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Abstract

The purpose of the study was to compare forest and postagrogenic soils by parameters such as carbon content in
organic matter and total nitrogen to predict the fertility state of lands that are at the stage of restoration of woody
vegetation. Areas with similar soil formation conditions were selected on the postagrogenic and forested lands having
mature forest stands related with such types of forest: Myrtillosum forest, Oxalidosum and Herbosa-Composita forest,
and also areas under the soil complexes of postagrogenic fallow lands. A number of physico-chemical indicators
for the soil were assessed according to the methods generally accepted in soil science: the particle size distribution,
the bulk density and the thickness of the pedogenic horizons were determined. An analysis of the carbon stocks in
organic matter (C_ ) and nitrogen (N ) in the genetic horizons of the soils of myrtillosum, Oxalidosum and Herbosa-
Composita forest types shows an increase in the content of organic matter and total nitrogen from Myrtillosum to
Herbosa-Composita forest type. A comparative analysis of the physical and agrochemical state of postagrogenic and
forest soils showed that, despite the previous anthropogenic impact, the agroland horizon retains a high content of
organic matter and total nitrogen. The properties of postagrogenic soils in the studied areas are not deteriorated, and
the transformation towards the natural forest soils of the region is not observed, despite the long period of fallowing.
Key words: organic matter, nitrogen, postagrogenic lands, Myrtillosum, Oxalidosum and Herbosa-Composita forest

types.

Introduction

Soil organic carbon is one of the key elements
of the global carbon cycle and can determine the
properties of the soil, the content of available nutrient
compounds for plants and the overall stability of the
entire ecosystem. Soils deposit the most significant
long-term volumes of organic carbon, for example,
terrestrial ecosystems contain 4. 5 times more carbon
from total land biomass and 3 times more than in
the atmosphere (Zamolodchikov et al., 2005). The
behavior of soil organic carbon is due to climate change
and land cover or land use. In a soil ecosystem, organic
soil carbon affects the physicochemical processes of
the soil and serves as a source of nutrients for plants
(Lurie et al., 2010). In recent years, predicting organic
carbon stocks in soil has become a key issue due to
the potential impact of carbon on climate change.
Spatial prediction of organic carbon stocks in the soil
has attracted considerable attention due to the large
variation of organic matter at all levels.

The distribution of carbon and nitrogen in organic
matter over the soil profile depends on many factors,
the most important of which are: the mass and
composition of incoming litter, its location (in the soil
layers, in the litter layer, without contact with the soil),
its decomposition intensity, acidity of decomposition
products, and chemical properties of soil-forming
rock. Recently, organic carbon content in undisturbed
forest soils, as well as in soils derived from active
agricultural circulation, is studied in many regions of
Europe (Stolbovoi, 2002; Lopez de Gerenyu et al.,
2009; Tarnocai et al., 2009; Golubeva, 2015; Baeva
et al., 2017). The data from these studies suggest that

restoration of tree species on postagrogenic lands
will lead to a number of changes in the distribution
of organic matter over the soil profile (Guzel, 1999;
Melekhov, Antonov, & Lokhov, 2011; Golubeva,
2015; Ryzhova, Erohova, & Podvezennaja, 2014,
Telesnina, 2015; Danilov et al., 2016). These changes
associated with fundamentally different structures of
functioning of postagrogenic ecosystems at the stages
of meadows and forest biocenoses, are inevitable
(Lopez de Gerenyu et al., 2009; Martens, Reedy, &
Lewis, 2004; Poeplau et al., 2005; Zamolodchikov
et al., 2005; Pan et al, 2011). Restoration of
woody vegetation on postagrogenic lands will be
accompanied by changes in the distribution of organic
matter over the soil profile. These changes related
to fundamentally different structures of functioning
of meadow and woody biocenoses are inevitable.
Meadow biocenoses have a short closed organic
matter cycle, much of which is in the root fraction. In
forest biocenoses, most of the synthesized substance
goes to the growth of wood pulp of trunks and roots of
trees, where organic matter would be located for many
years and decades. In forest stands, most of the dead
plant residues come at the soil surface in the form of
leaf litter and woody debris, where they decompose,
and their decomposition products are washed away
with sediments and re-enter the soil. Forest detritus
and woody debris decompose even much more slowly
compared to the meadow one. Forest litter degradation
takes place with the release of acidic decomposition
products which, when released into the soil, affect
the mineral part of the soil; that is manifested in the
formation of a podzolic horizon in the soil profile.
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In the meadow biocenoses, most of the intake
of dead plant debris falls on the roots, and their
decomposition takes place in the soil at the place of
their formation. Meadow biocenoses differ from forest
ones not only by a large mass of litter, but also by a
high dispersion of plant residues in the top layer of
soil, high nitrogen content, which contributes to their
intensive decomposition and accelerated humification.

The changes will take place over a long period of
time, amounting up to several decades. The first signs
of changes will appear only after the tree crowns are
closed, that is, with the beginning of formation of the
forest phytocenosis. It is believed that the removal of
arable land from crop rotation leads to an increase in
the reserves of organic carbon in the soil due to the
increasing amount of organic material introduced into
it. But at the same time, it is necessary to take into
account the level of agrotechnical measures carried
out earlier for the studied soils. So, when the forest
becomes overgrown with well-cultivated sod-podzolic
soils, their humus state worsens (Litvinovich, Pavlova,
& Chernov, 2002). On the other hand, there are studies
that show the behavior of humus state indicators of
postagrogenic soils in the course of natural forest
regrowth using the example of soil time series derived
from different crop rotation systems; they indicate
an increase in the content of humus in the course of
colonization of arable lands by vegetation and, on the
contrary, some decrease in early stages of succession
when a haying is overgrown (Telesnina, 2015). A
comparative analysis of the carbon stocks behavior
during postagrogenic succession in different regions
of the European territory of Russia suggests that the
same pattern is observed with the overgrowing of
arable land with forest at different quantitative levels
(Lurie et al., 2010). At the first stages of succession,
a decrease in soil carbon stocks is noted, with its
subsequent increase at the following stages ranging
from 30-80 to 150-170 years.

Estimates of carbon stock changes with a change
in the nature of land use are of great interest: their
greatest increase in soil up to 53% occurs with the
natural regeneration of forest on former arable land.
When forest plantations are created on arable land,
carbon stocks increase by 18%, and they decrease on
pastures by 10% (Guo & Gifford, 2002). In temperate
climate conditions, the increase in carbon stocks in
the soil makes 16 = 7% during the first 20 years of
forest formation in the former arable land (Poeplau,
Don, Vesterdal, Leifeld, et al., 2005). After 100 years,
the carbon content increases by 83 + 39% in the upper
horizon with a capacity of 28 + 13 cm, and taking
into account litter — by 116 = 54%. Many researchers
recognize the leading role of organic matter in the
formation of soil fertility (Fernandez-Martinez et al.,
2014; Romanovskaya, 2006; Hooker, 2013). The main

limiting factor in plant growth is often the content
of available nitrogen in the soil. Its main part in the
soil (up to 90%) is found in various specific humic
substances, and only a small part of it is found in
inhumified organic and mineral compounds.

Soil cultivation causes a diverse and profound
effect on the biological, chemical, and physical
properties of the soil, which leads to a change in the
entire soil-forming process as a whole. Sod-podzolic
soils lose their original features and acquire new ones.
A powerful arable horizon is created there increasing
the content of carbon, nitrogen and other elements of
mineral nutrition. An increase in the carbon content
is accompanied by a redistribution of the group
composition of humic substances, an increase in the
group of humic and a decrease in fulvic acids. Organic
matter becomes less mobile, and more resistant
to leaching and destruction. Along with a change
in organic matter, an increase in the total nitrogen
content is observed, but the amount of its hydrolysable
fractions decreases (Fernandez-Martinez et al., 2014).

Boreal forests deposit carbon not only in woody
biomass, but also in woody detritus, humus and in soil.

Forests growing on fertile soils with an adequate
supply of nutrients can deposit about 30% of carbon for
a long time; they absorb carbon during photosynthesis
(Fernandez-Martinez et al., 2014). In contrast, forests
growing on nutrient poor soils can deposit only 6% of
carbon, since the rest of the volume is returned to the
atmosphere.

Despite the availability of data on carbon stocks
in the soils of various plant ecosystems, there is no
complete picture of this issue. Therefore, the aim of the
study was to compare forest and postagrogenic soils
for such parameters as the carbon content of organic
matter and total nitrogen, and to predict the fertility of
land derived from active economic turnover.

Materials and Methods

Areas with similar soil formation conditions were
selected on postagrogenic and forest lands within
the limits of carbonate rocks in the south-west of
the Leningrad Region in two administrative districts
of Gatchina (30.2919086; 59.3695495999) and
Volosovsky (59.370409; 29. 497581). We studied
the content of organic matter and nitrogen in the
profile of forest soils on 3 sites, under mature forest
stands and on agricultural land derived from active
agricultural use more than 35 years ago. For the
study, spruce stands were selected as the most typical
for the region of study. Indicators of forest stand on
Herbosa-Composita forest types were at the age of 90
years, wood stock 400 m® ha'!, average height 30 m,
average diameter 36 cm. Indicators of forest stand on
Oxalidosum forest types were at the age of 90 years,
wood stock 350 m® ha’!, average height 26 — 28 m,
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average diameter 28 — 30 cm. Indicators of forest
stand on Myrtillosum forest types were at the age of
90 years, wood stock 320 m* ha'!, average height 26
m, average diameter 28 cm. Natural regeneration of
woody and shrubby vegetation in the areas of fallow
lands is represented by birch, aspen, alder, and willow
shrub. The average height of hardwood is 2 to 4 meters.
The distribution of woody vegetation is uneven. Wood
stock in the studied areas is from 30 to 40 m* ha'. The
research methodology is based on standard methods of
soil science (Bankin ef al., 2005). Soil pits and small
trenches were laid in the most characteristic places of
the surveyed area at each experimental site, excluding
areas with non-typical microrelief elements and signs
of soil disturbance. A number of soil physicochemical
indicators were evaluated using generally accepted
methods of soil science: the particle size distribution,
the density of composition and the thickness of
pedogenic horizons were determined. The density of
composition of all horizons was estimated according
to Kaczynski; carbon determination was carried out
by dry ashing of total nitrogen according to Kjeldahl,
pH of the salt extract — by the potentiometric method.
Based on the data obtained, a comparative analysis
was carried out.

Results and Discussion
The comparative analysis of the carbon stocks in
organic matter (Cmg) and nitrogen (N ) in the genetic

total

horizons of the soils of the Myrtillosum, Oxalidosum
and Herbosa-composita forest types shows an increase
in the content of organic matter and total nitrogen
from the Myrtillus to Herbosa-composita forest and
grass type (Tables 1-3). An integral indicator of soil
fertility, which determines the productivity of the
forest stand, is the C:N ratio in the humus horizon
of the soil. In Herbosa-composita forest types, forest
stands of productivity class I are mainly represented;
in Myrtillus forest types, the productivity decreases to
class II. At the same time, an increase in C:N ratio by
organic matter in the humus horizons of the soil from
8 — 12 in Herbosa-composita types of forests to C:N
about 17 — 18 in Myrtillus forest types and mountain
Oxalidosum forest types is traced.

An analysis of the agrochemical indicators of
highly productive forest stands shows that there
is no clear correlation between the productivity of
mature forest stands and acid-base indicators of the
soil (Tables 1-3). Soil acidity in Myrtillus forest and
Oxalidosum forest types increases down the soil
profile. The lowest pH value was observed in the upper
horizon, in the soil profile of a Myrtillus forest type,
and it was equal to 3.7. In Herbosa-composita forest
types, the pH is close to neutral values throughout the
soil profile, since these soils are formed on a limestone
moraine.

Low soil acidity in Myrtillus forest and oxalidosum
forest types is associated with the impact of coniferous

Table 1
The carbon stock of organic matter (C) and total nitrogen (N) in the genetic
horizons of forest soil Myrtillus, t ha!
. . . . Soil organic matter
Soil-forming rock Horizon Volume weight,
Soil Depth, cm gcm PHie C % Core C:N fotal?
org? t ha'! ’ ha'!
A, 4.2 0.17 3.7 30 21.4 30.0 0.71
Moraine non-carbonate
loam, A, 0-10 0.63 3.6 3.05 19.22 18.2 1.06
Moderate and coarse A, 10-32 1.32 3.7 0.36 10.45 9.0 1.16
humus podzolic
AB 32-46 1.56 43 0.30 6.55 7.5 0.87
Table 2
The carbon stock of organic matter (C) and total nitrogen (N) in the genetic horizons
of forest soil Oxalis, t ha™!
Soil-forming rock Horizon Volume weight, pH SOlé organic matter
. -3 org . otal’
Soil Depth, cm gcm e e % gy C:N }llzlrl‘
A, 0-5 0.14 3.8 28 12.2 23.0 0.53
Moraine non-carbonate A, 5-15 0.72 3.8 4.55 3276 168 | 1.95
loam
Moderate humus podzolic| A, 15-27 1.44 4.1 0.60 10.37 120 | 0.86
AB 27-49 1.51 4.4 0.48 15.95 9.6 1.66
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Table 3

The carbon stock of organic matter (C) and total nitrogen (N) in the genetic horizons of forest soil
Herbosa-composita, t ha!

Soil-forming rock Horizon Volume pH Sm(ljorgamc matter N 1
Soil Depth, cm weight, g cm? (Ken Co 70 ¢ h‘;%l C:N }[fgll’
A, 0-1 0.11 6.8 23 3.8 21.0 0.18
1-10 0.9 6.8 3.8 34.2 12.0 2.85
A
Carbonate loam, 1 10-22 1.1 6.8 2.9 31.9 85 | 3.75
Leached soil
AB 22-32 1.35 6.7 1.2 13.5 7.9 1.7
B 32-60 1.55 6.8 0.86 373 7.5 5.0

litter on carbon-free soil-forming rocks, which favors
actively the development of fungal flora involved in the
decomposition of forest litter and mycotrophic feeding
of tree species (Fedorchuk, Neshataev, & Kuznetsova,
2005). It is also worth noting the decrease in the
content of organic carbon from the humus horizon to
the podzolized ones: in the Herbosa-composita types
of forest — by 2.8, in Oxalidosum — by 7.6, in Myrtillus
forests — by 8.5 times. At the same time, there is a
decrease with the depth of the C:N ratio profile:

—in sod-carbonate soil from 10 (in a layer of 0 — 20
cm) to 7.5 (in a layer of 32 — 60 cm);

— in sod-podzolic from 16. 8 (in a layer of 5 — 15
cm) to 9.6 in a layer of 27 — 49.

In the arable horizon of soils that are actively used
in agricultural crop rotation in the area under study,
the content of C__ ranges from 11.1 t ha'to 33. 3 tha’
(Boytsova & Regia, 2014).

As arable land overgrown with grass and shrub
species of plants occurs, a certain increase of C

. . . og
content in upper horizon of postagrogenic soil is

observed (Table 4). After removal of arable soil from
agricultural use, weed vegetation begins to develop on
them, which over time should be replaced by natural
phytocenosis (Golubeva, 2015; Zamolodchikov et al.,
2005; Lurie et al., 2010; Telesnina, 2015). At the initial
stages of overgrowing, the intake of a greater amount
of fresh organic material in the form of plant and root
litter increases as there is no alienation of biomass
in the form of crop taken. All those contribute to the
accumulation of carbon in the former arable horizon.
At present, the stage of overgrowth with trees and
shrubs such as birches, aspens, and willows begins
in the postagrogenic sites under study. Renewal is
curtain in nature or occurs on micro depressions of the
former fissures. The content of organic matter in the
arable horizon of these areas of postagrogenic lands is
at the level of mountain sorrel forest type, and the pH
value on these soils does not have a wide variation in
contrast to the forest soils of those forest types. The
content of total nitrogen in these soils is high: from 5
to 7.4 t ha'! at the level of the oak-grass type of forest.

Table 4

Characteristics of soil conditions of the surveyed land no longer used for agricultural purposes
(prescription deposits of 30-35 years)

Soil-forming rock Horizon, Volume Soil organic matter
Site#. Soil A arable, Welgl%t, g pH(KC” humus.% Corg, t | Nyt CN
50 cm cm? ’ ha'! ha'!
1 Sod low-podzolic, gleied and 35.0 59 2.0 56.8 4.9 12.0
loamy on red-brown sandy 1.14
loam moraine 15.0 5.9 1.0 11.3 25 5.0
2 Sod-podzolic sandy loam 30 127 53 2.7 54.0 5.1 10.6
on the moraine deposits of ’
Devonian rocks 20 4.9 1.4 21.1 1.9 11.1
3 Sod-podzolic gleyic light 25 L13 5.2 1.89 35.6 3.1 115
loamy on moraine deposits of '
Devonian rocks 25 52 1 18,8 1.6 11.8
4 Sod-podzolic, light loamy on 30 52 1.89 375 32 117
moraine deposits of Devonian 1.14
rocks 20 5 1 14.5 1.4 10.4
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The C:N ratio characterizing the enrichment of
humus with nitrogen, for most agroland horizons of
those soils is equal to 8 — 10, which corresponds to
a high and moderate degree of availability of this
element. A very high ratio (18 — 20) is characteristic
of nitrogen-poor coarse-humus horizons of forest
soils (Fedorchuk ef al., 2005). By the content of COrg
and N in the upper soil horizon, the following
descending series is formed:

Herbosa-composita forest type > fallow land
> Oxalidosum forest type > Myrtillus forest type >
arable land.

Forest soils are characterized by a high level of
variation of the C: N ratio along the profile. In the
upper layer of postagrogenic soils, this ratio usually
slightly varies and is 11 — 12, which confirms their
high potential fertility.

No less important indicator reflecting soil fertility
is the bulk density. 1.1 — 1.2 g cm™ are suggested as
the optimum values for loamy soils (Litvinovich,
Pavlova, & Chernov, 2002; Golubeva, 2014). For
arable horizons that are actively used in soil rotation,
this figure ranges from 0. 8 to 1.1 g cm?. For forest
soils, this indicator has a small value of 0.6 — 0.7 g
cm in the upper part of the profile (to a depth of 10 —
15 c¢m), and then begins to increase to 1.55 g cm™ (at a
depth of 30 — 40 cm). For fallow postagrogenic soils,
the density of the arable layer varies from 1.11to 1.4 g
cm?, which indicates a tendency to compaction.

Conclusions
1. Summarizing the results for the comparative

analysis of the physical and agrochemical state of
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