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Abstract. Currently, great attention is paid to the role, importance, optimal use of soils, their protection, and combating
degradation. By adopting the Sustainable Development Goals at the national level, Ukraine is obliged to implement
new programmes and projects that will guarantee macroeconomic stability, environmental balance, and social cohesion
in practice. In the course of the studies of the multifunctional role of protective forest stands, which at one time were
created in eroded territories, which include ravine-gully lands, to revive the properties of soils, a study was conducted
to justify their restoration function. 90 soil and lysotypological points were laid in anti-erosion plantings of different
periods of plant growth and development with the selection of 270 soil samples to fulfil this goal. Their water-physical
and agrochemical properties were investigated with the processing of the obtained data by statistical methods. Based
on the analysis of scientific literature sources, the examination of successful production experience and the conducted
research of anti-erosion plantings to determine their impact on soil properties and the environment, qualitative stages
of ecological restoration of eroded soils were developed. Changes in the age periods of growth and development of woody
plants in protective forest stands created on ravine-gully lands lead to a gradual ecological restoration of eroded soils. A
clear correlation between the age periods of growth and development of woody plants with qualitative stages of ecological
restoration of eroded soils was obtained. The selection of research objects provided for considering the same technology
for creating anti-erosion plantings, growth, and development in the same conditions, which would correspond to five age
periods of growth and development of woody plants. In each age period, qualitative changes occur during the growth and
development of vegetation cover, and quantitative changes in indicators that characterise the properties of the soil are
presented in comparison with the control that was selected to be a pasture. The main functions of these plantings are
given. All age periods of growth and development of anti-erosion plantings in terms of conducting forestry measures for
the successful cultivation of anti-erosion plantings and their effective action were considered. The stages of ecological
restoration of eroded territories are clearly coordinated with the selected age periods. Prospects for understanding the
process of restoring protective vegetation cover, in particular, forest stands, and their direct impact on the properties of
eroded soils open up
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Introduction

Currently, the role, importance, and optimal use of soils,
their protection, and control of degradation are given great
attention (Pdivinen et al.,1994; Manual on methods and
criteria, 1994; Lund, 1998; ISO/TR 14061, 1998; Mayer,
2003; Johnson, 2004; Duran Zuazo & Pleguezuelo, 2008;
Prescott, Katsensteiner & Weston, 2021). According to ex-
perts from international organisations, 47.5% of the Earth’s
land is degraded land. As of 2015, Ukraine had a total area
of degraded land of 148.14 km? (25.57%). At the 2015 UN
Summit on Sustainable Development, a common vision of
new guidelines for the development of a planetary society
until 2030 (Let’s save the soil) was presented. Ukraine must
implement new programmes and projects that in practice
guarantee macroeconomic stability, environmental bal-
ance (On the National programme, 2000), and social co-
hesion to achieve Sustainable Development Goals at the
national level. Thus, ensuring the rational use, protection,
and improvement of the natural environment, in particu-
lar, the properties of eroded soils, is relevant.

Grandiose work on the creation of anti-erosion
plantings in Ukraine was conducted in the 60s of the 20t
century. A comprehensive study of their impact on the
restoration of the properties of eroded ravine-gully lands
began in 1980. According to the results of research work of
the Department of Forests Restoration and Melioration of
the National University of Life and Environmental Sciences
of Ukraine, qualitative stages of ecological restoration of
eroded territories were proposed to establish the sequence
of elimination of the consequences of water erosion pro-
cesses on ravine-gully lands (Maliuha, 1987, 2008). The
ecological restoration was conducted through the use of
anti-erosion forest stands.

The entire life cycle of forests consists of a consis-
tent combination of certain phases of growth and develop-
ment. Therewith, the temporary state of the forest is reflected
in the corresponding stages. Thus, the phase of growth and
development of forest crops is a certain qualitative and quan-
titative state during a certain period of life. N.P. Kobranov is
rightly considered the founder of the theory of growth and
development phases, and subsequent research in this area
was continued by V.V. Ogievsky, A.A. Khirov, PR. Talman,
M.E. Tkachenko, P.V. Voropanov, L.N. Hribanov, V.G. Atrokhin,
A.A. Kairukshtis, A.I. Yuodvalkis, and others (Merzlenko &
Babich, 2020). Various interpretations were obtained, but the
goal of all was to promote the implementation of economic
measures necessary to optimise the growth of plantings
(reforestation): the addition and evaluation of crops, the
regulation of living conditions through the use of treat-
ment logging, etc.

M.A.Lokhmatov (1985) considers such periods of de-
velopment of protective forest stands on ravine-gully lands:
1 — formation, 2 — active development and interaction of
tiers, 3 — relatively stable structure and mutual influence
of storeys, 4 — weakening of vital activity of plantings, their
ageing, degradation, and decay of stands in the context of
assessing their condition (Lokhmatov, 1999). A similar dis-
tribution by stage of development is provided by (Johnson,
2004).

Recently, various researchers have paid a lot of at-
tention to this issue (Duran Zuazo & Pleguezuelo, 2008;
Prescott, Katsensteiner & Weston, 2021; Johnson, 2004;
Yukhnovsky, Dudarets, Maliuha & Khryk, 2013). A study
of certain aspects of land reclamation properties of the
park stands in difficult terrain conditions was conducted
(Minder, Maliuha & Yukhnovsky, 2019). Unfortunately, the
studies of ravine-gully lands are insufficient.

The purpose of this study is to investigate the
anti-erosion role of forest stands by their age periods of
development in the conditions of ravine-gully lands. The
eroded land consists of 4.5 million hectares with medium
and heavily washed-out soils, in particular, 68 thousand
hectares have completely lost the humus horizon. Pros-
pects for understanding the process of restoring protective
vegetation cover, in particular, forest stands, and their di-
rect impact on the properties of eroded soils open up.

Materials and Methods

The main volume of research work has been conducted in
the forest-steppe zone for ten years. The study was con-
ducted on the territory of two former hydromeliorative for-
est stations — Kanivska (1958) and Rzhyshchivska (1964),
created to eliminate the consequences of water erosion by
hydraulic and forest reclamation methods in the protective
zone of the Dnipro river. Protective forest stands on eroded
ravine-gully lands were chosen as the objects of research.

The objects that had the same creation technology,
grew and developed under the same conditions, and cor-
responded to five age periods of growth and development
of woody plants were selected. The pasture was selected as
the control.

90 soil lysotypological sites were laid with the selec-
tion of 270 soil samples by the selector (Maliuha, Dudarets,
Yukhnovsky & Harkava, 2006; Maliuha et al., 2014).

Since the destruction of the soil occurs by concen-
trated surface runoff, indicators that characterise its struc-
ture, hardness, and water permeability were selected to
assess changes in the anti-erosion properties. Structural
analysis of the soil was determined by the Savvinov method
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(Astapov, 1958) by dry sieving of a soil sample weighing up
to 1.0 kg on a sieve column from 10 to 0.25 mm. The soil
hardness was determined by the Golubev device in 30-
fold repetition. The soil hardness M.A. Kaczynski scale
was used (Berezhniak, 2013; Zrazhevsky & Lohvynenko,
1971). Determination of soil water permeability was con-
ducted using steel cylinders with a diameter of 80 mm
and a height of 100 mm, which are sharpened in the lower
part for easy installation in the soil. The study was per-
formed from the surface of a 10-centimetre layer of soil.
The lower cylinders were half buried in the soil, and the
upper 50 mm were filled with water. A column of water
with a height of 50 mm conventionally corresponds to the
water level during the passage of a heavy downpour. The
stopwatch determined the time of water absorption in a
10-time repetition.

The assessment of changes in the fertility of
eroded soils was conducted by agrochemical indicators of

the 1 metre of soil. The content of agrochemical indicators
was obtained by the following methods: easily hydrolysed
nitrogen, mg/kg of soil — Tiurin-Kononova (Workshop on
agrochemistry, 2001); mobile phosphorus and exchange
potassium, mg/kg of soil — Kirsanov (Workshop on agro-
chemistry, 2001); humus, % — Tiurin (Workshop on agro-
chemistry, 2001). Based on the results obtained, consider-
ing the density of soil composition, nutrient reserves of a
1-meter thickness were calculated.

Statistical data processing was conducted using
graphoanalytical, correlation, and regression analysis us-
ing the Excel and Statistica programmes.

Results and Discussion

Changes in the age periods of growth and development
of woody plants in protective forest stands created on ra-
vine-gully lands lead to a gradual ecological restoration of
eroded soils, which is reflected in Table 1.

Table 1. Correlation of age periods of growth and development of woody plants with qualitative stages of ecological
restoration of eroded soils

Age periods, | Content of age periods of growth and development Stages Content of qualitative stages ecological
years of woody plants of protective forest stands restoration restoration eroded soils
upto7 Engraftment and closure of forest crops I Beginning of impact on .eroded ?0115’ slowing
down and sharply reducing erosion processes
Stopping soil erosion,
8-15 Forming a forest tent of plantings 1I strengthening their biological
processes
Substantial improvement of the physical and
16-30 Intensive differentiation of woody plant species 111 chemical properties of soils, complete cessation
of erosion processes
Ecological restoration of eroded growing
31-60 Formation of the forest biogeocenosis v conditions and creation of prerequisites for the
return of such lands to economic circulation
Over 60 Effective action of the first generation of forest stands \% Full return of land after .rehfablhtapon to full-
fledged economic circulation

In the first age period of life (up to 7 years of age),
forest crops that are created on eroded lands take root. Suc-
cess in the field of protective afforestation depends on the
quality of implementation of the technology for creating
forest reclamation stands.

In the first age period, protective forest stands do
not show a statistically substantial effect on soil proper-
ties compared to the control (Table 2). During this period
of growth and development of woody plants of anti-ero-
sion plantings, there are representatives of living grass
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aboveground cover, mainly steppe or meadow species.
On the one hand, herbaceous plants serve as important
components of the natural protective vegetation cover,
which counteract the intensive development of erosion

processes, on the other hand, they create quite powerful
competitive conditions for the engraftment of protective
forest stands. Their number during this period is 100-
300 pcs.*m?.

Table 2. Indicators of restoration of properties of the upper 10-centimetre soil layer
under the influence of forest stands and invertebrates

X Har;i ne_szs, Water pe;‘m.e a_ll)lhty’ Structural particles >1 mm, %
Plantings of up to 7 years kg*cm mm~min
of age
x*m
Pure oak trees 19.3+£0.4 6.5+0.4 27.8+1.0
Control 20.4%0.3 6.0£0.5 24.5+0.7
Mixed oak trees 19.1+1.0 7.0+0.7 32.1%+1.2
Control 20.1£0.4 3.9+04 28.6%1.1
Pure pine trees 18.7+1.2 6.5+1.9 34.4*3.6
Control 19.0£0.6 6.3%0.3 26.6 0.6
Mixed pine trees 19.0+0.4 5.6%0.9 31.0%1.3
Control 20.5%0.5 4.3+0.4 25.8%0.8

Among the representatives of grass vegetation that
is intensively developing, it is necessary to name: field
bindweed, narrow-leaved peas, noble yarrow, common
sainfoin, chickweed, field clover, autumn hawkbit, woolly
burdock, cypress spurge, common thistle, etc.

The conducted studies established that there is a
certain improvement, and sometimes deterioration of some

indicators that determine the properties of the soil, in par-
ticular, its hardness, structure, and water permeability. Indi-
cators that characterise agrochemical properties, in partic-
ular, the content and reserves of nutrients, also do not have
a statistically substantial difference, since their values differ
slightly from the control ones. Nutrient reserves of a me-
tre-deep soil layer are shown in Table 3.

Table 3. Nutrient reserves of a metre-deep soil layer

Nutrient reserves
easily hydrolysed mobile exchange rate
Plantings of up to 7 years organic matter, nitrogen phosphorus potassium
of age t*ha’!
kg*ha!
X*m
Pure oak trees 75+4.2 274 %22.0 354+ 14.6 266 *16.0
Vol. 12, No. 2, 2021 Ukrainian Journal of Forest and Wood Science 9
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Table 3. Continued

Nutrient reserves
easily hydrolysed mobile exchange rate
Plantings of up to 7 years organic matter, nitrogen phosphorus potassium
of age t*ha’!
kg*ha!
Xx*m

Control 57+3.5 201+2.3 200+ 17.0 239+14.3
Mixed oak trees 77+44 282+13.8 348 £ 13.4 276 £15.5
Control 60=8.8 213+4.0 212+4.6 238 +20.2
Pure pine trees 61+6.1 204 £9.2 428 £ 13.6 585 +33.6
Control 68*2.1 202+75 418 £13.5 508 +£19.7
Mixed pine trees T4 +4.2 224+£9.4 458 +24.4 564 +20.5
Control 75%3.1 197 £3.0 400 £ 10.4 507 £23.9

The relatively weak influence of forest stands on soil
properties is explained by the fact that it is extremely diffi-
cult for them to adapt to uncharacteristic and harsh growing
conditions, so they face high energy costs and a substantial
indicator of the intensity of living space (Maliuha & Minder,
2020). The intensity of falling off depends mainly on compli-
ance with the technology of creating plantings, and on how
well it is possible to create conditions for the engraftment of
plants that are sensitive at a young age and simultaneously
plastic in terms of attachment.

Plantings need help in the form of timely agrotech-
nical care, which gives them the opportunity to get rid of
excessive competition of grass vegetation, and it is easier
to overcome “stressful” situations during engraftment. A
characteristic feature of the first age period in anti-ero-
sion terms is the fact that there is no unified layer of the
forest floor. Optimal density of artificially created plant-
ings can be adjusted for the duration of their rising period.

During the second age period of growth and devel-
opment of woody plants (from 8 to 15 years), a forest tent
is formed. There is a complete closure of branches in rows
and aisles, the soil is covered with a unified layer of litter.
Grassy vegetation from plantings of dense woody plant spe-
cies, when the soil illumination is up to 10% compared to an
open place on sunny days, is substantially limited or does not

exist at all. It occurs only in places of a sparse wooden tent
and on the edges in the amount of 0-15 pcs.*m?, and in the
plantings, there are only a few shade-tolerant represen-
tatives: meadow geranium, wood bluegrass, hairy sedge,
narrow-leaved lungwort, hazelwort, ground elder, yellow
archangel, etc.

Thus, as woody plants of protective forest stands
grow and develop, due to the growth of crowns and shading
of the soil, the grass cover changes. Light-demanding types
of grass vegetation thin out and gradually disappear, being
replaced by more adapted shade-tolerant ones.

The formation of a unified layer of litter, which
limits the conditions for the intensive development of
meadow grass vegetation, increases its hydraulic rough-
ness, promotes the transfer of surface meltwater and
stormwater to ground water, and preserves soil moisture.
The moisture capacity of the undisturbed state of the forest
floor, depending on the species composition of plantings,
can reach 150-200%. Disruption of the litter condition due
to the possible manifestation of surface runoff or herding
of livestock substantially reduces its moisture capacity
by 1.4-1.9 times. During this period, the interpenetration
of root systems continues, and the development of deep
soil horizons depending on the density and composition
of plantings (Pasternak, Shinkarenko & Kravcova, 1974;
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Orlovsky, Podzharov & Vorob’ev 1980; Maliuha, 1987,
Minder, Maliuha & Yukhnovsky, 2019).

This age period is characterised by an increase
in the number of soil invertebrates: worms, springtails,
nematodes, and mites (Zonn, 1955; Zrazhevsky, 1957;
Zrazhevsky & Lohvynenko, 1971; Gordienko, Nagornaya
& Kisten’, 1986), which, in addition to their main func-
tion, increase the water permeability of the soil. After
litter transformation, their excrement accelerates bacte-
rial activity (Kachinskij, 1975; Prescott, Katsensteiner &
Weston, 2021). Earthworms play a special role in mixing
and crushing litter with clay soil particles (Zrazhevskij,
1957; Zrazhevskyi & Lohvynenko, 1971; Kachinskij, 1975).
Their excrement is much richer in phosphorus than soil:

they contain 300% more lactate-soluble phosphoric acid
and 40% more nitrogen. Earthworms need well-filled air
and moist soil with pH 5.8-8.3. Due to the tunnels dug
by worms, the soil loosens. Ants also substantially affect
soil loosening and mixing (Zonn, 1955; Pogrebnyak, 1955;
Zrazhevsky, 1957; Zrazhevsky & Lohvynenko, 1971).

The activity of invertebrates and other shrews has a
positive effect on the physical and water-physical properties
of the soil, which in turn causes changes in physico-chem-
ical characteristics, helping to slow down the development
of erosion. The properties of the soil, the main ones of
which are determined by hardness, water permeability and
structure, are peculiar markers of its anti-erosion capabil-
ities (Table 4).

Table 4. Indicators of restoration of properties of the upper 10-centimeter soil layer
under the influence of forest stands and invertebrates

Harf ne_ss, Water permeability, mm*min-! Structural particles >1 mm, %
kg*cm™
Plantings aged 8-15 years
x*m

Pure oak trees 16.7£0.5 8.2+0.4 32.9%3.0
Control 19.8+0.6 6.5%0.6 25.1%1.7
Mixed oak trees 17.2+£0.4 8.5+0.2 384+1.2
Control 19.5+1.0 4.2%0.7 29.0%1.3
Pure pine trees 16.6 £ 0.6 7.3%0.5 324+%2.6
Control 18.4+0.9 6.5%0.2 27.2%0.9
Mixed pine trees 15.9+£0.7 8.3+0.8 37.0+2.1
Control 19.3+0.8 5.0+£0.5 26.7*1.1

In the second age period of growth and develop-
ment of woody plants of forest reclamation plantings, the
soil hardness decreases markedly by 10-18% compared to
the control areas, which contributes to increased growth
of root systems. Water permeability, having an inverse
relationship with soil hardness, on the contrary, increases
from 26 to almost 123%. The soil acquires structural fea-
tures, in particular, the number of structural particles
with a diameter of more than 1 mm increases by 19-38%.

Admittedly, all these changes occur depending on the
species composition of plantings.

Improvements in physical and water-physical prop-
erties, in turn, cause changes in the agrochemical character-
istics of the soil. Freshly formed humus, holding soil lumps
together and forming a water-resistant structure, not only
slows down the development of erosion but also stops its
manifestation. Reserves of the main agrochemical indicators
of the metre-deep soil layer are shown in Table 5.
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Table 5. Nutrient reserves of a metre-deep soil layer

Nutrient reserves
easily.hydrolysed mobile exchange} rate
Plantings aged 8-15 years orgm:i(}:l an_llatter, nitrogen phosphorus potassium
kg*ha!
x*m

Pure oak trees 90 £ 6.2 339+28.9 460 £ 25.5 356 £27.8
Control 60*+6.4 207 2.0 205+12.2 241 +10.9
Mixed oak trees 103+ 7.3 362 +23.8 456 £ 14.0 362+ 12.5
Control 65*70 218+3.6 217 +#10.3 245+ 15.7
Pure pine trees 76 +2.0 235+2.3 473+5.6 645+ 12.2
Control 70£5.5 206 £ 7.0 400 = 14.0 506 % 16.1
Mixed pine trees 80+2.6 246 £10.2 487 £15.2 624+12.8
Control 74+4.3 200 £4.1 407 £ 11.3 508 +£20.2

Studies showed that in the second age period of
growth and development of woody plants of forest reclama-
tion stands, their influence increases. Reserves of organic
matter increase by 8-58%, easily hydrolysed nitrogen — by
14-64%, mobile phosphorus — by 18-124%, exchange po-
tassium — by 23-48%, depending on the type of plants and
the composition of plantings.

The period of individual plant growth gradually turns
into direct interaction and mutual influence. Plants begin to
crowd each other in space, competing for light, water, soil
nutrients, etc. The struggle for living space (Maliuha &
Minder, 2020) is intensifying towards the end of the second
age period in both the aboveground and underground parts
of plantings. The tent of the stand becomes denser and more
powerful along the entire height of the crown placement.
Relations between woody plants become strained, which
leads to the inevitable differentiation of primarily relatively
fast-growing woody plant species.

Treatment logging in anti-erosion plantings
should be aimed at improving the growth conditions
of plantings (primarily the main types of woody plants),
strengthening their reclamation functions, and increasing

the level of biological resistance. Felling residues should
be crushed and used as mulch to increase the anti-erosion
role of plantings, (Lokhmatov, 1999).

Strengthening the reclamation functions of
anti-erosion plantings is achieved by forming a well-de-
veloped shrub undergrowth and a tree tent; solid, suffi-
ciently powerful, loose litter, which together increases the
hydraulic roughness (Orlovsky, Podzharov & Vorob’ev, 1980;
Teleshek, Cherneckij, Ivashko, 1985). Inspection logging, as
noted by P.S. Pasternak, I.B. Shinkarenko, P.S. Kravcova, has
a positive effect on improving soil development, increas-
ing the volume of soil permeated with roots (Pasternak,
Shinkarenko & Kravcova, 1974). Typical under such condi-
tions is the cessation of the development of erosion pro-
cesses in the territory occupied by the plantation and the
suspension in the adjacent area. The threat of restoration
of planar erosion remains in cases of transit surface runoff
through micro-cavities.

In the third age period, there is an intensive differ-
entiation of woody plants of artificial forest stands (16-30
years), and the formation of a forest environment in them in
harsh conditions of competition for existence. Plants grow
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and develop due to the action of their active surface, which
requires space, which is necessary to increase the size of
the aboveground part of trunks and crowns, and spread
root systems. Therefore, solving the spatial problem for in-
dividual trees and plantings, in general, is vital (Maliuha
& Minder, 2020). During this age period, all trees cannot
continue to grow and develop under the same conditions.
The differentiation of trees, which manifests itself through
intense competition for living space, becomes ineviTable
There are processes of intensive thinning out of plantings,
which negatively affect the anti-erosion properties, in par-
ticular, hydraulic roughness, which is partially compensated
by the restoration of the activity of living subsurface cover.
Grassy vegetation is 15-35 pcs.*m?.

Among the representatives of the living ground
cover during this age period of plantings, the following
predominate: common bracken, unspotted lungwort, sweet
woodruff, lanceolate star, Solomon’s seal, wood avens,
etc. that are common in fresh conditions of oak forests. In
other forest-growing conditions, appropriate indicators are
formed from representatives of the living subsurface cover.

During the third age period of ecological restoration
of eroded land, plantings have a more intense impact on
the environment and, especially, on the soil. Due to their
forest reclamation properties, the following processes oc-
cur: the development of deep horizons by root systems, the

death and restoration of active roots, accompanied by an
increase in the content of organic matter in the soil; the
accumulation of organic sediment on the surface, which,
due to mineralisation, replenishes the soil with nutrients
that are easily accessible to plants, and the manifestation
of colmative ability by plantings. During this period, soil
invertebrates become especially active, which, together
with other representatives of flora and fauna, act as direct
participants in soil-forming processes.

Indicators of physical, water-physical, physi-
co-chemical, agrochemical, and biological properties of soils
of this age period acquire specific statistical importance,
which indicates their active soil-forming role. Improving the
water-physical properties of the soil, primarily water perme-
ability, contributes to the most complete transfer of melt-
water and rainwater to intra-soil (Table 6). The soil hard-
ness under pure and mixed plantings is 14.0-15.7 kg*cm™.
Compared to the control, the decrease occurred by 13-26%.
These are small values for the mentioned age period, which
have substantially decreased compared to previous periods.
Water permeability increased by 36-115%, and the content
of structural particles increased by 64-102%.

Consequently, a substantial change in the wa-
ter-physical properties of the soil causes the complete ces-
sation of the development of erosion processes in the areas
under forest reclamation plantings.

Table 6. Indicators of restoration of properties of the upper 10-centimeter soil layer
under the influence of forest stands and invertebrates

Hla:;gcnnerszs, Water permeability, mm*min-! Structural particles >1 mm, %
Plantings aged 16-30 years
x*m

Pure oak trees 14.0+2.3 12.8+0.9 52.6+5.2
Control 19.0+1.1 7.0%0.8 26.0+1.2

Mixed oak trees 14.9£0.7 11.4£0.3 53.9%6.1
Control 18.9+1.3 53%1.0 30.1x14

Pure pine trees 15.7£0.6 9.4+0.8 46.2£2.5
Control 18.0%0.7 6.9%0.9 29.3%1.7

Mixed pine trees 14.0+0.5 10.3+0.4 46.8%1.8
Control 18.8+0.8 5.8%1.2 284+1.3
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Plantings begin to enter the fruiting phase, which
has a positive result in the formation of self-seeding on
open ravine slopes devoid of woody vegetation, which is
important in anti-erosion terms. A comparison of the nu-
trient reserves of the specified age period is given in Table 7.

Reserves of organic matter increase by 22-51%, eas-
ily hydrolysed nitrogen - by 31-135%, mobile phosphorus —

by 5-136%, exchange potassium — by 42-68%, depending
on the type of plants and the composition of plantings.

During this age period, it is necessary to conduct
treatment logging, which has an exclusively differentiated
approach to each individual forest stand, depending on the
characteristics of the growth and development of woody
plants.

Table 7. Nutrient reserves of a metre-deep soil layer

Nutrient reserves
easily hydrolysed mobile exchange rate
Plantings of age organic matter, nitrogen phosphorus potassium
16-30 years old t*ha!
kg*ha!
X*m
Pure oak trees 103+4.9 416 £31.6 502+19.4 421+124
Control 68+3.3 209+3.0 213+8.9 250£17.1
mixed oak trees 104+ 13.0 519+35.3 430 +15.2 411+67.8
Control 70+9.2 221+6.2 230 £10.7 249 £18.0
Pure pine trees 93+3.5 272+9.0 440 +42.0 727 £31.9
Control 75%5.1 208+ 7.3 420 £13.7 512+20.7
Mixed pine trees 98 +8.9 352+46.4 578 £35.3 765+ 25.3
Control 80+5.8 204 +5.6 414+124 514+21.4

Notably, in protective anti-erosion plantings (es-
pecially under the age of 30), treatment logging should be
performed with less intensity than in operational forests.
It is advisable to chop the felled plant mass and spread it
evenly over the territory. This measure aims to increase the
hydraulic roughness of the surface, prevent possible wash-
outs and erosion of the soil due to heavy rains and transit
flow of surface runoff through micro-cavities.

Fourth age period, the life interval of which cov-
ers from 31 to 60 years is primarily characterised by the
completion of the formation of the forest environment
in forest stands involving fast-growing plant species and

the manifestation of the effective action of their first gen-
eration. Scots pine and Scots oak, as representatives of
long-lasting main plant species, have time to identify these
functions only at the end of the mentioned period of devel-
opment of forest stands. Successfully created protective for-
est stands of the first generation using fast-growing plant
species in the presence of vital energy resources do not limit
their existence at the age of 60 years. The formation of the
forest environment radically changes the forest conditions
in comparison with areas that are not covered with forest
vegetation.

Anti-erosion plantings of this age period are
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characterised by the beginning of thinning out of the tent
by reducing the number of leaves and needles per unit
length of the shoot, and by conducting treatment cuts, re-
moving stunted and dry trees. Care for such plantings is
planned by the forester.

Because of this, the amount of organic precipitation
decreases, the illumination of the soil increases, which
together leads to intensive growth of grass vegetation
(35-50 pcs.*m?). The consequence of this is the appear-
ance under the tent of oak stands, in addition to the wood
bluegrass and hairy sedge, also hazelwort, sweet woodruff,
ground elder; in robiniaceae — greater celandine; in pine —
stoloniferous pussytoes, rare spring sedge, sheep fescue,
etc. The root system of plants of this period develops the
upper soil horizons more intensively, which has a positive

effect on water permeability, and therefore contributes to
the transfer of surface runoff to soil.

In this age period, the intensive influence of plantings
on the properties of the soil and its soil formation continues.
In terms of its properties, the soil becomes forest type and has
substantial differences from agricultural soil.

Relative to the average indicators of physical, wa-
ter-physical, physico-chemical, and biological properties
of the soil, there is a statistically substantial difference
not only in comparison with the control area, but also with
previous age periods of growth and development of woody
plants of forest reclamation stands. There is no surface
runoff in forest areas. The investigated indicators of res-
toration of the properties of the active surface layer of the
soil are given in Table 8.

Table 8. Indicators of restoration of properties of the upper 10-centimeter soil layer
under the influence of forest stands and invertebrates

Har;i nefss, Water permeability, mm*min-! Structural particles >1 mm, %
kg*cm?
Plantings aged 31-60 years
x*m

Pure oak trees 14.5+0.6 20.0+£2.9 66.2+ 1.6
Control 18.7+0.9 74+0.7 269+ 1.7
Mixed oak trees 13.5+1.0 14.2£1.1 63.4+3.2
Control 18.5+0.8 6.8%0.5 30.7+2.0
Pure pine trees 15.4£0.2 12.8+0.4 56.2+54
Control 17.6 £0.7 7.1%0.8 31.3+19
Mixed pine trees 13.3+0.6 15.1£0.2 58.6+3.3
Control 18.2+1.1 6.2+0.9 29.8+2.1

Soil hardness decreases by 12-27%, water perme-
ability increases by 80-170%, the number of structural
particles in the soil increases by 79-146% compared to the
control indicators, depending on the plant species and the
composition of stands.

Plantings continue to bear fruit en masse, which
serves as the basis for the spread of seeds and the appearance
of self-seeding. Its viability has features of manifestation not

only in the areas of ravine slopes that remained uninhab-
ited, but also under the tent or on the edge of anti-erosion
plantings that continued to thin out due to the differenti-
ation of stands.

Agrochemical properties, in particular, those pre-
sented here on the example of soil nutrient reserves, also
have convincing statistical importance in comparison with
the control (Table 9).
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Table 9. Nutrient reserves of a metre-deep soil layer

Nutrient reserves
Plantings of age organic matter, easily hydrolysed nitrogen Dhl(:;)lﬁ(l;us eXIch(;il:SgS‘ieurlillte
31-60 years old t*ha’!
kg*ha!
x*m

Pure oak trees 105+ 1.8 330+ 7.9 603 +25.1 884 +40.0
Control 69=4.5 217+78 422 +14.7 518+ 18.6
Mixed oak trees 106+ 2.9 438 £45.7 619 £43.0 908 £27.0
Control 78+8.1 219+5.0 430+11.3 520+ 224
Pure pine trees 97 +10.6 426 £ 38.3 439+10.9 401 + 65.5
Control 67+5.4 220%6.3 217+ 15.0 257+19.3
Mixed pine trees 113+3.2 499 +29.7 527+ 16.4 452 £55.0
Control 65%8.6 215+8.2 221+ 13.6 268 +23.2

Reserves of organic matter increase by 36-74%, eas-
ily hydrolysed nitrogen - by 52-132%, mobile phosphorus —
by 43-138%, exchange potassium — by 56-75%, depending
on the type of plants and the composition of plantings.

Therefore, the fourth age period can be character-
ised as the period of the beginning of the age of protec-
tive ripeness of anti-erosion forest stands on eroded lands
(Pavlovsky, 1973). During this age period, natural refor-
estation extends to nearby agricultural land.

During this period of growth and development of
woody plants of anti-erosion plantings, forest floor re-
serves range from 2.5 to 8.5 t/ha! (Yukhnovskyi, Dudarets,
Maliuha & Khryk, 2013; Maliuha et al., 2021). Features of
the influence of forest litter are as follows: reducing the
physical evaporation of moisture from the soil, its compac-
tion and freezing; promoting the accumulation of moisture
due to meltwater and precipitation, which seep into the

soil, and increasing the level of moisture capacity of the
litter, which can reach 300-400%. There is an increase in
the anti-erosion effect of protective forest stands not only
on the territories that they actually cover but also on adja-
cent ones.

The fifth age period of effective operation of the first
generation, characterised by the entry of middle-aged plant-
ings into the self-regulation phase, is associated with an age
interval of more than 60 years for woody plant species of a
long life cycle. Forest stands involving Scots pine and Scots
Oak during this period of their growth and development
have a well-formed effective forest environment, in which
forest conditions radically change in comparison with erod-
ed territories that are not covered with forest vegetation.

The main indicators of restoration of physical
and water-physical properties of the active soil layer of
anti-erosion plantings are given in Table 10.
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Table 10. Indicators of restoration of properties of the upper 10-centimetre soil layer
under the influence of forest stands and invertebrates

i Harg neis, Water permeability, mm*min-! Structural particles >1 mm, %
Plantings older than kg*cm
60 years
x*m
Pure oak trees 13.9+0.4 26.2%0.7 65.3+4.1
Control 18.9+£1.3 7.7+1.1 28.7+2.5
Mixed oak trees 13.2+1.1 27.5+0.3 77.1£2.0
Control 18.6 1.2 74%0.7 32.5+1.8
Pure pine trees 13.8+0.5 21.7%£0.9 62.6*1.0
Control 179+ 1.0 6.9%0.6 33.0+24
Mixed pine trees 14.2+0.3 26.0+0.5 68.3+ 1.5
Control 18.0+1.4 6.5+0.8 33.7+1.7

The soil hardness in mixed oak stands is the low-
est — 13.2 kg*cm™. The overall soil hardness index of oak
and pine stands decreased by 21-29% compared to the
control. The value of the water permeability indicator in-
creased by 214-300%. Mixed oak stands have the highest
water permeability index — 27.5 mm*min-!.

Such results correspond, according to the assess-
ment by N.A. Kachinskij, to water permeability (Kachinskij,
1975; Berezhniak, 2013) for the first hour of seeping, which
will be equal to more than 1000 mm. This is explained by
the action of soil animals: moles, worms, and many other
smaller ones, and the influence of root systems. Soil with
such indicators is able to absorb even the transit part of
surface runoff, which can enter plantings from the catch-
ment area. It is important to consider positive changes re-
garding the increase in the share of structural aggregates
by 90-137%.

The processes of soil formation in anti-erosion
plantings continue to acquire intense manifestation, and
the average values of the considered indicators of soil
properties, as in the previous age period, have a statistically

substantial difference not only in comparison with the
control area but also with plantings of other age periods of
growth and development of woody plants.

Under the tent of thinning out plantings, a suf-
ficient amount of organic precipitation and optimal illu-
mination determines the development of grass vegetation
(50-150 pcs.*m?). Its composition includes both shade-tol-
erant species — hazelwort, lanceolate star, male fern, ha-
zelwort, unspotted lungwort, Solomon’s seal, and relatively
light-demanding — wood anemone, viola mirabilis, ribwort
plantain, common dandelion, white clover, danewort,
brown knapweed, red dead-nettle. Not only do self-seeding
plants appear, but also undergrowth develops, increasing
hydraulic roughness.

The properties of the forest soil continue to im-
prove. Therewith, during this period (at least until the
age of 70-80 years), the first generation does not manage
to fully reach the level of properties of zonal soils that are
formed under natural forest stands. A comparison of nu-
trient reserves of a metre-deep soil thickness under forest
stands is given in Table 11.
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Table 11. Nutrient reserves of a metre-deep soil layer

Nutrient reserves
easily hydrolysed mobile exchange rate
Plantings older than organic matter, nitrogen phosphorus potassium
60 years t*ha’!
kg*ha!
x*m

Pure oak trees 121+ 14.3 440 £ 15.7 798 +34.1 1007 #18.8
Control 71+7.2 224+6.3 423 £17.2 523+ 179
Mixed oak trees 146 £3.8 417+4.0 908 £ 23.6 1092 £ 30.7
Control 78+5.2 230% 6.5 437+ 16.2 527+21.9
Pure pine trees 115+2.7 494 +26.6 545+12.0 497 £ 53.8
Control 83+6.0 228 £9.2 237 +13.8 261 £24.3
Mixed pine trees 128 4.6 612+ 18.4 732 %20.7 632+42.9
Control 85%9.0 240 £ 8.7 260 £ 14.3 268 *20.6

Reserves of organic matter increase by 38-87%,
easily hydrolysed nitrogen — by 81-155%, mobile phos-
phorus — by 89-182%, exchange potassium — by 90-136%,
depending on the type of plants and the composition of
plantings.

Plantings continue to bear fruit, and the viability of
self-seeding plants and their biological stability increase.
Thus, after 60 years, protective anti-erosion plantings
are defined as self-regulating ecological systems, that is,
there is an ecological restoration of former eroded lands,
and their transformation into productive, important ter-
ritories for economic use.

This age period is characterised by the maximum
manifestation of all functions of protective forest stands:
energy, water-regulating, water-absorbing, soil-protect-
ing, colmatative, soil-forming, restorative, recreational,
sanitary-hygienic, aesthetic, educational, climate-regu-
lating, environmental-stabilising. These functions work
simultaneously and provide a multifunctional role for
forest stands (Yukhnovsky, Dudarets, Maliuha & Khryk,
2013).

The maximum manifestation of all the above
functions takes place only during the life of the forest or

anti-erosion plantings as a powerful and well-established
organism that acts clearly.

Conclusions

A clear correlation between the age periods of growth and
development of woody plants with qualitative stages of
ecological restoration of eroded soils was obtained. In each
age period, qualitative changes occur during the growth
and development of vegetation cover, and quantitative
changes in indicators that characterise the properties of
the soil, compared to the control (pasture).

In the first age period, protective forest stands do
not show a statistically substantial effect on soil proper-
ties compared to the control. They need help in the form of
timely agricultural treatment. If the plantings are success-
fully created, they do not need forestry care.

The second period is characterised by an improve-
ment in physical and water-physical properties, which
cause changes in the agrochemical characteristics of the
soil. Forestry care is used if there were miscalculations in
the selection of woody plant species or for non-compliance
with the technology. For this purpose, lighting is conducted
to improve growth conditions, strengthen land reclamation
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functions, and increase the stability of plantings. Felling
residues should be crushed and used as mulch to enhance
the anti-erosion role of plantings.

In the third period, there is a substantial change in
the water-physical properties of the soil, which causes the
complete cessation of the development of erosion processes
in the areas under forest reclamation plantings. Treatment
logging has an exceptionally differentiated approach, and
it is advisable to grind the felled plant mass and spread it
evenly over the territory to increase hydraulic roughness in
regulating surface runoff.

The fourth period is characterised by the beginning

of the age of protective ripeness of anti-erosion forest
stands. There is an increase in their influence on the pro-
cesses of soil formation. The average indicators of physical,
water-physical, physico-chemical, agrochemical, and bio-
logical properties of the soil have a statistically substantial
difference not only in comparison with the control area but
also with plantings of other age periods of growth and de-
velopment of woody plants.

After 60 years, as for the fifth age period, protective
anti-erosion plantings are defined as self-regulating eco-
logical systems that are characterised by the manifestation
of basic functions.
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BikoBi nepioay po3BUTKY 3aXVMCHUX JIICOBMX HacaJyKeHb
Y BiTHOBJ/IEHHi €POIOBaHNX SIPY)KHO-OA/IKOBUX 3€MeJIb

Bonogumup Muxonaiiosuu Masmora, Bikropist Bonmogumupisaa Mingep

HarioHanbHMi1 yHiBepcuTeT GiopecypciB i mpMpomoKopuCTyBaHHS YKpaiHu
03041, Byn. 'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoranjis. Ha Tenepininiit yac mMTaHHSIM POJIi, 3HAUYIIOCTi, ONTUMAIbHOTO BUKOPUCTAHHS I'PYHTIB, IXHbOI OXOPOHM Ta
60pOoTHOM 3 merpajallieio MPUAIIIOTh BeauuesHy yBary. YxBamooun 1ini Ctasoro Po3BUTKy Ha HallioHATbHOMY PiBHi,
VkpaiHa 3060B’s13aHa BITPOBAIKyBaTY HOBi MPOTPAMU Ta MMPOEKTH, SIKi Ha ITPAKTHUIIi FapaHTYBATUMYTh MAaKPOEKOHOMiUuHY
CTabiIbHICTD, eKOMOTIYHMIT 6asaHC i ColliaabHy 3TYPTOBaHICTh. I1iJ] Yac HAYKOBMX HOCTiIKeHb 6araToQyHKI[iOHATBHOI
poJTi 3aXMCHUX JIiICOBMX HaACaIKeHb, SIKi CBOTO Uacy CTBOPIOBa/IM Ha €pPOIOBAaHUX TEPUTOPISIX, N0 CKIAAY SIKUX BXOASITh
SIPY’KHO-0aMKOBi 3eMJIi, [JI BiPOIKEHHS BJIACTMBOCTEl I'PYHTIB MPOBELEHO AOCTIIKEHHS 3 OOIPYHTYBaHHS iXHbBOI
BiJHOBMIOBAJIbHOI GYHKLUiI. [I751 BMKOHAHHSI TOCTaBleHOi MeTM 3akianeHo 90 I'PYHTOMICOTUIONOTIUHMX MYHKTIB y
MIPOTMEPO3iiHUX HACAIKEHHSIX Pi3HUX MepiofiB POCTy i pO3BUTKY POCIMH i3 Bim6opom 270 3paskiB I'PYHTY. 3AilicHEHO
JOC/TiIKeHHS iXHiX BOGHO-(Di3sMUHMX i arpoxXiMiuHMX BIACTUBOCTE i3 06po6IeHHSIM OTPUMaHUX JaHUX CTATUCTUUHUMMU
Meromamyu. Ha mimcraBi aHamisy HayKOBMX JIiTepaTypHUX [Kepes, BUBUEHHS YCITIITHOTO BMPOOHUYOTO IOCBiTy Ta
BJIACHMX JOCTi/I)KeHb TPOTUEPO3iiiHMX HacayKeHb i3 BU3HAUEHHS IXHbOT'O BIIMBY Ha BJIaCTUBOCTI I'PYHTY i HABKOJIMUIIIHE
cepenoBuIle, PO3PO6IEHO SIKiCHI eTanu eKoJIOTiYHOTO BiTHOBIEHHS epOIOBaHMX I'PYHTIB. 3MiHa BiKOBUX I1epiofiB pOCTY i
PO3BUTKY AePeBHUX POCIMH Y 3aXUCHUX JIiCOBUX HACAIKEeHHSIX, CTBOPEHMX Ha SIPY’KHO-0aTKOBUX 3€MJISIX, IPU3BOAUTD 10
MOCTYIIOBOTO MOETATHOTO eKOJIOTiYHOTO BiTHOBJIEHHSI epOJOBaHMX I'PYHTiB. OTpUMMAaHO UiTKe CHiBBiJHOLIEHHS BiKOBUX
repiofiB pocTy i PO3BUTKY JepeBHUX POCIMH 3 SIKICHMMM eTariamMy eKOJOTiYHOTO BiJJHOBJIEHHSI epOIOBaHUX I'PYHTIB.
Iobip 06’eKTiB HOCTiIKEHDb MependayaB ypaxyBaHHS OJHAKOBOi TEXHOJIOTii CTBOPEHHS MPOTHEPO3iifHMX HacaKeHb,
3POCTaHHS i PO3BUTOK B OGHAKOBMX YMOBaX, SIKi 6 BiATIOBiaay mM'ATbOM BiKOBMM TIePioiaM POCTY i PO3BUTKY JepPeBHUX
pociuH. Y KOSKHOMY BiKOBOMY Iepiofii BifOyBarOThCs SIKICHI 3MiHM ITiJ1 Yac pOCTY i PO3BUTKY POCAMHHOTO MTOKPUBY, & TAKOK
KIJIbKiCHI 3MiHM [TOKa3HMKIB, 110 XapaKTePU3YIOThb BJIACTUBOCTI I'PYHTY, SIKi IIpefcTaB/eHi IOPiBHSHO 3 KOHTPOJIEM, SIKUM
o6paHo BuriH. HamaHo ocHOBHI (GYHKIIT 1[MX HacamkeHb. [IpyaiieHo yBary BCiM BiKOBMM MepiofaM pOCTy i PO3BUTKY
MPOTMEPO3iiTHMX HacalKeHb Y YaCTUHI MTPOBeAeHHS JTiCIBHMYMX 3aXOiB /IJIsl YCIIITHOTO BMPOLTYBaHHS MPOTMUEPO3iiHMUX
HacaJkeHb Ta iXHbOI epekTuBHOI Aii. 3 BUIOiIIEHMMIM BiKOBMMM IepiofaMM UiTKO Y3TOIKYIOThCS eTaIli eKOJOTiYHOTO
BiIHOBJIEHHSI €PO0OBAaHMX TEPUTOPiii. BiAKpMBaIOTbCS MePCIeKTMBM PO3YMiHHSI IPOLIECY BiJHOBJIEHHSI 3aXMCHOTO
POCIMHHOTO MOKPUBY, 30KpeMa JIiCOBMX HacalkeHb i iXHbOro 6e3mocepeqHbOT0 BIUIMBY Ha BIACTMBOCTI €pOIOBaHMX
IPYHTIB

KniouoBi «r1oBa: eposiiiHi mporecu, epomoBaHi I'PYHTM, MPOTMepO3iliHa poJb, Mepiogy PO3BUTKY, SIKICHI eTaru,
BJIACTUBOCTI I'PYHTY, TipaBIiuHa HIOPCTKIiCThb
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