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Modelling the Qualitative Structure
of Scots Pine Trunks Using a Random Process

Volodymyr Bychenko!’, Viktor Myroniuk?, Petro Lakyda!, Maksym Burianchuk!

IState Enterprise “Smilyan Forestry”
20724, 1B Nezalezhnist Str., village Budky, Cherkasy region, Ukraine
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Abstract. The study highlights a method for predicting the volume of qualitative categories of trunk
wood for timber trunks of Scots pine, using a model of distribution of various qualitative zones along the
trunk. The study is based on empirical material collected in the main-use cutting area, where the length
of various qualitative wood zones from the butt to the top was determined for 245 model trees. The paper
uses a semi-Markov probabilistic model to generalise the order of appearance and length of zones of
timber wood, firewood, and waste, which was determined by three parameters: 1) input probabilities of
the appearance of the corresponding qualitative zone in the butt part of the trunk (initial state); 2) matrix
of distribution of zone lengths; 3) matrix of probabilities of changes in qualitative zones at different
heights of the trunk. According to research data, it is generally accepted that pine trunks begin with
timber wood. The beta distribution function is used to model the length of qualitative trunk zones, the
parameters of which are selected depending on the relative height of the beginning of the corresponding
trunk zone. The probabilities of changes in qualitative zones are calculated based on empirical data. The
study identified that the distribution of timber and firewood lengths depends on the absolute height of
the trunk location and the height of the trunk. For a mathematical generalisation of this process, the
paper defines four zones within which the distribution of the length of the timber part of the trunk can be
described by a single function. The probabilities of changes in qualitative zones are modelled depending
on the relative height of trunks. On this basis, the method of simulation modelling of initial data sets
has been developed, which can be used to develop tables of dimensional and qualitative wood structure
for trunks of different diameters, heights, and categories of technical suitability. The study applies only
to timber pine trunks, so other patterns are probable for trunks of other tree species, semi-timber, and
firewood trunks. The developed methodology is appropriate to use when updating the tables of trunk
volume distribution by variable-quality categories, which now need to be updated by introducing new
requirements for the classification of timber wood in Ukraine

Keywords: timber tree, distribution function, semi-Markov probability model, tables of dimensional and
qualitative structure
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Introduction

The transition of the Ukrainian forest industry
to European standards for the classification of
round timber by size and quality has led to the
need to update the regulatory framework used in
production when accounting for the trunk stock
of wood. During 2019-2020, the first stage of
development of standards was conducted, which
provided for modelling the yield of round timber
by thickness classes for ten main tree species:
pine, spruce, fir, oak, beech, ash, hornbeam, birch,
alder, aspen (Bilous et al., 2020). Notably, the
proposed standards allow performing a preliminary
assessment of the maximum possible yield of
timber wood and its dimensional structure. This
is due to the use of research material available at
the Department of Forest Mensuration and Forest
Management of the National University of Life
and Environmental Sciences of Ukraine (about 20
thousand model trees), which was collected over
the past two decades according to already abolished
interstate standards. Therefore, to improve these
standards, it is necessary to attract new empirical
data. Evidently, getting a sufficient number of
model trees will require substantial financial costs,
and most importantly - time.

Most of the standards in Ukraine are
developed by equalising empirical data using
regression analysis methods. It is necessary to
have a substantial amount of research material —
from 400 to 600 model trees for each tree species
to obtain such models with a sufficient level of
adequacy and accuracy (Nikitin & Shvidenko,
1972). Because of this, there is a need for a deeper
study of the relationship of random variables
that affect the formation of the dimensional-
qualitative structure of the volume of a tree
trunk. In particular, the application of random
process theory and simulation modelling allows
obtaining a sufficient number of implementations
of the simulated process to ensure the established
accuracy and level of confidence probability.

In Ukraine, to display the dimensional
and qualitative structure of trunks, the random
process was first used in 1983 when performing
a study on optimising the structure of logging
in the conditions of the Ukrainian Carpathians
(Developing Scientific Background, 1983). The
idea of application belongs to Ya.A. Yudytsky,

who published a methodological basis for the
possibility of applying random functions in
solving sorting problems in 1985 (Yudytsky, 1985).
This method was further developed in the papers
of A.V. Poliakov, in particular, in the scientific
finding “Adaptive industrial sorting of the cutting
fund” (Poliakov & Poliakov, 1999, 2008, 2009).
This was used to compile some standards (Kashpor
& Strochynskyi, 2013) and update them in 2020
according to new European standards (Bilous et
al., 2020). These studies are based on a stochastic
model of the distribution of qualitative zones
along the trunk, developed based on the theory
of Markov processes for the assumption that the
length of zones (i.e., the time when the system is
in a certain state) is distributed according to the
expotential law (Koroliuk & Turbin, 1976). As a
result, it is established that the quality class of the
next trunk zone, as an analogue of the next state
of the Markov system, depends only on the quality
class of the current zone (the current state of the
system) and does not depend on its earlier states.

Modelling the probabilistic distribution of
the appearance of the corresponding qualitative
zone along the trunk is a difficult task even from
the standpoint of the possibility of using statistical
methods. The distribution of response values, i.e.
the volume of wood of the corresponding quality
class in the trunk stock, is usually far from normal.
Because of this, based on trunk matching models
(Adamec et al., 2019) and timber wood volume
models (Fonweban et al., 2012) it is possible to
successfully predict its volume in a separate
trunk, but this approach does not work at the level
of forest stands.

The problem posed requires a more complex
methodological solution that would allow
considering the probability of the appearance
of a particular quality zone on the trunk, and
then - the distribution of volume by quality
classes. According to this, Fortin et al. (2009),
considering each qualitative zone of the trunk as
a binary characteristic (the presence of which on
the trunk can be characterised by a value of 1, and
the absence - 0), at the first stage, linear logistic
regression was used to model the probability
of occurrence of these zones depending on the
biometric indicators of the tree trunk. Only
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then a model of wood volume distribution of the
corresponding quality class for birch and maple
tree trunks in the province of Quebec in Canada
were considered. Notably, the models were
developed separately for four quality categories
(categories of technical suitability) of trunks.

A similar approach, based on binary logistic
regression to predict the probability of the
appearance of qualitative zones on the trunk, was
later used by specialists of the US Forest Service
(Banzhaf et al., 2016). According to the researchers,
a sufficient level of accuracy of such models should
be expected only for general indicators aggregated
at the level of stands. In some cases, modelling of
the qualitative structure of the trunk volume was
considered from the standpoint of the theory of
statistical classification of trunk zones by quality.
For example, Schneider et al. (2008) combined
polynomial logistic regression to predict the
number of finite wood quality classes and binomial
logistic models to determine the probability of
occurrence of each of them for trunks.

In general, the scientific literature in the
context of the presented study is quite limited.
Despite the availability of separate publications
on predicting the qualitative characteristics
of stem wood, the possibility of simultaneous
modelling of dimensional and qualitative
indicators was almost not considered. Based on
this, it is necessary to recognise the importance of
scientific ideas proposed earlier by Ya.A. Yudytsky

and O.V. Poliakov (Poliakov & Poliakov, 1999,
2008, 2008; Yudytsky, 1985).

The purpose of the study is to substantiate
based on research material a model of the
random process of the length of trunk zones
by quality, namely timber wood, firewood, and
waste. Determine the possibility of the practical
application of the obtained process model in the
development of standards.

Materials and Methods

Research material.
The study used research material collected in
the SE “Horodnyansky lishosp” of the Chernihiv
region. On the laid test area, 245 timber mod-
el scots pine trees were cut down, for which the
height of the stump was determined, the qual-
ity zones were evaluated on the trunks, and
their length was measured. A total of 821 tim-
ber zones and 307 firewood zones were allo-
cated for model trees. The minimum length of
timber was assumed to be 1.0 m, while for fire-
wood segments — 0.5 m. After that, the employ-
ees of the company bucked the trunks for timber
according to the current specifications and accept-
ed the harvested forest products. A total of 266.7 m3
logging products is taken from the coup, includ-
ing 248.5 m3 timber wood and 18.2 m® firewood.
The general characteristics of the research
materialarepresentedinTable 1,wheretheheightof
the treesis givenincluding the height of the stump.

Table 1. Statistical characteristics of model trees

i . Length of timber wood
. . Diameter at a height .
Statistics Height, m
of 1.3 m, cm i
m share of height, %
Average
36.1 27.1 19.5 71.6
value
Minimum 20 18.7 7.1 27.7
value
Maximum 53 37.4 27.1 88.6
value
Standard
deviation, (c) 7.0 124 1.0
Coefficient of
variation (v), % 194 63.6 14

Vol. 12, No. 3, 2021

Ukrainian Journal of Forest and Wood Science 8



Bychenko et al.

When analysing statistics, it is necessary to
pay attention to a fairly wide range of variabil-
ity in mensuration indicators of empirical data.
This is indicated by the coefficients of variation
of the diameter (19.4%) and the length of timber
wood in absolute terms (63.6%). Instead, the rela-
tive values of the length of a timber tree are quite
tightly grouped around the average (71.6%), with
a standard deviation of only 1%.

Modelling the distribution of qualitative
trunk zones.

The random process model determines the
order of appearance and length of trunk sections
of a certain quality from the butt to the top. In
general, a quality class can have seven discrete
values: A, B, C, D — for timber wood; E - for fire-
wood areas that are limited on both sides by tim-
ber areas; F — for firewood, the zone of which be-
gins after the last timber zone; G - waste (top of
the trunk with a diameter at the lower end <2 c¢m).
Notably, firewood zones of the E class were iden-
tified in a small number of model trees (out of 307
firewood zones, only 64 are classified as E), they
had an average length of 1.2 m. Assuming that the
effect of such segments on the total volume dis-
tribution is insubstantial, they were not consid-
ered in the simulation.

In accordance with the purpose of the study,
the task can be simplified so that only one class
of timber wood quality is considered - Te{A, B,
C, D} and firewood - F. Since there are no transi-
tions from the latter to the timber one, it can be
assumed that F - is the absorbing (irrevocable)
state of the system. In addition, placing a tran-
sition point from the zone on trunk F to zone G
is not probabilistic in nature and depends only
on the coincidence of a particular trunk. Given
this, the qualitative structure of the trunk can be
described as a random process where the quali-
ty class of the zone (may matter T and F) is the
state of the process, and the length of the zone is
the time it stays in this state. That is, the process
states change discretely, and the time continuous-
ly - from the minimum (for timber wood - 1.0 m,
for firewood - 0.5 m) to a certain maximum value.

Depending on the law of distribution of time
being in a certain state, processes with discrete
states and continuous time can be considered as
Markov or semi-Markov processes. Semi-Markov

processes are a direct generalisation of Markov
chains and processes and can be structurally de-
fined in several ways (Koroliuk & Turbin, 1976).

In this paper, a semi-Markov model was cho-
sen, which is defined by: 1) the initial distribution
of input probabilities; 2) the matrix of functions
of the distribution of random residence time in
the state i provided that the transition takes place
in the state j; 3) the transition probability matrix
of the Markov chain. This approach allows assum-
ing that the distribution functions of random res-
idence time in the state i do not depend on the
following state j, which the system will shift to.
In this case, the distribution functions are not re-
lated to the transition probability matrix and can
only depend on time and/or other indicators of
the system. In addition, it is also possible to con-
sider changing states ii by taking them into ac-
count in the transition matrix. In other words, the
length of a zone does not depend on the quality of
the next zone, and transitions can be made to the
same quality class (from T to T).

With this design of the process, its evolu-
tion can be described as follows: starting from a
certain state i, which is defined by a vector p in
the initial distribution, the system spends time in
this state (i with distribution function G(x); af-
ter the (i time has elapsed, the state changes to
j with a probability of p,, which is defined by the
transition matrix P; once in the state j, the system
spends in this state {j time, etc., until the process
goes into an absorbing state.

Process modelling methodology:

1. The initial distribution of input probabilities
was calculated based on empirical data. In gener-
al, it is a vector of relative frequencies of occur-
rence of a certain quality class at the beginning of
the cut trunk (from the stump):

p={p, ie(1,2....n)}.

If quality classes that can acquire 5 attribute
values (A, B, C, D, and E), provide numeric values,
then n=5, and a random variable x.€(1,2....5). The
distribution function of such a discrete series will
have the form:

F(x)=3,, <xp, (1)

Vol. 12, No. 3, 2021

Ukrainian Journal of Forest and Wood Science 9



Modelling the qualitative structure of scots pine trunks using a random process

where F(x) — distribution function; x — function ar-
gument; x, — value of a random variable; p, - prob-
ability of occurrence i-th quality class; i — summa-
tion indexes for which the inequality is met x<x.

Accepting the simplification that a timber tree
isoneclass(T),thenn=2,andarandomvariablex,e(1,2).

When generating a random process, the
stump height (h~5‘) can be adopted as a fixed or
mathematical model based on biometric indica-
tors of the trunk. Considering the height of the
stump is necessary because the vast majority of
mathematical models of the generatrix describe
the coincidence of the trunk, starting from the
zero mark (from the earth’s surface).

2. The law of time distribution (i.e., the lengths
of timber zones) between the points of state
change was determined based on research ma-
terial. The absolute heights of the start points of
each zone are listed as relative, according to the
maximum possible length of the timber tree for a
specific trunk height and the minimum length of
the timber zone using the formula:

B o= h; — hst 5
LT rone _ pst _ jzone’ (2)
hmax h lmin

where in - relative height of the beginning of the
zone; h, — factual height of the beginning of the
zone, m; hZ%%¢ — mathematical model of the max-
imum height of the end of a timber tree, m; hst -
factual stump height, m; [29%¢ — minimum length
of the timber area, m.

The choice of such a reference is due to the
fact that the beginnings of timber zones are locat-
ed on the trunk in the height range h.e[h*; hZ%e
-[2ome] i.e. above the point hZo%¢-1297¢ the process
with probability 1 will move to the zone F of the
firewood and will remain there until the transi-
tion to the state G.

The maximum height of the end of the tim-
ber part of pine trunks was determined based on a

linear empirical model:
hie=as*a,h, (3)
where hZo"¢ — maximum height of the end of the

timber part, m; h - trunk height, m; a, a, - equa-
tion parameters.

It is necessary to present the values of zone
lengths also in relative units to obtain experimen-
tal data in a comparable form. They were recalcu-
lated using the formula;

N |zone _ Zzo_ne
Jzone — min 4)

Zzone — Z'zone ’
max min

where [# — relative length of the zone; [ — ac-
tual zone length, m; [22"¢ — minimum zone length,
m; [29%¢ — maximum zone length, m.

The numerator of this formula shows the
random component of the length, and the denom-
inator shows the range of values, that is, the dif-
ference between the possible maximum and min-
imum length.

The maximum length of the zone is limited
to the maximum possible height of the end of the
timber wood, so it was calculated using the equa-
tion:

Trgms = Rigae-h, ®)

where [Z29%¢ — maximum zone length, m; hZone —
mathematical model of the maximum end height
of timber wood (3), m; h, - factual height of the
beginning of the zone, m.

Modelling of the length distribution of
qualitative zones was performed according to the
given relative indicators using the beta distribu-
tion function, which describes continuous ran-
dom variables that have a domain of definition in
the interval [0-1]:

f&) = x A= 0)P, (6)

B(a,p)

where B(a, f) - beta function; x — independent
variable, m; o, f — parameters.

The parameters of the distribution function
were identified using the “Solution search” package
in MS Excel. The optimisation criterion is the mini-
mum sum of the squares of the differences between
the empirical data and the model response. Next
parameters a and p were aligned with the relative
height using an equation of the form:

y=a, exp(a-h)+ta, (7)
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where y — corresponding parameter of equation
(6); a,, a,, a, - parameters; hi - relative height.

The length of the firewood area (F) can be
identified for a specific implementation of a ran-
dom process as the difference between the height
of its end (i.e., the transition to the waste zone G)
and the height of the end of the timber part:

ifw=h~fw_ h~zone’ (8)

where [ - length of the firewood zone, m; h" -
height of the end of the firewood zone, m; h#"e -
end height of timber wood, m.

Height h' is calculated by the generative
equation,whichis covered in[10], for the condition
that f(h")=2 cm (minimum diameter of the fire-
wood in the upper section). The height of the end
of a timber tree can be identified by the formula:

i
hzone — fst + Z Zizone ; (9)
1

where h7r - end height of the timber part, m; h*t -
stump height, m; i - number of generated timber
segments, pcs.; 17" - length of the i-th timber
segment.

3. Transient probabilities. As mentioned ear-
lier, the zone quality class can have two values: —
T and F. Hence, the transition probability matrix
will take the form:

=lorr oor)

10

where p, - probability of transition from the state
i to the statej.

Accepting that p_ - is the value of some func-
tion F(x), then p_ =1-F(x), since events TT and TF are
incompatible and make up a complete group. In ad-
dition, the function F(x) is non-decreasing, because
moving up the trunk, the probability of switching
to firewood wood increases. If F - is an absorbing
state, then p, =0, and p_.=1, i.e. transitions FT do not
happen in the system. Hence, to determine the ele-
ments of the first row of the matrix, it is necessary
to find F(x). The beta distribution function (6) was
also used for this purpose.

Implementation of a random process.

It is assumed that trunk diameter (d, ;) and
its height (h) an uniform distribution within the
degree of thickness (gradation of 4.0 cm) and the
height category is accepted, respectively:

d, e[d"-2,0; d*+1,9]; (11)
he[h[r)nin; h[r)nax]’ (12)

where d*t - average diameter of the degree of
thickness, cm; h?  h? - minimum and maximum
heights, respectively.

The algorithm for generating a qualitative
structure of pine trunks using a random pro-
cess can be presented in Table 2. The algorithm
is implemented by the simulation method using
inverse random variable distribution functions,
where for each step (except for the third and last
two), a uniformly distributed random number is
generated as an argument to these functions.

Table 2. Algorithm for generating a high-quality trunk structure

Ne Indicator Source Link
1 d,; thickness limits (11)
2 h height discharge limits (12)
3 hst average value or mathematical model -

4 zone quality class input probabilities 1)
5 timber area length distribution function 2-7)
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Table 2, Continued

Ne Indicator Source Link
6 zone quality class transient probabilities (2, 6,10)
7 timber area length distribution function 2-7)
n-1 length of the firewood area generating function [10], (8,9)
n waste remainder to the top -

Results and Discussion

In the study, it is accepted that the trunk starts
with timber wood, that is, the initial state of the
process is a quality class T. Under such conditions,
the function of the initial distribution of input
probabilities (1) for the accepted quality classes
of zones (E, T) will acquire values: P,=0; P =1, be-
cause the appearance of an E zone on the trunk
wasn’t considered. The height of the stump in

the experimental material lies in a rather narrow
range of 0.10-0.15 m, so for modelling a random
process, its average value is taken (1°=0,133 m).

Fig. 1 shows the dependence of the abso-
lute heights of the endpoints of the timber part
of model trees on the trunk height, and a graph
of their maximum values according to the mathe-
matical model (3) and the identified parameters:
a,=-2,896; a,= 0,9851.

40
. . -
35 o factual height of end of timber part -
~
E. _ P
g 30 . : P
a, — — matematical model of height of end
g 96 of timber part 0 ©
g
£ 20 °
=
3 -
T s P i
(<] o
5 - .
= 10 ~ S
< = °
oo ~ o °
Y ~
< 5 P
~
O k T T T T
5 10 15 20 25 30 35 40

trunk height, m

Figure 1. Dependence of the height of the end of the timber part of the trunk on its height

Applying equation (2-5) and considering that
the minimum length of the timber zone does not
depend on the mensuration indicators of the trunk

and is equal to [Z}°=1, an array of experimental data
on the dependence of the relative length of the zone
on the relative height of its beginning is obtained
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(Fig. 2). Analysing this graph, it can be assumed that arbitrary relative height depends only on this height
thedistribution of therelativelength ofthezoneatan and does not depend on the height of the trunk.
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relative height of beginning of zone, h

i

Figure 2. Dependence of the relative lengths of timber wood zones on the relative height of their beginning

Arrays of empirical data were analysed to In the future, the relative frequencies of
confirm this assumption for different groups of occurrence of zone lengths for gaps in the rela-
trunk heights by F- Fischer’s criterion and Stu- tive height of the trunk are calculated: [0-0,1],
dent’s t-test This analysis confirmed the hypoth- [0,1-0,4], [0,4-0,7] and [0,7-1,0]. Graphs of empir-
esis that the groups belong to the same general ical distribution functions for these intervals are
population (at the level of substantiality ¢=0.05).  shown in Fig. 3.
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Figure 3. Empirical functions of distribution of relative lengths of timber wood zones
at different relative heights of their beginning
Vol. 12, No. 3, 2021 Ukrainian Journal of Forest and Wood Science

13



Modelling the qualitative structure of scots pine trunks using a random process

From the above graphs, it can be seen that
the distributions may differ from the expotential
one, with an uncharacteristic form for the latter at
the bottom and a bounded domain of definition.

Therefore, a random process can be classified as
semi-Markov. Calculated parameters « and f of the
equation (6) for those shown in Fig. 3 empirical
distributions are shown in Table 3.

Table 3. Algorithm for generating a high-quality trunk structure

Relative trunk height intervals
Parameter
[0.0-0.] [0.1-0.4] [0.4-0.7] [0.7-1.0]
a 1.946 2.156 1.997 2.467
B 7.979 5.388 2.874 2.636

The series of parameters that are shown
in Table 3 were aligned using the equation (7).
Graphs of their simulated values are shown in Fig-
ure 4, and the parameters of mathematical models
are shown in Table 4.

Therefore, using mathematical models (2-
7), at any point on the trunk, a distribution of the
absolute length of the zone can be obtained, the
parameters of which depend on the absolute height
of this point and the height of the trunk (Fig. 5).

9,0 T
£ 8.0 \\Q o Darametr o of empirical function
9] . .
g 70 " o parametr B of empirical function
e
2 6.0 B mathematical models of parameters
kS
% 5.0 ~9
e
30 T
1 s B
2.0 --:::::::::.‘.‘::.-..&-.—.'_ """"""""
pEsssgmssssssses .- e i _ TTeteee~eces
1.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
relative height of beginning of zone, h,
Figure 4. Mathematical models of parameters
Table 4. Parameter values of equation (7)
Parameters of equation (7)
Parameter of equation (6)
aO a] aZ
o 7.113-10° 8.395 2.300
B 7.113 -2.846 1.387
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Figure 5. Graphs of simulated timber zone length distribution functions
(a - for a trunk with a height of 30.0 m; b - for a point with a height of 3.0 m)

The end points of the timber wood that are  heights of these points in relative units using for-
shown in Fig. 1 t are the points of transition of mula (2), it is possible to get a comparable array of
the system to the absorbing state. Calculating the experimental data (Fig. 6).
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Figure 6. Dependence of the heights of the transition points
to the absorbing state on the height of the trunk

As can be seen from Fig. 6, the distribu- arrays of empirical data for different groups of
tion of transition points is weakly dependent on trunk heights by F- Fischer’s criterion and Stu-
the height of the trunk. In addition, the analysed dent’s t-test confirmed that these groups belong
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to the same general population (at the level of
substantiality «=0,05). In Figure 6 it can be seen
that some values of relative heights are greater
than one. These are the transition points located
on the trunk in the interval [RZ97¢-1; hZ°"¢]. When
the next point hits this interval, the process will
go into an absorbing state with probability 1, be-
cause the minimum length of the zone is T cannot
be less than 1 m. Considering this, the transition
probability distribution function can be repre-
sented as: 0, B, < 0;

I
F(R) = f FR)AR, 0<h <1 (13)
0

1, hAi > 1,
1.0
z
£ 08
el
e
a
0.6
0.4 |
0.2
0.0 o
0.0 0.2 0.4

where F(ﬁi) - distribution function; f(ﬁi) - distri-
bution density; ﬁi - relative height.

The trunks of model trees were divided into
intervals of 0.05 of the relative height () to deter-
mine the distribution law and its parameters. In the
future, the relative accumulated frequencies of oc-
currence of transition points to the state F are cal-
culated, which fell into these gaps. Analysis of the
empirical relative frequency distribution function
showed that it is also approximated with sufficient
accuracy by the beta distribution function (6) with
the parameters: a=10,75; p=2,436. Fig. 7 shows a
graph of the distribution function (13) against the
background of empirical data.

0.6 0.8 1.0
relative height of transition h

o empirical distribution

— mathematical model

Figure 7. Distribution of relative heights of transition points to the absorbing state

Therefore, for the first row of the matrix (10)
for a specific relative height, the transition probabili-
ties can be determined using the equation (13).

The obtained mathematical models of the
characteristics of a random process can be esti-
mated using statistical methods. For the length
of the zone, an interval estimate of the average is
made, which is more reasonable and reliable than
the point estimate. If the mathematical expecta-
tion of the zone length distribution model lies in
the confidence interval of the average value for the

sample, then it is likely that the approximation er-
ror will not exceed the value of this interval.
Confidence intervals of the sample mean for

probability 0.99 (0=0.01) are calculated from the
intervals of the relative height of the beginning of
zones (Table 3) according to the formula:
o, 2,58

\/H )
wherex_ - sample average of the relative length of the
zone; o, — sample standard deviation; n - number of
zones.

(14)

B —
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The mathematical expectations of the beta
distribution of relative zone lengths for each point
in the empirical data are calculated by the formula:

wherex - mathematical expectation of the mod-
el; a, p — parameters of equation (6) of the Table 3.
The obtained data are shown in Figure 8.
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Figure 8. Confidence intervals of the average length of empirical data zones
and their mathematical expectation based on the mathematical model

Analysis of the above graph shows that with
a probability of 99%, the mathematical expectation
of the simulated average length of the zone will be
in the confidence interval, which indicates the ac-
ceptable accuracy of the mathematical model. In
absolute terms, the mathematical expectation of
the model is averaged over all points in the model
trees (5.76 m) and approaches the empirical average
(5.67 m), which also confirms this conclusion.

The accuracy of the mathematical model of
the transition probability distribution (13) was
acceptable both for the standard error of the sim-
ulation (s,=0.0184) and the coefficient of deter-
mination (R?=0,996).

Analysing the structure of the described
random process, two main factors that substan-
tially affect the final result of generating a quali-
tative trunk structure are distinguished.

First, it is the maximum length of timber
wood. This indicator determines the scope of dis-
tribution of timber zone lengths and their possi-

ble maximum length, and the distribution of the
height of the transition of timber zones to fire-
wood ones. In practice, the height of the end of
the timber part of the trunk is the basis for di-
viding trees into categories of technical suitabil-
ity. Therefore, after modelling this indicator for
semi-timber and firewood trunks, other charac-
teristics of the random process can be can be eas-
ily identified.

The second factor is the form (or law) of the
distribution of timber zone lengths. It is possible
that for other tree species, approximating distri-
butions will require applying different random
functions than for pine, which indicates the need
for further research.

The positive side of a random process is the
property of creating implementations based on it
that are not present in the sample but can exist with
a certain probability in the general population. Evi-
dently, if there are two identical trunks in the empir-
ical material, in which a zone with a length of 3.0 m
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and 4.0 m, respectively, begins at a certain height,
then it can be argued that there are trunks in nature
with a zone length of 3.1, 3.2 ... 3.9 m. Therefore, the
formation of a simulation sample based on a random
process considers such options, and therefore more
fully reflects the object of research.

The methodology developed in this paper al-
lows obtaining a pilot sample for further calcula-
tion of standards for the size-quality or commodity
structure of plantings based on it. Admittedly, the
question arises of the size of such a sample. Ac-
cording to previous studies (Poliakov & Poliakov,
1999, 2008, 2009), it was identified that for each
“diameter-height” variant, stabilisation of the
trunk volume distribution indicators occurs after
150 process generations.

Another issue is finding indicators of the
trunk volume distribution based on the result-
ing process implementations. The most advanced
methods for estimating the volume of the trunk are
related to its creator, which allows for predicting
the diameters from the butt to the top and cal-
culating the median diameter and volume of any
segment, knowing the height of its beginning and
end. Therefore, obtaining data on the volume dis-
tribution of the array of generated trunks requires
an adequate mathematical matching model and a
conditional bucking algorithm in accordance with
production specifications.

In recent studies, the mathematical mod-
el of the generatrix in the bark (A. Kozak, 2004),
and the model of the ratio of diameters with-
out bark and in the bark, are substantiated for
ten main tree species of Ukraine. The parameters
of these models were determined and tested in
the framework of scientific-technical work (De-
veloping Reference Data, 2020). The conditional
bucking algorithm uses these models to deter-
mine the diameters of the generated trunk without
bark at the transition points of quality zones and
“bucking” the trunk so as to obtain the maximum

yield of timber of the highest quality classes. The
algorithm allows using real specifications of round
timber in the middle diameter without bark and
length, therefore bringing the simulation result as
close as possible to modern production conditions.

Conclusions

The study describes the methodological prereq-
uisites for using a random process to model the
distribution of the length of the timber part of
tree trunks as the main characteristic that affects
the dimensional and qualitative structure of wood
reserves. The proposed approach allows predict-
ing various combinations of biometric indicators
of trees and increasing the level of reliability of
mathematical models as the basis of volume ta-
bles. The results of the study show that the length
of segments of the timber and firewood parts of
the trunk depends primarily on the relative height
of the trunk area where they are observed. For a
mathematical generalisation of this process, the
paper defines four zones within which the dis-
tribution of the length of the timber part of the
trunk can be described by a single function. Thus,
the developed algorithm allows for examining the
regularities of the order of appearance of various
qualitative zones of the trunk and using them
during simulation modelling of the qualitative
structure of tree trunks.

Despite the fact that the completed study
concerns exclusively timber trunks, other pat-
terns are possible in the distribution of quality
characteristics for the trunks of semi-timber and
firewood trees. In general, the results of the study
indicate ways to improve the methodology for de-
veloping standards for the dimensional and qual-
itative structure of wood due to the lack of suffi-
cient accumulated empirical data, which becomes
especially relevant in the context of the introduc-
tion of new standards for wood classification in
Ukraine.
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MogaenioBaHHS SIKICHOI CTPYKTYPHM CTOBOYPiB COCHM 3BMYAITHOT
3a JOIIOMOTOI0 BUITaIKOBOTO IIPOLIeCy

Bonoaumup BopucoBuu Buuenkol, Bikrop BanenTnHoBmuy MupoHIoK?,
ITerpo IBaHoBuY Jlakuaa'!, Makcum MukosaiioBnu Byp’ sHayK!

TepskaBHe MianpueMcTBO «CMiITHChKE JIiCOBE TOCIIOAapCTBO»
20724, Byn. HezanexxHocri, 1B, c. Byaku, YepkacbKka 06i1., YKpaiHa

’HarnioHasbHMIA YHiBEpCUTET 6iopecypciB i MpMUPOIOKOPUCTYBAHHS YKpaiHU
03041, Byn. T'epoiB O6oponnu, 15, m. Kuis, Ykpaina

AHortamniss. YV gochaigkeHHi BUCBIiTJIeHO METOOMKY IIPOTHO3YBaHHS 06’eMy SIKiCHMX KaTeropiii
CTOBOYpPOBOi [AepeBUMHM [JIST MOiOBUX CTOBOYpPiB COCHM 3BUYAMHOI, 3 BUKOPUCTAHHSIM MOeT]
posmoniny pisHMX SKiICHMX 30H B3OOBXK IO CTOBOYpY. JocCmigskeHHS 6a3yeTbCsd Ha €MITipUUHOMY
Marepiaii, 3i6paHoMy Ha Jicociii pyOKy roJJoOBHOIO KOPUCTYBAaHHS, Ha AKiii 11 245 MOIeIbHUX TepeB
BMU3HAUYEHO MPOTSKHICTh PiSHUX SIKICHMX 30H IepeBMHM Bif, OKOpeHKa 10 BepxiBKu. [IJis1 y3araabHeHHS
YeproBOCTi MOSIBM Ta MPOTSKHOCTI 30H [iJIOBOi JAepeBUHM, APOB i BiAXOZAiB y pOOGOTI BUMKOPUCTAHO
HamiBMapKOBChKY MMOBiIpHiICHY Mope/b, SKy BMU3HauaauM Tpu mnapameTpu: 1) BximHi JiMoBipHOCTI
MOSIBY BimMOBigHOI SIKiICHOI 30HM B OKOPEHKOBiif 4acTUHi CTOBOYypa (IIOYATKOBMII CTaH); 2) MaTPUIS
pPO3MOMiNy MOBXMH 30HU; 3) MaTPUIST iMOBipHOCTel 3MiHM SIKiCHMX 30H Ha Pi3HMUX BMCOTAX CTOBOypa.
3rigHo 3 JOCTIAHMMM TaHUMU, IPUITHSITO, IO CTOBOYPYM COCHU MOYMHAIOTHCS 3 AiJI0BOI JepeBUHU. I
MOJIeTIOBAHHS MPOTSKHOCTI IKiCHMX 30H CTOBOYpa 3aCTOCOBAHO GYHKIIiI0 6eTa-po3mofiny, mapaMeTpu
AKOi Mifi6paHo 3a7eXHO Bif BiZHOCHOI BMCOTM IOYATKy BiAMOBimHOI 30HM cTOBOypa. MiMoBipHOCTI
3MiHM SIKiCHUX 30H OOUMCJIEHO HA OCHOBi eMIipUYHUX AaHUX. Y TOCTiIKeHHI BUSBIEHO, [0 PO3ITO/IiJ
IOBKVH JiJIOBOi Ta JPOB’SITHOI TepeBMHM 3aJIEXKUTH BiJl aOCOMIOTHOT BMCOTH PO3TallyBaHHS Ha CTOBOYpi
Ta BUCOTU CTOBOypa. [T MaTeMaTMUHOTO y3araJbHEHHS IIbOTO MPOIlecy B po60Ti BU3HAUEHO YOTUPU
30HM, B MeXaX SIKMX PO3MOMiJ MPOTSIKHOCTI MiJIOBOi YaCTMHU CTOBOYpa MOXKe OMMCYBATUCS €IUHOIO
dyHKIie0. IMOBipHOCTI 3MiHM SIKICHMX 30H 3MO/IeJIbOBAHO 3aJIESKHO Bifl BiTHOCHOI BMCOTM CTOBOYPIB.
Ha 1iit ocHOBi ompalbOBaHO MeTOAMUKY iMiTalifiHOTO MOJeTI0BaHHS BUXiJHUX MacCUBiIiB MaHUX, SIKi
MOXYTb BUKOPUCTOBYBATHMCS 3 METOK PO3POOIEHHS TabJNUIb PO3MipHO-SIKiCHOI CTPYKTYPU AePEeBUHM
IUJISI CTOBOYpiB pi3HUX AiaMeTpiB, BUCOTY Ta KATErOPiil TEXHIYHOI MpUAATHOCTI. BUKOHaHe moC/igskeHHS
CTOCYETBHCSIJIMIIE AiIJIOBUX CTOBOYPIiB COCHM, TOK HOTPiOHO OUiKyBaTHU iHIIi 3aKOHOMiPHOCTI /1 CTOBOYPiB
iHIIMX JepeBHUX BU/IiB, a TAKOXK HAMiBAIOBMX i APOB’THNUX CTOBOYpPiB. PO3p06ieHy MeTOAMKY JOPEUHO
BUKOPUCTOBYBATHU ITii YaC OHOBJIEHHS TabGaUIIb PO3IOAIy 06°eMy CTOBOYPiB 3a pO3MiHHO-SIKiCHUMMU
KaTeropisMu, ki HuHi Tpeba OHOBUTU ILISIXOM 3aIllPOBAKEHHS HOBMX BUMOTI IIOAO Kiaacudikarii
Ii710BOi IepeBMHMU B YKpaiHi

KnarouoBi cioBa: fgisioBa mepeBuHA, (GYHKIiST PO3MOAiNy, HalliBMapKOBChKa MMOBipHiCHA MOJeb,
TabINIi PO3MipHO-SIKiCHOT CTPYKTYpU
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Abstract. According to the latest research and publications of international organisations, since the end of
the 20% century, the number and frequency of catastrophic forest fires in the world have been increasing,
which lead to large economic and environmental losses and human casualties. According to forecasts, negative
changes in weather conditions should be expected on the territory of Ukraine, from the standpoint of fire
danger: an increase in air temperature, a shift in seasons, an increase in the duration of vegetation and fire-
hazardous periods, an increase in the frequency and intensity of heat waves and natural hydrometeorological
phenomena, changes in water resources of local runoff. In 2020, several catastrophic fires occurred on the
territory of Ukraine in the natural landscapes of different regions. Among the largest and most catastrophic
fires that led to human casualties, and substantial economic, environmental, and social consequences are
fires in Zhytomyr, Luhansk, Kharkiv, and Kyiv regions. The main prerequisite for such large fires was weather
conditions, namely a long period without precipitation, high air temperature and wind gusts of 15-25 m/s.
In Ukraine, there are two main critical periods in terms of the frequency and danger of forest fires: the first
is in spring after the snow cover descends and before the formation of new greenery; the second is in late
summer — in the first half of autumn when dry combustible materials appear on agricultural land, and people
burn plant remains in the fields. The events of 2020 showed that the current system is not ready to effectively
resist large forest fires and the need for its continuous improvement in accordance with new challenges. In the
study based on available official information, data obtained through remote sensing and from the Geoportal
“Landscape fires of Ukraine” (wildfires.org.ua) information is provided on the most catastrophic fires that
occurred in the natural landscapes of Ukraine in 2020. The components of the system of protection of natural
landscapes from fires are considered, the main shortcomings are identified and key recommendations for its
improvement are formulated
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Introduction

In 2020, several catastrophic fires occurred on
the territory of Ukraine in the natural landscapes
of different regions of the country. Among the
largest and most catastrophic fires that led to
human casualties, and substantial economic,
environmental, and social consequences are fires
in Zhytomyr, Luhansk, Kharkiv, and Kyiv regions.
The main prerequisite for such large fires was
weather conditions, namely a long period without
precipitation, high air temperature and wind gusts
of 15-25 m/s.

The issue of fires in natural landscapes at the
international level began to be considered more than
30 years ago, which indicates the global nature of
this problem (Goldammer, 2021). During this period,
hundreds of international conferences dedicated to
landscape fires were held, among which the most
substantial are: the 1t International Wildland
Fire Conference (IWFC) (1989, Boston, USA) (U.S.
Forest Service, 1990); “Fires in the environment:
ecological, atmospheric, and climatic importance of
landscape fires” (1992, Berlin, Germany) (Crutzen
& Goldammer, 1993); “Biomass combustion and
global changes” (1995, Williamsburg, Virginia,
USA) (Levine, 1996); 2 IWFC (1997, Vancouver,
Canada) (Goldammer, 2021); 3¢ IWFC (2003,
Sydney, Australia) (GFMC, 2003a); 4" IWFC (2007,
Seville, Spain) (GFMC, 2007); 5" IWFC (2011, Sun
City, South Africa); 6" IWFC (2015, PyeongChang,
Gangwon Province, Korea) (Goldammer, 2021); 7th
(2019, Campo Grande, Brazil) (Steil, 2020).

Ukraine joined the international community
and global dialogue to promote international
cooperation and develop new approaches to
fire management in 2007 (4th IWFC). In 2013, a
regional Eastern European Fire Monitoring Centre
was opened in Ukraine based on the National
University of Life and Environmental Sciences
of Ukraine (https://nubip.edu.ua/node/9083/1),
which is part of a global network with a central
authority — the Global Fire Monitoring Centre
(GFMC, https://gfmc.online). Now in Ukraine,
the issue of fires in natural landscapes has
become very important and is being discussed by
production workers, managers6é and researchers
at all levels — local, regional, and national: The
First National Coordination Meeting on improving
the prevention and extinguishing of forest fires
in the exclusion zone (2016, Kyiv, https://nubip.

edu.ua/node/30993); National Round Table “Fires
in natural and cultural landscapes of Ukraine:
development of National Fire Management Policy”
(2017, Kyiv, https://nubip.edu.ua/node/38179); The
Fifth National Coordination Meeting on improving
the prevention and safe extinguishing of forest
fires in the exclusion zone (2019, Kyiv, https://
nubip.edu.ua/node/42818); Belarusian-Ukrainian
staff exercises on joint extinguishing of large cross-
border fires (2018, Gomel, Belarus, https://nubip.
edu.ua/node/48594); The Second National Round
Table “Fires in natural and cultural landscapes
of Ukraine: development of an integral system
of protection against fires in forests, agricultural
lands, and other natural ecosystems” (2019, Kyiv,
https://nubip.edu.ua/node/59286), etc.

Experts predict that from the standpoint of fire
danger on the territory of Ukraine, negative changes
should be expected, such as a change in seasons, an
increase in air temperature, the duration of the fire
danger period, frequency and intensity of heat waves
and natural hydrometeorological phenomena,
changes in water resources of local runoff
(Balabukh et al., 2016; Shevchenko et al., 2014).

According to recent studies (Williams et al.,
2011;Dowdyetal.,2019) and papers by international
organisations (FAO, 2005, 2006, 2015; Goldammer,
2021; Tedim, 2015; Zibtsev & Goldammer, 2019;
San-Miguel-Ayanz et al., 2020, 2021), since the
end of the 20th century, the number and frequency
of catastrophic forest fires in the world has been
increasing, which lead to large economic and
environmental losses, human casualties (San-
MiguelAyanz et al., 2013, 2020). These large forest
fires are unusually large-scale and have catastrophic
consequences. According to Williams (2013), 0.1%
of forest fires account for about 95% of the total
area covered by the fire and 85% of the total cost
of extinguishing them. In particular, the fire in
China in 1987, which destroyed approximately 1.2
million hectares of forests and which killed more
than 200 people was such (Salisbury, 1989). In the
Republic of Botswana in 2008, fires covered a total
area of 3.6 million hectares (Williams et al., 2010).
During “Black Saturday” in February 2009, fires
occurred in an area of about 2 million hectares,
which destroyed entire cities and killed 173 people
(Nolan et al., 2020). In the russian Federation
in 2010, fires burned about 2.3 million hectares,
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killed 62 people, and destroyed hundreds of homes
(Williams et al., 2011). In 2018, in the United States,
California, during a fire that covered 92.9 thousand
hectares, eight people were killed (Wikipedia,
2020). In 2019, fires in Australia covered about 10.7
million hectares, killing 33 people and destroying
more than a thousand homes (Morris, 2020).

The dynamics of forest fires in Ukraine are
characterised by a certain frequency, in particular,
during 1990-2020, on average, 3-4 catastrophic fires
occurineachdecade (Soshenskyietal.,2021; Zibtsev
et al., 2019). Based on remote sensing methods, it
was established that in 2001-2019, in Ukraine, fires
covered 38.4 million hectares of natural territories
(2.0 million hectares annually). The total number
of fires during this period is 223 thousand cases
(an average of 11.7 thousand a year) (Zibtsev et al.,
2020). According to official data, during 1990-2019,
an average of 3 thousand forest fires occurred in
Ukraine on an area of about 4 thousand hectares
annually (Zibtsev et al., 2019; Soshenskyi et al.,
2021). The new era of climate change has increased
average statistics. Considering the extreme year
2020, for the period of 1990-2020, the average
annual fire area increased to 7 thousand hectares
(Soshenskyi et al., 2021). The catastrophic scale of
forest fires in Ukraine that occurred in 2020 will be
covered in this study.

Materials and Methods

The data from official reports of organisations and
enterprises, local authorities, and the state emer-
gency service of Ukraine were used to reflect the fires
of 2020 and their consequences. The information
about the main climate indicators obtained from lo-
cal weather stations was used to analyse the climate
indicators that preceded catastrophic fires. The in-
formation from the Geoportal “Landscape fires of
Ukraine” (wildfires.org.ua) was used to analyse spa-
tial information about fires, which was developed
within the framework of the implementation by
the National University of Life and Environmental
Sciences of Ukraine of the study No. 110/9-PR-2018
“Scientific-methodological support for the creation
of a geoportal for risk assessment, forecasting, and
prevention of wildfires in Polesia of Ukraine”. The
geoportal uses the data of MODIS system (earthda-
ta.nasa.gov), which are available in bitmap format in
the repositories of the cloud platform Google Earth

Engine (GEE), and MOD14 / MYD14 and MCD64A1
products (NUBIP of Ukraine, 2020).

Results and Discussion

In 2020, several catastrophic fires occurred on the
territory of Ukraine in the natural landscapes of
different regions. Among the largest and most cata-
strophic fires that led to human casualties, and sub-
stantial economic, environmental, and social con-
sequences are fires in Zhytomyr, Luhansk, Kharkiv,
and Kyiv regions.

In the Zhytomyr region in April 2020, two
regional emergencies occurred due to forest fires
in the Narodytsky and Ovrutsky districts. The first
large-scale fire occurred on April 3 near the village
of Zvizdal of the Narodytsky district on the territory
of the Narodytsky and Klishchivsky forest districts
of the state enterprise “Narodytsky Spetslishosp”
with the subsequent spread of fire through the ter-
ritory of the Narodytsky, Davidkivsky, Klishchivsky
forest districts of the Narodytsky district of the
Zhytomyr region and to the territory of the Exclu-
sion Zone and Unconditional (Mandatory) Reset-
tlement (EZ and ZU(M)R). The fire developed for 9
days and reached an area of 7 thousand hectares,
it was liquidated on April 14. On the night of April
16-17, 2020, a second emergency situation occurred
in the Berezhestsky forestry of the state enterprise
“Ovrutsky Lishosp” of the Zhytomyr region due to
forest fires, which were caused by difficult weath-
er conditions (strong winds of 20-25 m*s!) spread
to the territory of eight forestry enterprises of the
region (SE “Belokorovitsky Lishosp”, SE “Luhynsky
Lishosp”, SE “Narodytsky Spetslishosp”, SE “Olevsky
Lishosp”, SE “Ovrutsky Lishosp”, SE “Ovrutsky
Spetslishosp”, SE “Slovechansky Lishosp”, and SE
“Slovechansky Lishosp agro-industrial complex”).

The fire developed from seven blazes:

1 - the eastern outskirts of the village of Rud-
nia (ignition from a damaged power line);

2 —in the area of the villages of Verkhnia Rud-
nia, Serednia Rudnia, Nizhnia Rudnia (a blaze along
the roadway);

3 — a forest area between the villages of Os-
trov, Kosuli, Matsky (a source of fire near smoulder-
ing peat bogs);

4 — a forest area of the Povchansky forestry;

5 — the south-eastern outskirts of the village
of Pershotravneve;
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6 — a forest area between the settlements of
Pischanytsia, mochulnya;

7 - Slobidske forestry between the settlements
of Voznychi and Lchanky (smouldering peat bogs).

The total area of fires of the “second wave”
reached 35 thousand hectares. More than 1 thou-
sand people and 150 pieces of equipment, includ-
ing three aircraft of the State Emergency Service,
were involved in extinguishing fires every day.
According to the Zhytomyr regional state ad-
ministration, fires (during the second emergen-
cy) caused damage in the amount of more than
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700 million hryvnias (SES of Ukraine, 2021b).
The fire was extinguished on May 4. As a result
of the fires, seven settlements were damaged -
Lychmany village, Mahdyn village, Vystupovychi
village, Berkivske village, Srednia Rudnia village,
Nizhnia Rudnia village, Ostrovy village, where
82 households were destroyed and damaged, in-
cluding 42 residential buildings, one church,
and one sawmill. The contours and spatial loca-
tion of fires obtained based on remote sensing
data and using the tools of the geoportal “Land-
scape fires of Ukraine” are shown in Figure 1.
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Figure 1. Forest fires in the territory of Ovrutsky
and Narodytsky districts of Zhytomyr region, which occurred on April 3 and 16-17, 2020

The main reason for the development of
fires to such catastrophic proportions was weath-
er conditions, in particular, lack of precipitation
for a long time (about one month without pre-
cipitation), wind gusts of 20-25 m*s! during the

development of a fire, and high air temperature.
The dynamics of average air temperature and pre-
cipitation during the period of fire hazard forma-
tion in the weather and during the development
of fires are illustrated in Figure 2.
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Figure 2. Dynamics of the average daily air temperature and precipitation
for the analysed period (weather station of Ovruch, https://rp5.ua)

In the Kyiv region on the territory of the Chor-
nobyl Radiation and Ecological Biosphere Reserve
(hereinafter — Reserve) on April 3, a forest fire be-
gan, which spread from the south-west from the ter-
ritory of the Drevliansky reserve, on April 7 reached
the floodplain of the Uzh River, in the following days
it spread in the northern and eastern directions. In
another source of fire on April 8, a fire started in the
central part of the Reserve, near the village of Chys-
togalivka, which approached the city of Chornobyl
on April 10, and on April 13 approached the Chor-
nobyl nuclear power plant (CHNPP), where it was
stopped. On April 16, the fire broke out with renewed
vigour due to the gusts of wind and spread to nearby
villages in a south-easterly direction. The fire was
contained on April 21. In another source of fire, in
the southern part of the Reserve near the villages
of Ivnytsia and Rozsokha, a fire started on April 13,
which developed in the eastern and southern direc-
tions; it was localised on April 24. The fourth source
of the fire was a fire that occurred on April 16 in the
eastern part of the Reserve, near the village of Kryva
Hora and developed in the eastern and south-east-
ern directions; it was localised on April 30 (Fig. 3).

According to official data, the total area cov-
ered by the fire for the period from April 3 to May 7
was 67.4 thousand hectares, in particular: on the ter-
ritory of the Reserve — 51.8 thousand hectares; forest
fund and ecosystem — 15.6 thousand hectares. As a

result of the fire on the territory of the reserve, the
following areas were covered by fire: 32,413.1 ha -
forests (23% of the total forest area); 10,721.8 ha -
fallow forests; 3,530.5 ha — swamps; 5,200 ha — other
territories (coastal strip of rivers, meadows, etc.). The
damage caused by fire on the territory of the Re-
serve is approximately 8523.677 million UAH, among
them - from damage to forests 8075.114 million UAH,
damage to natural renewal - 441.874 million UAH,
damage and destruction of swamps — UAH 4.975 mil-
lion, destruction of bird nests — UAH 1.714 million
(SAUEZM, 2021). Fires substantially damaged a
number of rare biotopes that are listed in the Berne
Convention, plant groups that are listed in the Green
Book of Ukraine, pine-juniper hylocomiosum forests,
and seicheuchzeria-sphagnum swamps (SAUEZM,
2020). More than 1,300 people and 300 pieces of
equipment, including three planes and three heli-
copters of the State Emergency Service of Ukraine,
were involved in extinguishing the fire every day.
More than 1 thousand km of mineralised lanes and
roads have been created in cluttered woodlands with
heavy engineering equipment of the State Emer-
gency Service of Ukraine, the Armed Forces, and the
National Guard of Ukraine (SES of Ukraine, 2021b).

The contours and spatial location of fires ob-
tained based on remote sensing data and using the
tools of the geoportal “Landscape fires of Ukraine”
are shown in Figure 4.
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Figure 3. Remnants of Kriva Hora after a fire in April 2020
(shooting date — April 23, 2020, photo by Denys Vyshnevskyi)
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Analysing the climate indicators obtained
from the Chornobyl weather station, a long rainless
period was not observed — from March 12 to April 3,
2 mm of precipitation fell, which formed high risks

of fire occurrence and development (Fig. 5). In addi-
tion, on April 3-4, at the initial stage of the fire de-
velopment, substantial wind gusts were observed —
more than 10 m*sL.
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Figure 5. Dynamics of the average daily air temperature and precipitation for the analysed period
(weather station of Chornobyl)

As shown in Figure 5, on April 14, 6.4 mm
of precipitation fell, but this did not stop the fire,
which developed until April 30, when 16.7 mm of
precipitation fell.

In the Kharkiv region, on September 2, a for-
est fire broke out on the territory of the Dvorichansk
forestry of the state enterprise “Kupiansk Lishosp”
between the settlements of Hororbivka and Hri-
anukivka of the Dvorichansk district, which was
caused by strong gusts of wind (up to 15 m*s) of
variable directions and quickly spread to the terri-
tory of neighbouring localities — Horobivka and Hri-
anukivka, which border the forest area. The weather
conditions that formed during this period in the ter-
ritory where the fire occurred contributed to the for-
mation of high risks of fires and their development:
almost a month without precipitation (with the ex-
ception of August 28 — 3 mm of precipitation) and
an average daily air temperature of 15-25°C (Fig. 6).

As a result of the fire, 22 private households
were destroyed, the gas supply to four settlements

(the villages of Horobivka, Hrianukivka, Kutkivka,
Kasianivka) was cut off, 52 people were evacuated,
and one person was injured. More than 479 people
and 78 pieces of equipment were involved in extin-
guishing the fire, including two fire planes, one he-
licopter, and two fire trains from the “Kupiansk vu-
zlovy” and “Osnova” railway stations. The amount
of damage caused exceeds UAH 75 million (SES of
Ukraine, 2021b, 2020). The fire was extinguished on
September 5. The total area of the fire was 500 hect-
ares, of which 100 hectares were covered by crown
fire (Kharkiv OULMG, 2020).

In the Luhansk region, in the Novoaydar dis-
trict on the territory of the Boriv and Akhtyr forest
districts of the state enterprise “Sievierodonetsk
LMH” on July 6, 2020, a forest fire broke out, which
was caused by a strong gusty wind (up to 25 m*s
) of variable directions and high air temperature
(+38°C) (Fig. 7), and spread to coniferous forests
near the villages of Kapitanove and Voronove, and
to the territory of the village of Smolianynove.

Vol. 12, No. 3, 2021

Ukrainian Journal of Forest and Wood Science

27



Consequences of catastrophic landscape fires in Ukraine...

U U U

.
S
o
<725
g'2s
=)
=
= 20
L]
(=)
S15
—
Z
=
= 10
=
S s
o0 3
}
(5]
Z 0
< 0 Re RO Qe @ @R e R e e Sl
Clol ol ol ol Cl ol 0o el e ool ol
OO0 OO OOoOO0O DO OO PO O
cociccaccaccl ol ol ol ol dglol clg
T~ 00 C0 00 CO OO 00 CO CO 00 00 00 O 0 0 O Oh O & G
SS8S55685585885858388¢
— N T OO TOWON O 0O N
N OO ™mmmemmm~mAoaNNNNN D O OdG
Date

mm Precipation level, mm
-
—— 3 ' - - [0}
Average daily temperature, °C ¢ E
Lal
]
5 =
]
=
L4 =
‘ S
2
\73 =
=9
‘ .-
) &
V]
‘ =
1 =5
| 111 | I‘ 0
DO OO0 OO OO OO OO OO O OO0
o ccaaoaoaacaacaaacacadoaaaacdacaolcal o
26 D6 D QD D DA 6D O DD D S
NaAaaaaaaaad A aa
L = T ) O, O ) W o N, W o Y e [ e I e T e e e T e I
R R
D=~ =N~ = N~ = W
Ot = = NI NI O OO0 OO0

Figure 6. Dynamics of the average daily air temperature and precipitation for the analysed period
(weather station of Velykyi Burluk, https://rp5.ua)
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Figure 7. Dynamics of the average daily air temperature and precipitation for the analysed period
(weather station of Bakhmut, https://rp5.ua)

According to official data, the total area of the
fire was about 5 thousand hectares, as a result of the
fire, 35 residential buildings were destroyed and 24
were damaged in the village of Smolianynove (Fig. 8),
and 49 country houses in the horticultural society
“Lake Vovche” of the Novoaidar district were com-
pletely destroyed (SES of Ukraine, 2021b). As aresult of

the emergency, five people were killed and 471 people
were injured. More than 1.4 thousand people and 250
pieces of equipment, including two AN-32P aircraft,
were involved in extinguishing the fire (SES of Ukraine,
2021b). According to the Luhansk Regional State Ad-
ministration, the forestry sector of the region suf-
fered damage in the amount of about 5,304 mln UAH.
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Figure 8. Destruction of residential buildings in Smolianynove village as a result of a forest fire
(Photo by Oleksiy Kovaliov)

After the July catastrophic fires that occurred
in the Luhansk region, the second series of large
fires occurred in the fall: September 30 — October
1 on the territory of Stanychno-Lugansk, Sieviero-
donetsk, and Novoaydar forest hunting farms of the
Luhansk region, there were 146 fires in ecosystems.
Due to extremely difficult weather conditions (wind
with hurricane gusts up to 25 m*s?, long dry pe-
riod), fires quickly spread to an area of more than
20 thousand hectares and became threatening to
settlements. The most difficult situation was along
the demarcation line in the territory of Stanich-
no-Lugansk, Novoaydar, and Sievierodonetsk dis-
tricts, where 32 settlements were affected. Accord-
ing to the Luhansk regional state administration, as
a result of the fire, 12 people were killed and 390
people were injured, 573 residential buildings were
destroyed and 60 were damaged. 22 settlements
were affected by the fire. The estimated amount of
losses amounted to about UAH 12,228.375 million.
More than 2.5 thousand people and more than 250
pieces of equipment, including three AN-32P fire
planes and two helicopters, were involved in extin-
guishing the fire (SES of Ukraine, 2021a).

Based on the spatial-temporal information
obtained from the geoportal “Forests of Ukraine”
and remote sensing methods, the total area of forest
fires was calculated, which amounted to 39.5 thou-
sand hectares (Myroniuk et al., 2021). The spatial
location of forest fires is shown in Fig. 9.

The number, size, and intensity of wildfires
have increased substantially in many parts of the
world in recent decades, and they are expected to
continue to increase in the coming decades due to
projected climate change (Moritz et al., 2012; Ste-
phens et al., 2013). In the United States, only 1-2%
of all fires are catastrophic, but they account for
about 85% of the total cost of extinguishing fires
and more than 95% of the total area of fires (Wil-
liams and Hyde, 2009).

A key factor contributing to the increase in
the frequency and size of fires is climate, in partic-
ular, rising temperatures, uneven precipitation dis-
tribution, and longer fire-prone seasons. According
to forecasts, negative changes in weather conditions
in terms of fire danger should be expected in the ter-
ritory of Ukraine (Balabukh et al., 2016; Shevchenko
etal., 2014).
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Figure 9. Fires that occurred in the Luhansk region, on the territory of the SE “Sievierodonetsk LMH”,
the SE “Novoaydar LMH”, the SE “Stanichno-Lugansk DLMH”, and the SE “Kreminsk LMH”

Fires of 2020 in Ukraine have become a new
type of fire. As a result of climate change, landscape
changes, and economic causes, in particular, due to
a lack of adequate forestry funding, fires occur that
are difficult to control. The events of 2020 showed
that the current system is not ready to effectively
resist large forest fires. The State Emergency Service
of Ukraine is best equipped with fire equipment, but
the protection of forests from fires and extinguish-
ing at an early stage is provided by foresters who
directly depend on economic activities, that is, the
material support and resource potential of each en-
terprise are different - less in low-forest areas and
more in areas with a large share of forests, in partic-
ular, operational forests. Currently, forestry enter-
prises are experiencing a shortage of funding for the
protection of forests from fires, so they are limited in
implementing proactive measures and responding

with modern technologies. Only economically de-
veloped forestry enterprises are able to install video
surveillance systems for detecting fires and forming
mobile teams for early response to fires. The vast
majority of forest fire stations today are equipped
with vehicles from the 1980s and 1990s (mostly
GAZ and ZIL brands). In modern conditions, one
of the main stages of successful fire control is the
use of fire modules that provide the fastest possible
response and with which the fire at an early stage
can be effectively resisted (Soshenskyi et al., 2021).
In the system of forest protection from fires should
use both light fire modules and large fire trucks
(tank trucks). In conditions of high fire danger of
the weather and high risks of fire development, it
is necessary to launch an aggressive attack, when
the maximum amount of equipment is used in the
shortest possible time. It is important not only to
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update the equipment but also to replace outdated
hand tools with new modern ones, to use forestry
methods to increase the fire resistance of forests
and to learn how to use controlled fire technologies
that can prevent large-scale fires in the future.

The number and area of fires in open land-
scapes are much larger than in forests, and they are
often the cause of large forest fires. In fact, there is
no system of fire protection of agricultural land, and
land users are not interested in protecting land from
fires. As a rule, in such areas, fires are extinguished
by units of the state emergency service of Ukraine.

Conclusions
Analysis of the dynamics of forest fires over a long
period of time indicates an increase in the frequen-
cy of large fires in the territory of Ukraine. Forest
fires in 2020, which occurred in Zhytomyr, Kyiv,
Kharkiv, and Luhansk regions and led to substan-

tial economic, environmental, and social conse-
quences, destruction of residential buildings, in-
frastructure, and human casualties, indicate that
the current system is not ready to withstand large
fires. Given the new climatic conditions, changes
in society and land use, it is necessary to develop
a new National Fire Management System and take
urgent legislative, organisational, scientific, and
educational measures at the state level. One of the
main elements of effective fire management is the
management of combustible materials, in particu-
lar, the use of controlled firing to reduce the risk of
fires. The forest fire management system needs to
be substantially updated and improved, consider-
ing the current and future scenarios of fire danger.
The very diverse and complex causes of fires indi-
cate the need to consider not only natural fire and
weather hazards but also the social and cultural
aspects of the population.
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Hacnigku karactpodiuHmx TaHAmMa@THUX MOXeK B YKpaiHi
JIJIS1 JTiICOBUX €KOCHCTEM Ta HaceJIeHHS

Onekcanap MuxaitioBuu ComeHcbKuii, Cepriit BikropoBuu 3i61ies,
Anpapiit IOpiioBuu TepenTnbeB, Onekcanap lenHaairioBuu BopoTMHCbKMIT

HarionanpHuit yHiBepcuTeT 6iopecypciB i MpMUpOmOKOPUCTYBAHHS YKpaiHU
03041, Byn. 'epoiB O60oponnu, 15, m. Kuis, Ykpaina

AHoTargis. 3riTHO 3 OCTaHHIMM TOC/IiI)KEeHHSIMM Ta ITyOTiKalisIMy Mi>KHapOIHMUX OpraHisaliii, 3 KiHisg XX
CT.y CBiTi 30i/IbIIYETHCS KiIbKIiCTh i YacTOTa KaTaCTPOGiUYHMUX JTiCOBUX MOXKEXK, SIKi MPU3BOISITH 10 BEJIMKUX
€KOHOMIUHMXTa eKOJOTIUYHUX BTPaT,TI0ICbKMXKePTB.3aIPOrHO3aMU, HaTepUTOPii YKpaiHM C/1iiouiKyBaTH
HeTraTUBHUX 3MiH ITOTOJHUX YMOB, 3 MOTJISITY MTOKEXKHOT Hebe3IeKN: MiABUIeHHS TeMITepaTypy MOBIiTPS,
3MillleHHS Ce30HiB, 3POCTAaHHS TPUBAJIOCTi BEreTaliifHOTO i MOKeKOHeO6e3MeYHOro MepiofiB, 3pOCTaHHS
TMOBTOPIOBAHOCTI Ta iHTEHCUBHOCTI XBUJb TeIla Ta CTUXIMHUX TiIPpOMETeOPOSIOTIiYHMUX SIBUIL, 3MiHY
BOJHUX pecypciB MicieBoro cToky. B 2020 pouii Ha TepuTopii Ykpainu Big6ymnocs KijibKa kKaTacTpodiuHmUx
MOKEX Yy MPUPOAHMX JNaHmmadrax pisHux perio”iB. Cepen Haiibinpmmux i HaikaTacTpodiuHimMUX,
SIKi TIpU3BEJU OO0 JIOACHKUX KepPTB, 3HAUHUX €KOHOMIUHMX, €KOJOTiUHUX Ta COLjialbHUX HACIiIKiB, —
noskesxi B JKutomupcbkiii, Jlyranchkiii, XapkiBcbkiit i KuiBcbkiii o6mactsx. OCHOBHOIO MepenyMOBOIO
TaKUX BEIUKMX MMOKEX OYIM MOTOAHI YMOBM, a caMe TpUBaIuit mepiox 6e3 omaiB, BMCOKA TeMIlepaTypa
MOBiTps Ta mopuBM BiTpy 15-25 M/c. B VKpaiHi icHye 1Ba OCHOBHI KPUTUYHI ITepioan, 3 MOISIAY YaCTOTU
Ta Hebe3IeKy BUHMKHEHHS JIiCOBUX TOXKeXK: MepIInii — BeCHSHUIA, MiC/IsT CXOIKeHHSI CHIrOBOro MOKPUBY
1 00 YTBOPEHHSI HOBOI 3eJieHi; IpyTuit — HAIPUKIiHIIi JIiTa — y TepIii 0J0BMHI 0CeHi, KON 3’ IBSIOTHCS
CyXi TOpioui mMaTepiaayu Ha CiIbCbKOTOCHOAAPChKUX YTiAASX, a JIIOAM CIaTIOTh POCJIMHHI pelITKY Ha
nonsx. [Momii 2020 p. 3acBiguMJiM HErOTOBHICTb UMHHOI cucTeMu e(@eKTUBHO MPOTUCTOSITU BEIUKUM
JIICOBMM TIOKeKaM Ta IoTpeby B ii MOCTiTHOMY YOOCKOHAIEHHI BiAMTOBiqHO 40 HOBUX BUKIMKIB. Y CTATTi
Ha OCHOBi mocTymHoi odinifinoi iHdopmanii, JTaHux, OTpMMaHUX 3a JOTOMOroio /33 Ta 3 reonopramry
«JlanmmadTHi moxkexi Ykpaiun» (wildfires.org.ua) momano iHdopmarilo mpo Haib6inbIn KaTacTpodiuni
MOXKEXi, SIKi Tpanuaucs B npuponHux nanamadTax Ykpainu y 2020 p. Po3rIsiHyTO KOMIIOHEHTU CUCTEMU
OXOpPOHM MPUPOIHUX JaHAIMA(TIB Bif IOXeX, BUOKPEMJIEHO OCHOBHI HeHONiKM Ta CPOpPMYIbOBAHO
K/II0UOBi peKoMeHallii 3 i1 yIoCKOHaMeHH S

KnrouoBi ciioBa: icoBi rmoskexi, Hag3BMUuaiHi cuTyallii, morogHi yMoBu, 3MiHM KJIiMaTy, 36MTKH, TIOACHKI
SKePTBU
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Abstract. Green spaces of ancient parks are not only an important ecological component of the human
environment, but also a cultural-historical factor of national identity. The history of landscape art in Ternopil
region demonstrates the close ties of Ukrainian culture with Polish, Lithuanian, and Western European.
Galicia is rich in architectural monuments of the past: fortresses, castles, defensive ramparts, courtyards,
fortifications, fortified monasteries and temples, mansions and estates of the local gentry. Decorative parks,
fruit orchards, and collections of medicinal plants were laid near such structures. Most of the old parks have
undergone substantial negative changes due to the turbulent historical events in the 20" century, but some
objects, even if in a neglected state, have been preserved and need restoration and maintenance.
Skala-Podilsky park-monument of landscape art of national importance was laid at the end of the 17t century.
Since that, the park was repeatedly reconstructed. During this time, many ornamental and fruit-berry trees
and shrubs, including exotic ones, were acclimatised. During the period of independence of Ukraine, the
plantings were not properly cared for, which led to the destruction of the park’s infrastructure and a decrease
in the number of valuable taxa.

A tax inventory of its dendroflora was conducted, and the vital and phytosanitary condition of trees and
shrubs was determined on the Alekseev scale to organise the territory and reconstruct the park. 63 taxa
of trees, shrubs, and lianas were identified. It is established that the overall indicator of the relative living
condition of the park’s plantings is 57.7% and corresponds to the category “weakened”. Among the tree stands
of the park, 800 trees with defetiveness (20% of all trees) were identified. According to the assessment of the
phytosanitary condition of trees and shrubs, 41% belong to the category of “satisfactory”, 34% — “good”, 25% —
“unsatisfactory”. Thus, a quarter of the registered trees require health-improving measures or removal from
the plantings.

The obtained materials indicate the need for accounting and inventory of all ancient parks in Ukraine and the
development of a system for their geoinformational monitoring to streamline revitalisation
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Assessment of the state of green spaces of the park-monument...

Introduction

The main purpose of parks-monuments of
landscape art is to preserve, maintain, and restore
park landscape compositions, cultural legacy sites,
and conduct excursions and mass recreation of the
population. They are used for scientific studies,
environmental education, youth education, etc. Such
parks were created involving the best architects,
whose creative skills forever left an important
legacy in the history of Ukrainian park construction
and substantially enriched it with compositional
and planning techniques.

Ancient parks are an important part of our
cultural legacy. The modern appearance of parks is
substantially different from what they had during
their heyday, both due to the turbulent historical
events of the 20" century, and the natural aging of
plantings, a substantial part of which has reached
the age limit. Therefore, it is extremely important to
preserve the old parks and revitalise them.

Skala-Podilsky Park is a monument of
landscape art of national importance located on
the territory of the village of Skala-Podilsky of the
Borshchevsky district of the Ternopil region. In 1960,
the park was classified as one of the most outstanding
parks-monuments of landscape architecture.

The total area of the park according to the
results of the approved land management project
for organising and establishing the boundaries of
the territories of the park-monument of landscape
art of national importance “Skala-Podilsky Park”
dated February 14, 2017, is 26 hectares. According
to the regulations on the park-monument, the main
part of the land plot of the park with an area of 25.6
hectaresisintheuse of the children’s health complex
“Zbruch” (now - children’s health and recreation
institution “Zbruch”) - a branch of the Ternopil
regional closed joint stock company for tourism and
excursions “Ternopolturist”, a plot of 0.40 hectares —
Skala-Podilsk city municipal polyclinic of the
Borshchevsky district (now - municipal non-
profit enterprise “Skala-Podilsk territorial medical
association” of Skala-Podilsk village council).

A special feature of this park is that it
combines several functions while remaining in the

system of public green spaces. Such use requires the
introduction of effective management, one of the
tools of which is maintenance and reconstruction
projects. Due to insufficient care, the green spaces
of Skala-Podilsky Park lose their decorative
and sanitary properties and no longer properly
perform environmental and scientific-educational
functions. It is necessary to conduct constant
care of plantings to maintain the park in proper
condition: conduct sanitary and reconstructive
logging, measures to prevent wild self-seeding, and
preserve plant compositions, so it is relevant to
develop scientifically based design measures for the
organisation of the territory and reconstruction of
Skala-Podilsky Park.

The study of historical parks in different
regions of Ukraine is covered in a number of
scientific publications, namely: the phytocenotic
structure of ancient parks and ways of its regulation
was investigated by R.B. Dudin (Dudin, 2013);
N.V. Hatalska investigated the introducers of
ancient parks-monuments of landscape art of the
Central Dnieper upland region (Hatalska, 2011);
G.V.Denisovaconductedacomprehensiveassessment
of the decorative effect of palace and park ensembles
of the Western forest-steppe (Denisova, 2018);
N.A. Oleksiychenko and S.M. Pidhovna conducted
a retrospective and comprehensive analysis of
parks-monuments of landscape art of the Ternopil
region (Oleksiychenko & Pidhovna, 2019); parks-
monuments of landscape art in Eastern Podillia were
investigated by Yu.A. Klimenko (Klimenko, 1999,
2006), Yu.A. Elisavenko (Elisavenko et al., 2018).

The purpose of the study is to conduct a full-
scale examination of the territory of Skala-Podilsky
Park, an inventory of dendroflora, an analysis of
its taxonomic, qualitative, and age structure, an
assessment of life and phytosanitary conditions,
an introduction of geoinformational monitoring of
green spaces in the park.

Materials and Methods

The object of the study is green spaces on the terri-
tory of the park-monument of landscape art of na-
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tional importance “Skala-Podilsky Park” in the vil-
lage of Skala-Podilsky of the Borshchevsky district
of the Ternopil region. An inventory of dendroflora
was conducted in the summer of 2018 in accordance
with the current “Instructions for the inventory of
green spaces in localities of Ukraine” (Instruction,
2001). Considering the fact that the area of the Park
is 26 hectares, the inventory of tree and shrub veg-
etation was conducted in two ways: in the central
and North-Eastern parts of the park — by an indi-
vidual tree inventory; in the rest of the territory —
by a stand-level method. Biometric indicators were
determined to analyse and describe the condition
of plants: the diameter and height of trees, and
the state of their vitality, established according to
the technique of “Instructions for the inventory of
green spaces in localities of Ukraine”.

Species of woody and shrubby plants are iden-
tified according to the determinant of N.M. Andronov
(Andronov, 1974) and reference books of M.A. Kohno
(Kohno, 2001, 2002). The taxonomic composition of
dendrocenoses was determined by route surveys.

The phytosanitary condition of woody and
bush plant species is assessed by external mor-
phological features. The V.A. Alekseyev category
scale (Alekseyev, 1989) was used to diagnose the
vital state of plantings and tax indicators of trees:
age, diameter, and height. A simplified assessment
methodology was applied, dividing trees into three
categories of condition, as required by the “inven-
tory guide”...(Instruction, 2001): “good”, “satisfac-
tory”, or “unsatisfactory”. Defective trees with the
presence of visible or hidden trunk defects were de-
termined separately: hollows, scuffs, cracks, splits,
wood inflows, mechanical damage, rot, etc.

Both conventional instruments support — an
optical altimeter, a Haglof measuring plug, a tape
measure, and a modern global positioning device
(GPS), Geographic information systems (GIS), and
remote sensing devices were used (Kuziovich et al.,
2021). The coordinates of each tree were obtained
using Garmin eTrex 20 GPS with binding to refer-
ence points on the ground and its subsequent cor-
rection based on Landsat remote sensing materials

in the QGis 3 GIS. In this way, a geoinformational
database of the tree and bush vegetation was cre-
ated, in which the coordinates of its location were
combined with information on species, phytosan-
itary, and basic biometric indicators (Lakida, Bi-
dolakh & Kusevich, 2020). This enabled the stor-
age of it in digital format, automatically processing
data, and displaying it on the map. Based on this ap-
proach, sustainable monitoring of the state of green
spaces in the park was organised and 3D visualisa-
tion of the park territory was created in the special-
ised Realtime Landscaping Architect 16 programme.

Results and Discussion

As aresult of the conducted research, the taxonomic
composition of Park plantings was determined and
analysed, its qualitative assessment was conducted
and the phytosanitary condition was determined,
and project proposals for the reconstruction of the
park were developed in the form of an explanatory
note, cartographic material, and a three-dimension-
al model of the territory.

As a result of the tax inventory of green
spaces in Skala-Podilsky Park, 63 species and cul-
tivars were identified (Table 1), of which 8 are
pin plants, 16 are deciduous shrubs, and 2 are li-
anas. Among the main types of dendroflora are
common ash, Norway maple, small-leaved linden,
horse chestnut, robinia pseudoacacia, Scots elm,
field maple, hornbeam, and bird cherry. During
its heyday, hedges of European box and northern
white-cedar were created in the park, which were
regularly cared for. Their deformed fragments have
been preserved to this day. The park is based on the
remains of natural forest stands, as evidenced by
centuries-old ash trees, lindens, poplars, and oaks.
Among the pin species, artificially planted curtains
of black and Scots pine, single trees of Weymouth
pine, solitary and group plantings of European
spruce and northern white-cedar were preserved in
satisfactory condition. One silver fir tree has been
identified, which is in a very good condition far be-
yond its range, which indicates the prospects for
its wider use in landscaping of Podillia.
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Table 1. Species composition of the dendroflora of Skala-Podilsky Park and its qualitative condition

Quality condition
No. Wood species Tﬁ g *g E
A &
=)
1 2 3 4 5 6
1 | Cherry plum (Prunus cerasifera or Prunus divaricata Ledeb.) 25 8 11 6
2 | Silver birch (Betula pendula Roth.) 6 1 1 4
3 | Dark birch (Betula obscura A. Kotula) 6 - 1 5
4 | Common privet (Ligustrum vulgare L.) 1 - 1 -
5 | Warty spindle (Euonymus verrucosus Scop.) 1 1 - -
6 | European birch bark (Euonymus europaeus L.) 2 1 1 -
7 | Black elderberry (Sambucus nigra L.) 9 9 - -
8 | Black elderberry plumosa (Sambucus nigra ‘Plumosa‘L.) 1 1 - -
9 | Forest beech (Fagus sylvatica L.), purpurea form 1 - 1 -
10 | Nicker dioecious (Gymnocladus dioicus (L.) K. Koch). 2 1 1 -
11 | White willow (Salix alba L.) 8 3 3 2
12 | Goat willow (Salix caprea L.) 5 - - 5
13 | Scots elm (Ulmus glabra Huds.) 127 66 37 24
14 | Horse chestnut (Aesculus hippocastanum L.) 92 26 46 20
15 | Red horse chestnut ‘Brioti’ (Aesculus x carnea Zeyh.) 2 - 2 -
16 | Honey locust (Gleditsia triacanthos L.) 3 1 2 -
17 | Northern European hawthorn (Crataegus oxyacantha L.) 3 3 - -
18 | Common hawthorn (Crataegus monogyna Jacq.) 7 2 4 1
19 | Common walnut (Juglans regia L.) 41 23 11 7
20 | Black walnut (Juglans nigra L.) 6 3 3 -
21 | Mountain ash (Sorbus aucuparia L.) 5 3 2
22 | Common hornbeam (Carpinus betulus L.) 245 | 120 81 44
23 | Forest pear (Pyrus communis L.) 14 3 7 4
24 | Common oak (Quercus robur L.) 10 7 2 1
25 | Northern oak (Quercus rubra L.) 2 1 1 -
26 | Five-leaved ivy (Parthenocissus quinquefolia (L.) Planch) 17 17 - -
27 | Littleleaf mock-orange (Philadelphus microphylus Gray.) 4 4 - -
28 | Wayfarer (Viburnum lantana L.) 1 1 - -
29 | Guelder-rose (Viburnum opulus L.) 5 5 - -
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Table 1, Continued

1 2 3 4 5 6
30 | Southern catalpa (Catalpa bignonioides Walt.) 2 - 2 -
31 | Norway maple (Acer platanoides L.) 660 | 319 | 236 | 105
32 | Field maple (Acer campestre L.) 440 | 128 | 196 | 116
33 | Boxelder maple (Acer negundo L.) 5 2 3 -
34 | Sycamore maple (Acer pseudoplatanus L.) 44 23 9 12
35 | Purple-leaved Sycamore maple (Acer pseudoplatanus ‘Atropurpureum’ L.) 5 - 4 1
36 | Sugar maple (silver) (Acer saccharinum L.) 4 2 2 -
37 | Small-leaved linden (Tilia cordata Mill.) 235 61 135 39
38 | Large-leaved linden (Tilia platyphyllos Scop.) 32 11 17 4
39 | Common hazel (Corylus avellana L.) 7 4 3 -
40 | Holly-leaved barberry (Mahonia aquifolium (Pursh) Nutt.) 1 1 - -
41 | European larch, (Larix decidua Miller ssp. Polonica (Raciborski & Wéycicki) Domin) | 20 - 12 8
42 | Maple-leaved sycamore (Platanus orientalis L.) 2 - 2 -

43 | Common ivy (Hedera helix L.) - - - -

44 | Robinia pseudoacacia (Robinia pseudoacacia L.) 544 58 214 | 272
45 | European box (Buxus sempervirens L.) 171 30 139 2
46 | Common snowberry (Symphoricarpos albus Blake) 15 10 5 -
47 | Weymouth pine (Pinus strobus L.) 9 1 3 5
48 | Black pine (Pinus nigra Arn.) 31 1 26 4
49 | Scots pine (Pinus sylvestris L.) 12 4 3 5
50 | Spirea willow or Meadowsweet willow (Spiraea salicifolia L.) 1 1 - -
51 | White poplar (Pépulus alba L.) 70 17 28 25
52 | Canadian poplar (Populus deltoids W.Bartram ex Marshall) 7 - - 7
53 | Black poplar (Populus nigra L.) 6 - 2 4
54 | Northern white-cedarThuja occidentalis L.) 62 18 18 26
55 | Northern white-cedar columnar (Thuja occidentalis L. ”Columna”) 4 4 - -
56 | Common bird cherry (Padus racemosa Gilib.) 4 1 2 1
57 | Black cherry (Prunus serotina Ehrh.) 5 1 3 1
58 | Sweet cherry (Cerasus avium (L.) Moench) 80 34 30 16
59 | Dog rose (Rosa canina L.) 2 2 - -
60 | Apple tree (Malus domesticaBorkh.) 60 3 27 30
61 | European spruce (Picea abies (L.) Karst.) 39 1 16 22
62 | Silver fir (Abies alba Mill.) 1 - 1 -
63 | Common ash (Fraxinus excelsior L.) 722 | 309 | 250 | 163
Total 3953 | 1356 | 1606 | 991
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A substantial amount of self-seeding under-
growth was identified in the park, namely: Norway
maple, field and boxelder maples, sweet cherries,
common bird cherry, cherry plum, common ash,
black elderberry, common wayfarer, common vibur-
num, common hazel, etc. Acclimatised exotic taxa
grow here, including: maple-leaved sycamore, sugar
maple, late bird cherry, holly-leaved barberry, dioe-
cious nicker tree, red horse chestnut, southern ca-
talpa, honey locust, northern oak, black walnut, etc.
Purple-leaved forms of sycamore maple and beech
were identified, red book species — dark birch, black
elderberry of dissected leaf form, mock-orange, wil-
low spirea, etc.

The second storey of the Park stands is repre-
sented by mountain ash, hornbeam, Norway maple,
field, and boxelder maples, cherry plum, Northern
white-cedar, and other species. In general, the full-
ness and closeness of the park stand are high, which

determines the predominance of the forest type of
landscape in Skala-Podilsky Park. Because of this,
the grass cover is poorly developed, and there are
also relatively few shrubs. Two lianas were identi-
fied: common ivy and five-leaved ivy.

Old trees grow in the park, more than a hun-
dred years old, with a diameter of about 1 meter or
even more at chest height. Such trees form a fund
for identifying so-called patriarchal trees, or bo-
tanical monuments of nature with protected sta-
tus. Century-old trees should also be protected as
mother trees to produce valuable seeds. A unique
specimen of the small-leaved linden, which is dis-
tinguished by its impressive size (229 ¢m in diam-
eter) and multi-stemmed crown shape, deserves to
be granted conservation status. The tree needs san-
itary care and conservation.

The most interesting specimens of the park’s
century-old trees are presented in Table 2.

Table 2. Rare trees of Skala-Podilsky Park

No. Tree type Dl?glf)ter Halg)ht (yea?s) Necessary wellness measures
1 3 4 5 6 7
1 Forest beech (Fagus sylvatica L.) 122 32 160 crown cleaning
2 Forest beeclfjlu(eral;grlésliss)ég/atlca L), E. 98 29 110 crown cleaning
3 Silver willow (Salix alba L.) 86 20 80 crown cleaning
4 Scots elm (Ulmus glabra Huds.) 80 29 100
5 104 26 160 crown cleaning
6 Horse chestnut 120 24 160 crown cleaning
7 (Aesculus hippocastanum L.) 120 26 160 crown cleaning, conservation
8 122 27 160 crown cleaning, conservation
9 | Honey locust (Gleditsia triacanthos L.) 72 28 80 pruning dry branches
10 ?Coariggzoug 22{&3?8 88 25 140 crown cleaning, conservation
11 Common oak (Quercus robur L.) 140 34 180 crown cleaning
12 Northern oak (Quercus rubra L.) 110 32 100
f} Norway maple (Acer platanoides L.) 22 28 zg gxﬁizg jg 2222222
15 Field maple (Acer campestre L.) 82 27 110 crown cleaning
16 Small-leaved linden 156 31 180 conservation
17 (Tilia cordata Mill.) 229 22 240 treatment and conservation
18 84 31 120 crown cleaning
19 European larch, 84 31 120 crown Cleaning
20 (Larix decidua Miller ssp. Polonica) 84 31 120 crown cleaning
21 86 31 120 crown cleaning
22 (R%%?é?ézggsgggfgggi ) 54/84 27 120 conservation
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Table 2, Continued

1 3 4 5 6 7
23 Weymouth pine (Pinus strobus L.) 120 33 140
24 Black pine (Pinus nigra Arn.) 105 28 120
25 White poplar 196 37 160 pruning dry branches
26 (Pépulus alba L.) 178 36 150 pruning dry branches
27 152 34 160 conservation
28 Common ash 122 32 140 crown cleaning
29 (Fraxinus excelsior L.) 132 34 140 crown cleaning
30 126 32 140 crown cleaning

The share of viable trees in Skala-Podilsky
Park is 75%, but this is an average result. Regarding
individual species, different trees and shrubs feel
different in similar conditions.

The overall indicator of the relative living
condition of the park’s plantings, calculated accord-
ing to the Alekseyev method (Alekseyev, 1989), is
57.7% and corresponds to the category “weakened”.

According to the criteria of phytosanitary
condition of trees, it was identified that 41% of the
total number of plants belongs to the category of
“satisfactory”, 34% to the category of “good”, and
25% to “unsatisfactory”.

Thus, a quarter of the registered trees require
the use of health-improving measures or cutting
down. The worst condition is characterised by the
following species: Canadian poplar — all trees iden-
tified in the park are in an unviable state and are
intended for extraction, black poplar — 66% of trees
are in an unsatisfactory condition, and white pop-
lar — 36%. In silver and dark birch trees, 66% and
80% of trees are dying off, respectively. There is a
lot of drop-off in horse chestnut — 22% in an unsat-
isfactory condition, hornbeam -19% in an unsatis-
factory condition. Large indicators of the unsatis-
factory condition of maples can be explained by the
old age of these species and excessive thickening
of Park plantings, which causes high intraspecific
competition and, as a result, a high drop-off among
young and ripening trees. The same can be said
about the state of plantings of Robinia pseudoaca-
cia, which are dying off en masse due to overripe
age. Therewith, this breed is represented by a large
number of viable young renewals and undergrowth.

The oaks identified in the park are in good
condition, both local common and introduced

Northern (Red), walnuts — common and black. The
predominant type of dendroflora of the park is com-
mon ash, whose century-old trees are in good living
condition and often form an aesthetically attractive
crown. Common ash trees, despite their old age and
periodic droughts, firmly hold the dominant posi-
tion (43% of the trees are in good condition, and
35% are in satisfactory living condition) and form
a stable viable undergrowth throughout the park.

Examination have established that the con-
dition of pin species is unsatisfactory: Scots pine,
black pine, and Weymouth pine trees planted more
than a hundred years ago are in a weakened state.
The good condition was identified only in one black
pine tree, 13% - in an unsatisfactory condition, the
rest, although they look satisfactory, but do not
show high viability. European spruce trees were also
identified in the park, which are in good condition.

The best living condition in the is evidenced by
such breeds as common ash, common and Northern
oaks, small-leaved and broad-leaved linden trees,
sugar maple, Norway, and field maples, Northern
white-cedar, black and common walnuts, Robinia
pseudoacacia, cherry. The poplars of all species are
characterised by the lowest state of vitality which
can be explained by their age and the completion of
the life cycle, and fruit trees, competing with neigh-
bouring wild trees.

Changes in the appearance of trees, in partic-
ular, their trunks, were also investigated for a com-
prehensive assessment of the Park’s tree stands.
Deviation from the normal shape of the trunk in
forestry practice is considered a flaw (defective-
ness). The presence of defect indicates a decrease
in resistance, durability, or the presence of plant
diseases, which negatively affects the condition of
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plantings. Among the tree stands of the park, 800
trees with defetiveness (20% of all trees) were iden-
tified. Defectiveness is represented by the following
types of changes: trunk curvature (8% of the total
number of defective trees), multi-tip (two or more,
62%), hollows and trunk rot (21%), bark scraping

or burns (1%), and other deviations from the norm
(8%). Some trees have several types of defects.

The main reason for the removal of trees to
the felling in Skala-Podilsky Park is dead wood, in
second place — trunk rot caused by the activity of
pathogenic fungi (Table 3).

Table 3. Register of reasons for removing trees from plantings in Skala-Podilsky Park

No. Reason for removing the tree Number, pcs. %
1 Dead wood 192 20
2 Trunk rot 181 19
3 Oppression 165 17
4 Thickening of the stand 99 10
5 Crown drying 84 9
6 Trunk tilt (risk of falling) 79 8
7 Dry top 80 8
8 Broken top 45 4
9 Trunk cancer 27 3

10 Bark damage 17 2
Total 969 100

Almost 10% of the total number of trees have
a dry top, which substantially affects the decrease
in the viability and decorative effect of these speci-
mens. The most common tree species with dry tops
are poplars, elms, firs, ash trees, and maples.

Conclusions
The results of a study of green spaces in Skala-Po-
dilsky Park showed the presence of 63 taxa of trees,
shrubs, and lianas in it. Analysis of the living state
of phytolandscapes of the research object allowed
establishing that the overall indicator of the relative
living state of plantings is 57.7% and corresponds to
the category “weakened”. Among the woody plants
of the park, 800 trees with defectiveness (20% of all
trees) were identified. According to the assessment
of the phytosanitary condition of trees and shrubs,

41% belong to the category of “satisfactory”, 34%
- “good”, 25% - “unsatisfactory”. Consequently, a
quarter of the registered trees require health-im-
proving measures or removal from plantings and re-
quire urgent regulatory measures to improve their
vitality and decorativeness.

It is advisable to conduct work on restoring
its aesthetics, performing environmental and social
functions, creating stable and artistically attractive
landscape compositions, etc. to improve the overall
condition of the park.

In general, the conducted research gives
grounds to draw conclusions about the importance
of systematic accounting, examination, and inven-
tory of ancient parks in Ukraine, and the introduc-
tion of a system of their geoinformational monitor-
ing to streamline and revitalise them.
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OuiiHKa cTaHy 3e/IeHUX HaCaaKeHb IMapKy-IamM ITKM CaJ0BO-IIapKOBOTI'O0 MUCTEIITBA
3arajibHOAep>;kKaBHOro 3HaueHHs «Ckana-Iloginbebkuii [Tapk»

Omutpo Inniu Bigonax, Bacuiab CtrenanoBuu KysboBuu, I0piii I'puroposuy I'puHIOK,
CeiTnana MuxaiiiBua IlizxoBua, Okcana borganiBua TumaHcbKa

BimokpemiieHnii miapo3ia HallioHaJIbHOTO YHiBepcuTeTy 6iopecypcinB
i mpupogoKkopucTyBaHHS YKpainu «bepeskaHCbKIUIi arpOTeXHIUHMIT iHCTUTYT»
47501, Byn. AkagemiuHa, 20, M. Bepeskanu, TepHoIibCcbKa 06/1acTh, YKpaiHa

Anoraiin. 3e/eHi HacaJ)KeHHSI CTAPOBMHHMX IapKiB € He TiJIbKY BasKJIMBMM €KOJIOTiYHMM KOMITOHEHTOM
cepemoBUIA MPOKUBAHHS JIIONEN, a Ji KyJIbTYPHO-iCTOPMUYHMM (aKTOPOM HalliOHAJIbHOI iTeHTUYHOCTI.
IcTopist cafmoBO-TIapKOBOTO MMCTEITBA TePHOIT/IISI JEeMOHCTPYE TiCHI 3B’SI3KM YKPAiHChKOI KYyJIbTYpU 3
TTOJIbCHKOIO, TMTOBCHKOIO Ta 3aXiTHOEBPOTIEIiChKOI0. ['aunHa 6araTa Ha apxXiTeKTYpHi maM ITKM MUHYJIOTO:
doprei, 3aMK1, 060pOHHI Bayiu, ABOPH, GopTudikaliiiHi criopyau, yKpirieHi MOHacTUPi i XpaMu, MaeTKA
i camu6y micieBoi miaxT. bing Takux criopyn 6ysio 3aBeeHO 3aKjIamaTy JeKOpPaTUBHI Mmapku, GPyKToBi
canu, KoneKIii JikapchbKux pociauH. BifbiicTh cTapoBMHHUX MapkiB uepe3 OypeMHi icTopuuHi moaii y XX
CTOMITTi 3a3Ha/IM 3HAUYHMX HETAaTUBHUX 3MiH, OIHAK JIesiki 06’eKTH, Hexall y 3aHeJ0aHOMY CTaHi, 36eperancs
i moTpe6yIoTh BimHOBIEeHHS Ta morsay. Ckana-IloainbchKuit mapK-maMm STKy CafoBO-TapKOBOT'O MUCTEIITBA
3araJibHO/IEP’KaBHOTO 3HAUEHHS 610 3akiameHo Hanpukinii XVIII ct. B momanpioMy rmapK HeOLHOPA30BO
peKoHCTpyIoBaN. 3a Ieif yac TyT 6y/I0 akIiMaTM30BaHO 6araTo NeKOpPaTUBHUX i IIOMOBO-STITHUX JepeB
Ta YarapHMKiB, 30KpeMa eK30TUYHHUX. 3a Mepiof, He3aJIeXKHOCTi YKpaiHM He TPOBOAMIIN HAJEeKHUI AOT/IS],
3a HacaJKeHHSIMM, [0 TIPU3BEJIO 10 PYMHYBaHHS iHQPaCTPYKTypH MapKy Ta 3MeHIIeHHS KiTbKOCTi I[iHHMUX
TakCoHiB. I3 MeTolo opradizauii TepuTopii Ta peKOHCTPyKLii MapKy-mamM’sTKu IPOBENEHO TaKCalliliHy
iHBeHTapu3allio ioro meHapoduiopy, BU3HAUEHO KUTTEBUIT i diTocaHiTapHMit cTaH gepeB i KyliiB 3a
IIKaJI00 AJieKceeBa. BusBiieHO 63 TaKCOHM JepeB, KYIIiB i jiaH. BcTaHOBIEHO, 1110 3arajJbHMUI IMTOKa3HUK
BiJHOCHOTO KUTTEBOTO CTAaHy HACA[KeHb MApPKy CTAHOBUTH 57,7 % i Bimmosimae kateropii «ocmabiaeHmii».
Cepen mepeBHUX HacamkeHb Mmapky BusBieHo 800 mepeB i3 dayTtHicTio (20 % ycix mepeB). 3a OIiHKOIO
(diTocaniTapHOTO CTaHy AepeB i KyliB 41 % HaJlesKUTb 10 KaTeropii «3amoBinbHMit», 34 % — «mo6puit», 25
% — «He3amoBimbHMIT». OTXKE, YeTBepTa YacTUHA OOJiKOBAaHUX JepeB MOTpebye MPOBeleHHsT 03I0POBUNX
3axofiB abo BuAaseHHs 3 HacamkeHHS. OTpMMaHi MaTepianu CBigyaTh MPO HEOOXiAHICTb MPOBeIEHHS
00671iKy i iHBeHTapu3aIii ycix crapoBMHHMX NapKiB YKpaiHy Ta po3p0o0JIeHHS CUCTeMH iX reoiHGopMaliiiHOTo
MOHITOPMHTY 3 METOIO BITOPSIIKYBAaHHS peBiTasisaliii

KnrouoBi cimoBa:iHBeHTapusailiss geHapodmaopu, ditonanamadT, caHiTapHUii CTaH JepeB, papuUTeTHi
IepeBa
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Abstract. Theatre as a place for spectacles is a form of manifestation of public consciousness, a means
of ideological and aesthetic education of the population. The theatre reflects the specific features
of the development of society and is connected with its culture. In different periods, people sought to
harmoniously combine nature and culture, so green theatres and other similar scenes always reflected
the tastes and fashion of a certain era. The history of the development of garden theatres in European
countries, in particular, in Ukraine, is examined. Types of theatres on the territory of historical gardens,
parks, estates, palace and park complexes, garden-park ensembles of Europe and North America of the 17%-
20" centuries are investigated. The study describes the history, evolution of development, and differences
in the main types of such theatre structures. The prerequisites for the emergence and popularisation of
theatres in open space are clarified. Based on the conducted research, a typological systematisation and
definition of a garden theatre (amphitheatre) is proposed. Garden theatres are types of theatres (forest,
landscape, green, air, water, summer, stone, mechanical, palace) and amphitheatres (stone, palace) located
on the territory of gardens, parks, garden-park ensembles. They can be open (mostly summer, temporary)
or closed (permanent), combined (have features of open and closed theatres). On the territory of gardens,
parks, garden-park ensembles, several types of theatres can be located, a theatre and an amphitheatre; an
amphitheatre can be part of a theatre. A comparative analysis of green, water, and other theatres is given.
The characteristic features of the location of green, water, air, etc. theatres in the planning structure of the
investigated objects, in particular, elements of topiary art and the assortment of plants, are identified
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Introduction

Landscape art reflects the cultural and social needs
of society (Semenova-Prozorovskaia, 1998). From
the end of the 18 — the beginning of the 19*" century,
the theatre becomes part of the sociocultural
process in various forms and ways of mastering it by
the audience, the theatrical repertoire reflects the
ideological and ethical orientation, political, and
spiritual content of the era. Theatrical art as a form
of multi-level synthetic artistic communication
rises to a high level of development, and the value
of art increases (Kireeva, 2015). A mandatory
component of a theatre structure that harmoniously
combines the nature, architecture of buildings, and
stage-and-spectator space of the created object is
the environment, urbanised or historical landscape
space (Proskuriakov & Humeniuk, 2018).

In the 17%-18%" centuries, garden theatres
appeared as theatre halls with a natural stage from
an earthen mound and wings (Boboli Gardens in
Italy, Versailles gardens in France, Lazienki island
gardens in Poland, etc.), which were located in the
side parts of the garden inside the bosques. The
auditorium consisted of wide steps, mostly in the
form of a semicircle. The interior of the stage and
auditorium, backstage areas, steps and offices were
arranged with molded hedges and trellises, with
sculptures and fountains (Polish Encyclopedia,
2021). Garden theatres, bosquettes, garden halls,
stalls, trellises, alleys, bulengreens, mazes, garden
sculpture, swimming pools, and fountains were
characteristic elements of baroque landscape
compositions (Kucheriavyi, 2008).

Until the middle of the 17th century in Russia,
the estate served for utilitarian purposes, church
buildings were artistic accents that met aesthetic
needs. The development of international relations
and an active social life led to a change in the nature
of the use of estates and their planning. Theatres
as an entertainment element on the territory of
parks began to be arranged in the 1660s (Semenova-
Prozorovskaia, 1998).

Since the 16% century, the green theatre
(teatro di verzura) has become a typical element
of Italian gardens. Real open-air theatres were
built (during the period of fashion for theatrical
performances as entertainment at court), which were
arranged from plants (wings and other theatrical
elements were created from molded hedges made of

Buxus sempervirens L., scene — from the raised lawn
and decorated with statues that may have referred
to the themes of comedy and tragedy, in particular,
commedia dellarte (Theater of greenery, 2021)).

In Ukraine, in Volhynia, the first mention of
the theatre occurs in the 16th century (Proskuriakov
& Sinkevich, 2013). At the beginning of the 18th
century there was an increase in the number of
architects from Western European countries, mainly
from France, who influenced the development
of palace and park architecture at the Polish-
Lithuanian Commonwealth. (Rychkov, 2019). In
the 18™ century, the Lubomirski Princes (owners
of Rivne) laid a park in the city on the south side
of the palace, on the territory of which there were
alleys, stone statues, gazebos, imitations of the
ruins of gothic buildings, an arena and a temporary
theatre (the acting troupe consisted of gifted
serfs) (Proskuriakov & Sinkevich, 2013). Rychkov
(2019) notes that metal railings were installed on
the roof of the “undefined building” (Vue de la
Meterie), along the facade perimeter, so perhaps
the princely family and their guests gathered at the
top of theatrical performances and other open-air
entertainment. The performances took place in a
semicircular cour dhonneur.

In Latvia, the first open mass song theatre
was built in the city of Riga in 1880. The spread
of construction of large outdoor theatres of mass
amateur performances began in the 1920-1930s
in the parks of culture and recreation (PCR). It
was a new socialist type of park, urban or district,
cultural-educational institution in the open air
among plantings; purpose - mass recreation,
holding political and educational events, sharing
experience, cultural entertainment. Some PCRs were
created based on manor and other historical parks
(Verhunov & Horokhov, 1987). Open theatres were
successfully combined with the natural environment
(relief, vegetation, water expanses were used to
create architectural ensembles) (Bykov, 1954).

Summer, open, landscaped theatres have
advantages over conventional closed-type theatre
structures: they allow to combine spectacles with
recreation in a natural environment (Proskuriakov
& Humeniuk, 2013). According to Shyrochkova
(2018), amphitheatres have gained popularity in the
public spaces of Russian cities over the past 20 years.
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In the 20" — early 21t centuries, interest
in open theatres in parks, gardens, and other
public places did not disappear, during this time
a study of various types of theatres in European
countries and North America was conducted. At
the beginning of the 20th century Waugh (1917)
researched the use and design of outdoor theatres
in parks in North America and Europe. In the 1950s
Bykov (1954) analysed the architecture of open
theatres in parks, the composition of premises,
the organisation of the stage, the arrangement
of the amphitheatre, developed a classification
of open theatres. In the 1990s Fagiolo, Giusti &
Cazzato (1997) reviewed the features of water
theatres in the baroque style, the development and
distribution of green theatres. At the beginning
of the 215t century Humeniuk (2019) investigated
the development of the architectural typology of
landscape theatres in modern Ukraine. It highlights
the genesis of open theatres from ancient times to
the present; examines and systematises the factors
influencing the development of the architecture
of theatres of this type. The architectural typology
of landscape theatres is improved; modern
principles and means of architecture of open
theatres are defined. Grant (2007) investigated
the oldest garden theatres in Italy using the
example of gardens near the city of Lucca. Deguen
& Thuillier (2015) conducted an inventory of
green and water theatres, reviewed the genesis
and evolution of green theatres, and identified
the difference between a green theatre, an open-
air theatre, and a garden theatre on the example
of parks in France and in the world in general.

Proskuriakov & Humeniuk (2013) note
that the creation of theatrical and entertainment
structures (open theatres in the landscape) of a
new architectural and social level is possible if the
experience of the past and the problems of designing
the present are considered. Amphitheatres appear
in projects of new public spaces not only as a result
of utilitarian needs, but also as a symbol of modern
public space (Shyrochkov, 2018).

Thus, now there is a need to identify
which types of theatres and amphitheatres are
concentrated on the territory of gardens and parks
of the 17®-20™ centuries, to clarify the terminology
for the purpose of their typological systematisation.

The purpose of the study is to analyse the types
of theatres and amphitheatres on the territory of
historical gardens, parks, manor, palace-and-park
complexes, garden-park ensembles in Europe and
North America of the 17"-20™ centuries; to develop
a typology of garden theatres.

Materials and Methods

Theoretical methods of research, analysis, synthe-
sis, comparison, and generalisation of the obtained
information based on professional literature and
theoretical publications are applied. The theoret-
ical material is summarised, varieties of theatres
and amphitheatres for three centuries are identified
and analysed, comparisons are made, and common
and distinctive features of garden theatres and am-
phitheatres are established. The typology of garden
theatres is developed and the corresponding termi-
nology is systematised.

Results and Discussion

Theatre (translated from Greek - a place for enter-
tainment) as a phenomenon is an integral part of
national development (Proskuriakov & Sinkevich,
2013). It is a form of public consciousness, a means
of ideological and aesthetic education of the mass-
es. The theatre reflects the specific features of de-
velopment, ideals, and contradictions of society,
and is closely related to its culture (Ukrainian Soviet
Encyclopedia, 1983).

Since the middle of the 17" century with the
development of scenography and theatrical archi-
tecture, open-air scenes, green theatres, and am-
phitheatres, places for spectacles were created in
the gardens (Deguen & Thuillier, 2015). Over a long
historical period in European countries, ensem-
bles were formed (a spatially and functionally con-
nected set of architectural structures, topography,
vegetation, reservoirs, and other elements of the
landscape that make up an integral architectural
and artistic composition), through gradual devel-
opment and addition or in the process of one-time
construction. The main principles of the ensem-
ble are the presence of an ideological and artistic
idea, coordination of proportions, rhythm, subcon-
tracting main and secondary elements, the use of
aesthetic qualities of the local landscape, and the
possibility of audience perception of the overall
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three-dimensional composition. Palace-and-park
complexes are large, historically formed ensembles
with a palace, park, economic, and religious build-
ings (Verhunov & Horokhov, 1987). Parks are large
(usually more than 10-15 hectares) green areas,
landscaped and artistically designed for outdoor
recreation. In the 18th century, a natural grove or a
section of forest with picturesque alleys, clearings,
ponds of free outlines, gazebos, and sculpture were
called a park. Verhunov & Horokhov (1987, 2007)
note that parks are now considered as an important
element of the citywide system of landscaping and
recreation; they perform health, cultural-educa-
tional, aesthetic, and environmental functions.

There are ancient parks (parks-monuments)
that have memorial-historical, architectural-artis-
tic, scientific importance and are subject to protec-
tion and restoration by methods of conservation,
restoration, or reconstruction, and manor parks that
are historically formed at a city or country estate.
The ensemble of the latter usually consists of the
main house, residential outbuildings, ponds, or-
chards, etc.; they have a smaller size compared to
the palace-and-park complex. The Historical Park
as an example of the culture of park construction
of the past (until the middle of the 20th century) is
protected by the state even if it is partially preserved
(Verhunov & Horokhov, 1987, 2007). The theatre
and amphitheatre are components of an ensemble
of park, entertainment, and spectacle structures
harmoniously combined with the natural elements
of the landscape (Kucheriavyi, 2008).

Garden is a plot with cultivated plants, a land-
scaping object with an area of at least 5-10 hectares,
occupied by plantings of trees and shrubs, alleys,
lawns, flower beds, and small architectural forms. It
usually has a stage, playgrounds, childrens sector,
reservoirs; it is a certain planning composition. The
garden is designed for short-term recreation. The
landscape of the garden is usually man-made, an-
thropogenic in nature. For historically formed gar-
dens, straight alleys, parterres, terraces, and direct
connection with the house (palace, manor) are typi-
cal (Verhunov & Horokhov, 1987, 2007).

For Italians, the garden was an extension of
housing. For the French, the garden was turned into a
“city” (for example, in Versailles) with streets and al-
leys, star-shaped alleys, galleries, theatres, bosques,
halls, offices. Music concerts, theatre performances,

dances, and games were held in green halls (Kuche-
riavyi, 2008). In incomplete bosquets (moulded
walls with a lawn inside), a green theatre, a maze,
reservoirs, fountains, and flower beds were arranged
(Verhunov & Horokhov, 1987; Kucheryavy, 2008).

In russia, in the 18" century, the green the-
atre developed, forming around itself an energy
field of spiritual communication, dialogue between
the public and the stage, and an independent artis-
tic communicative field. Theatre room types have
also been formed (Kireyeva, 2015). In Ukraine, Vol-
hynia in the 19% - early 20th centuries there was
the largest number of private towns, where mag-
nates staged performances in private summer gar-
dens. For example, in the city of Zhytomyr (Zhy-
tomyr Polesia), theatrical performances were held
at the Khoroshansky summer theatre (Proskuria-
kov & Sinkevich, 2013). In the city of Tuchyn (Vo-
lyn Polesia), in Tuchynsky park (now a monument
of landscape art) at the beginning of the 19" cen-
tury, voivode M. Valievsky built a small theatre in
the garden, where performances and concerts were
held, mainly on the occasion of the birthdays of
family members and other anniversaries (Andrse-
jowski, 1861; Aftanazy, 1994). At the end of the 19"
century - in the first half of the 20" century, most
county towns had one specialised theatre and sev-
eral adapted premises, and summer theatre venues
(located in parks and private estates) (Proskuriakov
& Sinkevich, 2013). In particular, in the village of
Kopylov (Kyiv Polesia) on the territory of the estate
of Baron M. von Mecca (now a park — monument of
landscape art “Kopylovsky”) at the end of the 19"
century a special theatre was arranged in the gar-
den (Meck, 1973; Dzyba & Shchebuniaieva, 2017). In
the city of Lutsk in 1916, a wooden summer theatre
“Lubarts Castle” was built in the castle itself, where
live pictures (a prototype of electric theatres) were
shown (Proskuriakov & Sinkevich, 2013).

The desire to harmoniously combine nature
and culture was inherent in all historical periods.
Green theatres have always reflected the tastes and
fashionofaparticularera.These were cosy officesand
huge amphitheatres, grandiose and minimal, sim-
ple scenery, refined venues for performances using
the latest technologies (Deguen & Thuillier, 2015).

Thus, for 300 years, theatres were organised in
gardens, parks, palace-and-park complexes and en-
sembles, which, depending on the period of creation,
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had different functions and meanings. The garden
theatre was originally a characteristic element of
the baroque gardens of Italy (as the treatises state
“Dezaillier dArgenville” the Encyclopedia “Diderot
and dAlembert”) and over time, it spread in various
forms in the gardens of France, Germany, England,
and other countries (Grant, 2007).

According to Kucheriavyi (2008), Majdec-
ki (2010), the baroque outdoor garden theatre was
more like a palace theatre than an antique amphi-
theatre. The stage was slightly raised and looked like
a wide semicircle separated from the audience by a
ramp. Behind the stage, fenced off by high curtains
were the actors offices. The walls were decorated
with figured wallpaper, sculptures were installed in
niches (Kucheriavyi, 2008).

The Renaissance and baroque garden medi-
ates some elements of the theatrical typologies of
antiquity with a special form of theatre, namely
green theatre. Stage metaphor and topiary virtuos-
ity are used to interpret plants as theatre architec-
ture (The theaters of greenery, 2021).

The concept of green theatre appears in the
17 century (Deguen, 2013). Giovanni Battista Ale-
otti in 1606 first proposed such a version of the
theatrical structure (Grant, 2007). The term “green
theatre” in dictionaries and architectural manuals
appeared only in the 19% century (The theatres of
greenery, 2021). According to the definition given in
the Methodological dictionary of the garden of Ma-
rie-Helene Benettiere, thevgreen theatre is an ar-
chitecture created entirely or partially from plants,
with a parterre or stands in front of a stage in a park,
garden, or forest; usually an open space that is used
during the summer season. The dictionary of an-
cient and modern architecture of Aviler (1782-1832)
states that the garden theatre is an elevated terrace,
which is decorated with a perspective from alley
plantings of trees or gazebos for pastoral play; an
amphitheatre, which is located opposite the terrace
and has a staircase made of lawn or stone; the low-
est space between the theatre and the amphitheatre
is occupied by the ground floor (Deguen, 2013).

The green theatre is a structure designed for
outdoor performances, which is arranged in parks
and gardens using natural terrain. As a wall, a fence
made of hedges or climbing plants on special sup-
ports or frames is used (Verhunov & Horokhov, 1987;
Yakovlieva-Nosar, 2009; Terms and concepts used in

landscape architecture, 2021).Hedges vary in size,
but are mostly unchanged in shape: it is a raised area
of lawn with flat wings, with straight curtains made
of moulded hedges (Grant, 2007). Humennyk (2015)
adds that a green (park) theatre is a complex of the-
atre buildings where green spaces or ornamental veg-
etation are used as structural and spatial planning
components of the entire structure (cultural-enter-
tainment complex). By another definition, a green
theatre (Theatre de verdure) is a landscape that is
artistically designed with plants, enabling open-air
performances (comedy, dance, music, etc.) (National
Center for Textual, 2012). The arrangement of green
theatres in many European cities became wide-
spread in the 1920s-1930s and 1950s (Deguen, 2013).

Green theatres in Italy were concentrated
around theatre academies. Some of the first were
theatres with hedges in the gardens around the city
of Lucca, which were arranged as halls for perfor-
mances by representatives of literary academies
(Grant, 2007). In green theatres, the space and ac-
tion of theatrical dialectics are reversed. The space
is visualised ephemerally, it is created from living
plants that change over time, while the theatrical
action is immortalised in sculptures of mythical
heroes located on the sides of the stage, placed in
niches in the background (Villa Marlia, Garzoni) or
in sropylaea-kiosks (Villa Bianchi Bandinelli, Geg-
giano). The show is not a necessary event. Such a
theatre is primarily an object of Arts Topiary. Wings
are an element that puts it in close relationship with
theatrical illusionism, which, however, precisely be-
cause of the dynamism inherent in the substance of
the living matter, does not respond to the real move-
ments of stage art (The theaters of greenery, 2021).

In the Garzoni Garden in Koloda (Italy), a
small green theatre on the edge is a kind of synthe-
sis of the garden space in general. In the lower part
of the garden, there is a mixed linear layout, which
may be due to the evolution of theatre halls. There
is a relationship between the lower part and the up-
per part, as between the stalls and the stage. The
presence of two satyrs, which are depicted as pillars
of an illusory arch with a water theatre in the centre,
which is dominated by Glory, confirms the character
of the scene as satirical in the Vitruvian style (The
theaters of greenery, 2021).

Villa Reale Park is the most ancient ensemble
with a single elliptical system of halls, bounded by a

Vol. 12, No. 3, 2021

Ukrainian Journal of Forest and Wood Science 49



Theatre and amphitheatre as structural elements of historical parks...

green corridor (The theaters of greenery, 2021). The
park is divided into three gardens of different eras:
the baroque garden (second half of the 17th centu-
1y, Giardino allitaliana style), the romantic park and
the deco garden, built in the 1920s (Villa Reale di
Marlia, 2021). At the end of the 17" century, a grotto,
water, and green theatres were created in the park.

Green theatres are also typical in russia. In
particular, in 1830, a green theatre for 1,500 spec-
tators was built in the Neskuchny garden. The
stage was a clearing, behind the curtains — trees
and shrubs (Pluzhnikov, 1995; Verhunov & Horok-
hov, 2007). The theatre lasted until 1835 (Semeno-
va-Prozorovskaia, 1998).

One of the varieties of the Green theatre is,
in our opinion, vertyugaden -a terraced park eleva-
tion with a semicircular staircase (like an amphithe-
atre) and a moulded green wall (Pluzhnikov, 1995;
Tymofiienko, 2002; Verhunov & Horokhov, 2007,
Kurbatov, 2008). It was used to view park prospects,
delineating, and accentuating the space (ground
floor, pool), and as a green theatre for performanc-
es played against the background of a formed green
wall; was decorated with sculptures and topiaries
(Tymofiienko, 2002, Verhunov & Horokhov, 2007,
Kurbatov, 2008).

The green theatre in the gardens of Geren-
hausen (Germany) was established in 1689-1692.
It has a rectangular stage (size 62x58 m?), which
gradually narrows and rises in the far part, creat-
ing a perspective effect. On both sides of the stage,
live hedges are created of Carpinus betulus L. for the
background and changing room, in front of which
are placed gilded lead figures and moulded pyra-
mids with Taxus baccata L. The auditorium (for 500
visitors) is formed in the shape of an amphitheatre
(Fig. 1). The theatre serves as a place for theatrical
and dance performances.

The green theatre in the Mirabel Gardens pal-
ace-and-park ensemble (Austria) is located along
the western side of the small stalls. It was built
between 1704 and 1718. The walls and wings are
formed from Carpinus betulus L. Performances, con-
certs, and festivals are held here (Fig. 1).

The green theatre in Liashky Murovany in
Ukraine was established in 1734 in the southern
part of the park outside the castle (Fig. 1), but it has
not been preserved to this day.

The green theatre of the Rundal palace-and-
park ensemble in Latvia (architect F. Rastrelli) had
the shape of an amphitheatre. After the renovation,
600 spectators are placed in raised rows in the form
of stairs covered with lawns. The backstage area is
formed from Carpinus betulus L., along the perimeter
of the theatre grows a moulded hedge with Carpinus
betulus L. and free-growing Picea abies (L.) H. Karst.
creating good acoustics. Two pavilions were built on
the territory of the theatre.

Green theatre in the garden of the Fightsgeh-
heim Palace (Germany) was created as a decoration
in 1767-1768. The proscenium is placed on a raised
platform surrounded by six pairs of curtains formed
from Carpinus betulus L. (Fig. 1). On the stage, in
front of each backstage, there were colourful, bright
figures of “actors” made of sandstone. It was an im-
provisation of the Italian “play-comedy” del arte.
In the western part, the theatre is separated by the
trellis of Picea abies (L.) H. Karst.

The green theatre in the gardens of Villa di
Giagiano was established in 1768 for performances.
It is located in the southern part of the garden at
the end of Piazzone square, which is located parallel
to the front of the building, where there is a par-
terre bordered by a curb with Buxus sempervirens L.
and Citrus limon (L.) Osbeck. in containers. The the-
atre is slightly raised, and the curtains are formed
from high moulded hedges of Laurus nobilis L. in
the foreground and a moulded living wall of Cu-
pressus sempervirens L. — on the far side. The pro-
scenium consists of two late baroque prosceniums,
which are represented by double arches topped with
triumphal pediments with the coats of arms of the
Bandinelli and Zondadari families. Statues of Trag-
edy and Comedy by the Maltese sculptor Bosio are
installed in the niches of the arches. Parallel to the
green theatre there is a long alley with Cupressus
sempervirens L. and Quércus ilex L. which leads to
the entrance gate (Villa di Geggiano, 2021).

The following types of theatres, located in his-
torical gardens, parks, palace-and-park ensembles
and complexes are not widely spread: mechanical,
stone, water, palace, air, Sylvanian, landscape. Grant
(2007) believes that the water (teatro dacqua), green
(teatro di verzura) (formed from hedges), and pal-
ace (teatro avanti il palazzo) theatres are varieties
of garden theatre, which the study also agrees with.
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Name and period of creation of the | Plan of a garden, park, or garden-park Plan or image
theatre ensemble (Google Maps) of the theatre

Green theatre and amphitheatre stage,
Gerenhausen gardens, Germany.
Architect M. Westerman,

1689-1692., reconstruction of 1974

Green theatre, Mirabel Gardens
palace-and-park ensemble, Austria.
Architect L. von Hildebrandt,
reconstruction —architect P. de Nobile,)
1704-1718

Green theatre.

Liashky Murovany castle park,
Ukraine.

Architect G. Klein,

1734

Green theatre and lawn amphitheatre.
Rundal palace-and-park ensemble,
Latvia. Architect F. Rastrelli,
gardeners K. and M. Weiland,
1736-1740

Reconstruction of 1985-2004
Reconstruction project —

Giproteater institute, 1977

Green theatre, garden of
Feitshehheim Palace,
Germany,

1767-1768

Green theatre,

Gardens of Villa di Giagiano,
Italy,

1768

Figure 1. Types of theatres on the territory of gardens, parks, garden-park ensembles of the 17"-19% centuries
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In 1750-1753, a mechanical theatre was cre-
ated in the park of the Hellbrunn residence (near
Salzburg, Austria) on the instructions of Archbish-
op Andreas Jakob von Dietrich to entertain guests
(Fig. 2). This is a stone scene, where 256 wooden
figures move using a hydraulic drive, depicting ev-

eryday scenes of a medieval city to the sounds of
a water organ. There are many quaint grottoes and
turntable fountains around the theatre (Helbourne,
2021). This is the oldest open-air stage in Europe,
which still hosts concerts and theatrical perfor-
mances (The Stone Theater, 2021).

Name and period of
construction of the theatre
Mechanical theatre,
Hellbrunn Palace Complex,
Austria, 1752

Air theatre, architectural-park
ensemble, Kuskovo estate
museum, russia,

1760.

Water and green theatres,
Villa Marlia, Italy,
17™ century.

Chinese theatre in bosquet.
Tsarske Selo State Museum-
reserve, Alexandriysky park,
1778. Architects A. Rinaldi,
I.V. Neielov

Plan of a garden, park, or garden-and-
park ensemble (by Google Maps)

——n

Plan or image
of the theatre

Figure 2. Types of theatres in gardens, parks, garden-and-park ensembles of the 17"-19% centuries

The Stone opera Chinese theatre is located in
the bosquet of Alexandria Park (Tsarske Selo State
Museum-reserve). The project was developed in
1778 by architect A. Rinaldi, construction took place

under the direction of I.V. Neielov. The building had
European features; the architectural forms and ex-
terior decor of the theatre were quite simple. The
interior was magnificent. The central ledge, stage
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portal, and ceiling lamp were decorated with images
of the Chinese people, dragons, shields with zodiac
signs, and other elements of oriental decor. In the
central imperial and two side grand ducal ledges,
there were authentic works of Chinese art: deco-
rative lacquer panels, porcelain, and furniture. In
1902, electric lighting was installed in the theatre.
In 1908-1909, the building was completely reno-
vated (architect S.A. Danini), the stage of the 18th
century was reconstructed for staging major opera
and ballet performances. The improved heating sys-
tem allowed to use the summer theatre throughout
the year. In 1941, the theatre partially burned down
(Chinese Theater, 2021).

Water theatre is a hybrid form of green the-
atre (Deguen & Thuillier, 2015). It usually has foun-
tains, statues, waterfalls, mosaics, and the final axis
of the tufa exedra (National Centre, 2012), one or
more water alleys decorated with sculptures, vases
to form various decorated perspectives for perfor-
mances, concerts, parties, balls.

One of the first water theatres was held at Vil-
la Aldobrandini in Italy. It was the main composi-
tional node of the garden. It has a semicircular wall
with tufa grottoes and statues, above the wall, the
living walls of Cupressus sempervirens L grow. Be-
hind the wall, the hill rises sharply up, and a cascade
flows from above between two columns, which be-
gins in the alley of Cupressus sempervirens L. and af-
ter two tufa dams, it falls to the theatre. That is, the
upper part of the garden is connected by cascades,
and the lower part is connected by alleys directed to
the decorative facade of the palace (Kurbatov, 2008).

The excedra-shaped water theatre is part of
the 17"-century architecture of Villa Reale di Mar-
lia park (Italy). The main waterfall is located inside
an artificial cave created from stones and limestone
deposits. High on both sides, between the water jets,
there are two zoomorphic sculptures: a lion and a
panther. The entire composition is fenced with high
hedges made of QuércusilexL.,Laurus nobilis L.Below,
water flows through five stone masks and pours into
small three-bladed bowls. Then it flows into a large
semicircular pool, from where it spreads into foun-
tains and canals, using the force of gravity to descend
to the lake in the park (Villa Reale di Marlia, 2021).

The air theatre was established in 1760 in the
eastern part of the park of the architectural-park
ensemble “Museum-estate of Kuskovo” (russia).

The theatre consisted of a turf amphitheatre (three
semicircular benches with a passage in the centre)
for 80-100 spectators and a stage platform made of
lawn. The amphitheatre was located to the south of
the stage, so the performance area had sufficient
sunlight. The stage, located on a 1.5 m high embank-
ment, was bordered by a bosquet of Betula pendula
Roth. A living wall was formed around the bosquet
of Berberis vulgaris L. Six paired wings served as a
trellis with Picea abies (L.) H. Karst. which provided
excellent acoustics. During the performances, the
stage was covered with wooden flooring. The mu-
sicians were placed in the orchestra pit, which was
hidden by a flowerbed on the side of the auditorium.
The changing rooms for the actors were two round
towers made of moulded living walls (Fig. 2) (Air
theater, 2021).

The air theatre also operated in Pavlovsk park
in the suburbs of St. Petersburg from 1811 (architect
A.N. Voronikhin). The theatre was open, the stage
a small rise from the lawn among the free-grow-
ing trees. The wings were created from moulded
hedges of Caragana arborescens Lam. against the
background of wooden trellises. The seats for the
audience, located in the amphitheatre, are made of
earthen steps covered with turf. As a perspective,
the general upper outline of trees in a group or array
(clearly defined, cut, blurry, etc.) was an overhead
line (Verhunov & Horokhov, 1987; Pluzhnikov, 1995).

The Sylvanian (forest) theatre is an open
type of theatre located in the forest, often deco-
rated with classical columns and statues. Built-in
benches can be covered with a lawn, there are com-
plex compositions of shrubs and herbaceous plants
(Waugh, 1917). Founded in 1910, the forest theatre
in Carmel-by-the-Sea (California, USA) is the oldest
outdoor theatre west of the Rocky mountains. The
initiator of its creation was the writer G. Geron. The
theatre was set up on a concave hillside facing out,
surrounded by pine and oak stands. The stage and
seating benches were made of wood. The theatre
was created for performances where the actors were
local residents of the community (Forest Theater,
2021). Also famous is the green theatre in Shake-
speares garden in the Bois de Boulogne (France),
around which grow the species of plants mentioned
in the works of the playwright (Deguen, 2013).
Landscape theatre — a theatre structure that is har-
moniously combined with the relief and landscape
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features of the surrounding area (Humeniuk, 2015,
2019). It can be located “on land” or “on water”; a
theatrical performance (large orchestral concerts,
folk and music festivals, mass choral performances)
can be watched by many spectators (Proskuriakov
& Humeniuk, 2014).

A summer theatre is a seasonal theatre struc-
ture that operates only during the warm season
(mainly in summer) (Proskuriakov & Humeniuk,
2013, Humeniuk, 2015). Such theatres are mainly
intended for touring performances, and concerts
specially staged in natural and architectural envi-
ronments (Bykov, 1954; Humennyk, 2015). They can
be placed in parks, gardens, or wooded areas. There
are summer concert theatres (1000-1500 seats), nat-
ural theatres (2000-3000 seats), and historical-ar-
chitectural theatres. It is also possible to combine
the summer theatre with a year-round theatre (an
open amphitheatre with a year-round theatre; an
open amphitheatre on the roof of the city hall; an
open amphitheatre with a closed dance hall; sever-
al amphitheatres). They place such theatres in the
green zone. According to the degree of openness,
summer theatres are divided into open, indoor, and
closed (Losieva, 1990).

The palace theatre is a closed-type theatre
that operates throughout the year on the territo-
ry of palace-and-park complexes and ensembles,
mainly in their entrance part (puppet theatre of the
Schonbrunn Palace, Austria).Schonbrunn Palace,
2021); theatre in the eastern part of Brussels park,
established in 1782, etc.).

An amphitheatre in ancient roman architec-
ture is a spectacular structure in the shape of an el-
lipse with stepped rows of seats. Italian Renaissance
gardens are characterised by the arrangement of am-
phitheatres as the completion of the flat part of the
garden with a semicircular wall of stone or moulded
plants, which usually ended with a stepwise slope.
The stone walls were decorated with niches with
sculptures and a balustrade (Bohovaia & Fursova,
1988). In the 17!"-18™ centuries, amphitheatres be-
gan to be built in parks as decorative structures for
entertainment events (Verhunov & Horokhov, 1987,
Kurbatov, 2008; Terms and concepts, 2021). Levshyn
(1805-1808) noted that the amphitheatre is a struc-
ture for a spectacle, located on the slopes of hills of
small steepness, ledges are created in several rows
in a semicircle, curving outside or inside, which are

reinforced with timber and covered with turf, deco-
rated with moulded trees, green walls, vases; stairs
are created from stone, wood, or lawn. At the end of
the 18th century, trees were planted in the form of
an amphitheatre (“Chinese grove” in the Sheremet-
yevo estate in Moscow) (Verhunov & Horokhov,
1987; Pluzhnikov, 1995). In Baroque parks, an am-
phitheatre was the semicircular end of a square lo-
cated opposite the palace (Kurbatov, 2008).

Regular amphitheatre garden in Boboli Gar-
dens (Italy) in 1612-1631 was transformed into an
open square for theatrical performances. In the
centre of the amphitheatre in 1790, an Egyptian
obelisk was installed, which in 1840 was combined
with a monolithic bowl of grey granite (Bobolis
Garden, n.d., Bobolis Garden, 2021). The amphithe-
atre looked like half a roman hippodrome, framed
by masonry in the form of a staircase of six rows of
seats and a balustrade with niches. The amphithe-
atre hosted Italys first opera performances. In the
19th century, the amphitheatre lost its theatrical
function (Bobolis Garden, 2021).

The amphitheatre in the gardens of Versailles
(France) was built by A. Lenotre in 1680 in the ball-
room. On one side of the amphitheatre was a stair-
case made of lawn, on the other — a staircase made
of limestone covered with shells. Water descended
the stairs, forming a cascade. The amphitheatre
was created for performances that took place in the
arena, the musicians were placed above the cascade
(Peruz de Monclo, 2006).

The amphitheatre in Claremont park (En-
gland) was designed by C. Bridgeman in 1716, built
in 1720-1722 - carved on a hillside with concave and
convex terraces. The upper terrace was bordered by
an alley of trees in a semicircle, behind which the
forest grew. A rounded pond was created at the bot-
tom of the amphitheatre (Fig. 3). In 1738, W. Kent
expanded the pond to create a large irregular lake.
The lake became the centre of the Clermont garden,
and the amphitheatre was more of a decoration and
fashionable element of the time. After reconstruc-
tion at the end of the 20th century, the amphithe-
atre was closed to the public (Claremont Landscape
Garden, 2018).

The open-air amphitheatre in the palace-and-
park complex “Royal Lazienki” (Poland) was built in
1785, in 1790 it was rebuilt according to the project
of ].K. Kamsetser (Fig. 3). It consists of two parts: an
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auditorium for 950 spectators and a stage separat-
ed by a water channel. The amphitheatre was mod-
elled after the Herculaneum theatre. The semi-cir-
cular auditorium is based on arcades. It has stone
sculptures depicting Aeschylus, Euripides, Sopho-
cles, Aristophanes, Seneca, Shakespeare, Calderon,
Racine, Moliere, Lessing, etc. The stage, located on
an artificial island, is surrounded by artificial ruins

modelled on the architecture of the Roman forum,
as an example of the style of the late 18" century.
To the left, behind the stage, there is a one-sto-
ry pavilion with actors dressing rooms. There is a
place for an orchestra between the stage and the
canal. During the performances, a moat was also
used (Amphitheater in the Royal Lazienki, 2021).
It serves as a venue for performances to this day.

Name and period of construction
of the amphitheatre
Lawn amphitheatre,
Claremont Park, England
(1720-1738).
Architectors C. Bridgeman, V. Kent

Amphitheatre on the water.
Royal Lazienki palace-and-park
complex, Poland

(1785-1790).

Architect J.K. Kammsetzer

Antique amphitheatre.

Garden-park kingdom of Dessau-Verlitz,
Germany

(1792).

Architect F. Erdsmandorf,

gardener I. Eiserbek

Amphitheatre.
Pavlovsky Park, russia
(1793).

Architect V. Brenne

Historical plan
ps) __or image of the theatre

Figure 3. Types of theatres in gardens, parks, garden-and-park ensembles of the 17"-19t centuries
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The ancient amphitheatre (ruins) was cre-
ated as a decoration in a landscape park on the
Stone island of the Verlitz Lake in the Garden-and-
park kingdom of Dessau-Verlitz (Germany) in 1792
(Kucheriavyi, 2008).

During the second stage of development of
Pavlovsk Park (russia) (Pavlovsk State Museum-re-
serve) in 1793, the architect V.F. Brenna arranged
two amphitheatres - stone (Greek model) on the
right bank of the river Slavyanka and green (rows
of terraces and stairs) on the left bank of the river,
as a decoration. The stone amphitheatre was deco-
rated with a white marble statue of the goddess Ce-
res, which occupied a prominent place in the entire
panorama of the right bank (State Museum-reserve
Pavlovsk, 2021).

The Longwood garden theatre (USA) (mod-
elled after the design of the open-air theatre of
Villa Gori near Siena, Italy) was created by Pierre
S. du Pont in 1914 in the southwestern part of the
estate in Longwood for concerts and performanc-
es. The theatre was an amphitheatre and an au-
ditorium with 1,550 seats, located on a lawn. The
stage is two-tiered and is located on a hill. There
are walk-in closets under the stage. The curtains
around the proscenium are formed in the shape
of columns made of Thuja occidentalis L. After a
renovation in 1927, seven round bowls and nozzles
were installed under the removable front stage
cover to form a ten-foot water curtain; on the up-
per level, there are two centre bowls and roof foun-
tains on the wings. Fountains have multi-coloured
lighting. The theatre is surrounded by plantings
of Gymnocladus dioicus (L.) K. Koch., Magnolia *
soulangeana Soul.-Bod., Taxodium distichum (L.)
Rich., Tsuga canadensis (L.) Carriére (Loongwood
Gardens Theater, 2021).

Thus, an amphitheatre in historical gardens,
parks, manor houses, palace-and-park complexes,
garden-park ensembles is a spectacular structure in
the form of an ellipse or semicircle, with stepwise
rows of seats for spectators, evenly rising ledges

around the stage, arena, behind the stalls or on the
side of it. The auditorium area can start immediate-
ly from the stage or orchestra pit, or balconies. In
parks, amphitheatres often occupy covered natural
or artificially formed hillsides decorated with sculp-
tures, moulded trees, and stone walls (Pluzhnikov,
1995; Verhunov & Horokhov, 2007; SBS N. 2.2.-16:
2019; Humennyk, 2019). The functions of modern
amphitheatres have expanded somewhat in the ur-
ban environment. City amphitheatre is a structure
consisting of a large staircase (straight, broken,
curved, mixed configuration), designed for spending
time outdoors. For a comfortable seat, the height of
the steps has to be 45-50 cm. An amphitheatre can
also be part of a building or complex of buildings
(Shyrchkov, 2018). Shyrchkov (2018) identifies three
functions of an urban amphitheatre: a city grand-
stand (places for observing the landscape or street
activity); a recreation area (in addition to the main
objects of observation, such as mass events, a new
object characteristic of modern developed cities-in-
formal street life); a modern public space focused on
substantial prototypes.

Based on the conducted analysis, it is sug-
gested to consider all types and varieties of theatres
(green (created from elements of topiary art), air
(combining free-growing woody plants with ele-
ments of topiary art), water (combining water ele-
ments with elements of topiary art), summer, stone,
mechanical, palace) and amphitheatres (stone,
lawn), which are located on the territory of gardens,
parks, garden-park ensembles garden theatre (am-
phitheatre). They can be open (temporary) or closed
(permanent), combined (a combination of open and
closed theatres). Forest theatre (created in an array
of forest stands) and landscape theatre (open air)
are considered separately, and can be either part of
garden theatres or separate theatres. The developed
typology of garden theatres located on the territory
of historical gardens, parks, manor houses, palace-
and-park complexes, and garden-park ensembles is
displayed in Figure 4.
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Landscape theatre
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Figure 4. Typology of garden theatres
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Conclusions

On the territory of gardens, parks, and garden-park
ensembles, the following types of theatres are distin-
guished: garden, forest, and landscape. Varieties of
garden theatre are green, air, water, summer, stone,
mechanical, palace. Several types of theatres can be
located on the same territory (Hellbrunn Palace Com-
plexand SchonbrunnPalace park,Austria; VillaMarlia,
Italy) or theatre and amphitheatre (Rundale palace-
and-park ensemble, Latvia), the amphitheatre can be
part of the theatre (Gerenhausen gardens, Germany).

Theatres have different purposes: a place for
performances, concerts, festivals, and decoration

(improvisation of performances). For the construc-
tion of green theatres, an integral part of water, air,
and summer theatres, the following elements of
topiary art are used: green walls, hedges, borders,
moulded plants, trellises, bosquettes, halls.

Various types of woody plants are used to
form elements of topiary art, depending on the
climatic conditions of the country. The most com-
mon ones: Picea abies (L.) H.Karst., Carpinus betu-
lus L., Caragana arborescens Lam., Betula pendula
Roth., Berberis vulgaris L., Taxus baccata L., Quércus
ilex L., Laurus nobilis L., Cupressus sempervirens L.
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TeaTp Ta amdiTeaTp SIK CTPYKTYPHi eJIleMeHTU
icTropmuHMX Mapkis, cajiB, caiOBO-ITapKOBMX aHcamoOi1iB X VII-XX cT.

Amxkena AuapiiBHa JI3u6a

HaruionanpHmMii yHiBepcuTeT 6iopecypciB i mpupomoKopucTyBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

Anoranis. TeaTp 9K Micile Ajs1 BUZOBUIN, € (GOPMOIO BMUSIBY CYCITiJIbHOI CBimoMocCTi, 3acoboM imeitHoro
i ecTeTMyHOro BUXOBAHHS HaceyseHHs. TeaTp Bimo6paskae 0OCOOGJMBOCTI PO3BUTKY CYCIIIbCTBA Ta
TOB’SI3aHMIi i3 10T0 KyJbTYpoI0. YV pi3Hi mepiogn Joay mparHyau TapMOHIIHO TOETHYBATHU MIPUPOIY i
KYJbTYPY, TOXK 3€JIeHi TeaTpu Ta iHIIi MOAiOHI CIleHM 3aBXKaM Bimo6paskaay CMaKy Ta MOIY ITIEBHOI eroxu.
Po3mIsiHyTO iCTOpit0 pO3BUTKY CaIOBUX TeaTPiB y €BpPONECbKUX KpaiHax, 30kpeMa B YKpaiHi. lociiikeHo
BUIM TeaTpiB Ha TePUTOPii iCTOpUYHMUX cafliB, MapKiB, caaub, MajaamoBoO-MapKOBUX KOMIUIEKCiB, CaZ0BO-
MmapKoBuUX aHcaM61iB €Bponu Ta [TiBHiuHOT AMepuky XVII-XX c1. OxapakTepr30BaHO iCTOPil0, eBOMIOIi 10
PO3BUTKY Ta BigMiHHOCTI OCHOBHMX BUAIB TaKUX TeaTpaJbHUX CIOPYZ. 3’5ICOBAHO IepeayMOBU
BMHMKHEHHS Ta MOMy/sipu3allii TeaTpiB Ha BigkpuTomy npocTtopi. Ha ocHOBi mpoBemgeHMX OOCTiIKeHb
3aIpOIMOHOBAHO TUIIOJIOTIUHY CMCTEMAaTHU3allilo Ta BU3HAUEHHSI cafgoBoro teatpy (amdirearpy). Cagosi
TeaTpu — Lie pi3HOBUAM TeaTpiB (JlicoBuii, JaHAmadTHUIA, 3eJIeHU, TOBITPSHUIA, BOOHMIA, JITHIIA,
KaM’STHUI, MexaHiuHMi1, majaloBuii) Ta amdiTeaTpiB (KaM SIHUIA, Ta30HHMIA), IO PO3MillleHi Ha TePUTOPii
cajiB, mapkiB, caJOBO-MapKOBMUX aHCcaMOyIiB. BOHM MOXYTh OYyTM BiZKpuTUMM (34€6iNbIIOro JiTHIMU,
IO iI0Th TUMYACOBO), 3aKPUTUMU (SIKi AiIOTh MOCTiifHO), KOMOIHOBAaHMMU (MAIOTh PUCU BigKpUTUX i
3aKpUTUX TeaTpiB). Ha TepuTopii camis, mapkiB, cagoBO-ITapKOBUX aHCaMOIiB MOXYTb PO3MilllyBaTUCh
IleKibKa pisHOBU[IB TeaTpiB, TeaTp Ta amdiTeaTp; aMmdiTeaTp Moke 6yTH YacTUHOI TeaTpy. HaBemeHo
MOPiBHSIBHUI aHalIi3 3eJeHMX, BONHMX Ta iHIIMX TeaTpiB. BusiBjeHo xapaKTepHi 0COOGJMBOCTI
po3TallyBaHHS 3e/IeHUX, BOOHUX, TIOBITPSIHMX TOIIO TeaTpiB y MJaHYBaJbHilM CTPYKTYPi OOCTiIsKeHMUX
00’eKTiB, 30KpeMa eJIeMeHTiB TOIMiapHOT'O0 MUCTEITBA Ta AaCOPTUMEHTY POCIUH

KnwouoBi ci1oBa: BomHMit TeaTp, 3e/eHUii TeaTp, CaJoOBUiIl TeaTp, BIIKPMUTHUIL TeaTp, JiTHiii Tearp,
MIOBITPSIHUIA TeaTp
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Abstract. The carbon capacity of forest phytocenoses serves as one of the basic criteria for potential
opportunities to ensure low-carbon development of the country and fulfil international obligations in
the context of the Paris climate agreement. The information base of the study was information from the
database of the Ukrainian State Forest Management Planning Association, which contains a specific tax
characteristic of stands in the Kyiv region, and a system of mathematical models for quantitative assessment
of phytomass and mortmass of forests.

As aresult, quantitative values of organic carbon volumes in phytomass and mortmass of forests of the Kyiv
region and Kyiv city are established. The total amount of carbon accumulated in the plant biomass of the
region’s forests is 61.8 million tonnes, of which 60% is accounted for by pine stands. The share of carbon
accumulated in the mortar of forests of the Kyiv region is 10.5%. The highest density of deposited carbon
per unit area is characterised by ash and oak stands with indicators of 10,08 and 9,921 kg*(m?)! accordingly.
More than 40% of organic carbon is accumulated in the plant biomass of bonitet class I stands, which
mainly grow in relatively poor forest conditions (barrens). Recreational-protective forests of the region
have the highest organic carbon densities per unit area — 10.53 and 10.49 kg*(m?)"! accordingly. Among the
objects of the nature reserve fund, the dominant positions in terms of the volume of the indicator under
study belong to nature reserves — 82.7% and about 8% is accounted for by national nature parks. In the total
carbon structure of mortmass (6.5 million tonnes), more than 60% is forest litter. Therewith, the carbon
content of mortmass plantings of coniferous tree species is 4.1 million tonnes or 62.9%.

The results obtained in the course of the study will serve as an information basis for forming a strategy for
regional low-carbon development
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Introduction

One of the key criteria for ensuring National
Low-Carbon Development (Strategy, 2018) and
compliance with international obligations in the
context of the Paris Agreement (The Paris agreement,
2016) is the carbon capacity of forest phytocenoses.
Currently, forests are the most efficient reservoir
for long-term accumulation and retention of
atmospheric carbon during their growth, and in
wooden building structures and wood products with
a substantial service life (Ince, Tayancli & Derogar,
2021; Sun et al., 2021).
Therewith,thephytomassandmortmassofforest
stands are the basis for the establishment of reserves
of forest combustible materials, and, accordingly, the
source of carbon emissions as a result of forest fires
(Soshenskyi et al., 2021). That is why forest carbon
capacity management, as a component of sustainable
forest management, determines the effectiveness of
forestry management in the context of global climate
change (Shvidenko et al., 2014; Vasylyshyn, 2016).
The forests of this region are a key natural
object that not only ensures the ecological balance
of the environment in conditions of excessive man-
made load but also serves as an important source of
raw materials for the development of the regional
economy. Inthis context, the quantification of carbon
capacity in plant biomass components will be an
important information factor in the establishment
of regional environmental and forestry initiatives.
The examination of carbon fluxes in forest
ecosystems is now the object of study by both
Ukrainian and foreign researchers. In particular, a
comprehensive assessment of the carbon deposition
capacity of forest phytocenoses and the impact of
disturbances in the forests of Polesia of Ukraine on
their carbon budget was conducted by researchers
of the Department of Forest Mensuration and Forest
Management of the National University of Life and
Environmental Sciences of Ukraine together with
colleagues from the International Institute for
Applied Systems Analysis (Lakyda et al., 2018, 2019).
The updated assessment of the carbon budget
of the forests of Ukraine was made in 2019 based
on the forest map of Ukraine with a resolution of
60 m, according to which the capacity of forest
ecosystems of Ukraine is estimated at 90 million
tonnes of organic matter per year, or 504 g of carbon
per 1 m? (Lesiv et al., 2019).

Considering the consequences of future
climate changes on the territory of EU countries
and their impact on the regional balance of carbon
emissions, individual researchers (Fady et al., 2020)
believe that it is necessary to avoid creating forests
in places of a high probability of fires and drought-
prone areas, which are now substantially expanding
throughout Europe. Therewith, to mitigate the
consequences of natural disturbances in forest
ecosystems, researchers from Central Europe
(Zimova et al., 2020) used the iLand model for the
modelling of the impact of logging turnover on
the vulnerability of 16 thousand hectares of forest
landscape damaged by windbreaks and affected
by bark beetles. As a result of the study, a clear
relationship was established between forest carbon
reserves, biodiversity indicators and the duration
of logging turnover. In particular, reducing the
turnover of logging by 40% allowed reducing the
mentioned violations by 14%.

Monitoring studies also play an important
role in ensuring effective management of the
carbon-saving capacity of forest stands. An
example of such writings is the papers of Romanian
(Dumitrascu et al., 2020) and Spanish (Gomez-
Garcia, 2020) researchers who successfully combine
field research data with aorest cadastre data to
establish predictive estimates of annual amounts
of carbon deposited in forest ecosystems.

The presence of a substantial number of
scientific papers in this area of research indicates
the importance and relevance of further research
on carbon uptake and emission processes in forest
ecosystems.

The purpose of the study is to estimate the
volume of organic carbon in the components of
phytomass and mortmass of forests in the Kyiv
region and the city of Kyiv.

Materials and Methods

The information basis of the study was information
from the database of the Ukrainian State Forest
Management Planning Association, formed accord-
ing to the data of the current accounting of forests
of Ukraine, which contains a specific tax character-
istic of plantings (more than 200 thousand forest
plots) of the studied region (Table 1).
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Table 1. Distribution of the number and area of forest plots
in the Kyiv region by the dominant forest-forming species

Type of woody Quantitative indicator Type of woody Quantitative indicator
plants pcs. thousand ha plants pcs. thousand ha
Silver birch 24078 68.97 Robinia 3708 10.15
pseudoacacia
Common alder 13002 36.04 Scots pine 122,494 384.65
hCommon 2129 7.26 Common ash 1964 6.77
ornbeam
Common oak 24788 82.64 Other tree 11797 19.11
species
Total 203,960 615.59

The methodology for estimating the volume of
organic carbon in plant biomass components is based
on the division estimation of phytomass and mortmass
reserves using a system of mathematical models (Bi-
lous, 2018; Schepaschenko et al.,2017; Shvidenko et al.,
2014) and subsequent assessment of deposited carbon
by quantitative parameters of its content in absolute-
ly dry organic matter components of biomass plant-
ings of the main forest-forming species of the region
(Lakyda et al., 2018). For other wood species, the men-
tioned indicators of deposited carbon are established
based on the weighted average values of these species.

Results and Discussion

The carbon capacity of forest stands now not
only serves as a measure of the impact of climate

change on forest ecosystems but also determines
the possibility of a positive impact of forests on the
concentration of greenhouse gases in the Earth’s
atmosphere.

In the course of the study, it was established
that the estimate of the total amount of carbon de-
posited in the plant biomass of forests in the Kyiv
region (123.1 million tonnes of absolutely dry mat-
ter, in particular, 111.0 - phytomass; 13.1 — mort-
mass) is 61.8 million tonnes, including 55.3 million
tonnes in phytomass (Table 2). In general, more
than 65% of the deposited carbon is accumulated in
the plant biomass of coniferous plantations in the
region. Hard-leaved stands account for about 20%,
and almost 14% is concentrated in phytomas and
mortmass of soft-leaved stands.

Table 2. Total carbon content in plant biomass of forests of the Kyiv region

i Deposited carbon in plant biomass, thousand tonnes
Species group
phytomass mortmass
Coniferous trees 36 592,6 4097.0
Hard-leaved 10974,0 1527.7
Soft-leaved 7688.8 872.4
Other tree species 28.5 9.5
Total 55284,0 6506.6

The share of mortmass in the total structure
of accumulated organic carbon in the plant biomass
of forests in the Kyiv region is 10.5%.

In the overall structure of organic carbon of
the forests of the studied region, the dominant po-
sitions are occupied by pine stands, in which more

than 60% (38.1 million tonnes) of its volumes are
accumulated. The following positions belong to oak
and birch stands with an indicator of 15.5% and
7.8%, respectively. The share of alder stands is about
4.5%, while the share of hornbeam, sedge, and ash
stands slightly exceeds 1% (Fig. 1).
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Figure 1. Structure of organic carbon reserves in plant biomass of forests of Kyiv region

It is established that ash and oak stands are
characterised by the highest density of deposited
carbon per unit area (Table 3). Quantitative values
of the carbon density index in phytomass for these
plantings reach 10,08 and 9,921 kg*(m?)! accord-
ingly. In general, the mentioned indicator within
the plantings of the dominant forest-forming spe-
cies varies from 6,52 kg*(m?)! for alder stands up to
10,08 kg*(m?)! for ash trees. The average value of
the density index of carbon deposited in phytomass
within the plantings of the region is at the level of
8.82kg*(m?)"!. For mortmass, the mentioned indicator

is much lower and amounts to about 1.1 kg*(m?)?,
while the dominant positions in terms of carbon den-
sity accumulated in mortmass belong to oak and ash
stands. The indicators of deposited carbon density in
the plant biomass of forests in the region obtained
in the process of separate assessment are almost 8%
higher compared to the values obtained by research-
ers based on consolidated data from current forest
accounting (Shvidenko et al., 2014). Therewith, ac-
cording to the absolute values of organic carbon
volumes in the plant biomass of forests in the Kyiv
region, the mentioned deviation does not exceed 7%.

Table 3. Species differentiation of deposited carbon density in plant biomass of forests of the Kyiv region

Dominant tree species in the Deposited carbon density, kg*(m?*)"!

plantation phytomass mortmass

Silver birch 6.65 0.55

Common alder 6.52 0.96

Common hornbeam 8.51 1.05

Common oak 9.92 1.42

Robinia pseudoacacia 6.54 0.54

Scots pine 9.36 1.07

Common ash 10.08 1.40

Average within the region 8.82 1.06

In the study region, more than?% of organ-
ic carbon is accumulated in the plant biomass of
stands of the I class of bonitet (Table 4).

Almost 30% are in class II bonitet stands,
and a quarterisaccounted for by high-performance

plantings of Ia and above classes.This distribu-
tion is quite naturally determined by the regional
bonitet and age structure of stands within the
forest areas covered with forest vegetation of the
Kyiv region.
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Table 4. Distribution of carbon reserves in the plant biomass of forests
of the Kyiv region within the bonitet classes

Deposited carbon in plant biomass, thousand tonnes
Bonitet class
phytomass mortmass

I? and above 13 324,8 1548.1
I 23378,6 2637.0
II 15 062,5 1786.7

I 2914.7 4134

v 425.3 81.6

V and below 178.0 39.7
Total 55284,0 6506.6

Therewith, analysing the distribution of or-
ganic carbon within the categories of forests, which
is presented in Table 5, it is worth paying atten-
tion to the dominance of recreational forests —
over 50% of the volume of carbon deposited. The

share of operational forests does not exceed 25%.
Regarding the density of organic carbon per unit
area, the highest values in the region are typical
for recreational and protective forests — 10.53 and
10.49 kg*(m?)! accordingly.

Table 5. Distribution of carbon reserves in plant biomass of forests
of Kyiv region within forest categories

Deposited carbon in plant biomass, thousand tonnes
Category of forests depending on
their functions
phytomass mortmass
Fores_ts fo.r conservation, scientific, 6470.2 7313
historical-cultural purposes

Recreational forests 27 850,0 3137.2
Protective forests 7244.7 946.1
Operational forests 13719,1 1692.0
Total 55284,0 6506.6

Objects of the nature reserve fund (NRF) also
play an important role in the process of forming the
carbonstorage capacityofforestsinaparticularregion.
In the region under study, the share of organic car-
bon in the phytomass and mortmass of forests within

the mentioned sites is almost 9%, which is 5.5 million
tonnes. Among the objects of the NRF, the dominant
positions in terms of the volume of the studied in-
dicator belong to nature reserves — 82.7% and about
8% is accounted for by national nature parks (Fig. 2).
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Figure 2. Structure of organic carbon reserves in plant biomass of forests within
the objects of the nature reserve fund of the Kyiv region

The intensity of carbon deposition of forest
stands substantially depends on the types of forest
conditions in which they grow. In the course of the
study, it was identified that the highest values of or-
ganic carbon density in phytomass are characteris-
tic of plantings in fresh su-hruds (C,) and wet hruds
(D,), where its values are more than 10 kg*(m?*.
Therewith, the minimum values of this indicator are
inherent in very dry and wet barren forests — 3.22
and 3.32 kg*(m?)! accordingly.

In total, about 10% of the organic carbon of
plant biomass is accumulated in the barrens of the
Kyiv region (Table 6). Therewith, about 50% of its
reserves are concentrated in the biomass of plant-
ings in su-barens (conditions, similar to barrens but
with more pronounced oligotrophic vegetation),
where Scots pine stands dominate. As for the den-
sity of deposited carbon, here the highest values are
characteristic of stands in hruds (D) and su-hruds
(C) — over 9.84 and 9.27 kg*(m?) ! accordingly.

Table 6. Distribution of carbon reserves in plant biomass of forests
of Kyiv region within trophotopes

Deposited carbon in plant biomass, thousand tonnes
Trophotop
phytomass mortmass

Barrens (A) 5975.4 700.1
Su-barrens (B) 25650.8 2842.5
Hruds (C) 17933.0 2207.1
Su-hruds (D) 5724.8 757.0
Total 55284.0 6506.6

The component structure of carbon deposited
in the phytomass of forests in the Kyiv region is dom-
inated by tree trunks, the share of which is 71.4%

(Table 7). This component of wood biomass is now
the most important in terms of ensuring long-term
accumulation and retention of atmospheric carbon.
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Table 7. Distribution of carbon reserves in the phytomass of forests
of the Kyiv region by components

Deposited carbon in phytomass, thousand tonnes
i < X R E"§ 2
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Species group, tree 5 E § = g § 2 " gz g . _
type = - o2 ) 2 5 £2 2
8% - & 3 2 g5 g 2
e s - =i e g
=5 350 5 g =
Coniferous trees 27 106,8 2307.4 524.0 5812.2 241.8 600.4 36 592,6
including Scots pine 25391,5 2149.3 486.1 5461.8 228.5 567.9 34 285.1
Hard-leaved 7437.6 1493.7 156.9 1581.0 130.9 173.9 10974,0
including common oak 5812.4 1144.5 106.6 1176.1 106.7 134.1 8480.5
Soft-leaved 4899.6 877.6 232.6 1439.3 81.6 158.1 7688.8
including silver birch 2774.3 605.0 168.2 786.3 43.5 89.6 4466.9
common alder 1681.7 179.6 33.0 488.0 30.3 52.1 2464.8
Other tree species 17.1 3.3 0.4 6.0 0.5 1.1 28.5
Total 39461.1 4682.0 914.0 8838.5 454.8 933.6 55284.0

8.5% of organic carbon is concentrated in the
phytomass of branches, and more than 15% is con-
centrated in the phytomass of roots.

Components of the forest mormass of the re-
gion, such as tree stand, coarse woody debris, and
forest litter, also serve as a fairly substantial carbon

depot within forest ecosystems. In total, more than
6.5 million tonnes of organic carbon are accumulat-
ed in the forests of the Kyiv region, of which 64.3%
are in the forest litter (Table 8). Notably, mortmass
is also a substantial source of carbon emissions, es-
pecially during forest fires and its biodegradation.

Table 7. Distribution of carbon reserves in the phytomass of forests

of the Kyiv region by components

Deposited carbon in phytomass, thousand tonnes
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Coniferous trees 27 106,8 2307.4 524.0 5812.2 241.8 600.4 36 592,6
including Scots pine 25391,5 2149.3 486.1 5461.8 228.5 567.9 34 285,1
Hard-leaved 7437.6 1493.7 156.9 1581.0 130.9 173.9 10974,0
including common oak 5812.4 1144.5 106.6 1176.1 106.7 134.1 8480.5
Soft-leaved 4899.6 877.6 232.6 1439.3 81.6 158.1 7688.8
including silver birch 2774.3 605.0 168.2 786.3 43.5 89.6 4466.9
common alder 1681.7 179.6 33.0 488.0 30.3 52.1 2464.8
Other tree species 17.1 3.3 0.4 6.0 0.5 1.1 28.5
Total 39461,1 4682.0 914.0 8838.5 454.8 933.6 55284,0
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In the total carbon structure of mortmass of
the forests in the region, an important place belongs
to dry branches — 1.3 million tonnes, or about 19%,
but the mentioned component of mortmass is subject
to rapid biodegradation under certain conditions.

In the region of the study, the carbon content
of mortmass of coniferous tree stands is 4.1 million
tonnes, or 62.9%, while the share of mortmass com-
ponents of the studied stands, which can potentially
hold organic carbon for a long time (tree stand, forest
litter), reaches about 75% of the total mortmass of
coniferous stands. For hard-leaved and soft-leaved
plantings, this ratio is 80.0% and 72%, respectively.

Conclusions
According to the results of the conducted studies,
it was established that the total volume of organ-
ic carbon deposited in the plant biomass of forests
in the Kyiv region is 61.8 million tonnes, includ-
ing 55.3 million tonnes in phytomass. The share of
mortmass in the total structure of accumulated or-

ganic carbon in the plant biomass of forests in the
Kyiv region is 10.5%.

The structure of organic carbon deposited
in the region’s plant biomass is dominated by pine
stands, which accumulate more than 60% of the total
reserve. The component structure is dominated by
tree trunks, the share of which is 71.4%. In the total
carbon structure of mortmass (6.5 million tonnes),
more than 60% belongs to forest litter. Therewith,
the carbon content of mortmass plantings of conif-
erous tree species is 4.1 million tonnes, or 62.9%.

The forest categories are dominated by rec-
reational forests, which account for more than 50%
of the volume of carbon deposited. The share of op-
erational forests does not exceed 25%. Recreation-
al and protective forests are also characterised by
the highest organic carbon densities per unit area —
10.53 and 10.49 kg*(m?)! accordingly.

The results obtained in the course of the
study will serve as an information basis for forming
a strategy for regional low-carbon development.
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OpraHiuHMi1 ByIJIelb Y POC/IMHHI 6ioMaci jticiB KuiBumHmu

Poman ImutpoBuyu BacunmummuH, IBaH I[leTpoBuu Jlakupga, Onekcanap MukosnaiioBua
MenbHauk, Mapuna OnekciiBHa Jlakuga, IOpiii IlerpoBuu PumapeHKo

HauionanbHMit yHiBepcuTeT 6iopecypciB i mpMpogoKOpUCTYBaHHS YKpaiHu
03041, Byn. 'epoiB O6oponu, 15, m. Kuis, Ykpaina

Anorainisa. BymielnenenonyBaabHa 3JaTHICTh JIiCOBUX (iTOLIEHO3iB C/IyTye OMHUM i3 6a30BUX KPUTEPIiB
MOTEHI[ITHUX MOXKIMBOCTel 3abe3reueHHs] HMU3bKOBYIVIEIEBOTO PO3BUTKY KpaiHM Ta BUKOHAHHS
MiXKHapogHUX 3000B’s13aHb y KOHTeKCTi Ilapm3bkoi kiaiMaTmuHoi yromu. IHdopmaliiiHolo 6a3010
OOCTiIKeHHsT cyryBasia iHdopMmailis 3 6asyu ganux BO «YKRpOepsKIiCIPOEKT», 0 MiCTUTh HMOBUIIIbHY
TaKcalliliHy XapaKTepUCTUKY AepeBocTaHiB KuiBIIMHM, a TAaKOX CHUCTeMa MaTeMaTUYHUX MOJeNei Ijs
KiJIbKiCHOTO OIliHIOBaHHS ¢iToMacu it MmopMacu JiciB.

V pe3ynbTari BCTAHOBJIEHO KiJIbKiCHI 3HaUEHHST 00CSITiB Opra”HiyHoro Byr/iemnio y iTtomaci Ta MopTmaci jticis
KuiBcbkoiobmacriTaM.KnueBa.3arajibHuit 06CSIT BYIJIEII0,aKyMYyJIbOBAHMIA Y pOCJIMHHII 6ioMaciticiB periony,
CTaHOBUTD 61,8 MJTH T, 3 sikux 60 % Mpuiagae Ha COCHOBI JepeBocTaHM. YacTka ByIIell0, HAKOMMYEHOTO
y MmopTtMmaci siciB KuiBniuan, ckiagae 10,5 %. HaiiBuioo niigbpHiCTIO JeTTOHOBAHOTO BYIJIEII0 Ha OJVHMUII
TIJIOII XapaKTepu3yI0ThCs siceHeBi Ta 1y60Bi HacamkeHHs 3 mokasuukamu 10,0819,921 kr-(M?)! BinmoBigHO.
TMonam 40 % opraHiuHOro BYIJIEIl0 aKyMYy/IbOBaHO y POCIMHHIl 6ioMaci mepeBocTaHiB I kjaacy 60HITeTY, sIKi
IepeBakHO POCTYTh Y MOPiBHSIHO 6iTHMX JTiCOPOCAMHHMX yYMOBax (cybopax). PekpealriitHo-0310poBYi Ta
3aXMCHi JIicK perioHy MalTb HaliBUIIli TTOKAa3HUKY IIiIbHOCTI OpraHiuHOro BYIVIEII0 Ha OOMHMUIII TIJIONIi —
10,53 ta 10,49 kr-(m?)! BimmoBigHo. Cepen 06’€KTiB MIPMPOIHO-3aMoBigHOr0 GOHAY MOMIiHAHTHI MO3UITii
3a 06csTaMy AOCTiIKYBAHOTO TTOKa3HMKA HaJIeXaTh 3akasHuKam — 82,7 %, mie 61mu3bKo 8 % mpuiagae Ha
HalliOHaJIbHi IPMUPOAHi Mapku. YV 3arajbHiii CTPYKTYpi BymIeleMicTRoCTi Mopmacu (6,5 MiTH T) roHam 60 %
CTAHOBUTb JIicOBa MiICTM/IKA. BomHOYac ByI/ieleMicTKiCTh MOpMacy HacakeHb XBOMHUX IePeBHUX BUiB
ckiagae 4,1 MuIH T, 260 62,9 %.

OpnepskaHi B MPOIIeCi JOCTiIKeHHS pe3yJIbTaTy CJIYTYBaTUMYTh iHQOpMaIiifHOI0 OCHOBOIO [1J1s GOpMYBaHHS
CTpaTerii perioHaIbHOTO HM3bKOBYTJIEIIEBOTO PO3BUTKY

KniouoBi cimoBa: 6iomaca, ByIielb, TelTOHYBAaHHS, €KOJOTiYHMIT MOHITOPUHT, MOpPTMaca, HacaJKeHH,
dbitomaca
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Structure and Morphogenesis of Shoots of Species of the Viburnum L. Genus
in the Right-Bank Forest-Steppe of Ukraine

Olena Demchenko
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03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. A study of the growth features and structure of shoots of species of the Viburnum L genus
was conducted. Determination of features of the structure of shoots of species of the Viburnum genus
is relevant because there are substantial differences in the structure and dynamics of growth within
the genus. The study of the dynamics of shoot growth was conducted according to the method of A.A.
Molchanov and V.V. Smirnov (1967). The studied species belong to three sections of the Viburnum L.
genus. In the species of each of the sections, the features of the bud structure largely determine the
structure of shoots. It is determined that the species of each of the three sections of the genus have a
special structure of shoots. The rhythms of growth and development of plants of native and introduced
species of the Viburnum genus are studied.

The timing of shoot growth of species of the Viburnum genus is analysed, and the length of annual
shoot growth is determined. Phenodates of the beginning and end of shoot growth were established.
It is identified that the onset of individual phenophases quite clearly correlates with the sum of
effective temperatures above +5°C. For species of the Viburnum genus the following types of shoots are
characteristic: tillering, stem, generative. Intensive growth of shoots of all the studied species occurs
in May — mid-June. In Lantana section species there are two peaks of shoot growth — May and mid-
July. According to the duration of growth, viburnum shoots can be divided into two groups: 1) with a
short growth period (65-75 days): V.opulus L., V.sargentii Koehne, V.prunifolium L., V.rufidulum Raf.,
V.lentago L.; 2) with a long growth period (100 or more days): V.lantana L., V.carlesii Hemsl., V.veitchii
C.H. Wright, V.rhytidophyllum Hemsl., V.buddleifolium C.H. Wright, V.burejaeticum Rgl. et Herd.

The data obtained indicate that the greatest annual growth of shoots of all Viburnum species was received
at the age of 4-7 years. A decrease in the annual growth of axial shoots signals the need for preliminary
rejuvenation of the plant

Keywords: shoots, annual growth, phenophase, phenodate, Viburnum
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Introduction

The growth of plants of introduced species, the
ability to give annual growth is one of the indicators
of success in the introduction of a species.

Shrubs differ from trees in that they have not
one, but several skeletal axes (stems) connected
to each other at the base of the bush or in its
underground part. The age of individual stems
is relatively small, but the total age of the entire
plant can be quite substantial, its life is extended
due to new axes that grow from aboveground and
underground renewal buds, replacing old ones that
die off (Mazurenko & Hohryakov, 1977). The stem of
perennials, and shrubs as well, consists of separate
distinct structural elements called annual shoots
(metamers). Annual bush shoots are young central
or lateral axes of the stem that have developed
during a single growing season from buds located on
stems, rhizomes, or roots. Adjacent annual shoots
(growths) are separated from each other by scars
left over from bud scales, and shortened internodes.
Thus, the stem of the shrub consists of a series of
generations of shoots that are formed annually,
and is characterised by a special type of growth and
branching characteristic of this species.

The study of the phase of growth and
development of shoots of introduced plants is of
particular importance, because the degree of their
lignification depends on the time of their growth
and development, and therefore the frost resistance
and winter hardiness of plants. Simultaneously with
the study of the duration of growth of shoots, the
dynamics of their growth was also investigated,
which is also important for determining the winter
hardiness of plants, because it is known that winter-
hardy can be not only those shoots that complete
growth and development early, but also those that
grow for a long time, but rather slowly.

Determining the features of the structure and
dynamics of shoot growth is extremely relevant for
species of the Viburnum genus because there are
substantial differences in structure and dynamics
in different species. The dynamics (duration)
of growth and development of plant shoots of a
certain species is directly related to the annual
(phenological) cycle of plant development of a
certain species. Information on the phenology
of species of the Viburnum genus ia submitted in
the paper (Demchenko, 2017). Shoots of plants of

the genus species as an integral part of the crown
of plants directly affect the decorative effect of
plants (Demchenko, 2016). Features of the growth
of shoots of various types of woody plants on the
example of the viburnum genus in the United States
are considered in the paper (Donoghue, 1981).
Investigation of the reaction of a number of species
of forest shrubs, in particular, witherod viburnum
(Viburnum cassinoides L.), on the bending of the
stem is given in the paper (Wilson, 1997). According
to the author, the formation of epicormal shoots
is the main reaction of the studied species Cornus
amomum Mill., V. cassinoides and Gaylussacia baccata
(Wang.) K. Koch on bending. Information on the
structure of shoots and the formation of the crown
structure of Viburnum lantana and Viburnum opulus
is collected in the paper (Kollmann & Grubb, 2002).

The purpose of the study is a comparative
analysis of the features of the structure and
dynamics of growth and development of plant
shoots of species of the Viburnum genus due to
their phenological development in the conditions
of the Right-bank forest-steppe of Ukraine and their
consistency with the natural and climatic conditions
of this region.

Materials and Methods

Bioecological, biomorphological, biometric, and
statistical research methods were applied.

The objects of the study were plants of the Vi-
burnum genus of collections of the NM. M. Hryshko
National Botanical Garden of the National Academy
of Sciences of Ukraine (NBG of the NASU) and the
A.V.Fomin Botanical Garden of the Taras Shevchen-
ko National University of Kyiv (BG of the NUK).

Stationary studies of 11 species and 5 vari-
eties of introduced and native Viburnum species
were conducted in 2009-2013 in Kyiv on the ter-
ritory of the NBG of the NASU and BG of the NUK.
The studied species belong to 3 of the 9 isolated
species in the Viburnum genus sections: Lantana
Spach. (V.lantana L., V.lantana Aureum’, V.lanta-
na ’Variegatum’, V.carlesii Hemsl., V.rhytidophyl-
lum Hemsl., V.burejaeticum Rgl. et Herd., V.veitchii
C.H.Wright., V.buddleifolium C.H.Wright), Lenta-
go DC. (V.lentago L., V.prunifolium L., V.rufidulum
Raf.), Opulus DC. (Viburnum opulus L., V.opulus
’Roseum’, V.opulus ’Nanum’, V.sargentii Koehne,
V.sargentii ’Flavum’).
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The dynamics of seasonal shoot growth was
determined by the method of A.A. Molchanov and
V.V. Smirnov (Molchanov & Smirnov, 1967). Phe-
nological observations were conducted according
to the “Technique of phenological observations
in botanical gardens of the USSR” (1975). Phenos-
pectors were compiled according to the method of
N.E. Bulyigin (Bulyigin, 1985). Field data expressed
as ordinary calendar dates were converted to a con-
tinuous series of numbers as the number of days
from March 1 according to G.M. Zaytsev (Zaytsev,
1981). Statistical processing of research results was
conducted according to the methods of G.M. Zayt-
sev (Zaytsev, 1981, 1984).

Results and Discussion
For Viburnum species the following types of shoots
are typical.

1. Tillering shoots - vegetative shoots formed
most often from the lower or middle part of the
crown and delayed for a long time at the second
stage of organogenesis. They are characterised by
increased growth (in 1-2 years they reach a length
corresponding to the habit of the species) and slow
development (they enter the generative phase for
2-3 years of growth and development). It was deter-
mined that up to 20% of these shoots freeze or stop
growing and die off in the first year.

2. Stem shoots - the most numerous among
all types of shoots that are distinguished in the
crown of the bush. They are formed from lateral
buds located at the base of leaf petioles in the mid-
dle and upper parts of the crown. They are charac-
terised by slower growth and the rate of transition
to the generative phase.

3. Generative shoots — they are characterised
by slow growth and rapid development. Such shoots
stop growing with the beginning of flowering.

Shoots of the first two types continue to de-
velop even after flowering. Their growth rate slows
down during flowering, and after it ends, the shoots
activate growth processes. The complexes of con-
ditions necessary for passing a particular phase are
determined by the ecological factors in which the
species were formed.

The internal rhythm of growth and devel-
opment, changes in the needs of plants in various
complexes of environmental conditions are due to
the heredity of organisms and are largely a reflec-
tion of seasonal phenomena.

The period from the beginning of bud opening
to the beginning of leaf fall or leaf death from au-
tumn frosts in summer green plants can be roughly
taken as vegetative, in evergreens — the transition of
plants to a state of organic dormancy can be condi-
tionally accepted for the termination of vegetation.

The structure of viburnum shoots, although
differs from one another, but also has a lot in com-
mon. At the border between adjacent annual shoots,
they do not have the typical bud rings consisting
of scars of bud scales, as in many trees and shrubs.
However, the first internode of the annual shoot in
all species of the Viburnum genus is usually shorter
than the following ones. All nodes on the shoots of
viburnum have two opposite leaves. In all species,
inflorescences are formed on the tops of shoots.

There is a clear relationship between the
structural features of viburnum shoots and their
systematic position. The studied species belong to
three sections of the Viburnum genus, the species of
each section have a special structure of shoots.

Among the studied plants, the most distinc-
tive features of their shoots are the species of Opu-
lus sections: they usually die and fall off of the tip,
the apical bud is not formed. Instead, at the top of
the shoot there are two axillary buds of the upper
node with a small scar from the dead tip between
them. These buds can be either vegetative or gener-
ative. In isolated cases, an apical bud is formed on
particularly strong shoots, and then a monopodial
increase in the axis of the perennial shoot is ob-
served. This occurs more often on intensively grow-
ing tillering shoots or in young plants. Sympodial
branching is observed in stem shoots. In generative
shoots, which usually die off after fruiting, their
first metamer remains alive, axillary buds develop
on it and give new shoots. In the crown of Opulus
section species on perennial axial shoots, strongly
thickened nodes can be identified, consisting of the
first metamers of dead shoots of several orders of
branching. Border between adjacent annual shoots
of Opulus section species, it is easily determined be-
hind the short first internodes of the shoot.

Notably, the dwarf cultivar of Viburnum opu-
lus (Viburnum opulus ’Nanum’) it is distinguished by a
peculiar form of growth and development of shoots:
the vegetation of the plant is conducted at the ex-
penseoflateralshoots,apical shoots growvery slowly.

It is much more difficult to establish a bound-
ary between the annual shoots of the Lantana section
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species. It does not have specialised bud scales,
the buds are protected by the outer rudiments of
leaves, which are covered with dense pubescence,
which forms a dense layer, like felt. Under the outer
rudiments there are one or two more pairs of also
densely pubescent leaf rudiments. In spring, when
the buds open, the outer rudiments unfold and grow
into normal green leaves, although slightly small-
er in size compared to those located above. The
internodes under this first pair of leaves lengthen
when the bud opens and become almost as long as
the internodes located above. After leaf fall in au-
tumn, the border between adjacent annual shoots
is almost impossible to determine. Unlike the Opu-
lus section, shoots of Lantana section species form
an apical bud. Therefore, most perennial axes grow
monopodially. Sympodial growth is observed only in
generative shoots, the apical bud of which forms the
rudiment of the inflorescence.

In Lentago section species an apical bud de-
velops on all shoots. From the outside, it is protect-
ed by a pair of scales. When the buds open in spring,
these scales move apart and their upper parts grow,
forming small green leaf blades. These first leaves
of the shoot are transitional forms from scales to
leaves. The internodes under these leaves length-
en only during the opening of the bud. Therefore, it
will not be like the Lantana section species, simul-

taneously the last internodes of the previous sum-
mer shoot. This first shortened Internode serves as a
well-defined border between adjacent annual shoots.

In most of the studied species of the viburnum
genus, stem shoots most often consist of three meta-
mers. Tillering shoots contain much more metamers.
For example, in V.opulus there can be 7-8 of them,
in V.lantana, V.lentago — 8-9. Internodes on these
shoots are always much longer than on stem shoots.

Thus, a comparison of the structure of shoots
of different types of viburnum shows that in the spe-
cies of each of the sections, the features of shoots
are mutually predetermined, that the features of the
structure of buds largely determine the structure of
shoots, and all this is due to external conditions in
the areas of the natural distribution of species.

Intensive growth of shoots of all the studied
species occurs in May — mid-June (Fig. 1). In Lan-
tana section species there are two peaks of shoot
growth — May and mid-July, which is associated with
climatic conditions.

It is established that the objects of research
on the duration of shoot growth can be divided into
two groups (Table 1): 1) with a short growth period
(65-75 days) — V.opulus, V.sargentii, V.prunifolium,
V.rufidulum, V.lentago; 2) with a long growth period
(100 or more days) — V.lantana, V.carlesii, V.veitchii,
V. rhytidophyllum, V.buddleifolium, V.burejaeticum.

Table 1. Average annual phenodates of species of the Viburnum genus
(average phenodates in days from March 1, Kyiv, 2009-2013)

Species cultivar Appearance of a Duration of shoot Beginning of Dura?ion of
green leaf cone growth, days November vegetation, days

Viburnum opulus 33.13 68.18 213.20 180.07
V. 0. 'Roseum’ 31.47 67.62 232.27 200.80
V. O. ’Nanum’ 42.20 71.14 227.13 184.93
V. lantana 30.60 105.28 234.07 203.47
V.. Aureum’ 29.67 108.49 247.33 217.66
V. L. ’Varie-gatum’ 29,00 100.35 238.67 209.67
V. sarlesii 29.87 96.14 240.27 210.40
V. rhytidophyllum 30.27 112.36 --- ---

V. lentago 37.33 69.32 241.67 204.34
V. rufidulum 34.33 73.24 240.67 206.34
V. prunifolium 36.67 70.76 238.22 201.55
V. veitchii 26.89 115.84 239.22 212.33
V. burejaeticum 25.33 109.28 250.67 225.34
V. buddleifolium 39.33 114.16 --- -

V. sargentii 34.11 68.25 248.33 214.22
V. sargentii ’Flavum’ 33.67 69.18 245.22 211.55
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Figure 1. Phenospectre of seasonal development of Viburnum species in Kyiv
(NBG of the NASU, BG of the NUK)

The average increase per day during the pe-
riod of intensive growth in V.lantana is 10-16 mm,
in other viburnums — up to 5 mm. The value of the
annual growth of Viburnum ranges from 16.6 cm to

64.7 cm, only in V.opulus 'Nanum’ it does not exceed
15 ¢cm, more often 5-7 cm.

The greatest length of annual growth of stem
shoots is observed in V.opulus (21.6 ¢cm), V.lantana
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(29.4 cm), V.burejaeticum (27.8 cm), V.rufidu-
lum (19.7 cm).

The greatest annual growth of genera-
tive shoots is in V.opulus (15.3 cm) and V.sargentii
(13.9 cm), the smallest — in V.lantana ’Variegatum’
(2.4 cm) and V.lantana Aureum’ (3.8 cm). The re-
lationship between the timing of the beginning of
flowering and the length of generative shoots is de-
termined: the earlier flowering begins, the shorter
the length of generative shoots and vice versa.

The data obtained indicate that the largest
increase in all Viburnum species occurs at the age
of 4-7 years. A decrease in the annual growth of
axial shoots signals the need for preliminary reju-
venation of the bush: removal of old shoots, crown
formation, if necessary — “planting on a stump”.

As a result of statistical treatment with phe-
nodate, it was identified that the onset of individual
phenophases quite clearly correlates with the sum
of effective temperatures (above +5°C) (Table 2).

Table 2. Average dates of occurrence of the main phenophases

of Viburnum species and the sum of effective temperatures, Kyiv (2009-2013)

. . . Duration

Type, cultivar Budding Flowering November of vegetation
(2.04%4.0) (9.05%3,6) (29.09+5.8) N

V. opulus (70.51%4.41) (510.25%18.61) (2074.39%27.11) 180.1+4.58
, ) (31.03+5.3) (5.05+3.1) (18.1046.3) N

V-0 Roseum (64.85%5.25) @S2.1317.83) (2210.14%30.26) 200.8%3.39
. , (11.04%4.0) (15.05+4.1) (13.1048.1) N

V.o Nanum (98.4754.37) (567.62%21.14) (2154.29532.15) 184.9%3.63
(30.03+5.3) (27.04+2.3) (20.10+4.1) N

V- lantana (61.85%5.49) (285.25520.71) (2278.38%34.29) 203.5+4.48
, ) (19.03+4.6) (27.04+2.5) (2.11%4.9) N

VL. Aureum (54.93+4.68) (298.15%20.11) (2562.49+40.28) 217.724.34
o , (29.03+4.0) (25.04+2.1) (25.10£4.5) N

V.1 "Variegatum (59.945.43) (229.21*17.16) (2400.72£30.29) 209.7+4.08
y (29.03+3.8) (20.04+2.6) (26.10£3.7) N

V.carlesii (58.3%3.25) (182.31£19.25) (2416.67%39.25) 210.4%3.13
(6.04%6.2) (22.05+4.1) (28.105.2) N

V. lentago 124.8%5.26) 645.75571.14) (2485.51%36.29) 204.3%6.53
(3.04%5.2) (15.053.2) (26.1046.5) .

V.rufidulum (116.2%3.43) (559.48+17.28) (2462.85%33.28) 206.3+7,78
. (6.04%5.1) (7.05+2.1) (24.10£8.1) N

V.prunifolium (124.8%4.01) (503.41%18.17) (2439.64%34.24) 201.6%5.59
o (27.03%4.5) (22.04£2.6) (25.10£7.4) N

Viveitchit ~(83.153.25) (195.12518.28) (7445 62%36.53) 212.5%2.12
. (25.03+4,6) (22.04+1.2) (6.11%7.2) N

V-burejae-ticum (80.6:4.47) (195.25517.09) (2598.26+34.29) 225.5%2.08
; (30.04%4.7) (9.05%2.8) (3.11£8.9) N

Vsargentii (69.2%3.73) (512.16=17.84) (2577.34%32.26) 214.224,44
. ) (2.04%5.1) (2.05%2.2) (31.10£7.0) N

V.sargentii "Flavum (70.5%4.45) (458.25%16.24) (2489.74+32.25) 211.6+5.24
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Conclusions
The objects of research are divided into two groups
according to the duration of shoot growth. By the
end of the growing season, the shoots of most spe-
cies of viburnum have time to lignify. Exceptions
are some species with long growth (V.rhytidophyl-
lum, V.buddleifolium, V.veitchii), the shoots of which

do not have time to completely lignify. However,
the shoots of these species are protected by a thick
layer of pubescence, and under the surface covers
of the shoot with the onset of cold weather, a suffi-
cient amount of fat is formed that prevents damage
to the shoots by low temperatures, so these plants
are quite hardy.
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CrpykTypa Ta MopdoreHes naroHis BuaiB poay Viburnum L.
y IIpaBoOepeKHOMY JIicocTerny YKpainm

Onena OnekcanapiBHa JJeMYeHKO

HarmioHanpHMit yHiBepcuTeT 6iopecypciB i mpMpomoKopucTyBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHotanis. Byio mpoBemeHo HOCTiIKeHHs 0COOIMBOCTEN POCTY Ta OYmOBM MAroHiB BUAIB poxy Viburnum
L. BusHaueHHsI 0cOGIMBOCTe! OymOBM TAroHiB BuIiB poAy Viburnum € akTyaJabHMUM, OCKUJIbKY iCHYIOTb
CYTTEBI BIAMIHHOCTi CTPYKTYpM Ta AMHAMIKM POCTY B MeXax pofay. Jociii>keHHs AMHAMiKM POCTYy IaroHiB
MpoBOAMIM 3a MeTonukoio A.A. MomuyaHoBa i B.B. CmipHoBa (1967). [lociimkyBaHi BUAM HaleXaTb 10
TPbOX cekiit poxy Viburnum L. Y BUAiB KOXKHOI 3 CeKIIiii 0COOGMMBOCTI CTPYKTYpU OPYHbOK 6arato B UOMY
BU3HAUYAIOTh CTPYKTYPY MaroHiB. YCTaHOBJIEHO, 110 BMIaM KOXKHOI 3 TPhOX CEKIIilf poAy BacTMBa 0COOIMBA
6ymoBa IaroHiB. By/io BUBUEHO PUTMM POCTY Ta PO3BUTKY POCIIVMH aOOpUTEHHMX Ta iIHTPOIYKOBAHUX BUIIB
pony Viburnum.

[TpoaHasizoBaHO TepMiHM POCTY TaroHiB BuAiB poxy Viburnum, a TakoXX BM3HAYEHO IOBXMHY PidHOTO
MIPUPOCTY TAaroHiB. YCTaHOBIeHO (peHOmATM TTOYATKY i 3aKiHUEHHS POCTY MMaroHiB. BusiBieHo, 1m0 HacTaHHS
okpeMux (eHodas AOBOII YiTKO CITiBBiZHOCUTBCS 3 CyMOI e(PeKTUBHUX TeMIepaTyp Buile Hixk +5 °C.
s BuniB pomy Viburnum xapakTepHi TaKi TUIIM IMaroHiB: KyI[iHHS, CTe€OJIOBi, reHepaTUBHi. IHTeHCUBHMIT
MPUPICT MaroHiB yciX OOCTiIKyBaHMX BUIiIB MpPUIaJae Ha TpaBeHb — cepeAuHy YepBHSA. Y BUIIB CeKIlii
Lantana crmocTepiraeTbCsl ABa MiKM POCTY IMAroHiB — TpaBeHb i CepeliHa JUMHS. 3a TPUBAIICTIO POCTY
MaroHiB KaJAMHY MOXKHA PO3iMUTY Ha IBi Tpynu: 1) 3 HeTpuBaaum nepionom pocty (65-75 nuis): V.opulus L.,
V.sargentii Koehne, V.prunifolium L., V.rufidulum Raf., V.lentago L.; 2) 3 TpuBanum mepiomom pocty (100 i
6inpie nuiB): V.lantana L., V.carlesii Hemsl., V.veitchii C.H. Wright, V.rhytidophyllum Hemsl., V.buddleifolium
C.H. Wright, V.burejaeticum Rgl. et Herd.

OTpuMaHi maHi cBiguaTh, IO HAMOIMBIIMI piYHMII OPUPICT IMAroHiB ycix BuAiB Viburnum oTpumaHo
y Billi 4-7 poKiB. 3HVKEHHSI PiYHOTO MPUPOCTY OCHOBUX IArOHIB CUTHAJIiI3ye PO HEOOXimHiCTb POOBIT i3
MorepeIHbOTO OMOJIO/IKeHHST POCMHY

KnrouoBi ciioBa: rmarouu, piuauit npupict, henodasa, benopara, Viburnum
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Optimisation of the Protocol for Sterilising Explants
of Some Deciduous Woody Plants in Culture in vitro

Oksana Chornobrov, Olena Tkachova
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03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. One of the methods of obtaining planting material for deciduous woody plants, in particular,
common ash (Fraxinus excelsior L.), large-leaved linden (Tilia platyphyllos Scop.), and the silver birch (Betula
pendula Roth) is micropropagation. Explant asepsis — prerequisite for microclonal plant reproduction. For
the most part, chemical sterilisation with liquid substances is used for this purpose. The decontamination
regime is influenced by a number of factors, in particular, the genotype of the plant. The purpose of the
study is to optimise the explant sterilisation protocol of F. excelsior, T. platyphyllos, and B. pendula for
micropropagation. For the study, 20-30 cm parts of shoots isolated from a 12-year-old T. platyphyllos, 10-year-
old B. pendula, and a 15-year-old F. excelsior were used in February-March 2021 Plant material was cultured
according to the generally accepted method on an MS nutrient medium (Murashige & Skoog, 1962). MS
Excel software tools were used to process the research data, the average, and its main error were calculated.
Univariate analysis of variance (ANOVA) was performed to analyse the effect of explant sterilisation mode
on asepsis. The expediency of keeping plant material for a day in fungicidal preparations, in particular,
in 0.1% “Samshit” solution, is shown — F. excelsior and 0.3% Fundazol solution — T. platyphyllos and B.
pendula. The protocol of sterilisation of experimental plants (efficiency over 50%) is optimised by using a
step method using 70% ethyl alcohol, 1.0% and 2.0% AgNO,, and 2.5% and 5.0% NaClO. It was identified
that the effect of the sterilisation regime of experimental plants on asepsis is statistically substantial at the
level of 5%. A MS nutrient medium with the addition of 0.25 mg*]"! kinetin and 2.0 g*l ! activated carbon
was used to initiate explants. Further research is aimed at developing a protocol for the direct regeneration
of plant microshoots of F. excelsior, T. platyphyllos, and B. pendula by the action of the components of the
nutrient medium in vitro

Keywords: plant tissue culture in vitro, Fraxinus excelsior L., Tilia platyphyllos Scop., Betula pendula Roth,
asepsis, explants, regeneration, nutrient medium, micropropagation
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Introduction

Obtaining high-quality planting material for
deciduous woody plants, in particular, common ash
(Fraxinus excelsior L.), large-leaved linden (Tilia
platyphyllos Scop.), and the silver birch (Betula
pendula Roth), is an urgent task for the forestry and
gardening industry of Ukraine. One of the methods of
obtainingplantswhilepreservingvaluablehereditary
properties is micropropagation. In contrast to
conventional reproduction methods, this method
allows obtaining healthy genetically homogeneous
plants throughout the year from a minimum amount
of donor material and substantially increases the
reproduction rate (Butenko, 1964; Lutova, 2003;
Smith, 2012). One of the most important conditions
for micropropagation is the preparation of plant
material for introduction into the conditions in
vitro, in particular, the selection of an effective
sterilisation protocol (Kalinin et al., 1980; Kataeva
& Butenko, 1983). The result of micropropagation
depends on sterilisation as the first stage.
Therewith, it is necessary to select the appropriate
sterilising substances, their concentration and
exposure to holding, which effectively neutralise
the biota, do not damage plant tissues, and allow
obtaining high viability in the conditions of in vitro.

Currently, chemical sterilisation with liquid
substances, less often gaseous substances, and
physical reagents (ultrasound, ultraviolet radiation)
are used to achieve asepsis of explants (Butenko,
1964; Kalinin et al., 1980; Kataeva & Butenko,
1983). Analysis of studies shows that the most
common is chemical sterilisation with substances

containing active chlorine (sodium/calcium
hypochlorite, chloramine, bleach lime), hydrargium
(Sulema, ethylmercurchloride, thimerosal),

oxygen (hydrogen peroxide), silver (silver nitrate),
alcohols (Shabanova & Mashkina, 2015; Lebedev
& Shestibratov, 2016; Podhaietsky et al., 2016;
Shakhov et al., 2018, 2019). Antibiotics are used
to neutralise the endogenous biota of objects, but
they are characterised by a selective spectrum of
action (Butenko, 1964). Biocides are also used, in
particular, PPM (Plant Preservative Mixture™)
(Podhaietsky et al., 2016). In particular, the authors
of Lebedev & Shestibratov (2016) sterilised the parts
of the escape from 2-3 buds isolated from 60-year-
old plus F. excelsior trees, in 0.1% mercury chloride
for 6 minutes, followed by three-time washing with
sterile distilled water. Plant material was cultured on

an MS nutrient medium (Murashige & Skoog, 1962)
with the addition of BAP (6-benzylaminopurine)
and IAA (B-indolyl-3-acetic acid). Two-stage
sterilisation was used to increase the percentage
of sterilisation efficiency (Skalovd et al., 2012).
Authors Payamnour et al. (2014) optimised the
shoot sterilisation protocol of T. platyphyllos using
soapy water to neutralise surface contamination
and pre-sterilisation, which consisted of holding
in a solution of 600 mg*l! ascorbic acid, 4.0 g*I!
fungicide “Captan”, 5.0% commercial solution of
NaOCl (5.0% Cl) (20 min). The plant material was
then washed under running water. A solution of
600 mg*1! was used for sterilisation of ascorbic acid
and 10% NaOCI (5 min). For sterilisation of plant
seeds of Betula spp. 1.0% hydrogen peroxide (H,0,)
(48 h) at T=+4°C, followed by exposure at 30.0%
H202 (15 min) and washing in sterile distilled water
(Gaidamashvili et al., 2015). Authors Shabanova &
Mashkina (2015) conducted sterilisation of hybrid
explants Populus L. considering the isolation
season. In particular, shoots isolated in winter were
pretreated under non-sterile conditions in 2.0%
“Domestos” (10 min), then in a mixture of solutions
of 0.025% merthiolate (10 min) and 7.0% “Bilyzna”
(10 min); the exposure of explants isolated in
summer was 7 minutes. Effective for sinus buds of
Populus maximowiczii Henrywas holdingin 70% ethyl
alcohol (1 min), followed by transfer to NaClO (2%
active chlorine) (10-18 min) (Kdrkonen et al., 2011).
Other researchers (Delgadillo-Diaz et al., 2013)
developed an effective mode for sterilising explants
of Quercus spp. with the use of 70% ethyl alcohol
and 5.25% sodium hypochlorite. A 0.1% solution
of merthiolate or mercury bichloride (Shakhov et
al., 2019) / 12,0 % H,0, / NaClO with 95.2% active
chlorine (Shakhov et al., 2018) was used for cherry
explants isolated from the apical and lateral buds
of annual shoots in March. Therewith, a number of
authors note that the mode of explant sterilisation
depends on a number of factors, in particular, the
donor genotype, physiological state, age and type
of explant, and the isolation season (Butenko, 1964;
Karkonen et al., 2011; Payamnour et al., 2014;
Podhaietskyi et al., 2016; Shakhov et al.,2018,2019).

Thepurposeofthestudyistooptimisetheexplant
sterilisation protocol of F. excelsior, T. platyphyllos
and B. pendula for micropropagation. The study
provided for solving the following tasks: 1) determine
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the effective mode of decontamination of explants in
non-sterile conditions; 2) select sterilising substances
and determine their optimal concentration, and
exposure in sterile conditions; 3) select an effective
nutrient medium at the in vitro initiation stage.

Materials and Methods

For the study, 20-30 cm parts of shoots isolated from
a 12-year-old T. platyphyllos, 10-year-old B. pendu-
la, and a 15-year-old F. excelsior in February-March
2021 were used. Commercial fungicides were used
to reduce the percentage of contamination of plant
material under non-sterile conditions: 0.3% Fun-
dazol and 0.1% Samshit (100 g*I"1 cresoximethyl +
200 g*I'! diphenoconazole). Shoots were treated by
spraying/holding for a day / were not treated with
fungicides (control). Sterilisation of plant material
(4-8 cm fragments) consisted in holding (15-20 min)
in a soapy solution (with the addition of a few drops
of Tween-80 detergent), stirring constantly, wash-
ing in running water (15-20 min), rinsing in distilled
water, immersion in 70% ethyl alcohol, sterilisation
in solutions, and subsequent three-time washing in
sterile distilled water (5-6 minutes in each serving).
2.5% and 5.0% NaClO, 1.0% and 2.0% AgNO, were
used as sterilising agents. At the stage of introduc-
tion to culture in vitro an MS nutrient medium was
used. The nutrient media was supplemented with
100 mg*1I"! mesoinositol, 0.25 mg*I'! kinetin, 30 g*1*!
sucrose, 2.0 g*I'! activated carbon, and 7.0-7.3 g*I!
microbiological agar. The acidity index of the medi-
um (pH) was adjusted to the level of 5.7-5.9.

The plant material was cultivated according
to the generally accepted method in a light room at
a temperature of 24+1°C and illumination of 2.0-

3.0 klx with 16-hour photoperiod and relative hu-
midity of 70-75%. Biotechnological methods were
used, in particular, micropropagation using the
culture of plant shoot fragments in vitro (Butenko,
1964; Kalinin et al., 1980; Kataeva & Butenko, 1983;
Smith, 2012). The repeatability of experiments is
fourfold. MS Excel software tools were used to pro-
cess the research data, the average, and its main er-
ror were calculated. Univariate analysis of variance
(ANOVA) was performed to analyse the effect of ex-
plant sterilisation mode on asepsis. The following
abbreviations were used in the results: F - calculat-
ed value of the Fischer criterion; F_, - critical value
of the Fischer criterion. The study was conducted in
the research laboratory of plant biotechnology of
the National University of Life and Environmental
Sciences of Ukraine “Boyars’ka LDS” in 2021.

Results and Discussion

Explant asepsis — prerequisite for microclonal plant
reproduction. One of the most common sterilising
agents for the production of aseptic woody plant
cultures is NaClO (Kéarkonen et al., 2011; Delga-
dillo-Diaz et al., 2013; Payamnour et al., 2014;
Shabanova & Mashkina, 2015). Therewith, the diffi-
culty of obtaining a substantial proportion of aseptic
material of woody plants is due to morpho-physio-
logical features, so by analogy with other research-
ers, (Skalova et al., 2012; Payamnour et al., 2014;
Gaidamashvili et al., 2015) two-stage sterilisation
was used. Results of the authors’ research (Butenko,
1964; Payamnour et al., 2014) indicate the feasibili-
ty of using fungicides for pre-sterilisation. Action of
fungicides and sterilising substances (ethyl alcohol,
NaClO, AgNO3) for explants are shown in Table 1.

Table 1. Efficiency of sterilisation of fragments of shoots of experimental plants in the conditions of in vitro

'g Explant sterilisation
o Species Fungicide (pre-sterilisation) | Basic sterilisation mode efficiency (mean * standard
§ error). %
1 . — — 70% ethyl alcohol (1-2 min). 27.5%3.0
2 . spraying 0.1% “Samshit 5% NaClO (10 min) followed 52.3%4.3
F. excelsior . - J
3 soaking in 0.1% Samshit (24 by transfer to 2.0% AgNO, 70.3£2.8
hours) (9-10 min) o
4 - 70% ethyl alcohol (1-2 min). 29.3#2.2
5 spraying 0.3% “Fundazol” 5% NaClO (6-7 min) followed 31.3%1.5
T. platyphyllos e o = b P 2.0% AeNO
6 soaking in 0.3% “Fundazol y transter to 2.0% AgNO, 65.042.6
(24 hours) (9-10 min) e
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Table 2, Continued

% Explant sterilisation

o Species Fungicide (pre-sterilisation) | Basic sterilisation mode efficiency (mean # standard
(3] o

> error). %

7 - 22.0+3.4

70% ethyl alcohol (1-2
8 B pendula spraying 0.3% “Fundazol” min). 2.5% NaClO (5-6 min) 57.3£2.2
P — - — followed by transfer to 1.0%
9 soaking in 0.3% “Fundazol AgNO, (5-6 min) 58.541.9
(24 hours)

On day 4, the growth of biota (fungi/bacte-
ria) at the base of the explant on the surface of the
nutrient medium was recorded. This was caused by
insufficient aseptic intake during surface sterilisa-

tion of plant material (Buckley & Reed, 1994). It was
visually established that the basis of contaminants
was fungi (over 80 %, Fig. 1, c bacteriosis occurred
occasionally (up to 20 %).

Figure 1. Results of explant sterilisation:
aseptic explants of F. excelsior (a) and T. platyphyllos (b); infected with fungal mycelium B. pendula (c);
viable micro-shoots in vitro F. excelsior (d), T. platyphyllos (e), B. pendula (f)

It is known that to minimise the toxic effects
of sterilising agents and reduce the proportion of
non-viable plants, their concentration and expo-
sure should be minimal (Kalinin et al., 1980; Ka-
taeva & Butenko, 1983). Responses of woody plant
explants to decontamination regimes differed,

which is due to morpho-physiological features
of genotypes. According to the results of univar-
iate analysis of variance (ANOVA), the effect of
the sterilisation regime of experimental plants on
asepsis is statistically substantial at the level of 5%
(F>F ., P<0.05) (Table 2).

crit.?
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Table 2. Final results of univariate dispersion analysis for experimental plant tissues in vitro

F. excelsior
Soqrcg of s df MS F P-value i
variation o
Between 3731 2 1865.3333 39.2014 3.6077 4.2565
groups
T. platyphyllos
Between 3228 2 1614.0833 89.9489 1.1248 4.2565
groups
B. pendula
Between 3435 2 1717.5833 65.5705 4.3106 4.2565
groups
where: df — number of degrees of freedom; MS - variances; F — calculated value of the Fischer criterion;
P-value - calculated value of the minimum substantiality; F_ - critical value of the Fischer criterion

The experimental results showed the feasibil-
ity of keeping plant material in fungicide solutions
and using step-by-step sterilisation, which is con-
sistent with the data of other authors (Skalova et
al., 2012; Payamnour et al., 2014; Gaidamashvili et
al., 2015). Effective sterilisation of plant shoot frag-
ments of B. pendula was achieved by using step-by-
step sterilisation (70% ethyl alcohol — 1-2 min, 2.5%
NaClO and 1.0% AgNO, - 6-7 min) with prelimi-
nary exposure for a day in 0.3% Fundazol solution
to obtain 58.5%¥1.9% asepsis (Fig. 1, f). The highest
percentage of efficiency (65.0 = 2.6 %) for explants
of T. platyphyllos was obtained in the case of using
70% ethyl alcohol (1-2 min), 5.0% NaClO (6-7 min)
and 2.0% AgNO, (9-10 min) and pre-holding in 0.3%
Fundazol solution (Fig. 1, b).

For effective neutralisation of exogenous bi-
ota F. excelsior (70.3£2.8 %), it is advisable to apply
an asepsis regime that provided for the use of 70%
ethyl alcohol (1-2 min), 2.0% AgNO,, and 5.0% NaC-
10 (9-10 min) with preliminary exposure for a day in
0.1% “Samshit” solution (Fig. 1, a). On 30-50 of cul-
tivation, viable microshoots with characteristic pig-
mentation without signs of vitrification and necro-
tisation were obtained on an MS nutrient medium
with the addition of 0.25 mg*I'! kinetin and 2.0 g*I'!
activated carbon (Fig. 1, d, e, f).

Conclusions

Protocol for sterilisation of plant shoot fragments
of F. excelsior, T. platyphyllos, and B. pendula, iso-
lated in February-March was optimised, and asep-
tic viable microshoots in vitro were obtained. The
expediency of keeping plant material in fungicides
for a day (0.1% Samshit solution) is shown. — F. ex-
celsior; 0.3% solution of “Fundazol” — T. platyphyl-
los, B. pendula) and the use of step-by-step sterili-
sation using ethyl alcohol, AGNO, and NaClO. It was
identified that the effect of the sterilisation regime
of experimental plants on asepsis is statistically
substantial at the level of 5%. It is advisable to use
the following protocols (with preliminary exposure
in a fungicide solution and 70% ethyl alcohol for
1-2 min): 1) 2.5% NaClO (6-7 min) and 1.0% AgNO,
(6-7 min) - for B. pendula; 2) 5,0% NaClO (6-7 min)
and 2.0% AgNO, (9-10 min) - for T. platyphyllos;
3) 2,0 % AgNO, and 5.0% NaClO (9-10 min) - for
F. excelsior to obtain a substantial amount of aseptic
viable microshoots (over 50%). An MS nutrient me-
dium with the addition of 0.25 mg*I! kinetin and
2.0 g*1'! activated carbon is applied to initiate ex-
plants. Further research is aimed at developing a
protocol for the direct regeneration of microshoots
under the action of components of the nutrient
medium in vitro.
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OnTuMmi3allist MPOTOKOIY CTEepWIi3allii eKCIVIaHTaTiB
IesIKUX JIMCTSIHUX JepPeBHUX POCIVH Y KYJIbTYPI in vitro

Oxkcana IOpiiBHa YopHo6poB, Onena E. TkauoBa

HarmioHanpHMit yHiBepcuTeT 6iopecypciB i mpMpomoKopucTyBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoranisa. OgHUM i3 MeTO[iB OTpMMAaHHSI CaAMBHOTO MaTepiany JMUCTSHUX ITepeBHUX POCIMH, 30Kpema
siceHa 3BuuaitHoro (Fraxinus excelsior L.), iuniu mmmpokonuctoi (Tilia platyphyllos Scop.) Ta 6epe3u MOBUCIOI
(Betula pendula Roth), € MiKpOK/IOHaJIbHE PO3MHOKEHHS. ACEIITUMUYHICTh eKCIJIAHTaTiB — IepegymMoBa
MiKPOKJIOHAIbHOI'O PO3MHOKEHHS POCIMH. 3[1e61/IBIIIOTO [IJIS IIbOTO BUKOPUCTOBYIOTh XiMiUHY CTEPUITi3alliio
pigkumu peuoBuHaMu. Ha pexkum meKoHTaMiHaIlii BIUIMBA€ HM3Ka UMHHMKIB, 30KpeMa TeHOTUIT POCIMHN.
Meta mocimKeHHsS — ONMTMMIi3allisi MPOTOKOIY CTepuiisalii ekcrutanTtartiB F. excelsior, T. platyphyllos Ta
B. pendula pnst MiKpOKJIOHA/JIbHOTO PO3MHOKeHHS. [Ij1s1 mocyiiskeHb BUMKOpucTOoBYBaau 20-30 ¢cM 4acTUHU
MaroHiB, i3onboBaHi i3 12-piunoi T. platyphyllos, 10-piunoi B. pendula Ta 15-piuHoro F. excelsior y T1ioToOMYy-
6epesHi 2021 p. PotnHHMIT MaTepian KyIbTUMBYBA/IM 3a 3aTaJIbHOIPUITHATOI0 METOIMKOIO Ha SKUBUTbHOMY
cepemoBumi MS (Murashige & Skoog, 1962). [I;is1 ompaiioBaHHS JOCTITHUX MaHUX BUKOPUCTOBYBAIN
nporpaMHui 3aco6u MS Excel, po3paxoBaHO cepefgHE Ta OTO OCHOBHY IOMWMIKY. [l aHai3y BIUIMBY
PEeKMMY CcTepuisallii eKCIJIaHTaTiB Ha acelTUUHICTb NMPOBeIeHO OgHO(GAKTOPHMII JUCIepCiiiHmii aHasi3
(ANOVA). TToka3aHO AOIiIbHICTh BUTPUMYBAHHS POCIMHHOTO MaTepiaay YIpomOBK q06M y QyHTiMIHUX
npernaparax, 3okpemay 0,1 % posunni «Camiut» — F. excelsior Ta 0,3 % po3unHi «dyHnmazon» — T. platyphyllos
i B. pendula. OnTMi3oBaHO MTPOTOKOJ CTepuIIi3aliii JocaimHMX pocanH (eekTUBHICTb moHas 50 %) nuisixom
BMKOPMCTAHHS CTYIIIHUACTOro €r1oco0y i3 sacrocyBanHam 70 % erumosoro crnupry, 1,0 % i 2,0 % AgNO, Ta
2,5 % i 5,0 % NaClO. YcraHOBJIEHO, IO BIUIMB PEXUMY CTEPMIIisallii JOCTiITHMUX POCIMH Ha acCelTUYHICThb
€ CTAaTUCTMYHO 3HAUyIIMM Ha piBHi 5 %. [ng i”imiamii ekcIutaHTaTiB BMKOPUCTOBYBAIM JKUBUJIbHE
cepemoBuiie 3a mpornyucom MS i3 gomaBaHHsaMm 0,25 mr-n1! KiHetuHy i 2,0 r-1! aKTMBOBAHOTO BYTI/IJIS.
IMoganbiri MOCTIIKEHHS CIIPSIMOBaHI Ha pPO3pPO6GIEHHS MPOTOKONY MpSIMOi pereHeparrii MiKpoIaroHiB
pocnuH F. excelsior, T. platyphyllos Ta B. pendula 3a [iii KOMITOHEHTIB KMBWJIBHOTO CepeloBUIla in Vitro

KnrouoBi c1oBa: KynbTypa TKaHWH POCINH in vitro, Fraxinus excelsior L., Tilia platyphyllos Scop., Betula
pendula Roth, acenTuuHicTb, eKCIUIAHTATH, pereHepailis, >KMBUJIbHE CepemoOBMUINE, MiKPOKIOHA/IbHE
PO3MHOKEHHS
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Impact of Climate Change on Scots Pine Plantations:
State, Problems, Challenges
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Abstract. It is identified that since the beginning of the 19th century, the degradation of pine stands has
acquired a huge scale on all continents. In Ukraine, according to the Ministry of Environmental Protection
and Natural Resources of Ukraine, the average annual temperature has increased by more than 2°C since
the beginning of the 20t century, in particular, by 1.2°C for the last 30 years. In recent years, the number of
days with maximum summer temperatures is more than 35°C and 40°C has almost doubled, meaning the
extreme weather events are intensifying. In most parts of Ukraine, there is already a tendency to increase
droughts and fire danger, repeating the years during which plantings will be exposed to water stress, pest
damage, and degradation of forest ecosystems in general due to the increase in the number and duration
of hot periods.

It was determined that dendrochronological methods are used to investigate the relationship between
climate change and radial pine growth. The main methods for investigating radial increment are to take
cores at a height of 1.3 m from two opposite radii, to exclude the influence of random factors on the radial
increment. The width of year rings is determined using installations for dendrochronological studies, with
automatic data recording. These values of annual rings are processed according to the programmes of the
International Tree Ring Data Bank (ITRDB). A specialised COFECHA programme is used to synchronise the
series with setting the calendar year of formation of each year’s growth. It was identified that the growth
of Scots pine is limited by the humidification of the climate and the presence of sufficient moisture in the
soil, but in the case of extreme temperatures, a negative trend towards drying out of plantings still remains

Keywords: dendrochronology, pathological processes of the forest, climate changes, pine, radial growth

Suggested Citation:
Romanenko, V. (2021). Impact of climate change on scots pine plantations: state, problems, challenges. Ukrainian Journal
of Forest and Wood Science, 12(3), 87-94.

‘Corresponding author

Vol. 12, No. 3, 2021 Ukrainian Journal of Forest and Wood Science 87



Impact of climate change on scots pine plantations...

Introduction

The biggest global problem today is the increase
in the concentration of greenhouse gases in the
atmosphere, in particular, carbon dioxide, which
is the main cause of global climate change. Due
to the anthropogenic impact of human activity,
the impact of the greenhouse effect is constantly
increasing, as a result of the burning of fossil fuels,
and their less absorption due to deforestation.
Human activity can substantially change abiotic
factors that play a key role in the formation
of forest phytocenoses, because the number,
distribution, and productivity of plant and animal
communities depend on limiting factors. Since the
beginning of the 21t century, the phenomenon
of previously unheard-of degradation of pine
stands, which is gaining a huge scale on all
continents, has already been an indisputable fact.
It is necessary to know not only the mechanism
of its course but also the factors and causes of its
appearance in forest phytocenoses to successfully
resist the phenomenon. A vision of the most
dangerous manifestations and a professional
interpretation of the essence of the processes will
allow determining the mechanism of influence
on these factors, and the principle of forestry
management that will be most suitable for the
new transformed conditions. A specific feature
of the lowland part of Ukraine is the presence of
a transition zone between the forest and steppe,
in which the vulnerability of forests is extremely
high, and there is a high probability that climate
change can cause irreversible loss of forests here.
Forest vulnerability can be substantially reduced
by developing and implementing systematic
actions aimed at adapting Ukraine’s forests
to climate change. The basic imperative is to
understand that Ukrainian forests are not just
a source of renewable resources, but one of the
main factors for levelling the anthropogenic load
and creating comfortable conditions for humans.
The adaptive potential of Ukrainian forests and
the regional sensitivity of forests have not been
sufficiently investigated, which actualises the
urgent need for research to prevent disruption of
the balance of environmental components, loss of
environmental sustainability, and destruction of
the natural environment.

Climate change, which has taken on a
global character, has attracted the attention
of all mankind as one of the most pressing
environmental problems. According to the World
Meteorological Organisation, the warmest years
on record were the last three. According to the
report of the Intergovernmental Panel on Climate
Change, studies show that since the end of the
19th century, anthropogenic impact on two-thirds
is due to human activity, namely, an increase in
the concentration of greenhouse gases in the
planet’s atmosphere (Ivaniuta et al., 2020). In
2015, during the preparation for the signing of the
Paris Climate Agreement (Conference on Climate
Change in Paris, 2015), it was planned to limit the
global temperature rise below 20C by the end of the
century. However, at the moment, according to the
United Nations, the world is heading for warming
at the level of 3.20C until 2100 (UN Environment
programme, 2019).

In Ukraine, according to the Ministry of
Environmental Protection and Natural Resources
of Ukraine, the average annual temperature has
increased by more than 2°C since the beginning
of the 20" century, in particular, by 1.2°C for the
last 30 years (How the climate, 2020). In recent
years, the number of days with maximum summer
temperatures is more than 35°C and 40°C has
almost doubled, meaning the extreme weather
events are intensifying. In most of Ukraine, there
is already a tendency to increase droughts and
fire danger due to an increase in the number and
duration of hot periods. An increase in summer
temperature extremes leads to the threat of
extinction of certain species and the emergence
of new and invasive species. Such changes pose
a threat to reducing forest areas and changing
the species composition. In particular, the study
provides a forecast for Scots pine (Buksha et al.,
2017). According to the study, it was determined
that according to the forecast, in the period
2080-2100, there will be a substantial narrowing
of the optimal growth zone in terms of climate
humidity. Due to climate change, it is expected
that by the end of the 21st century, there will be
quite substantial areas with unfavourable climatic
conditions for the growth of Scots pine.
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Materials and Methods

The study is based on the analysis of papers that
consider the impact of regional and national cli-
mate changes on the radial growth of Scots pine
stands. The dependence of the radial growth of
pine trees on the action of climatic factors, such
as precipitation, temperature, humidity, and deep
deformations, and depressions of the hydrological
regime is determined.

Results and Discussion

Trees respond to any fluctuations in the external
environment, which is manifested in changes in
the width of year rings — well-defined and easily
accessible anatomical features. Trees affected by
various factors have the same order of alternation
of wide and narrow rings, with narrow rings indi-
cating years of drought and other limiting growth
factors, and wide rings indicating favourable years
(Bitvinskas, 1974).

As A.l. Getmanchuk notes in his work, based
on departmental materials of forestry enterprises
of the Polesia zone, which are subordinate to the
Volyn Regional Department of Forestry and Hunt-
ing (Volyn RDFH), in relation to the foci of acute
drying of pine forests over the past two years, a
hypothesis was put forward about the climatic or-
igin of its root causes (Getmanchuk et al., 2017).
Archival data from meteorological observations
of the Kovel weather station for the period from
1946 to 2015 were used to analyse general climate
trends and patterns in the forest area. According to
the results of research, it was identified that dry-
ing of a new type, which is based on the defeat of
pine trees by aggressive stem pests and pathogen-
ic fungi, in the territory of the Volyn region in sub-
stantial sizes began to manifest themselves over
the past 2 years. As of October 3, 2016, according
to experts of the Volyn RDFH, 8861 foci of char-
acteristic acute drying with a total area of 3708.7
hectares were identified. Such activity of aggres-
sive stem pests, which manifested itself during
the dry period, according to the study conducted
by A.I. Getmanchuk, can also be associated with
a decrease in productive moisture in the soil; this
relationship is described below in the materials of
this study. During the survey of pine stands, it was

identified that recently they have been function-
ing in radically changed forest conditions. Anal-
ysis of the complex of characteristics of habitats
and vegetation conditions showed that there are
atypically deep deformations and depressions of
the hydrological regime in forest areas. They are
characterised by a sharp character and a power-
ful negative impact on forests, but until now the
details of the mechanism of their formation and
action remained uncertain. The climate of the area
where enterprises of the Volyn RDFH are located
in the materials of previous forest management is
described as moderate, humid, with mild winters,
unstable frosts, thaws, mild summers, substantial
precipitation, and prolonged spring and autumn.
The territory of the main woodlands was char-
acterised by a close occurrence of ground water
levels. Turf-podzolic soils are common, mainly of
light mechanical composition. This is worth not-
ing, because such soils are characterised by high
water permeability and low moisture lifting ca-
pacity (capillarity). These circumstances contrib-
ute to the rapid formation of a crisis hydrological
regime during droughts. In particular, in the acute
drying year 2015, forest vegetation began to signal
a lack of productive moisture in the second half of
the growing season. Characteristic reactions were
manifested in the form of wilting and early com-
pletion of vegetation of grass and tree-shrub flora,
partial loss of leaves by individual species (birch,
linden, sorbus, etc.), termination of growth pro-
cesses, early discharge of older needles, defective
fruiting, etc. The general mass weakening of the
main stand was also accompanied by numerous
thermal lesions of the leaf surface in the regrowth
and the undergrowth.

In the course of this study, drying out of
waterlogged and swampy areas was identified in
plantings, and drying out of forest wells and digs
due to an increase in the dry period. There was a
drop in the water level in reservoirs inside wood-
lands and tracts, and a lack of water in land recla-
mation systems in forest and adjacent territories.
A characteristic manifestation of the crisis hydro-
logical regime is also the complete disappearance
of typical surface water objects in various deep-
enings, cavities, etc. Considering all the aspects

Vol. 12, No. 3, 2021

Ukrainian Journal of Forest and Wood Science 89



Impact of climate change on scots pine plantations...

that were highlighted during the study, it can be
argued that there is a direct link between dry pe-
riods and depressions of the hydrological regime
in plantings. In turn, this affects the wilting and
early cessation of vegetation of shrubby vegeta-
tion and partial loss of leaves of individual tree
species. Due to the deterioration of the hydrologi-
cal regime in the plantings, the activation of stem
pests was observed, which is also associated with
the weakening of plantings due to droughts.

The purpose of the study by I.M. Koval et
al., “Dendroclimatological studies of Scots pine
in the planting of the Left-Bank forest-steppe of
Ukraine”, was to identify the impact of climate
change on the radial growth of pine in the left-
bank steppe on the example of a 100-year-old pine
plantation of the SE “Kharkiv Forest Research Sta-
tion” (Koval et al., 2017). Dendrochronological
methods were used. Based on the results, tree-ring
chronologies were created, which helped to es-
tablish links between climatic factors and radial
growth of pine trees for two periods: 1960-1988
and 1988-2016.

Correlation analysis and the response func-
tion for two periods showed that due to the in-
crease in temperatures and precipitation (with the
exception of winter precipitation), the response of
forest ecosystems to climate change changed, in
particular: in the first period (1960-1988), there
was a positive effect of summer temperatures on
radial growth, but the increase in radial rings was
limited by April temperatures, in the second peri-
od (1988-2016), June temperatures already nega-
tively affected the growth. With a positive spring
temperature and hydrological regime, a radial in-
crease can be observed that is not limited by these
indicators, but it is levelled due to high July tem-
peratures. Therewith, a slight increase in precip-
itation during the growing season could not mit-
igate the impact of the high temperatures of the
growing season on radial growth.

The responses of radial growth of Scots pine
to climate change and recreational load in the for-
est-steppe zone of Ukraine were also investigated
(Koval, 2011). Generally accepted methods in for-
estry and forest taxation, methods of comparative
ecology, and dendrochronological methods are ap-
plied. The cores were selected at a height of 1.3 m

of pine trunks by a Presler drill from the biogroups
of trees. The values of summer wood layers were
measured on a Henson digital instrument with an
accuracy of 0.01 mm. The obtained series of indi-
vidual values of tree rings are averaged for each
plantation. Data on annual ring values were pro-
cessed according to the programmes of the Inter-
national Tree Ring Data Bank (ITRDB).

Data from the Komsomol weather station
were used to analyse the influence of climate on
the formation of tree rings. The calculation of
growth change indices (GGt) for the year of dam-
age (t), which are universal for all types of breeds
and growing conditions is performed to identi-
fy violations in plantings under the influence of
stress factors. As a result of the analysis of the
dynamics of radial pine growth, three periods of
stand development were identified for the periods
1967-2008. In the forest-steppe zone, warming and
increased precipitation began to accelerate during
1989-2008. Temperatures rose particularly rapidly
during the cold period, which led to a decrease in
the trend of radial growth of pine trees due to a
violation of the winter dormancy of trees in 1999-
2008. Therewith, precipitation to a lesser extent
began to limit the formation of rings in pines. Pe-
riods of stand development based on the dynamics
of radial pine growth are identified: 1967-1975,
1976-1989, and 1990-2008, and years of minimal
radial tree growth (1975, 1983, 1984, 1987, 1990,
1994, 1996, 2002, and 2007), which are character-
ised by droughts and low temperatures in winter
and early spring, with the exception of 2007 with
extremely warm winters and early spring. Pine
radial growth maxima were established in 1980,
1989, 1997, and 2004 with a favourable heat-to-
moisture ratio for tree growth.

In the course of the study, it was determined
that the violation of winter dormancy of trees due
to a rapid increase in temperature during the win-
ter period in 1999-2008 led to a decrease in the
trend of radial growth of pine trees. In addition,
in years characterised by reduced precipitation,
droughts, and low temperatures in winter and
spring, minimal radial tree growth was deter-
mined. The maxima of radial growth were in years
with a favourable ratio of temperature and hydro-
logical conditions.
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In their study, O.V. Zhukovskiy and
O.V. Zborovska (Zhukovskiy & Zborovska, 2015)
analysed the relationship between the radial
growth indices of pine and climate for plantings
of 61-80 years of age, which grow in fresh forest
conditions on moraine and water-glacial deposits.
For 1945-1976, a positive effect of precipitation on
the radial growth of pine trees was identified for
fresh pinewood plantings in places of water-gla-
cial deposits, that is, in poor conditions and with
low soil moisture capacity for the year and during
the growing season In 1977-2008, these connec-
tions decreased, which is explained by an increase
in precipitation. Comparing the periods 1945-1976
and 1977-2008, it was identified that the amount
of precipitation during the growing season in-
creased by 5%, and for the year — by7 %. However,
in 2001-2010, the amount of precipitation during
the growing season, on the contrary, decreased by
10%. Precipitation had a positive effect on the ra-
dial growth of trees in fresh forest stands in places
of water-glacial deposits.

The negative influence of growing season
temperatures on the formation of wood layers was
identified for plantings growing in the fresh for-
est on water-glacial deposits for 1945-1976. Later,
in 1977-2008, this restriction was relaxed due to
the fact that the temperature increased by 1.3%
(0.21°C) compared to the previous period of 1945-
1976. The rate of warming accelerated during
1999-2008 when the average annual temperature
increased by 6 % (by 0.9°C). March temperatures
in the second period (1977-2008) increased the
impact on the radial growth of pine trees for all
plantings of fresh pine barrens and fresh su-bar-
rens on moraine and water-glacial deposits due to
their increase by 62% (1.8°C) compared to 1945-
1976. Winter temperatures rose by 66% (1.5°C) in
1977-2008 compared to 1946-1976. A positive ef-
fect on the radial increase in winter temperatures
was identified for planting fresh pinewood on
moraine for 1977-2008 and in plantings that grew
on water-glacial deposits for 1946-1976. It is es-
tablished that plantings in fresh forest conditions
on water-glacial deposits are the most sensitive to
climate. Radial growth in all plantings is limited
by climatic factors such as precipitation, relative
humidity during the growing season, and winter

and early spring temperatures. For 1977-2008,
compared to 1945-1976, the dependence of radi-
al growth of Pine on precipitation decreased, the
amount of which increased by 7% during the grow-
ing season, but in 2001-2010, the opposite process
occurred — a decrease in precipitation during the
growing season and an increase in the dependence
of radial growth on temperatures, which increased
by 1.3% and 62%, respectively.

V.P. Ivanov in his study (Ivanov et al., 2021)
proposed an approach for analysing the causes of
a sharp decline in the radial growth trend under
the influence of temperature and precipitation.
The research was conducted on the territory of
the Bryansk administrative district in the Educa-
tional-experimental forestry of the Bryansk State
Engineering-Technological Academy. The climate
situation was analysed for five years before the
decline in growth and five years after that. Nota-
bly, the radial increase in the five years before the
recession was not the same. During the study, it
was identified that a more informative picture of
the features of radial growth is given by detailing
the influence of temperature at the level of the
average monthly temperatures of the current and
previous growing season and using indicators of
the average monthly precipitation. Thus, the ra-
dial growth of Scots pine in the Bryansk region in
dry and fresh forests occurs in years with cold Jan-
uary, warmer May, and August of this year, provid-
ed that January of last year is warmer. There was
no substantial influence of the average monthly
precipitation in conditions of violation of the hy-
drological regime.

Conclusions
The impact of climate change on the forests of
Ukraine varies, depending on the geographical lo-
cation, geomorphology, and topography of forest
types and the forest management regime. The state
and dynamics of forest ecosystems are the results
of a complex interaction of environmental factors.
Trend changes in the main climate indicators with-
in the current and expected values are less danger-
ous than climate variability, frequency, and severity
of extreme situations (heat waves or droughts). The
growth of Scots pine in Ukraine is limited by climate
humidification. In terms of humidity, favourable
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conditions are very poorly represented, satisfacto-
ry conditions for pine trees in the West and to a
small extent in the North, and in the rest of the
territory — unsatisfactory and extreme. Unsuitable
conditions are observed in the South of Ukraine.

The main limiting factors influencing the ra-
dialgrowth of Scots pinearetheamountofprecipita-
tion, soil moisture, its capillarity, and the tempera-
ture regime at the beginning of the growing season
of stands. The influence of summer temperatures
also makes its adjustments to the development
of plantings. Extreme summer temperatures can
cause early leaf fall from woody and shrubby veg-
etation due to changes in the hydrological regime.

A change in the climatological situation
can lead to a substantial transformation of forest
covers, including a shift in the boundaries of pine
ranges. It is climate change that is one of the most
dangerous factors for the further destruction of
forest covers and destabilisation of forestry.

It is necessary to know the mechanism of
identification of changes in the types of plantings
and stability of Scots pine in the future and con-
duct a retrospective analysis to establish the de-
gree and mechanism of impact of climate change
in the context of the progressive spread of depres-
sions and digressions of plantings to successfully
resist a negative phenomenon.
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BruinB 3MiH KJIiMaTy Ha HacaJKeHHSI COCHM 3BMYAIHOI:
CTaH, MPoG/IeMM, BUK/IMKU

Bitaniii AHaTtoiirioBnu PomaHeHKO

YKpaiHCbKUIT LIEHTP MiATOTOBKM, IIEPEITiArOTOBKHU
Ta MigBUIEeHHS KBatidikallii KagpiB J1icOBOro rocroaapcTsa
08150, Byn. JlicomocmigHa, 2, M. Bosipka, KnuiBcbka 0671., Ykpaina

Awnoranis. [lociimkeHo, mo 3 moyaTky XIX cT. merpagaiiiss COCHOBUX JIepeBOCTaHiB HaOyBa€ BeIMUYE3HOTO
Maciitaby Ha BCiX KOHTMHeHTax. B VkpaiHi 3a manumMu MiHicTepcTBa 3aXMCTY OOBKIJUIS Ta MPUPOSHUX
pecypciB YKpaiHM cepenHsl piuHa TeMIleparypa 3 Mmodyatky XX CT. 3pocia 6inbin Hixk Ha 2°C, 30KpeMa Ha
1,2°C 3a ocrtanHi 30 pokiB. OCTaHHIMM pOKaMM KiJbKiCThb OHIB i3 MaKCMMaJIbHMMM TeMmIlepaTypamu
BJIiTKY moHan 35°C Tta 40°C 3pocia Maike BABiUi, TOOTO MoeThCsl IPO eKCTpeMasibHi moroaHi siBuina. Ha
OinbIIii yacTuHi YKpaiHy BKe CIIOCTepiraeTbCs TEHAEHIIisT IO TTOCUIEHHS MOCYX, 301/IbIIeHHS MTOXKEKHOI
Hebe3MmeKy, MOBTOPIOBAHOCTI POKiB, VIIPOMOBXK SIKMX HAacaIKeHHS 3a3HaBaTUMYyThb BOIHOIO CTpecy,
ypaskeHHS IIKiTHMKaMM, a TAKOK Jerpajallii JicOBMX eKOCMCTEM 3arajoM YHACTiIOK 36i/IbIIeHHS KiJIbKOCTi
Ta TPUBAIOCTi CIIEKOTHUX TTepiofiB.

BusHaueHo, mO TIpM JOCTIMKEHHi 3B’SI3Ky MiX 3MiHOIO KJIiMary i pagiaJibHUM IIPUPOCTOM COCHU
BUKOPUCTOBYIOTh A€HAPOXPOHOIOTIUHI MeTonyu. OCHOBHMMM MeTOOAaMM [OCTiIKeHHS pajiadbHOTO
MIPUPOCTY € B3SITTSI KEPHiB Ha BUCOTI 1,3 M i3 ABOX NPOTWIEKHUX PaJiyCiB, A YHEMOKIUBIEHHS BIIUBY
Ha pafiaJibHMUit MpupicT BUMaakoBux ¢daktopiB. [IMpuMHYy piyHMX Kijgelb BU3HAYAIOTh 3a JTOMOMOTOI0
YCTAHOBOK /15T TEHIPOXPOHOIOTIUHUX JOCIiIKEeHb, 3 aBTOMAaTUYHOI0 peecTpallicio naHux. JlaHi BeJIMInH
piuHMX Kinelb 06po6ISTIOTH 3a MporpaMamu Mi>kHapomHOTO 6aHKY HaHux nepeBHuX Kiensb (ITRDB). s
CUHXPOHi3aIlii psaiB 31 BCTAHOBJEHHSM KaJeHAAPHOTO POKY YTBOPEHHSI KOXXHOTO PiYHOTO MHPUPOCTY
BUKOPUCTOBYIOTH creriianizoBany nporpamy COFECHA. BusiBjieHo, 1110 PiCT COCHM 3BUYAMHOI JIiMIiTYETHCS
3BOJIOYKEHHSIM KJIiMAaTy Ta HasIBHICTIO JOCTaTHBOI KiJIbKOCTi BOJIOTM Y I'PYHTI, IPOTe y pa3si eKCTpeMalbHUX
TeMIIepaTyp Bce OJHO 30epiracThCcsl HeraTUBHUIT TPEH], IIOA0 BCUXaHHS HacaIKeHb

KnrouoBi ciioBa: KJIeHIpOXpOHOJIOris, aToMOriuHi MpoLecH JIicy, KIiMaTuuHi 3MiHM, COCHA, pagiaibHUI
pupicT
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