
the share of Residue (the most sustainable soil organic
matter) decreases by 13 %. This is accompanied by
a sharp increase in the Cyygapie/Cstable 1atio, which is 2.4
in soils of the forest cenosis and 6.2 in soils of the
agrocenosis.

The overgrowth of former arable soil by
different species of forest vegetation provokes
a significant reduction in the share of carbon
accumulated in the unstable (to ultrasonic treatment)
microparticles, forming the succession: Douglas fir (-
11 %) < white birch (-12 %) < Scots pine (-29 %)
relative to arable soil. This is followed, as has been
already noted above, by a sharp increase in the share
of Residue and a decrease in the Cypgaple/Cstable ratio
down to 1.3-3.0.

CONCLUSION

The study was performed in the territory covered
by Stagnosols developed on arkoses. The applied
method of granulo-densimetric fractionation indicates
that the soils withdrawn from agricultural production
demonstrate qualitative and quantitative changes of
humus state. Pedogenesis of the studied Stagnosol is
governed by identical factors of soil formation, with
the exception of biological factor, which is different.
The process of overgrowth of former arable soil by
vegetation considerably changes the main factor of
accumulation of organic matter in the soil — the
vegetation, which provides an intensive renewal
of fresh organic material. Gradual replacement of
the biogeocenosis over time should lead to the
accumulation of dead biomass that promotes an
increase in the content of light fractions, which are the
most sensitive to changes in environmental conditions
pool of soil organic matter.

The sharp reduction in the accumulation of
discrete organic matter in soils of forest stands relative
to arable soil is, apparently, due to a complex of
factors including lithological characteristics of the
soils. These factors together with the lack of
projective coverage of the soil are not able to provide
the necessary conditions for the fixation of the newly
formed organic matter by soil mineral matrix and
organic matter is thus quickly mineralized. Thus, the
given environmental conditions and the considered

time interval (45 years) are not sufficient for a renewal
of the soil humus state to the initial level before
tillage.

At the same time, it should be noted that the
significant increase in the carbon accumulation level
in Residue in the upper 10 cm layer from 2.1 tha’
(arable soil) to 4.3-10.4 tha” (forest stands) and the
increase in the proportion from 13 % to 24-43 % of C,
(i.e., by the factor of 2-5), respectively, show
a significant improvement in the conditions for the
formation of stable microparticles. This improvement
is favourably reflected in the balance of humification
and mineralization processes in the studied soils as
soon as 45 years after the withdrawal from
agricultural production. This is confirmed by the
increase in the Cypgiabie/Cstable Tatio, which is used as an
index of the equilibrium of the carbon cycle and soil
stability: the value decreases from 6.2 in arable soil to
1.3-3.0 (2.4£1.0) in forest stands (Artemyeva, 2010,
Artemyeva and Kogut, 2016). So, significant
fluctuations in the value of Cygapie/Cstable 10 Stagnosol
after withdrawal from agricultural use show variable
degrees of environmental sustainability of the soils of
forest stands, which are probably at different stages
of their development.

ACKNOWLEDGMENTS

Financial support was provided partly by the
Russian Science Academy Presidium (Grant 2018—
2020). The research was conducted within
institutional support RVO 67985831 of the Institute of
Geology of the Czech Academy of Sciences. The
authors thank J. Rajlichova for technical assistance.

REFERENCES

Artemyeva, Z.S., Vasenev, LI. and Sileva, T.M.: 2009,
Systematization of organo-clay combinations in soils
of the center of the Russian plain. Moscow University
Soil Science Bulletin, 64, No. 4, 159-163.

DOI: 10.3103/S0147687409040036

Artemyeva, Z.S.: 2010, Organic Matter and Granulometric
Soil System. GEOS, Moscow, 240 pp., (in Russian).

Artemyeva, Z.S. and Fedotov, G.N.: 2013, The composition
of the functional pools of labile organic matter in the
zonal range of automorphic soils of the central
Russian plain. Moscow University Soil Science
Bulletin, 68, No. 4, 147-153.

DOI: 10.3103/S0147687413040029

Artemyeva, Z.S., Ryzhova, ILM., Sileva, T.M. and
Erokhova, A.A.: 2013, Organic carbon stabilization in
microaggregates of sod—podzolic soils depending on
land use. Moscow University Soil Science Bulletin,
68, No. 3, 116-122.

DOI: 10.3103/S0147687413030022

Artemyeva, Z.S. and Kogut, B.M.: 2016, The effect of
tillage on organic carbon stabilization in
microaggregates in different climatic zones of
European Russia. Agriculture, 6, No 4, 63-80.

DOI: 10.3390/agriculture6040063

Artemyeva, Z., Zigova, A., Kirillova, N., gt’astny, M.,
Holubik, O. and Podrazsky, V.: 2017, Evaluation of
aggregate stability of Haplic Stagnosols using
dynamic light scattering, phase analysis light



348 Z. S. Artemyeva et al.

scattering and color coordinates. Archives of
Agronomy and Soil Science, 63, No. 13, 1838-1851.
DOI: 10.1080/03650340.2017.1311012

Ashamn, M.R. Hallett, P.D. and Brookes, P.C.: 2003, Are
the links between soil aggregate size class soil organic
matter and respiration rate artefacts of the
fractionation ~ procedure?  Soil  Biology and
Biochemistry, 35, No. 3, 435-444.

DOI: 10.1016/S0038-0717(02)00295-X

Blanco-Canqui, H. and Lal, R.: 2004, Mechanisms of
carbon sequestration in soil aggregates. Critical
Reviews in Plant Sciences, 23, No. 6, 481-504.

DOI: 10.1080/07352680490886842

Bazilevich, N.I., Grebenshhikov, O.S. and Tishkov, A.A.:
1986, Geographic patterns of the structure and
functioning of ecosystems. Nauka, Moscow, 296 pp.,
(in Russian).

Cesky ufad zeméméficky a katastralni: 2017, Summary
reports in the soil fund from cadaster properties data
of the Czech Republic. CUZK, Praha, 76 pp., (in
Czech).

Christensen, B.T.: 1992, Physical fractionation of soil and
organic matter in primary particle size and density
separates. Advances in Soil Science, 20, 1-90.

DOI: 10.1007/978-1-4612-2930-8

Dane, J.H. and Topp, G.C.: 2002, Methods of soil analysis:
Part 4, Physical methods. SSSA Book series No. 5.
Soil Science Society of America, Madison, 1692 pp.

Edwards, A.P. and Bremner, J.M.: 1967, Microaggregates in
soil. Journal of Soil Science, 18, No. 1, 64-73.

DOI: 10.1111/j.1365-2389.1967.tb01488.x

Golchin, A., Oades, J.M, Skjemstad, J.O. and Clarke, P.:
1994, Study of free and occluded particulate organic
matter in soils by solid state C Cp/MAS NMP
spectroscopy and scanning electron microscopy.
Australian Journal Soil Research, 32, No. 2, 285-309.
DOI: 10.1071/SR9940285

Golyeva, A.A.: 2001, Phytoliths and their informative role
in the study of natural and archaeological objects.
Polteks, Moscow, 200 pp., (in Russian).

Guggenberger, G. and Zech, W.: 1999, Soil organic matter
composition under primary forest, pasture, and
secondary forest succession, region Huetar Norte,
Costa Rica. Forest Ecology and Management, 124,
No. 1,93-104. DOI: 10.1016/S0378-1127(99)00055-9

Holub, V.: 2001, Permo-Carboniferous occurrences in the
Blanice Graben. In: Pesek, J., et al. (Eds): Geology
and deposits of Upper Paleozoic limnic basins of the
Czech Republic. Cesky geologicky tstav, Praha, 198—
207, (in Czech).

Holubik, O., Podrazsky, V., Vopravil, J., Khel, T. and
Remes, J.: 2014, Effect of agricultural lands
afforestation and tree species composition on the soil
reaction, total organic carbon and nitrogen content in
the uppermost mineral soil profile. Soil and Water
Research, 9, No. 4, 192-200.

DOI: 10.17221/104/2013-SWR

IUSS Working Group WRB: 2015, World Reference Base
for Soil Resources 2014, update 2015 International
soil classification system for naming soils and creating
legends for soil maps. World Soil Resources Reports
106. FAO, Rome, 192 pp.

Jahn, R., Blume, H.P., Asio, V.B., Spaargaren, O. and
Schad, P.: 2006, Guidelines for soil description.
Fourth edition. FAO, Rome, 97 pp.

Kalinina, O., Chertov, O., Dolgikh, A.V., Goryachkin, S.V.,
Lyuri, D.I., Vormstein, S. and Giani, L.: 2013, Self-

restoration of post-agrogenic  Albeluvisol:  Soil
development, carbon stocks and dynamics of carbon
pools. Geoderma, 207208, 221-233.
DOI: 10.1016/j.geoderma.2013.05.019

Kalinina, O., Goryachkin S.V., Lyuri, D.I. and Giani, L.:
2015, Post-agrogenic development of vegetation,
soils, and carbon stocks under self-restoration in
different climatic zones of European Russia. Catena,
129, 18-29. DOI: 10.1016/j.catena.2015.02.016

Korkang, S.Y.: 2014, Effects of afforestation on soil organic
carbon and other soil properties. Catena, 123, 62-69.
DOI: 10.1016/j.catena.2014.07.009

Leifeld, J. and Kogel-Knabner, 1.: 2005, Soil organic matter
fractions as early indicators for carbon stock changes
under different land-use? Geoderma, 124, No. 1-2,
143-155. DOI: 10.1016/j.geoderma.2004.04.009

Li, XJ., Li, X.R, Wang, X.P. and Yang, H.T.:. 2016,
Changes in soil organic carbon fractions after
afforestation with xerophytic shrubs in the Tengger
Desert, northern China. European Journal of Soil
Science, 67, No. 2, 184-195.
DOI: 10.1111/ejss.12315

Litvinovich, A.V., Pavlova, O. Yu., Chernov, D.V. and
Fomina, A.S.: 2004, The change in the humus state of
sod-podzolic sandy soil during cultivation and
subsequent exclusion from cultivation.
Agrochemistry, No. 8, 1319, (in Russian).

Litvinovich A.V. and Pavlova O.Yu.: 2007, Changes in the
humus status of a layland sandy gleyic soddy-podzolic
soil. Eurasian Soil Science, 40. No. 11, 1181-1186.
DOI: 10.1134/S1064229307110051

Podrazsky, V. and Ulbrichova, 1.: 2004, Restoration of
forest soils on reforested abandoned agricultural lands.
Journal of Forest Science, 50, No. 6, 249-254.
DOI: 10.17221/4622-JFS

Podrazsky, V., Remes, J., Hart, V. and Moser, W.K.: 2009,
Production and humus form development in forest
stands established on agricultural lands. Journal of
Forest Science, 55, No. 7, 299-305.
DOI: 10.17221/11/2009-JFS

Podrazsky, V., Holubik, O., Vopravil, J., Khel, T., Moser,
W K., and Prknova, H.: 2015, Effect of afforestration
on soil structure formation in two climatic regions of
the Czech Republic. Journal of Forest Science, 61,
No. 5,225-234. DOIL: 10.17221/6/2015/-JFS

Poeplau, C. and Don, A.: 2013, Sensitivity of soil organic
carbon stocks and fractions to different land-use
changes across Europe. Geoderma, 192, 189-201.
DOI: 10.1016/j.geoderma.2012.08.003

Smal, H. and Olszewska, M.: 2008, The effect of
afforestation with Scots pine (Pinus sylvestris L.) of
sandy post-arable soils on their selected properties. II.
Reaction, carbon, nitrogen and phosphorus. Plant and
Soil, 305, 171-187.
DOI: 10.1007/s11104-008-9538-z

Szoboszlay, M., Dohrmann, A.B., Poeplau, C., Don, A. and
Tebbe, C.: 2017, Impact of land-use change and soil
organic carbon quality on microbial diversity in soils
across Europe. FEMS Microbiology Ecology, 93,
No. 12. DOI: 10.1093/femsec/fix146

Vacek, Z., Vacek, S., Podrazsky, V., Kral, J., Bulusek, D.,
Putalova, T., Balas, M. Kalouskova, 1. and Schwarz,
0.: 2016, Structural diversity and production of alder
stands on former agricultural land at high altitudes.
Dendrobiology, 75, 31-44.
DOI: 10.12657/denbio.075.004



