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Abstract. Forest management in Ukraine should be conducted considering climate change, as well as degradation and
mass drying of forests. It also must follow the principles of preserving the conditions for the reproduction of biologically
stable, highly productive tree stands and rational and sustainable use of forest resources. Therefore, one of the main tasks
of forest management is to maximize the use of the natural seed potential of forest stands. Felling corresponds to this
principle, being aimed at maximizing the use of natural seed regeneration of the forest, and as a methodological basis for
creating highly productive, biologically stable forest stands. The purpose of this study is to develop a felling method that
promotes natural forest regeneration and offers organizational and technical indicators for its implementation. Accounting
of natural forest regeneration was performed per the A.V. Pobedynskyi’s method; the natural forest regeneration was
estimated according to V.G. Nesterov’s scale; the projective cover of the forest ground vegetation was figured out on
the Brown-Blanquet scale; the dryness of the climate was figured out according to the De Martonne’s aridity index; the
humidification conditions at the experimental site were investigated using G.T. Selyaninov’s hydrothermal coefficient;
the sum of active temperatures was figured out according to the method of the Ukrainian Hydrometeorological Centre. The
regulatory framework for felling to form and sanitise forests was analysed. It was found that the current rules do not make
provision for felling that would be most favourable for the natural renewal of economically valuable tree species in forests
of any category, age, composition, and structure. The results of accounting and evaluation of natural forest regeneration
in felled circular areas are presented. It was found that under the condition of average (3 points) and higher points of seed
bearing (fruiting) and sufficient moisture on circular plots with a diameter of 1.5 of the average height of the stand H,,),
there was a very dense, healthy, evenly distributed natural forest regeneration. Dense understorey and significant sodding
of the soil surface (over 50% of the area) with forest ground vegetation negatively impact the natural forest regeneration
in the first year of life. Otherwise, special tillage is ineffective. In 2020, despite the decade-long droughts in March-April,
as well as in August-September, favourable conditions for natural forest regeneration developed. In May and June, there
was an increase in precipitation compared to the previous and subsequent months after the emergence of seedlings,
which positively affected their rooting and growth. Feeling that contributes to the natural forest regeneration should be
classified as felling for the formation and sanitation of forests, and the proposed organizational and technical indicators
should be set up for it. The conclusions of this study will serve as a methodological framework for the introduction of a
new method of felling in forest stands, which would be as favourable as possible for a sufficient amount of high-quality,
viable natural regeneration of economically valuable tree species
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Introduction
Forests cover approximately 31% of the planet’s land area
and 35% of Europe’s area [1; 2]. The important role of for-
ests in terms of ecological, economic, social, and aesthetic
values, as well as the source of natural resources, ecosystem
services, and functionality, including protection of water-
sheds, prevention of soil erosion, and mitigation of climate
change [3; 4], makes forest management crucial, and the
topic of natural forest regeneration — extremely relevant [1; 5].

It is known that forest stands of natural seed origin
are characterized by high biological stability. Given the cur-
rent soil degradation [6] and massive drying of forests [7],
increasing the biological stability of forest stands is an ex-
tremely urgent issue for the forests of Ukraine. In this con-
text, natural forest regeneration is of particular importance,
which contributes to the formation of biologically stable
forest cenoses compared to artificial stands [4].

Over the past decades, an area with naturally restored
forests in Europe has increased substantially [1]. Studies
have shown that between 2018 and 2019, more than half
(66%) of European forests were restored naturally [1; 5]. In
2010-2020, France, Spain, Portugal, and Italy experienced
an increase in the share of naturally reproduced forests
from 2,600 (Portugal) to 52,700 hectares per year (Italy) [5].
However, during 2005-2015, Europe's share of natural for-
ests substantially decreased [1]. According to official data
of the State Agency for Forest Resources of Ukraine, the
share of natural forests is about 40% [8]. During 2003-2021,
the share of natural forests stayed consistently low at 9.0-
13.0 thousand ha/year, which is about a third of the annual
reforestation area [8]. Therefore, in the context of climate
change, an important task for foresters in different coun-
tries is to increase the share of natural forests by develop-
ing approaches and tools for versatile assistance to natural
forest regeneration [9].

The purpose of this study is to develop a felling
method that contributes to the natural forest regeneration
and organizational and technical indicators for its imple-
mentation. To fulfill this purpose, it was planned to perform
the following tasks: to analyse the results of scientific re-
search of natural forest regeneration by scientists-for-
esters of Ukraine and other countries; to investigate the
influence of environmental factors on natural forest regen-
eration; to set up quantitative and qualitative indicators of
natural forest regeneration; to analyse felling for the for-
mation and sanitation of forests to promote natural forest
regeneration in forest stands; to develop organizational and
technical indicators for the proposed method of felling that
contributes to natural forest regeneration.

Literature Review

Successful natural renewal of forest stands in Ukraine oc-
curs in many types of forest. In general, for natural seed
forest renewal, more favourable conditions are formed in
the forest natural zone, which is characterized by an in-
creased amount of precipitation, low evaporation, and mod-
erate development of understorey and forest ground vege-
tation in forest stands [10]. Forest stands of seed renewal,
in contrast to vegetative ones, are characterized by greater
durability, long growth in height and volume, high technical
qualities of wood, accumulation of the most valuable varieties
and a larger mass of wood before the age of ripeness [1; 4].

It is known that forest stands of natural seed ori-
gin are characterized by high biological stability [4; 11].
Given the current soil degradation and massive drying of
forests, increasing the biological stability of forest stands
is an extremely urgent issue for the forests of Ukraine.
In this context, natural forest regeneration is of particu-
lar importance, which contributes to the formation of
biologically stable forest cenoses compared to artificial
stands [4; 12; 13]. Forest management should be based on
an understanding of the processes of formation and devel-
opment of natural forest ecosystems. Therefore, foresters
should apply in practice the approaches of close to nature
forestry, as one of the tools of forestry management.

At the stage of germination, the younger generation
of the forest often suffers from insufficient moisture in the
soil, which leads to its drying out. Seedlings of woody spe-
cies can withstand some lack of light, and over time, hav-
ing turned into understorey, they need it more. For normal
growth and development of understorey, illumination and
fertility of the upper soil horizon corresponding to the tree
species are necessary. This stage of seed renewal is charac-
terized by gradual adaptation of the understorey to the en-
vironmental conditions under the stand canopy. With age,
the understorey becomes more suppressed, its demand for
light increases. Therefore, from the very first years of life,
it is characterized by the improvement of the adaptations
inherent in each tree species and the acquisition of new
adaptive features. Understorey usually suffers from a lack
of light and soil moisture. This is confirmed by a small
height increment, underdeveloped leaves or needles, weak
foliage or entanglement of branches, presence of ascomycete
fungi, disease lesions, etc. If the fastidiousness of a tree spe-
cies to light and nutrients, which increases with age, is not
satisfied, then the least adapted specimens die off [4; 6; 7].

Thus, the preservation, growth, and development
of self-seeding and understorey of common oak under
the canopy of parent stands is most affected by Illumina-
tion. Under the canopy of high (0.8-1.0) relative density
oak-hornbeam stands, it is 0.5-3.0% of full illumination,
which leads to the gradual death of the young generation
of common oak in the second or third year of life [14]. Un-
der the canopy of medium (0.6-0.7) and high (0.8-1.0) rel-
ative density stands (aged 41-111 years) of fresh and moist
hornbeam oakery, the age of understorey of common oak
did not exceed three years. At an older age, its shade endurance
decreases, and plants eventually die [15; 16].

In Scots pine stands of fresh and moist fairly poor
soil conditions (B,, B,) as part of the natural forest regener-
ation, Scots pine has the largest share, and in wet fairly rich
soil conditions (C,) — common oak. The intensity of natural
forest regeneration depends on the degree of soil moisture.
Thus, in fresh fairly poor soil conditions of self-seeding and
understorey, there were 0.3-0.7 thousand pcs-ha’!; in tran-
sitional conditions of soil moisture content from fresh to
wet — 0.2-4.8 thousand pcs-ha’!; in wet fairly poor soil con-
ditions — 0.6-12.4 thousand pcs-ha’l. In wet fairly rich soil
conditions, where the forest ground vegetation develops
intensively, the smallest amount of natural forest regen-
eration is observed — 0.2-0.5 thousand pcs-ha!. All stands
are dominated by 3-10-year-old Scots pine understorey. In
a smaller number, Scots pine understorey is observed at
the age of 10-20 years and younger. Natural regeneration
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of Scots pine is most often observed in forest stands with a
stand’s relative density of 0.6-0.8. In high (0.8-1.0) stand’s
relative density, the natural regeneration of Scots pine is
limited by insufficient lighting and a thick layer of forest
floor, and in low (0.4-0.5) stand’s relative density — by in-
tensive development of herbaceous plants [17; 18].

The age-class composition of natural regeneration
of common oak under the canopy of forest stands (forest
type - fresh and rich maple-linden oakery soil conditions)
is dominated by seedlings (46.1%), 2-3-year regeneration is
29.8%, 4-8-year-old - 22.7%, 9-15-year-old — 1.4%. As the
relative density of the stand grows, the density of common
oak shoots increases, and the density of 4-8-year-old oak
understorey decreases due to insufficient lighting or com-
petition from other plants [19]. The total growth of com-
mon oak in open space conditions (on timber blockings)
up to the age of three increases almost twice with each
subsequent year. While under the canopy of a stand with a
completely felled second storey of hornbeam, this indicator
has a negative trend [14].

Preserving and increasing the natural regeneration
of Scots pine under the canopy of parent stands is possible
if complex felling methods are used and measures are taken
to promote natural forest regeneration [20].

According to the research of A.M. Zhezhkun [21], in
square-shaped spaces with a side length of 1.5-2.0 H,. of
the stand (the ratio of side lengths is 1:1) and in rounded
spaces with a diameter of 1.0-1.5 H, _of the stands, as well
as in rounded gaps with a diameter of 1.0-1.5 H__in the
forest stand with uniform thinning in the strip around the
gaps, there were 22.9-26.2 thousand pcs.-ha™! of self-seeding,
of which common oak - 0.6-1.1 thousand pcs.-ha!, Scots
pine - 7.4-11.6 thousand pcs-ha!.

The natural regeneration of pine occurs worst in
stands with uniform thinning of the stand to a relative den-
sity of 0.5, and best of all — in gaps of rounded shape, cre-
ated on the principle of group-gradual felling. On rounded
gaps with a diameter of 1.0 H, ., in a stand with furrows, the
natural regeneration of pine in the age group of 4-8 years is
12-21 thousand pcs-ha’l, and in the variant with soil loos-
ening with a disk tiller — 11-12 thousand pcs-ha'! [22].

Suppression of 2-5-year-old understorey of common
oak is observed at 15-20% of the illumination of an open
space. The best growth and development of the younger
generation of common oak is observed in circular areas
with a diameter of 1.5 H,, of the stand, where there is more
light during the day and there is no suppression of common
oak growth from 10 to 16 hours (23.5-68.0% of the illumi-
nation of an open space). This is confirmed by the higher
average height (1.8 m) of five-year-old oak in these areas,
compared to the average height (0.9 m) of five-year-old oak
in circular areas with a diameter of 1.0 H_ of the stand.
On circular plots with a diameter of 0.5 H, in the stand,
where the lowest illumination and greatest suppression of
common oak is observed during the day, mass drying of the
younger generation of common oak occurred at the age of
three years [23].

Under favourable conditions (the presence of seed
years, a sufficient amount of soil moisture, light, the
absence of dense understorey and dense forest ground
vegetation, a thick layer of forest floor, etc.), a sufficient
amount of understorey of economically valuable species

can accumulate under the canopy of the stand to regenerate
the plot naturally. Without the above conditions, frequent
cases are the presence of signs of suppression in the un-
derstorey — a small increase in height, underdevelopment
of leaves or needles, the presence of ascomycete fungi, etc.
Therefore, the issue of obtaining high-quality, viable nat-
ural regeneration of economically valuable species to the
age of maturity of the stand, which is characterized by high
biological stability, and also better corresponds to particular
forest vegetation conditions from a genetic and ecological
standpoint, is relevant.

To create favourable conditions for natural forest
regeneration in forest stands, it is necessary to carry out
appropriate economic measures. One of such measures to
promote natural forest regeneration is the use of felling,
which contributes to the emergence and preservation of the
younger generation of the forest.

The rules for improving the qualitative composition
of forests [24] do not make provision for felling that would
be most favourable for the natural renewal of economically
valuable species. Maintenance felling only to some extent
solves this issue, especially for the natural regeneration
of light-demanding tree species. Starting from the age of
cleaning and older, maintenance felling involves the uni-
form placement of trees on the plot, which are left for fur-
ther growth. Such placement of trees in medium (0.6-0.7)
and high (0.8-1.0) stands relative density mainly adversely
affects the safety and normal growth and development of
the younger generation of the forest under the canopy of
the parent stand.

Re-formation felling considers the bioecological
properties of tree species to a greater extent than main-
tenance felling for their successful natural regeneration.
According to the rules for improving the qualitative com-
position of forests [24], re-formation felling is aimed at
gradually turning same-age pure forest stands into mixed
multi-storeyed forest stands of different ages. They com-
bine the simultaneous felling of individual trees or their
groups and the promotion of natural forest regeneration,
provided that the forest exists continuously. Such felling
is performed to form a target stand when the composition
and structure of the stand do not correspond to optimal pa-
rameters close to the natural state. According to the same
principles, felling is also performed in foreign countries.
Thus, German foresters in recent decades have widely used
re-formation felling in Scots pine forests, which makes
provision for gradual reproduction on the plot instead of
a pure single-storeyed pine stand of indigenous, mixed,
multi-age, and multi-storeyed stands [4; 8; 25].

Therefore, if the stand corresponds to the manage-
ment of the forestry and its composition and structure are
optimal, then felling is not carried out, and natural forest
regeneration occurs mainly under the above-mentioned
adverse factors.

Felling is associated with the reconstruction of
low-value young and derived stands, is performed to re-
place low-value and derived young stands with targeted
ones and is combined with the implementation of measures
related to artificial forest regeneration. Reforestation fell-
ing is performed in mature and over-mature multi-storeyed
stands of different ages and stands of simple structure to
restore valuable tree species in forests where principal

Vol. 13, No. 2, 2022

Ukrainian Journal of Forest and Wood Science 26



Experimental felling in assistance to natural forest regeneration in Kyiv Oblast

felling is forbidden [7]. Landscape felling is performed to
form forest-park landscapes and increase their aesthetic,
health-improving value and sustainability in recreational
and health-improving forests, forests with historical and
cultural purposes, as well as in recreational areas of na-
tional natural and regional parks.

Materials and Methods
To fulfill the purpose of this study, in 2020, an experi-
mental site was laid in a monodominant pine stand of
the Plesetskyi Forestry of the Separate Subdivision of the
National University of Life and Environmental Science of
Ukraine “Boiarka Forest Research Station” (SS NULES of
Ukraine “Boiarka FRS”) (Fig. 1, Table 1).
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Figure 1. Experimental site in Plesetskyi Forestry of the SS NULES of Ukraine “Boiarka FRS”, Kyiv region

Accounting for natural forest regeneration was per-
formed according to A.V. Pobedinsky’s method [26] on ac-
counting plots measuring 1.0x1.0 m, which were laid on cut-
down circular areas in two mutually perpendicular directions.
In terms of quality, the younger generation of the forest was
divided into: dry — dead specimens; doubtful — suppressed,

with signs of drying out of aboveground parts, mechanical
damage, etc., which is still capable of further life; healthy —
reliable, without mechanical damage and signs of disease
and suppression [26]. In terms of height, natural forest
regeneration was divided into: shallow — up to 0.50 m,
medium - 0.51-1.50 m, high — above 1.50 m [27].

Table 1. Forest inventory indicators of the stand before felling

. s i Average
Enterprise, forestry, quarter, Forest S,ha | Stand Site index A, p 4 M )
allotment category class years H,m | D,cm | m*ha’
88 NULES of Ukraine "Boiarka FRS", | pooreational | 6.0 | 10Ps I 77 | 0.60 | 270 | 300 | 360
Plesetske, 393, 1

Source: [28]

The V.G. Nesterov’s scale was used to estimate
natural forest regeneration [29]. Simultaneously with the
study of natural forest regeneration on circular plots, the
projected coverage of forest ground vegetation was evalu-
ated on the Brown-Blanquet scale [30]. The experimental
site is used during all-Ukrainian research-to-practice sem-
inars and training practices for students of bachelor’s and
master’s degrees with specialties in forestry.

To investigate climate indicators, the authors used
archival weather data of the Ukrainian Hydrometeorological
Institute of the State Emergency Service of Ukraine and
the National Academy of Sciences of Ukraine [31].

The degree of dryness (aridity) of the climate for
2019-2021 was investigated using the De Martonne’s arid-
ity index [7], which is calculated according to the following
formula:

(12'R)
T10)° @
where IA - De Martonne’s aridity index; R — monthly average
precipitation, mm; T — monthly average air temperature, °C.
Humidification conditions at the experimental site

14=

were investigated using the G.T. Selyaninov’s hydrothermal
moisture coefficient (HTC) [32]. HTC is a universal indica-
tor of the humidity of the territory, which is used by the
Ukrainian Hydrometeorological Centre. It is set as the ra-
tio of the amount of precipitation in mm for a period with
average daily air temperatures above 10°C to the sum of
temperatures for the same period, reduced by 10 times. The
HTC is calculated according to the following formula:

_ R
HTC= TIZD’

@)

where HTC is the G.T. Selyaninov’s hydrothermal moisture
coefficient [32]; R is the precipitation for the period with
temperatures above 10°C, mm; XT is the sum of active
temperatures >10°C, °C.

To estimate the moisture content of the territory,
the HTC assessment scale was used based on the obtained
value, with the HTC indicator <0.4 - very severe drought,
0.4-0.5 - severe drought, 0.6-0.7 — average drought, 0.8-0.9 —
weak drought, 1.0-1.5 - sufficient humidity, and >1.5 — ex-
cessive humidity.

Vol. 13, No. 2, 2022

Ukrainian Journal of Forest and Wood Science

27



Levchenko & Gumeniuk

The demand of plants for heat during the growing sea-
son is characterized by the sum of active temperatures [33].
Accordingly, average daily temperatures exceeding 10°C are
called active. The sum of active temperatures for 2019-2021
was calculated according to the following formula:
2lace = lapgn, (3)
where X't is the sum of active air temperatures for a given
period, °C; t, is the average active air temperature for a
given period, °C; n is the number of days in the period.
The age of principal felling for pine stands of the
forestry part of the green zone of the SS NULES of Ukraine
“Boiarka FRS” is 101 years or more. By this age, pine stands

L=540, m

can already be subjected to selective sanitary felling several
times, which is an indicator of their low biological resis-
tance. By the age of 100, mainly suppressed natural regen-
eration of pine trees accumulates under the canopy of such
stands. Therefore, to set up optimal conditions for natural
forest regeneration at the experimental site (Table 1), trees
were cut down partially on six circular plots with a diame-
ter of 1.5 H,. of the stand — 40.5 m (0.13 ha per each plot).
This will provide normal conditions for the emergence and
preservation of natural forest regeneration (Fig. 2). The cir-
cular plots were placed on the experimental site consider-
ing the available forest glades and rare (up to 3 thousand
units-ha!), medium (0.5-1.5 m), suppressed natural regen-
eration of Scots pine.

122, m

1=

Figure 2. Placement of circular plots in the Scots pine stand of the Plesetske Forestry of the SS NULES of Ukraine
“Boiarka FRS” (g. 393, al. 1)

For rational use of the average seed year (3 points) in
a pine stand, felling on circular plots was performed in early
spring (March) 2020 before the mass discharge of seeds from
pinecones. The reserve of felled wood per 1 ha is 46 m®. This
accounted for 13% of the stock of stands before felling. Felling
remains were stacked in piles and burned on circular plots.

To find the best conditions for the germination
of Scots pine seeds after felling (March) on circular plots
No. 2, 6, the surface of the soil was loosened with a disc
harrow BDN-1.8 in two tracks, and on circular plots
No. 3, 4 the surface of the soil was not processed. At circular
site No. 5, after felling (March), the soil surface was loos-
ened with a BDN-1.8-disc harrow in two tracks and Scots
pine seeds were manually sown. To remove sodding of the
soil surface by bushgrass (Calamagrostis epigejos (L.) Roth.)
at circular site No. 1, furrows were cut with a PKL-70 plough,
considering the existing understorey of Scots pine. Annual
seedlings of Scots pine and common oak were planted at
the bottom of the furrow.

Results and Discussion
Analysis of climate indicators. Perennial and seasonal

fluctuations in climate indicators directly affect the preser-
vation and viability of natural forest regeneration after its
emergence [1; 8]. Among the limiting weather indicators,
we can distinguish the temperature and humidity of the
air, the sum of active temperatures, precipitation, as well
as their number and frequency [3; 34]. At the experimental
site, the mass emergence of natural regeneration of Scots
pine was noted during the spring of 2020, which was preceded
by the seed year. To investigate the weather parameters be-
fore and after the emergence of natural forest regeneration,
the climate indicators for 2019-2021 were analysed.

Statistical characteristics of the climatic indicators
of the region under study for 2019-2021 are presented in
Table 2. The following conventions are used: T, - aver-
age monthly value of air temperature, °C; U, - average
monthly value of air humidity, %; R — average monthly rain-
fall, mm; N, - average monthly value of the number of days
with precipitation, days; IA is the average monthly value of
De Martonne’s aridity index; n — number of months; M —
arithmetic mean; Me is the median; ¢ — standard deviation;
v — coefficient of variation; As — coefficient of asymmetry;
Es is the kurtosis coefficient.
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Table 2. Descriptive statistics of weather parameters by year

Indicators Year n M M, min max c v As Es

2019 10.5 10.8 -4.5 23.6 8.95 84 -0.13 -1.17

T, °C 2020 10.9 11.2 -0.5 224 8.42 77 0.10 -1.58
2021 9.2 8.2 -4.5 24.6 9.90 108 0.18 -1.25

2019 70.4 68.0 54.0 87.0 11.60 16 0.28 -1.46

U, % 2020 69.2 67.5 41.0 92.0 15.15 22 -0.15 -0.68
2021 71.6 67.5 61.0 88.0 9.41 13 0.74 -0.98

2019 434 40.5 14.0 82.0 21.52 50 0.48 -0.59

R, mm 2020 12 50.3 42.5 15.0 123.0 35.05 70 1.59 1.62
2021 45.0 53.5 1.6 77.0 24.41 54 -0.42 -1.25

2019 14.8 15.5 9.0 25.0 5.43 37 0.50 -0.72

Ny, 2020 13.5 13.0 6.0 24.0 5.90 44 0.49 -0.77
2021 15.7 14.5 4.0 27.0 5.87 37 0.04 0.92

2019 31.0 26.3 7.4 100.4 23.99 77 2.43 7.33

IA 2020 31.7 23.7 10.9 65.9 20.95 66 0.84 -1.03
2021 42.4 25.2 1.0 135.3 42.77 100 1.33 0.58

Table 2 suggests that during the year, the vast ma-
jority of weather parameters are marked by significant
variability in the coefficient of variation (v>25 %), except
for the indicator U, , (v>11-25 %), which shows substantial
scattering of the minimum and maximum values of the
random variable from the distribution centre. The greatest
variability can be traced by indicators (T, and (IA), which is
explained by the considerable range (84-98%) of the average

140

monthly air temperature, considering temperatures below
zero in winter and the aridity index (83-99 %) during the year.

Precipitation, air temperature, and their charac-
teristics are of great importance for seed germination in
spring, development, and preservation of Scots pine seed-
lings during the growing season. Figure 3 presents the
dynamics of precipitation and air temperature by month
during 2019-2021.
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Figure 3. Dynamics of precipitation (a) and air temperature (b) by month during 2019-2021

Monthly precipitation fluctuations during 2019-2021
are heterogeneous, as evidenced by the data in Fig. 3. The
total annual precipitation by year has the following distri-
bution: 2019 — 521 mm, 2020 — 604 mm, and 2021 — 540 mm;

annual precipitation in months with an average air tem-
perature >10°C: 2019 — 346 mm, 2020 — 446 mm, and 2021 —
253 mm; the sum of active temperatures in 2019 — 3626°C,
2020 - 3610 °C, and 2021 — 2904°C. During March 2020, a
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dry period was noted, which lasted until the third decade of
April. It is known that the absence of precipitation in early
spring does not substantially affect seed germination, since
moisture availability is important at the time of emergence
and in subsequent months [3; 6]. Subsequently, spring-sum-
mer and autumn rain highs were observed in May-June and
October. Thus, in 2020, despite the decade-long droughts
in March-April, as well as in August-September, favourable
conditions for natural forest regeneration developed. In May
and June, there was an increase in precipitation (174 mm)
compared to March-April (55 mm) and July-August (80 mm),
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as well as for the same period in 2019 (17%) and 2021 (72%).
Sufficient moisture in May and June had a positive effect on
the emergence and subsequent rooting of natural renewal
in the experimental site.

To investigate the dynamics of the aridity of the
climate and the humidification of the territory in the
experimental areas during 2019-2021, the average monthly
fluctuations of the R and T, indicators and their de-
pendence on the De Martonne aridity index and
G.T. Selyaninov’s hydrothermal moisture coefficient were
analysed [32].
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Figure 4. Dynamics of precipitation (a) and aridity index (b) by month during 2019-2021

Results of nonparametric correlation analysis (Fig. 4)
indicate a naturally close relationship between the average
monthly precipitation and the aridity index (7=0.85) and a
moderate inverse relationship between the aridity index
and the average monthly air temperature (r=-0.62). The
aridity index, as an indicator of climate dryness, turned out
to be sensitive to climate indicators, namely the humid-
ification regime of the territory, where its growth is not-
ed with an increase in precipitation. Extended periods of
rainlessness and an increase in air temperature have close
feedback, which affects the decrease in the aridity index in
the region under study.

The HTC value during 2019-2021 was not substan-
tially changed, specifically in 2019-2020 this indicator was
1.0 and 1.2, respectively, which on the scale of assessment
of the coefficient values belongs to Group 5 - sufficiently
wet conditions, which is crucial for the normal development
of seedlings. In 2021, the humidity of the territory changed,
and the HTC indicator decreased to 0.9, which corresponds
to Group 4 — a weak drought in the region under study. The
decrease in the HTC indicator in 2021 is explained by the

decrease in the amount of precipitation during the growing
season, with average monthly air temperatures >10°C.

During 2020-2021, climate indicators were generally
favourable for the emergence, growth, and development of
natural renewal of Scots pine in experimental site. Further
studies of the growth and development of natural forest re-
generation allow obtaining more detailed results on the im-
pact of climate indicators and other environmental factors on
natural regeneration of pine forests in the region under study.

Natural forest regeneration at the experimental site.
In the first years of life, natural forest regeneration suffers
from suppression and intense competition from grass veg-
etation and shrubs, which adversely affects the further de-
velopment of seedlings [3, 35]. To avoid the adverse impact
of the grass-shrub storey in the autumn (September) of 2020,
forest sanitation was performed by felling the bushes of the
understorey on all the circular plots of the experimental site.

The results of accounting for natural forest regen-
eration in the first year of life after felling indicate its good
success. The characteristics of natural forest regeneration
on circular plots are presented in Table 3.

Table 3. Characteristics of natural forest regeneration on circular plots in the Scots pine stand of the Plesetske Forestry
of the SS NULES of Ukraine “Boiarka FRS” (thousand pcs-ha!)

Circular | Composition Age and height of forest regeneration Projected cover of forest ground
plot of fores.t up to 1 year, up to 5-7 years, Total vegetation (nqmeratoro— points,
number regeneration 0.50 m 0.51-1.50 m denominator - %)
1 100% Scots pine 18.3 0.7 19.0 5/90 (Calamagrostis epigejos (L.) Roth.)
9 100% Scots pine 29.9 B 29.9 4 / 60 (Calamagrostis epigejos (L.) Roth.,
Rubus caesius L.)
100% Scots pine Scots pine - 40.0;
3 + Common oak Common oak - 0.1; - 40.2 3/ 30 (Calamagrostis epigejos (L.) Roth.)
+ Silver birch Silver birch - 0.1
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Table 3, Continued

Circular | Composition Age and height of forest regeneration Projected cover of forest ground
plot of fores.t up to 1 year, up to 5-7 years, Total vegetation (nqmeratoro— points,
number regeneration 0.50 m 0.51-1.50 m denominator - %)
100% Scots pine Scots pine - 50.3;
4 + Common oak Common oak - 0.7; 51.3 3/ 30 (Calamagrostis epigejos (L.) Roth.)
+ Silver birch Silver birch - 0.3
100% Scots pine Scots pine - 31.9; L
6 + Common oak Common oak - 0.1 32.0 4 /70 (Calamagrostis epigejos (L.) Roth.)

Results of autumn (September) accounting of nat-
ural forest regeneration on circular plots No. 1, 2, 3, 4, 6
in the year of felling show that the composition of natural
forest regeneration is dominated by Scots pine. Participa-
tion of other tree species (Common oak, Silver birch) in
the natural forest regeneration does not exceed 5%. The
natural forest regeneration on the above-mentioned circu-
lar plots is 19.0-51.3 thousand pcs-ha’l, including natural
regeneration of Scots pine — 18.3-50.3 thousand pcs-ha’!,
which is explained by the 100% presence of Scots pine trees
in the parent stand (Table 1) and their average (3 points)
seed bearing. This amount of natural forest regeneration is
sufficient to restore the felled circular site naturally. Natu-
ral regeneration in circular plots is evenly distributed (over
85% of the area) and is healthy and shallow (up to 0.5 m).
A small amount (0.7 thousand pcs-ha) of previous, me-
dium-height (0.51-1.50 m) natural regeneration of Scots
pine is observed only on circular site No. 1. The amount
of natural reforestation on circular plots No. 3, 4 with-
out measures to promote natural regeneration is greater
(40.2-51.3 thousand pcs.-ha™!) than on circular plots No. 2,
6 (29.9-32.0 thousand pcs.-ha'!), where the soil surface was
loosened with a BDN-1.8 disc harrow in two tracks. This
is explained by the fact that on all circular plots there is a
direct dependence of the amount of forest regeneration on
the projected cover of the forest ground vegetation.

The smallest amount of natural reforestation
(19.0 thousand pcs.-ha™?) on the circular site No. 1 is explained
by the continuous sodding of the soil surface between the
furrows by bushgrass (Calamagrostis epigejos (L.) Roth.).
The natural regeneration of Scots pine on this circular
site is mainly found in the furrows formed by the PKL-70
plough and in a small amount between the furrows. Given
the average (3 points) degree of soil sodding by bushgrass
(Calamagrostis epigejos (L.) Roth.), the amount of natural
forest regeneration is 40.2-51.3 thousand pcs-ha™ (circular
plots No. 3, 4). With an increase in soil cover from 50% to
75% of the area (4 points), the amount of natural forest re-
generation decreases — 29.9-32.0 thousand pcs-ha™! (circular
plots No. 2, 6).

In the future, for the growth of the main species
(Scots pine), it is necessary to provide appropriate care
(agrotechnical care; cutting of understorey bushes and parts
of the understorey of secondary species that suppress the
growth of the main species; cutting the worst specimens of
the understorey of the main species; uniform placement of
the best specimens of the understorey on circular plots, etc.).

The next method of felling should be assigned sub-
ject to the completion of the regeneration of the main rock
on previously felled circular plots according to the standards
defined in the instructions for design, technical acceptance,
accounting, and quality assessment of forest-cultural objects

for the transfer of natural renewal to areas covered with
forest vegetation [36]. The next felling method should
also be performed in years of average (3 points) and above
seed-bearing points by expanding existing circular plots or
setting up new circular plots with a size of 1.5-2.0 H__ of
the stand. The area of existing circular plots is doubled by
felling trees on it, measuring 1.5-2.0 H, _ of the stand that
are adjacent to existing circular plots in a southerly direc-
tion. This will contribute to better illumination of the natural
forest regeneration. New circular plots are being expanded
according to the same principle. To evenly fell the stand on
the site, circular plots with a size of 1.5-2.0 H__ of the stand
on the site in the first step of felling should be placed at a
distance of 1.5-2.0 H,. of the stand apart from each other.

Scientists-foresters [4; 5; 6] indicate that the re-
forestation by natural seeding is vital for the formation
of long-lasting, biologically stable, and highly productive
stands. At the same time, the current “Rules for improv-
ing the qualitative composition of forests” [24] do not
make provision for felling that would allow for a suffi-
cient amount of healthy, viable natural regeneration of
economically valuable species in tree stands of any age
class, composition, and structure. According to some au-
thors [12; 13; 25], this task is particularly relevant for rec-
reational and health-improving, protective forests, forests
of nature protection, scientific, historical, and cultural pur-
poses, where it is necessary to perform felling so that the
forest is reproduced, if possible, naturally, and its structure
has a complex structure.

The natural regeneration of coniferous and decidu-
ous tree species is influenced by numerous factors that can
hinder its growth processes at different stages of develop-
ment. Dry periods [4; 12; 37], fires [5; 35], insufficient light-
ing [6; 9], suppression by bush and grass vegetation [6; 38],
stand density [4, 8, 23] are the most common and decisive
environmental factors affecting the quantitative and qual-
itative indicators of natural forest regeneration [6; 9]. Cli-
mate change is also one of the most difficult challenges
facing forestry [9]. It is expected that the impact of climate
on forests will substantially increase in the coming de-
cades [2; 38; 39]. Rising temperatures, prolonged droughts,
and insufficient precipitation during the growing season
can be crucial environmental factors for preserving the
natural forest regeneration [2; 4; 5].

The results of the study of natural forest regener-
ation on circular plots are confirmed by A.V. Vishnevsky’s
conclusion [20] on the better preservation and increase
in natural regeneration of Scots pine under complex fell-
ing methods and measures to promote natural forest re-
generation and the conclusions of A.M. Zhezhkun [21],
LV. Porokhniach [22] on the better passage of natural re-
generation of Scots pine in rounded gaps and a smaller
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amount of natural regeneration of Scots pine after loos-
ening the soil surface with a disk harrow. The established
dependence of the amount of natural forest regeneration
on the projective cover of forest ground vegetation is
also confirmed by studies of M. Arend, R. Link, R. Patthey,
G. Hoch, B. Schuldt, A. Kahmen [3], M. Poore [6], C. Senf,
A. Buras, C. Zang, A. Rammig, R. Seidl [38], M. Gordienko,
N. Gordienko [17], V. Rybaka [18].

Conclusions
In 2020, despite the ten-year droughts in March-April, as
well as in August-September, favourable conditions for nat-
ural forest regeneration developed. Sufficient moisture in
May-June had a positive effect on the emergence and sub-
sequent rooting of natural renewal in the experimental site.
To obtain viable, high-quality seed natural regen-

eration of economically valuable species in forests of any
category, age class, composition, structure, the Rules for
improving the quality composition of forests must make
provision for felling to promote natural forest regeneration
in compliance with organizational and technical indicators:

1) the felling area is determined by the area of the
intended survey (economic) plot;

2) circular platform size — 1.5-2.0 H, of the stand;

3) the distance between circular plots in the first step
of felling is 1.5-2.0 H__ of the stand;

4) the direction of expansion of the circular plots is
southern;

5) the next reception of felling is assigned subject to
the completion of the regeneration of the main rock on a
pre-felled circular plots;

6) measures to promote natural forest regeneration
(special tillage; care for forest renewal; formation of an
open edge around a circular site; fencing of the area with
natural forest regeneration; prohibition of grazing; the
simplest forest crops in places with no regeneration; felling
season; clearing of felling sites).

Adverse impact on natural forest regeneration on
circular plots measuring 1.5 H, _of the forest stand is made
up of a dense understorey and soil sodding with a forest
ground vegetation. Therefore, it is mandatory to carry out
agrotechnical care for natural forest regeneration. It is es-
tablished that felling to promote natural forest regenera-
tion should be assigned in the years of average (3 points)
and more points of seed bearing (fruiting) of trees in the
stand. Felling should begin before the mass departure of
seeds or fruit falls and finish before they germinate. It is
advisable to carry out special treatment of the soil surface
under the condition of significant soil sodding (over 50% of
the area) with a forest ground vegetation. Otherwise, such
measures are ineffective.

Further studies of the growth and development of
natural forest regeneration will give more detailed results
on the impact of environmental factors and proposed or-
ganizational and technical indicators of felling on natural
forest regeneration.
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ExcniepuMeHTa/IbHA PyOKa CIIPUSTHHS IIPUPOTHOMY ITOHOBJIEHHIO JIiCY
y KuiBcbKiit oonacri

B’stuecnaB Bomogumuposuu JleBueHko, Bacuiab Bonogumuposuu I'ymeHIOK

HaBuasbHO-HaYKOBMIT iHCTUTYT JIICOBOTO i CaIoBO-MIapKOBOT'0 rOCIOIapCTBa
HanioHasnbHOro yHiBepcuTeTy 6iopecypciB i MpUpoOgOKOPUCTYBaHHS YKpaiHu
03041, Byn. 'enepana PogumiieBa, 19, m. Kuis, Ykpaina

AHoTanis. BemeHHs jicoBoro rocmojgapcTBa B YKpaiHi Heo6ximHO 3ailicHIOBaTM 3 ypaxyBaHHSIM 3MiH KIimMaTy Ta
Ierpazanii i MacoBOro BCUxaHHSI JIiCiB, a TAKOX 3 OTPMMaHHIM IPUHIUIIIB 30epeskeHHsI YMOB BiZITBOPeHHSI 6i070TiuHO
CTi/iKMX, BUCOKOTIPOLYKTUBHMX HacalKeHb Ta PalliOHaIbHOTO i HeBUCHAK/IMBOTI'O BUKOPUCTAHHS JIiCOBUX pecypciB. Tomy
ONHMM i3 TOJOBHMX 3aBJaHb BeeHHS rOCIIONAapCTBa y JlicaXx € MaKCMMalbHe BUKOPUCTAHHS NIPUPOSHOrO HACIHHEBOTO
MOTeHITiaTy TiCOBMX HacaaskeHb. TaKOMY MTPUHITMITY BiATIOBiIat0Th pyOKM, SIKi CIIPSIMOBAHi HA MaKCMMaTbHEe BUKOPUCTAHHS
MIPUPOIHOTO HACIHHEBOTO ITOHOBJIEHHS JIiCY, SIK METOAOJIOTiYHOI OCHOBM CTBOPEHHS BUCOKOIIPOIYKTUBHUX, 6i00TiYHO
CTifiKMX JIiCOBUX HacamkeHb. MeTa HOCIIIKeHHS — PO3POOUTU CIIOCiO PyOKM, SIKMI CIIPUSIE TIPUPOAHOMY ITOHOBJIEHHIO
Jlicy Ta 3ampoINOHYBaTy OpraHi3alliliHO-TeXHiYHi MOKa3HUKM IJis #0To mpoBefeHHsS. OGJiK MPUPOSHOTO MOHOBIEHHS
sicy mpoBoauaM 3a MeTonuKoi A.B. [To6eAMHCHKOT0; OLiHKY MPUPOIHOTO JTiCOTIOHOBIEHHS 3[iCHIOBAIM 3@ ILIKAJIOK0
B.I. HectepoBa; NMpOeKTMBHe MOKPUTTS >KMBOTO HAAIDYHTOBOrO MOKPMBY BM3HaualdM 3a IIKanow bpayH-Branke;
CyXiCTb KIiMaTy BM3HAYaIM 3a iHIeKCOM apuaHOCTi e MapToOHHA; yMOBM 3BOJIOKEHHSI Ha OOC/iIHIN AiNSHITI BUBYAIK 3
BUKOPUCTAHHSM TigpoTepmiuHoro KoedimieHTy I. T. CessiHiHOBa; CYMY aKTMBHUX TeMIIEPATYP BU3HAUAIN 38 METOAMKOIO
VkprigpomerieHTpy. [[poaHanisoBaHO HOPMAaTUBHO-ITPaBOBY 6a3y IPOBefeHHS pyO6OK (opMyBaHHS i 03[JOPOBIEHHS JTiCiB.
BcraHoBseHo, mo giroui [IpaBuia He mepen6avyaroTh MPOBeIeHHS PYOOK, SIKi 6yau 6 MaKCMMAaabHO CIPUSITAVBUMMU JJIST
MIPUPOSHOTO IOHOBJIEHHSI TOCIIOaPChKO IIHHKX ePeBHUX TOPif y Ticax Oymb-sKoi KaTeropii, Biky, CKIamy i CTpyKTypu.
[IperncTaBieHO pe3ynbTaTH OOMIKY Ta OL[iHKM IMPUPOJHOTO ITOHOBJIEHHS JIiCY Ha BMUPYOAaHMX KPYTOBUX IUIOIAZKAX.
BcTaHOBIIEHO, 1110 32 YMOBM cepelHboro (3 6asn) i Buiie 6aj1iB HacCiHHEHOLIEHHS (TJIOIOHOIIIEHHST) Ta JOCTaTHBOI KiJIbKOCTi
BOJIOTM Ha KPYroBUX IUIOIIanKax giameTpom 1,5 Hcp. mepeBocTaHy crioctepiranaocst gyske rycre, 3q0poBe, piBHOMipHO
po3MilleHe IO IJIOLLi IPUPOJHE MOHOBIEHHH Jicy. HeraTMBHMII BIVIMB Ha NPUPOAHE JIICOIIOHOBIEHHS Y MepIInii pik
SKUTTST UMHSTD TYCTUIA TiAJIiCOK Ta 3HAUHe 3aJepHiHHS MOBepxHi I'PyHTY (6isbine 50 % 1utoni) SKMBUM HaAIPYHTOBUM
MTOKPMBOM. Y NIPOTMBHOMY BUIIQAKY OCTAHHBOTO, IIPOBEEHHS CIIel[iaIbHOTO 0OPOGITKY I'PYHTY € ManoedeKTUBHUM. Y
2020 porii, He 3Baskar0uy Ha AEKaIHi TOCYyxU y 6epe3Hi-KBiTHi, a TAKOX Y CepITHi-BepeCHi CKIAINCS CIIPUSTINBI YMOBU JIJIST
MIPUPOIHOTO ITOHOBJIEHHS JTicy. Y TpaBHi Ta YepBHi BiAMiueHO 3pOCTaHHS KiJIbKOCTI OIa/iiB IOPiBHSIHO 3 MOINepeHiMHU Ta
HACTYITHMMM MiCSILISIMM TTiC/I51 TIOSIBY CXO[IiB, 1[0 TTO3UTMBHO BILVIMHYJIO HA IX YKOPiHEHHSI Ta picT. PyOKy, sSIKa CIIpUsi€ IIPUPOTHOMY
TTOHOBJIEHHIO JIiCy, CJTif BimHecTu 10 py6oK (opMyBaHHS i 03MOPOBIEHHS JIiCiB Ta BCTAHOBUTU ISt Hel 3alpONOHOBaHi
opraHisaliifHo-TexHiYHi TOKa3HUKU. Ofep>kaHi BUCHOBKYM CIyTYBaTMMYTb METOOIOTIUHOIO0 OCHOBOIO /IS 3aIIPOBAIKEHHS Y
JIiCOBMX HacaKeHHSX HOBOTO CITIOCOGY pyOKM, SIKMi 6YB 6 MaKCMMAaJIbHO CIIPUSITIMBUM ISl OTPYIMAHHS Y JOCTATHIiA
KiJIBKOCTI SIKiCHOTO, SKUTTE3JATHOTO ITPMPOIHOTO ITOHOBIEHHS TOCTIOAAPCHKO IiHHUX IepPeBHUX ITOPIf,

KnrouoBi cjioBa: KiliMaTuuHi TIOKa3HMKU, NepeBOCTaH, KPyrosa rviomangka, CXoamn, )KI/ITT€3,E[8THiCTI) l'Ii,E[pOCTy, npupoagHe
JIiICOTIOHOBJIEHHS
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