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Precision of measuring the height of trees in various ways

Andrii Bilous®, Petro Diachuk, Roman Zadorozhniuk, Maksym Matsala, Maksym Burianchuk

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony, Kyiv, Ukraine

Abstract. This study investigated the precision of measuring the height of trees using different methods.
The paper evaluates the possibilities of using the stereophotogrammetric method to determine tree height
indicators using unmanned aerial vehicles (UAV) in the conditions of a mature pine stand. The study compares
the results of measuring the height of Scots pine trees with altimeters and height indicators determined from
remote sensing data obtained using UAVs. In total, the study investigated six diverse ways to measure the
height of growing trees. Experimental data on the height of the model trees were collected by three different
altimeters (hand-held ground instruments) and the Phantom 4 Pro UAV. The use of UAVs involved optical
capture and data collection using on-board equipment. Methods for determining the height of trees based
on the results of processing data collected by quadcopter attachments were used. Specifically, the authors of
this paper used the method of measuring the height of trees from a point cloud based on one-way vertical
survey of model trees and calculating a digital crown height model (CHM) based on aerial photography of
horizontal spans over a tree stand. The results of mathematical analysis of the conducted studies demonstrate
the highest precision of the method using CHM to determine the height of growing trees. The value of the
average random error in measuring the height of model trees using CHM was under 2%. The next most precise
method of determining tree height was the TruPulse 360B laser-optical device, which demonstrated the
highest precision among height meters. The use of the TruPulse 360b for ground-based measurements and
the CHM method (based on UAV optical imaging data) yielded better results that meet the height precision
standards for industrial inventory. Methods for determining the height of trees based on optical survey data
from UAVs can be used for survey, inventory, forest management, and other works related to forestry and
monitoring changes in forest ecosystems

Keywords: unmanned aerial vehicle, aerial photography, stereophotogrammetry, canopy height model,
altimeter

Introduction

One of the main forest inventory indicators for de- especially in complex tree stands with dense under-
termining forest productivity is the average height storey and undergrowth. These and other factors
of tree stands. Instrumental measurement of tree affect the precision of measurements, both in flat
height during a full-scale survey of a forest area is  terrain and in mountainous areas. The error in meas-
mandatory and requires considerable time and effort, uring the height of trees and calculating the average

Suggested Citation:
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height of the stand directly affects the determination
of such indicators as site index class, height category,
stock of the tree stand and its change.

Altimeters by measurement technology are di-
vided into three groups: trigonometric and geomet-
ric principles of operation and optical. Altimeters of
the trigonometric principle of operation are always
basic, i.e., they require recording the distance from
the point of measuring the height of the trunk to the
tree on site. At the same time, the height is measured
by viewing angles to the base of the tree and its top.
The geometric principle of measuring the height of
trees is based on the rules of similarity of triangles.
Optical altimeters are constructed based on the laws
of optics (Myroniuk et al., 2019). If there is no cor-
rection for the slope of the terrain, the inclination of
the tree, the shape of the crown, this can lead to con-
siderable errors in measuring the height of a growing
tree (Bragg, 2008).

Recent decades have seen a widespread use of
laser-optical devices that are designed to measure
the height of a tree and are based on the use of
built-in elements, specifically an inclinometer and
a laser rangefinder. Apart from the height, other
measurements can be made, which gives these de-
vices advantages over others.

With the technological advance, new ways to
determine the parameters of growing trees based on
remote sensing data have emerged (Forsman et al.,
2016; Guimaraes et al., 2020; Magnussen et al.,
2016; Maselli et al., 2014; Mulla, 2013), which do
not require direct height measurement.

Unmanned aerial vehicles (UAVs) are widely
used for optical imaging or laser scanning to collect
data for local tasks in rural areas (Eskandari et al.,
2020) and forestry (Guimaraes et al., 2020). Improv-
ing photogrammetry methods and algorithms for
image processing helps improve the precision of
constructing a dense point cloud, which serves as
the basis for digital models of relief and terrain, as
well as 3D models of spatial objects. As a result, the
precision of the results of decrypting environmental
objects also increases.

Modern demands of society for the precision
and relevance of information on forest resources
require a review of the methods of forest inventory
used in practice (Myroniuk et al., 2018), and the in-
troduction of remote data collection into the prac-
tice of forest inventory is one of the principal mod-
ern trends in the development of forest inventory

methods (Myroniuk et al., 2019). That is why it is
relevant to justify the effectiveness and precision of
determining the height of trees in forest areas using
the data of remote sensing of the Earth using UAVs
compared to the use of altimeters.

The purpose of this study was to test various
methods and devices for measuring the height of
trees in natural conditions and establish the pos-
sibility of using stereophotogrammetry methods to
determine the height of trees from optical data col-
lected using UAVs.

Materials and Methods

The experimental plot of this study was the princi-
pal use felling area in the Irzhavets Forestry of the
State Enterprise “Nizhyn Forestry” (block 30, allot-
ment 9) in the territory of Chernihiv region.

The study was conducted in an 80-year-old tree
stand of site index class I* with a composition of
7Ps3Qr and a relative density of 0.7, which grows in
the conditions of a fresh hornbeam-oak-pine sudu-
brava (C, ;C). The average diameter of the experi-
mental stand was 44 cm.

The object of the study was the precision of
measuring the height of trees using various meth-
ods and devices.

The study was conducted in three stages. The
first stage involved selecting 30 model trees, assign-
ing and applying unique identification numbers to
their trunks. Height measurements of growing trees
were made with Suunto PM-5, Haglof EC II-D and
TruPulse 360B laser range finder-altimeter accord-
ing to the instructions for use and measurement
work (Laser Technology Inc., 2017).

During the second stage, a Phantom 4 Pro UAV
was used to perform optical imaging. Remote sens-
ing data was processed using Agisoft Metashape
software (Agisoft Metashape, 2019).

To directly determine the height of trees,a meth-
od for measuring the height of trees and shrubs us-
ing UAVs was used (Bidolakh et al., 2018; Bidolakh
et al., 2019). The UAV was installed at the level of
the collar of a growing tree, which was subject to
measurement. Subsequently, the UAV was manually
raised to the top of the tree, the centre of the sight
of its camera, calibrated parallel to the horizon, and
aimed at the highest point of the tree. Under this
condition, the attributive data of the photo of the
top of the tree contained spatial information about
coordinates and height, which was automatically
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calculated by the GPS module (labelling method -
AM) (Bidolakh et al., 2019).

To use photogrammetry methods to create
spatial 3D models based on photographs, vertical
equidistant photographic evidence of the entire
axis of the trunk of the model tree was taken, with
filming at equal intervals of UAV altitude gain. A
total of 1,671 photos were taken for this method
and 17 vertical lifts were performed for 30 model
trees. This was conditioned upon the group spatial
arrangement of some model trees.

As a result of photo processing, a point cloud
of a model tree or tree group was created (Fig. 1)
(Agisoft Metashape, 2019). Each of the points in

such a cloud had corresponding spatial coordi-
nates in each system. The calculated point cloud
contained enough spatial information to dis-
play a growing tree in a 3D editor to determine
its height. The metric coordinate system WGS
84/UTM zone 36N (EPSG:32636) was used in the
study. Measurements were performed by manu-
ally setting the beginning and end of a segment
of interest using the linear measurement mode in
Agisoft Metashape software. In manual mode, the
highest point of the crown of the corresponding
model tree was selected, from which the distance
to the level of the collar was determined (method
marking - PC).

32.2m

Figure 1. Height measurement from a point cloud (PC method)

Additionally, tree height was determined using
the crown height model (CHM method), which in-
volved obtaining height based on a set of aerial photo
processing operations to obtain rasters of the digital
elevation model (DEM) and surface (DSM), as well

as calculating the output raster of the crown height
model CHM=DSM-DEM. To create digital models, two
horizontal spans were made over the tree stands at
an altitude of 70 and 90 meters. As a result, 251 aerial
photos were obtained, based on which a dense cloud of
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points was calculated using Agisoft Metashape soft-
ware, and they were classified by pertinence to land or
trees. The calculated CHM raster was analysed using
the Spatial Analyst tool package of the ArcGIS soft-
ware, using the “Focal statistics” filter to determine
height (Holiaka et al., 2018). The coordinates of the
model trees were superimposed on the raster, which
were determined from aerial photography materials
by visual identification of the individual number of
the model tree printed on the trunk. According to the
given coordinates, the height values were read on the
CHM raster image. Considering the displacement of
the treetop from the perpendicular growth axis, the

search radius for maximum values was set to 0.75 m.

The third stage of the study consisted in control
measurements of the trunk length of 30 felled model
trees and the height of the stumps using the South
PD-520N laser range finder (Table 1). Diameters were
measured at breast height (1.3 m) using a Haglof
“Mantax blue calipers” measuring fork. The sum of
the length of the trunk of the felled tree and the height
of the stump was an indicator of the true height val-
ue of each model tree separately. The distribution of
the measured values of the height of model trees by
thickness degrees (Table 1) is characterized by a rep-
resentation of model trees on the experimental plot.

Table 1. Distribution of model trees by height and diameter at breast height

Height, m
Degree of thickness, cm
29 30 31 32 33 34 35 36
32 1
36 1 1
40 1 4 1 1 1 1
44 1 1 2 1
48 1 1 1 1
52 1 1 1
56 1 1
60 1 1 1

Distribution of model trees by height and di-
ameter at breast heightIn general, during the study,
height indicators were determined using six different
methods for each of the 30 model pine trees in the
growing state and 30 true height values of each mod-
el after felling (Table 2).

Results and Discussion

Table 2 presents the height data obtained by differ-
ent methods for each of the 30 model trees and their
true values.

The results of statistical data processing (Ta-
ble 3) allow evaluating the advantages and disad-
vantages of using different methods of measuring
growing trees that were used in this study. The high-
est measurement error was found for the AM meth-
od — 1.84, the lowest was 0.41 for Haglof EC II-D. The
systematic measurement error was the largest for
Suunto PM-5 - 133.67 m, and the smallest — 11.96 m
for CHM. The average random error, respectively, was
the highest for Suunto PM-5 - 2.01 and the lowest -
0.64 for CHM.
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Table 2. Results of measurements of model trees using different methods

Model Diameter, Growing tree height measuring method, m T;l:: gtlll.:e
tree No. cm Ha’?}?}; EC Sg},‘gf? Tr; g)uése AM PC CHM value, m
1 48.4 33.00 31.00 30.20 33.50 34.27 32.46 33.06
2 40.4 31.40 32.50 31.30 33.70 33.43 32.56 32.43
3 41.1 26.10 27.00 26.80 31.80 32.83 29.72 29.59
4 48.9 34.40 35.00 33.00 34.60 34.79 33.18 34.09
5 58.3 33.30 36.60 32.60 35.60 35.93 34.33 34.35
6 53.0 34.20 32.60 33.50 36.80 36.46 34.58 33.47
7 44.2 31.30 30.40 32.50 36.30 35.85 32.52 33.22
8 38.0 27.90 26.50 28.50 32.10 31.69 29.79 30.73
9 34.7 30.70 26.50 30.70 33.20 33.07 31.13 32.37
10 46.0 31.70 32.00 32.60 34.80 34.64 31.53 33.81
11 56.2 36.20 35.50 33.70 38.00 37.13 34.71 35.22
12 52.9 32.80 32.00 33.50 36.80 36.04 33.94 34.45
13 384 31.30 29.50 28.20 28.90 31.79 29.96 30.48
14 51.1 29.60 28.60 29.20 30.70 31.11 29.53 30.50
15 59.2 32.20 32.50 31.40 34.10 34.30 31.76 32.33
16 42.4 29.20 29.50 28.80 33.30 31.12 29.89 29.67
17 38.2 30.40 31.50 28.40 27.60 28.05 27.97 28.71
18 39.8 29.50 27.80 29.30 31.60 30.06 29.61 29.73
19 39.1 33.40 33.00 31.00 32.30 29.39 30.00 30.45
20 51.9 32.10 31.50 34.30 35.50 35.13 34.03 34.88
21 44.8 33.80 33.50 34.80 37.80 34.85 34.51 35.60
22 32.9 30.40 30.50 30.40 35.70 30.20 30.79 31.32
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Table 2, Continued

Model Diameter, Growing tree height measuring method, m T;.:zeie gtlll.:,e
tree No. cm Ha%l?}; EC Sgﬂfgo Tr; g)uése AM PC CHM value, m
23 48.9 37.50 37.50 35.40 38.40 35.65 35.15 36.33
24 49.8 35.10 35.50 34.60 37.30 34.27 34.43 34.70
25 39.5 35.00 34.50 34.50 39.30 37.38 34.99 35.90
26 57.8 38.10 38.50 36.90 40.20 38.85 36.31 35.48
27 45.7 34.90 35.50 32.00 35.70 33.17 33.52 33.70
28 41.5 34.30 34.30 32.80 38.00 34.46 34.56 35.30
29 40.0 29.90 29.20 28.70 31.70 31.30 30.13 30.23
30 53.9 32.20 33.50 30.90 33.90 33.79 31.34 31.98
Table 3. Results of statistical processing of the obtained tree height values
Tree height measuring method
Statistical indicators
Haglof EC II-D | Suunto PM-5 | TruPulse 360B AM PC CHM
Arithmetic mean 32.40 32.13 31.68 34.64 33.70 32.30
Mean square deviation 2.73 3.21 2.51 3.02 2.56 2.22
Standard error 0.50 0.59 0.46 0.55 0.47 0.40
Volatility ratio, % 8.42 9.98 7.91 8.73 7.59 6.86
Measurement error -0.41 -0.67 -1.12 1.84 0.90 -0.51
Systematic error, m 69.60 133.67 25.28 58.04 47.16 11.96
m‘gifﬁinr:&dgﬁ)r 1.45 2.01 0.88 1.41 1.28 0.64

The results obtained in this study, as well as re-
search data from (Bidolakh et al., 2018; Bidolakh
et al., 2019), further confirmed the study results in
(Williams et al., 1994) regarding the highest preci-
sion of hand-held laser measuring devices.

The measurement error of laser devices is as-
sociated with the interference of side branches in
aiming the laser at the top of the model tree, which
is especially observed in conditions of growth and

development of a sparse stand. Trees in such stands
of mature and over-mature age have a wide tent-
shaped crown, where the highest point of the top of
thetreeisnotalwayslocatedinthe centre ofthe crown
and causes an underestimation of height (Fig. 1).

The TruPulse 360B’s issue of underestimating
height readings with laser altimeters is illustrated
in Figure 2, where the height indicators of the main
number of model trees have underestimated values.
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Haglof EC II-D

41
39
37
35
33
31
29
27
25

25 27 29 31 33 35 37 39 41

Suunto PM-5

25 27 29 31 33 35 37 39 41

TruPulse 360B

25 27 29 31 33 35 37 39 41

Figure 2. Comparison of the results of tree height measurement using altimeters

The use of the Suunto PM-5 optical altimeter
involves the use of two basic distances (15 and 20
m) and is characterized by the impreciseness of the
height indicators of model trees. The specificity of
using the Haglof EC II-D trigonometric altimeter
compared to the Suunto PM-5 has the advantage of
the ability to arbitrarily change the base distance,
which increases the precision of measurements. An
increase in the base distance for the Haglof EC II-D
may lead to a deterioration of the visibility of the
top of the model trees and an increase in the time
required to find a satisfactory sighting location.
Most often, problems with viewing the top of a tree

25 27 29 31 33 35 37 39 41

25 27 29 31 33 35 37 39 41

arise in conditions of a dense tree stand and roll-
ing terrain. When discussing the precision of meth-
ods for tree height measurement involving UAVs
and the advantages of using CHM for tree stands, it
should be noted that there are a significant number
of methodological approaches to determining and
specifying the parameters of growing trees, which
are presented in (Guimaraes et al., 2020) and (Sade-
ghi & Sohrabi, 2019).

When comparing the precision of height deter-
mination methods using UAVs (Fig. 3), one should
note that creating a CHM requires the least amount
of time to collect data in the field.

CHM

25 27 29 31 33 35 37 39 41

Figure 3. Comparison of height measurement using UAVs

An added advantage of CHM is that there is no
need for a highly skilled UAV operator to pilot un-
der the tree canopy, in contrast to the AM method
(Bidolakh et al., 2018) and the creation of a growing

tree point cloud by the PC method. In addition, the
weak point of remote methods using UAVs in pine
stands is their dependence on the correctness of
determining geographical and spatial coordinates
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by the GPS module, due to the obstruction of signal
passage through the forest canopy. Due to an unsta-
ble signal, the time spent on clarifying coordinates
and constantly correcting them increases, which is
recorded in the photo metadata. The specificity of
the pine stand could lead to an increase in errors and
deviations compared to the data for the beech stand
(Bidolakh et al., 2019). Specifically, the average ran-
dom error in the study of measurement precision
was 0.72, and the systematic error was 15.03 m for
European beech trees (Fagus sylvatica L.) in a decid-
uous stand with a composition of 10 Fs and a den-
sity of 0.4 (Bidolakh et al., 2019), and for Scots pine
(Pinus sylvestris L.) trees in the stand under study,
the average random measurement error was 1.41,
while the systematic error was 58.04 m (Table 1).

Figure 4 shows the numbers and spatial lo-
cation of model trees on the experimental plot
according to the established coordinates. Addi-
tionally, Fig. 4 shows a coordinate grid, a legend
(scale) of height values with gradation by colour.
The results of height determination from the CHM
raster image after using the “Focal statistics” fil-
ter (Fig. 4) were compared with other methods of
height measurement based on aerial photography
materials (Fig. 3). The obtained values are char-
acterized by a considerable overestimation of the
height indicators for the AM and PC methods. The
height indicators found by the CHM method have
the smallest deviations and are placed grouped
regarding the true values of the height of the
model trees.

Figure 4. CHM after using the “Focal statistics” tools

CHM was the most precise of all the methods of
measuring growing trees considered in this study.
The TruPulse 360B laser-optical instrument was the
most precise of the handheld ground altimeters. The
mean random error of measurement for TruPulse
360B was 0.88 and for CHM was 0.64. First of all, this
is explained by the independence of the CHM from

the actions of the operator, i.e., the human factor in
the measurement is minimized.

The advantage of ground-based manual altime-
ters is the ability to quickly obtain the height value
of the measured tree on site. The use of optical im-
aging using a UAV requires time to process and ana-
lyse the raw data using specialized software. On the
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other hand, if it is necessary to establish the height
of a considerable number of trees in the stand, the
use of stereophotogrammetry methods has substan-
tial advantages, which include less time spent on
field work, the availability of information about the
height of all identified trees, diverse possibilities in
working with the obtained results; restriction of the
area of interest (polygon, allotment), where inven-
tory indicators are automatically set and simulated.
In addition, when processing materials, aerial pho-
tos acquire a digital terrain model, which can later be
used to create a scheme for developing a cutting area.
Furthermore, the use of UAVs to determine the height
of trees leaves an archive of records of the measure-
ment process, which can be an additional tool for
quality control of forest inventory operations.

Conclusions
Comparison of different methods allowed evaluat-
ing the precision of measurements and establish
the advantages and disadvantages of height meas-
uring devices that are actively used on the territo-
ry of Ukraine. The capabilities of UAVs for height
measurement show the advantages and prospects of
using optical surveying using UAVs to obtain data

during inventory, forest management, and survey
work in forest areas.

The analysis of the results of using the CHM
method showed the least impact of the human fac-
tor on the results, since the height of trees is meas-
ured with minimal operator involvement, which is
essential for quality control of the implementation
of economic measures and their design.

The value of the average random error for CHM
was less than 2%, which allows determining the
height of trees in pine stands with high precision
and meets the requirements for production inven-
tory according to the “Instructions for the regula-
tion of the forest fund of Ukraine” (2014).

Further study is required to estimate the impact
of the quality of signals from satellite positioning
systems, under the forest canopy, on the precision
of determining the height of trees using on-board
UAV equipment in coniferous stands compared to
deciduous ones.

The accumulation of ultra-high-resolution ras-
ter data obtained using UAVs allows increasing the
ability to monitor forest stands and detect chang-
es in their structure at the local level (forest area,
block, stratum).
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TouHiCTh BUMipIOBaHHSI BUCOTH JI€PEB PisHMMM CII0CO0aAMM

Anpapiit Muxaiinosuu Binoyc, ITerpo IlerpoBuu [Issuyk, Poman MuxaitnoBuu 3aJ0pPOKHIOK,
Maxkcum CraniciaBoBuu Maunana, Makcum MuxkosnarioBuu Byp’ sHuyk

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

Awnoranis. [TociIskeHHS TPUCBSTYEHO TEPEBipIi TOUHOCTi BUMipPIOBAHHS BUCOTY IEPEB Pi3HUMMU CIIOCOOAMMU.
B pob6oTi o1iHeHO MOKJIMBOCTI BMKOPMUCTAHHSI CTepeodOTOrpaMMETPUYHOTO0 MeTOAY IJisl BU3HAUEHHS
TOKA3HMKIiB BUCOTU AEPeB 3a JOMOMOroI0 3HIMaHHS 3 6e3MmiIoTHUX JiTaapHux amapartiB (BITVIA) B ymoBax
CTUIJIOTO COCHOBOTO AepeBocTaHy. [I[poBefieHO OPiBHSHHS pe3y/bTaTiB BUMipIOBaHHSI BUCOTU JepeB COCHU
3BMYAfHOI BMCOTOMipaMy Ta TOKAa3HMKIB BUCOTM, BU3HAUEHUX 3a NAHMMMU OUCTAHIIITHOTO 30HIyBaHHS,
oTpMMaHuX 3a mornomorow BIUIA. 3arajioMm y AOCTIIKEHHI 6Yy/0 PO3WISHYTO MICTh Pi3HUX CHOCOGIB
BMMIipIOBaHHSI BUCOTM POCTYyUMX NepeB. JlocaimHi maHi mpo BUCOTY MOMENbHUX AepeB 36Mpasu TphboMa
pisHMMM BucoTOMipamu (pydHuMM HazeMHuMM npwiagamu) ta BIUIA Phantom 4 Pro. 3acTocyBaHHS
BIUVIA monsrajio B ONTUMYHOMY 3HiMaHHi Ta 30MpaHHiI JaHMX 3a JOMOMOIOI OGOPTOBOTO OOGIATHAHHS.
BukopucraHo croco6y BU3HAUEHHSI BUCOTU [IepPEB, SIKi CIIMPAIOThCS HA Pe3yabTaTyv OOPOOJEHHS HaHUX,
3i6paHuX HaBiCHMM OOGJIamIHAHHSIM KBaJpOKOITepa. 30KpeMa, 3aCTOCOBAHO BUMIipIOBaHHS BMCOTY JIepeB
i3 XMapu TOUYOK, MOOYJOBAaHOI HA OCHOBI OFHOCTOPOHHBOTO BEPTUKAIBLHOTO 3HIMAHHS MOIEIbHUX [IePEB,
Ta po3paxyHOK LudpoBoi moneni Bucotu kpoH (CHM) 3a manumu aepodoTO3HIMaHHS TOPU3OHTATbHUX
MIPOJIbOTIB HAaJ, AE€PEBOCTaHOM. Pe3ynbTaT MaTeMaTUMUYHOTO aHAJTi3y IIPOBeLEeHUX SOCTiAKeHb e MOHCTPYIOTh
HaMBUIIY TOUHICTH cIIocoOy 3 BuKopuctanHIM CHM mjis BM3HaueHHS] BUCOTU POCTYUMX A€peB. SHAUYEHHS
cepelHbOI BUITAAKOBOI ITOMMJIKM BUMipIOBaHHS BMCOTM ModeabHUX AepeB s CHM cTaHOBWIO MeHIIe HixX
2 %. HaCcTyITHUM 3a TOYHICTIO BU3HAUEHHS BUCOTHU AepeB OYB CIOCiO BMMipIOBaHHS 3a JOIIOMOTOIO JIa3epHO-
ontuuHoro npuiaaxy TruPulse 360B, 3acTocyBaHHS SIKOTO MTPOJEMOHCTPYBAJIO HAMBUIIY TOYHICTh 3-TTIOMiK
BUCOTOMIpiB. Bukopucranus TruPulse 360B mj1st Ha3eMHUX BUMipIoBaHb Ta crioco6y CHM (3a maHMMM ONITUYHOT
3iiomku 3 BITJIA) rokasasio Kpalili pe3yabTaTi, SIKi BiITIOBiAal0Th HOpMaTUBaM TOUHOCTI BM3HAUEHHS BUCOTHU
IJ1sT BUpOoOHMYOi Takcarlii. Crtoco6u BU3HAUEHHSI BUCOTY JepeB 3a JaHMMM OITUYHOI 3710MKM 3 BITJIA MOKYTb
BYKOPVUCTOBYBATUCS IS TPOBEAEHHS 00CTEKYBaTbHIX, iIHBEHTApU3aIlifHMX, TICOBIIOPSIIHNX Ta iHIINX POOIT,
SIKi TOB’s13aHi i3 BeZ@eHHSM JIiCOBOTO TOCIIOAaPCTBA Ta MOHITOPUMHIOM 3MiH Y JIiICOBUX €KOCUCTEMax

KimouoBi cimoBa: 6e3minioTHMIT JiTa/ibHUIT amapat, aepodoTO3HIMaHHS, CTepeoGOTOrpaMMeTpisi, MOIETb
BUCOTU KPOH, BUCOTOMIp
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Abstract. This study reviewed the literature sources on the distribution of trees by diameter and an
estimation of the commodity structure of alder stands in the Slobozhanskyi forest typological district
and Ukraine as a whole, and the relevance of this paper was established. Forest typological and forestry
zoning were compared to identify the region under study more clearly as a prerequisite for creating
regional standards for forestry management. The distribution of black alder in the forest fund of the region
under study was analysed, and forest inventory indicators were investigated in areas near alder stands.
The distribution of black alder stands in the region by origin, forest types, density, and productivity was
established. The authors considered the inventory and commodity structure of black alder stands in the
conditions of the region under study. Models of the variability of the diameter of the modal tree stand, the
ratio of the variability of the commercial part to the total variability of the tree stand diameter, considering
the minimum and maximum diameters in the modal stand, were calculated. The dependence between the
proportion of commercial trunks and the age of modal alder stands of vegetative origin was established.
Tables of the dynamics of the commercial structure of modal alder stands were constructed, considering the
distribution of commercial trunk volumes by thickness classes and subclasses, consistent with European
approaches to round timber inventory. Upon drafting the standards, previously developed standards for the
growth rate of modal alder trees of vegetative origin of the Slobozhanskyi forest typological district were
applied. A comparative analysis of the dynamics of commercial wood yield in modal alder stands according
to various standards was performed. According to the results of comparing the standards developed for
Slobozhanskyi forest typological district with those developed for the whole of Ukraine, it was found that
the latter have a substantially higher yield of commercial timber, which is primarily connected with the
forest-growing conditions of the region and the vegetative origin of tree stands
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Introduction

Forestry is important for the national economy.
Moreover, forests play an essential role for human
health, maintaining natural balance. Therefore,
the problem of forestry development is gradual-
ly becoming a priority in Ukraine. Presently, it is
relevant to develop appropriate normative and
informational materials for assessing and predict-
ing the growth of the main forest-forming species,
considering zonal features.

Accordingto the State Forest Register of Ukraine,
as of January 1, 2011, black (sticky) alder (Alnus glu-
tinoza (L.) Gaertn) is one of the most common soft-
wood species in Ukraine: it occupies an area of al-
most 255 thousand hectares, or 4.2% of the forest
fund of Ukraine, reserves of alder stands amount to
about 27 million m3 (Forest Fund of Ukraine, 2011).
Alder wood is valuable for the national economy,
primarily due to the possibility of harvesting ply-
wood boards. Therefore, it is important to deter-
mine the indicators of marketability dynamics in
the study of alder stands.

Proceeding from this, the development of stand-
ards for alder stands of vegetative origin, considering
regional features, is relevant for balanced forestry
management in them.

Many researchers have investigated the produc-
tivity, forestry and commodity structure of black al-
der stands in different regions of Ukraine (Romash-
ov, 1964; Davydov, 1978; Tkach, 1999; Storozhenko
& Pasternak, 2009; Girs, 2011; Blyshchyk, 2015).
Based on the results of a study by Belarusian scien-
tists, it was found that the Gram-Charlier distribu-
tion provides a good approximation of experimental
data (Baginsky, Katkov & Uss, 2017). Polish scien-
tists have found that the percentile method very ac-
curately predicted the distribution of diameters and
exceeded the Weibull model, but its use should be
limited to tree stands older than 20 years (Pogoda,
Ochat & Orzet, 2019).

M.V. Davydov compiled tables of the growth rate
and marketability dynamics of complete overmature
stands of black alder (Tables, 1958). The disadvan-
tage of these tables is that they were designed for a
large area and do not consider regional features of
the formation of tree stands.

Our previous studies (Pasternak & Buhaiov,
2016; Buhaiov, 2017) established that in alder stands
of I and I? site index classes, the distribution of trunks
by thickness degrees differs substantially. At the age
of 30, alder stands that grow according to I site in-

dex class have a smaller average diameter, and about
80% of trees belong to the three smallest thickness
degrees. In stands of I* site index class, the number
of stages of thickness is greater, and the distribution
by stages is more uniform. With age, the distribution
of trunks in tree stands of I site index class evens out,
with most trunks concentrated in three medium de-
grees of thickness. Tree stands of I? site index class
are more differentiated, and trunks with a diameter
significantly larger than the average appear in their
structure earlier.

The purpose of this study was to establish the
features of the inventory and commercial structure
of black alder stands in the Slobozhanskyi district.

Materials and Methods

According to forestry zoning, the region under study
(Slobozhanskyi district of the forest typological re-
gion of the fresh cluster (2 d) (Ostapenko & Tkach,
2002)) occupies part of the Livoberezhno-Dniprovskyi
(northern and southern regions of the Poltava Plain)
and Serednoruskyi forest-steppe districts of the For-
est-Steppe region (Gensiruk, 2002).

For a detailed investigation of the inventory and
commodity structure, 80 test areas were used in black
alder stands of vegetative origin, and model trees
were selected for 15 of them (Buhaiov & Pasternak,
2020). On the felled model trees, a complete analysis
of the trunk was carried out and the output of dimen-
sional and qualitative categories of wood was found.
Out of the total number of experimental plots, it is
necessary to allocate four permanent experimental
plots, where measurements were carried out every
five years (in 2005, 2010, 2015, and 2020).

The analysis of experimental plots by the main
inventory indicators confirms that the tree stands se-
lected for the study by origin, composition, site index
class, relative density, and types of forest correspond
to the most common conditions for the formation of
alder standsinthe Left-Bank Forest-Steppe of Ukraine.

Theresultsoffieldandlaboratorystudieswere pro-
cessed using MS Excel, SPSS, and Statistica software.

To identify the patterns of distribution of inven-
tory indicators of alder stands and determine the
uniformity of experimental data, their statistical
analysis was conducted. The main characteristics —
arithmetic mean (X), mean square deviation (o),
asymmetry (As), kurtosis (Es), minimum (min) and
maximum (max) measures in natural values — for the
experimental alder stands are presented in Table 1.
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Table 1. Statistical characteristics of inventory indicators of tree stands on experimental plots

Inventory Statistics
indicator X - As min max
A, years 54.7 20.06 -0.25 0.59 24.0 105.0
D, cm 24.6 7.58 0.18 0.69 13.5 47.3
H,m 22.0 3.59 -0.48 -0.15 14.0 30.2
G, m*ha’! 26.1 5.07 1.19 0.45 13.3 45.0
p 0.78 0.12 1.62 0.89 0.53 1.25

Analysis of statistical indicators shows that for
age (A),average diameter (D),average height (H),sum
of cross-sectional areas (G), indicators of asymmetry
and kurtosis in natural values do not exceed permis-
sible values (As<1.0; Es <1.2). Left-sided asymmetry
was determined for height, while right-sided asym-
metry was determined for the other indicators under
study. The distribution of the values of age and aver-
age height is characterized by a sharp-peaked curve,

other indicators — by a blunt-peaked curve. The
studied database of experimental plots describes
black alder stands quite fully and is suitable for
modelling the inventory and commodity structure.

To find the degree of tightness of the relation-
ship between the inventory indicators of alder
stands of the Left-Bank Forest-Steppe of Ukraine on
experimental plots, a correlation matrix was con-
structed (Table 2).

Table 2. Correlation matrix of the main tax indicators of EPs

Indicator A, years H,m D, cm N, pcs. P G, m?*-ha!
A, years 1.00 0.84 0.91 -0.66 -0.43 0.48
H,m 1.00 0.86 -0.78 -0.42 0.67
D, cm 1.00 -0.71 -0.43 0.53
N, pcs. 1.00 0.47 -0.45
P 1.00 0.35
G, m*ha’! 1.00

Analysis of the obtained correlation coefficients
confirms the presence of a close relationship be-
tween such indicators as average age (A), average
diameter (D), average height (H). The corresponding
correlation coefficients range from 0.84 to 0.91. Rela-
tionships of the number of trees with average height
(H), average age (A) and average diameter (D) are sta-
tistically significant. The sum of the cross-sectional
areas (G) has a close correlation only with the aver-
age height (H) — 0.67, no significant correlation was
found with other inventory indicators.

The theoretical series of diameter distribu-
tion was constructed according to the methodology

developed at the Department of Forest Inventory and
Forest Management of the National University of Life
and Environmental Sciences of Ukraine. After the list
database was created, the parameters of their struc-
ture were obtained using the STRUK program.

Results and Discussion

According to the data of the “Forest Fund” database
as of January 1, 2011, in the region under study, black
alder forests cover an area of more than 26.6 thou-
sand hectares with a wood stock of 4,789.0 thousand
m?. By origin, 68% of black alder stands are of vege-
tative origin and 32% are of seed origin. In the region
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under study, black alder stands are characterized as
highly productive. Tree stands of site index class I
occupy almost 35% of the total area of alder forests,
class II — 29%, class I* — 15%.

In the Slobozhanskyi district, medium densi-
ty stands with a relative density of 0.7-0.8 (44.3%)
are most common. In addition, considerable areas
are occupied by tree stands with a density of 0.8-
0.9 (24.1%). The share of low-density tree stands
is insignificant. Predominant types of forest in the
conditions of Slobozhan district are raw black alder
sudubrava (C4-Vlch) and raw black alder dubrava
(D4-VIch) (Buhaiov & Pasternak, 2020).

Calculations of the inventory structure in the
EXCEL environment using the STRUCTURE program
have shown that the B-distribution is optimal for this
experimental object.

The simulation results are represented by the fol-
lowing formulas:

V=-31,81+4,837-D-0,1298-D*+0,00107-D%, (1)

350
300
250
200

150

Trees, pcs.

100

50

0

12 16 20 24 28 32 36

W=1,03-7,47-10-P, +7,1-10-P2,, 2)
R,=0,51-1,47-10-D+3-10D? 3)
R,=2,16-1,4-10D, (4)

where Vis the variability of the diameter of the mod-
al tree stand,;

W is the ratio of the variability of the commercial
parttotheoverallvariabilityofthetreestanddiameter;

R, and R, are the minimum and maximum diame-
ters in the modal tree stand, respectively.

In addition, as a function of the average diameter
(D), the relationship between the proportion of com-
mercial trunks (P,) and the age (A) of modal alder
stands of vegetative origin was established as follows:

P,=-22,5+5,727-D-8,62-102D> (5)
The Figure 1 shows a graph of the total num-
ber of trunks for 50-80-year-old modal alder stands

based on the beta distribution parameters indicated
above (Egs.1-5).

50 yers
60 yers
70 yers
80 yers

40 44 48 52 56

Diameter, cm

Figure 1. Distribution of trunks by diameter in modal alder stands of vegetative origin

On the graph, 1,000 trunks conditionally corre-
spond to the total number of trees in the stand, i.e.,
100% of all trees. Rows of commercial tree stands
were also built.

Regularities of the inventory structure form
the theoretical basis for constructing standards
(tables of commodity structure and marketabili-
ty dynamics). Regional growth tables (Buhayev &

Pasternak, 2020), tables of volume distribution of
commercial alder trunks by thickness classes and
subclasses (Forest inventory handbook, 2020) and
the above parameters of the structure by diameter
were used to model the dynamics of the commod-
ity structure of alder stands of vegetative origin.
Classes and subclasses of thickness of commercial
timber were set according to the average diameter
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of logs without bark: D1b - 14.5-19.4 cm, D2a -
19.5-25.4 cm, D2b - 25.5-29.4 c¢m, D3a - 29.5-
34.4 cm, D3b - 34.5-39.4 ¢m, D4 - 39.5-49.4 cm.
Norms were calculated according to the meth-
odology developed at the Department of Forest

Inventory and Forest Management of the National
University of Life and Environmental Sciences of
Ukraine (Kashpor, 1999).

The dynamics of marketability of modal alder
standsofthesiteindexclasslispresentedinTable 3.

Table 3. Dynamics of commodity structure of modal alder stands
of vegetative origin of Slobozhanskyi forest typological district

Age, Average Stock, Commercial timber by thickness classes .

vears | Hm | D,cm |[M*ha’| pip | D2a | D2b | D3a | D3b | D4 | Total Firewood | Waste
30 18.4 16.0 208 24 3 27 175 6
35 19.5 17.6 226 36 9 1 46 170 10
40 20.6 19.1 240 42 19 3 64 163 13
45 21.5 20.6 253 45 29 7 81 155 17
50 22.3 22.1 264 45 36 14 2 97 147 20
55 23.0 23.5 274 43 39 22 5 109 143 22
60 23.6 24.9 283 40 40 30 9 1 120 138 25
65 24.2 26.3 291 36 40 36 14 3 129 135 27
70 24.7 27.7 298 33 38 41 20 5 1 138 131 29
75 25.1 29.1 304 29 36 44 25 9 2 145 128 31
80 25.5 30.5 310 25 33 46 31 13 4 152 125 33

Notably, the norms of the dynamics of the com-
modity structure of modal alder stands are based on
fundamentally new data on the distribution of the
volume of commercial trunks of 16 cm and more by
thickness classes and subclasses (Forest invento-
ry handbook, 2020), consistent with European ap-
proaches to the inventory of round timber (DSTU

EN 1315-1:2001, 2002). The volume of timber was set
as the sum of the volume of wood trunks and wood
from commercial trees. The authors also conducted a
comparative analysis of the dynamics of commercial
timber yield in modal alder stands according to vari-
ous standards (inventory of business wood by upper
and middle diameters) (Table 4).

Table 4. Comparative analysis of the dynamics estimation of the dimensional and qualitative structure
of modal alder stands of vegetative origin according to current and European standards

Commercial part of the modal stand, m3-ha! c e . A
Deviation in the commercial timber
ield
Age, years commercial timber stock yie
stem stock . .
according to the according to mS-ha! %
old standards European standards °
30 87 64 27 -37 -57.5
35 111 81 46 -35 -43.2
40 129 94 64 -30 -32.0
45 146 107 81 -26 -24.0
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Table 4, Continued

Commercial part of the modal stand, m*ha! e s .
A Deviation in the commercial timber yield
commercial timber stock
Age, years . -

stem stock | according to the | according to European mihat %

old standards standards °
50 163 119 97 -22 -18.5
55 177 129 109 -20 -15.6
60 190 139 120 -19 -13.5
65 200 146 129 -17 -11.6
70 210 153 138 -15 -10.0
75 218 159 145 -14 -8.9
80 225 164 152 -12 -7.5

As Table 4 demonstrates, the commercial tim- Conclusions

ber yield is significantly lower (by 7-57%) according
to its estimates not by upper, but by middle diame-
ters, with the greatest impact in the younger age of
tree stands. The latter is explained by the fact that
according to European standards, trees from the 8"
to the 16™ degree of thickness factually do not have
commercial timber.

Comparing the standards developed for the Slo-
bozhanskyi forest typological district with the stand-
ards developed for the whole of Ukraine (Girs, 2007),
one can note that the commercial timber yield is sub-
stantiallyhigherinthelatter,whichis explained by the
specific features of the formation of tree stands in the
region under study and vegetative origin. A decrease
in the proportion of commercial timber in alder stands
of vegetative origin after 60 years of age was also es-
tablished in the studies of V.P. Tkach (Tkach, 1999).

The results of the analysis indicate that the alder
stands of the region under study differ substantially
from the tree stands of Polissia in Ukraine in terms
of growth dynamics and marketability. Therefore,
considering the European approaches to the inven-
tory of round timber, the norms of the inventory
structure and dynamics of the commodity structure
of modal alder stands presented in this paper can
substantially improve the quality of forestry man-
agement and the accuracy of determining the in-
ventory indicators of alder stands of the Slobozhan-
skyi district.

The feasibility of using the developed standards
should be established based on the results of the
research and production audit. Further research is
required to establish the patterns of timber distri-
bution by quality class in black alder stands.
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3aKOHOMIPHOCTi pO3MOATY AepeB 3a JiaMeTpoOM Ta AMHAMiKa TOBAapPHOi CTPYKTYpU
BU/IbXOBUX AepeBocTaHiB C/10005KaHChKOTO JIICOTUIIO/IOTiYHOTO PaioHy

Cepriit MukosnarioBuu bByraiios!,
Onekcanap AHaroumiiosuu Iipc?, Bomogumup IlerpoBuu IlacTepHak®

XapkiBcbKUii HalliOHAAbHUIL arpapHuii yHiBepcuTeT im. B. B. [lJokyuaeBa
62483, 11/B “IlokyuaeBchbKe - 2”7, XapKiBcbKa 00/1acThb, YKpaiHa

‘HarioHasibHMIT YHiBepcUTET GiopecypciB i mpupoaoKOpuCTyBaHHS YKpaiHu
03041, Byn. 'epoiB O60oponnu, 15, m. Kuis, Ykpaina
SYKpaiHCbKMIT HAYKOBO-AOCTiAHNMIT iHCTUTYT JIiICOBOT'O rOCIIOapcTBa
Ta arposiicomesniopatii imeni I.M. BucoibKkoro
61024, Byn. IlymikiHcbka, 86, M. XapkiB, YKpaiHa

AHoTanis. [IpoBeieHO OIS/ JIiTepaTypHUX Kepest IOoA0 PO3IoAiTy AepeB 3a AiaMeTpoM Ta OLiHIOBaHHS
TOBApHOi CTPYKTYpM BiJIbXOBUX AepeBocTaHiB CI060KaHCHKOTO JIICOTUITOJOTIYHOTO paiioHy Ta YKpaiHu
B I[IJIOMY, BCTAHOBJIEHO aKTyaJbHIiCThb TAKOTrO MOCTimkeHHs. HaBemeHO 3icTaBaeHHS JIiCOTUIIOIOTIUHOTIO i
JIICOrOCITOAaPChKOT0 PaiiOHyBaHHS IJIS1 YiTKIiIIIOrO BMOKPEMJIEHHS PerioHy JOCTiIKeHHS K IepeayMOBY [IJIsT
CTBOPEHHS PerioHaJIbHMX HOPMAaTUBIB [IJIsI BeIeHHS JIiCOBOTO TOCIIOAapCTBa. 3Mi/iCHEHO aHAaIi3 ITOIMMPEHHS
Bi/IbxM 4YOpHOi (KJeiKoi) y jicoBomy (OHAI perioHy mOCTiKeHHS Ta BMBYEHO JIiCiBHMUO-TaKcalliliHi
TOKa3HMUKM Ha AiSHKaX Mif] BibIlIaHMKaMK. BCTaHOB/IEHO PO3TIOAiT YOPHOBI/IbXOBUX JePeBOCTaHiB perioHy
3a MOXOMKEHHSIM, TUIIAMU JIiCY, IIOBHOTOIO Ta MPOOYKTUBHICTIO. POSINITHYTO TakcalliifHy 6YIOBY ii TOBapHY
CTPYKTYPY YOPHOBI/IbXOBUX JIepeBOCTaHiB B yMOBaxX perioHy mociigkeHHs. Po3paxoBaHO Mojesli MiH/JIMBOCTi
JiaMeTpa MOOAJIbHOTO JIepeBOCTaHy, BiHOIIEHHS MiHJIMBOCTiI OiIOBOI YaCTMHM A0 3arajJibHOI MiHJIMBOCTI
IiaMeTpa [epeBOCTaHy, 3 YypaxyBaHHSIM MiHIMaJbHOTO Ta MaKCMMAaJIbHOTO [iaMeTpiB y MOZAJbHOMY
JIepeBOCTaHi. BCTaHOBIEHO 3a/MIEXKHICTh MiXX YaCTKOIO AiJIOBUX CTOBOYPIB i BiKOM MOOAJbHUX BiJIbXOBUX
JIlepeBOCTaHiB BEreTaTMBHOTO MOXOIKeHHs. [T06yI0BaHO Ta6MMIIi AMHAMIKM TOBapPHOI CTPYKTYPY MOJATbHUX
BIJIbXOBMX [I€PEBOCTaHIB 3 ypaxyBaHHSIM PO3IMOALTY 06’€MiB Ai/IOBMX CTOBOYpiB 3a KjiacaMu i Migkaacamu
TOBIIMHMA, y3TOIKEHVMU 3 €BPOTIEIChKMMM ITiIX0AaMM II0JI0 TaKcallii KpymiuxJicomaTtepiatiB. [Ipyu ckinamaHHi
HOPMAaTMBIiB 3aCTOCOBAHO IIOMEPEIHbO PO3POOJIEHI HOPMATUBM XOOY POCTY MOIAIbHUX BiJIbIIAHUKIB
BEreTaTMBHOTIO MOXOMKeHHS C/10605KaHChKOTO JTICOTUITONOTIYHOTO paitoHy. [IpoBeeHO MOPiBHSIbHMIT aHAIi3
IMHAMiKVM BUXOAY JiJ0BOI lepeBUHM B MOJA/IbHMX BiJIbIIAHMKAX 32 Pi3HUMMM CTaHapTaMu. 3a pe3yibTaTamMu
MOPiBHSIHHS po3pobieHux mjst CII060KaHChKOTO JIiCOTUITONMOTIYHOTO paitoHy HOpMaTUBIB i3 HOpMaTUBAMMU,
po3pobieHuMM A1 Beiei YKpaiHu, BCTaHOBJIEHO, 1[0 Y OCTaHHIX BUXi JiIOBOI IepeBUHM iCTOTHO BUILIMIA, IO
HacaMIepes, OB ’SI3aH0 3 JIICOPOCAMHHMMM YMOBAMM PETIOHY Ta BETeTaTUBHUM ITOXO/IKEHHSIM JIepPeBOCTaHiB

KirouoBi c;1oBa: MomaibHi TepeBoCTaHM, BijibXa YopHa (KjeiiKa), TOBapHiCTh, KJIaCU TOBIIVHN
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Energy intensity of wood biomass of Zhytomyr Polissia forests
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03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. The development of renewable energy is one of the principal areas of decarbonization of the energy
sector of Ukraine, including in forestry. Improving the efficiency of using wood biomass for energy purposes,
along with providing an appropriate level of technological processes and technical equipment, requires
reliable information tools for managerial decision-making. An essential component of this toolkit is regional
assessments of the energy function of forest phytocenoses. The information base of this study included
information from the database of Industrial Association “Ukrderzhlisproekt”, which contains a specific
inventory characteristic of tree stands of the region under study, as well as a system of mathematical models
for quantitative assessment of phytomass and mortmass of forests. As a result, quantitative values of the total
energy intensity of phytomass and mortmass of the forests of Zhytomyr Polissia were established. The total
amount of energy accumulated in the plant biomass of the region’s forests is 3,035.7 PJ, which is equivalent
to 100.2 million tonnes of conventional fuel. At the same time, the share of the total energy intensity of
mortmass is 11.1%. The structure of the energy intensity of plant biomass in the region is dominated by pine
stands, which accumulate over 60% of the energy of the forests of Zhytomyr Oblast, namely 70.8% — in the
phytomass of tree trunks. Over 40% of the energy is accumulated in the plant biomass of stands of the site
index class I, which mainly grow in relatively poor forest conditions (subors). In the overall structure of the
energy intensity of the mortmass (336.2 PJ), more than 60% belongs to the forest floor (212.8 PJ]), but it is not
considered as a source of renewable energy, dry matter — 12.3% (41.3 PJ]), dry branches — 17 .8% (almost 60 PJ).
The results obtained in this study will serve as an information basis to devise a strategy for the development
of forest bioenergy in the Zhytomyr region

Keywords: wood biomass, energy, mortmass, plantings, low-carbon development, inventory characteristics

Introduction

The development of renewable energy is one of the
principal areas of decarbonization of the energy
sector of Ukraine, which is reflected in the Low-Car-
bon Development Strategy adopted by the Cabinet
of Ministers of Ukraine in 2018 (Strategy..., 2018).
The document also makes provision for increasing
carbon sequestration and reducing greenhouse gas

Suggested Citation:

emissions in the forestry sector, specifically through
the development of forest bioenergy.

Improving the efficiency of using wood bio-
mass for energy purposes, along with providing an
appropriate level of technological processes and
technical equipment, requires reliable information
tools for managerial decision-making. An essential
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component of this toolkit is regional assessments of
the energy function of forest phytocenoses, which
also characterize the energy intensity of woody bi-
omass and the energy productivity of modal tree
stands (Vasylyshyn, 2018; Vasylyshyn, Lakyda &
Sliusarchuk, 2019).

In the conditions of Zhytomyr Polissia, where
forests are a key natural object that ensures the eco-
logical balance of the environment and serves as a
source of wood resources, assessing the energy in-
tensity of wood biomass will provide a scientific basis
to devise a regional forest bioenergy program.

Analysis of recent studies
and publications

Currently, the problems of researching various as-
pects of energy production and consumption are re-
flected in technical (Dubrovin, Korchemnyi & Maslo,
2004), economic (Prokip, 2010), ecological (Vasy-
lyshyn, 2016; Sytnyk, 2017) and biological (Kukhar,
Kuzminskyi & Holub, 2005) scientific studies.
Fundamental bioenergetic studies of the innova-
tive and technological direction of the use of plant
biomass are currently conducted by scientists of the
“Biomass” Scientific and Technical Centre and the
Institute of Technical Thermophysics of the National
Academy of Sciences of Ukraine under the leadership
of H.H. Geletukha (Geletukha, 2021).
Scientificstudiesofresearchersofthe M.H.Kholod-
nyi Institute of Botany of the National Academy of
Sciences of Ukraine also characterizes eco-oriented
studies of the energy of natural ecosystems, using evi-
dence from the study of the energy balance of the phy-
tocenoses of Kyiv and its green zone (Didukh, 2007).
This scientific area is relevant for scientists from
the European Union countries, since in the vast ma-
jority of cases the development of the economy here
depends on imported natural gas. The specified topic

is presented in studies by representatives of the Swiss
Federal Institute for Forest, Snow, and Landscape Re-
search (Burg et al., 2018). They estimate that the an-
nual theoretical potential of biomass in Switzerland
is about 209 PJ, including 108 P] due to wood biomass.

For the conditions of Spain, to estimate the
amount of biomass in Pinus sylvestris L. stands, an
international group of scientists used lidar scanning,
which allowed establishing the amount of biomass
for seven components of the stand: aboveground bi-
omass, belowground biomass, trunk biomass, needle
biomass, and biomass of large, medium, and small
branches (Hernando et al., 2019).

Ecological consequences for the forest biogeo-
cenosis from the use of wood biomass for energy pur-
poses have become the object of research by scien-
tists from Sweden (De Jong et al., 20179), who note
that increasing the volume of wood biomass harvest-
ing in Swedish forests may have adverse consequenc-
es for the state of the environment. An analogous
study was also conducted by Polish scientists (Nurek,
Gendek & Roman, 2019), who analysed the physical
and chemical properties of crushed forest residues of
Pinus sylvestris L. At the same time, for Uruguay, eu-
calyptus (Eucalypts Sp.) stands are a relevant energy
resource of wood biomass, which are being studied
to establish their productivity and energy intensity
(Bentancor et al., 2019).

The purpose of this study was to estimate the en-
ergy content in the components of phytomass and
mortmass of the forests of Zhytomyr Polissia.

Materials and Methods

The information basis of this study was information
from the database of VO “Ukrderzhlisproekt”, which
contains a specific inventory characteristic of tree
stands (over 300 thousand forest plots) of the region
under study (Table 1).

Table 1. Distribution of the number of forest plots in Zhytomyr Polissia by dominant forest-forming species

Type of woody Quantitative indicator Type of woody Quantitative indicator
plant pcs. % plant pcs. %
Silver birch 56,146 17.8 Common aspen 3,656 1.2

Common alder 31,128 9.9 Scots pine 178,794 56.8
}?O(frrll;; er;l 1,445 0.5 European spruce 3,562 1.1
Common oak 35,421 11.2 Other tree species 4,890 1.6

Total 315,042 100.0

The method for estimating the energy intensity
of wood biomass lies in an integrated combination

of the array of forest inventory data with a system
of mathematical models for quantitative assessment
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of the phytomass and mortmass of the forests of the
region (Bilous, 2018; Schepaschenko et al., 2017,
Shvidenko et al., 2014) and quantitative parameters
of the specific energy intensity of the components
of wood biomass (Shvidenko, Nilsson, Obersteiner,
2004; Vasylyshyn, 2018) of the main forest-forming
plant species. For other wood species, the mentioned
energy intensity indicators are set based on weighted
average values of these species.

Results and Discussion

The processes associated with the supply, transfor-
mation, and use of energy are identified as key in the
environment, since the effective functioning of any

natural ecosystems depends on their intensity. Dur-
ing the study, it was established that the estimate of
the total amount of energy accumulated in the plant
biomass of the forests of Zhytomyr Polissia (170.4
million tonnes of absolutely dry matter, namely
151.6 — phytomass, 18.8 - mortmass) is 3,035.7 PJ,
including in phytomass — 2,699.5 P] (Table 2).

According to its equivalent, this roughly corre-
sponds to 100.2 million tonnes of conventional fuel
(t c.f.); specifically, for coniferous stands — 1,866.4 PJ,
or 61.6 million t c.f., for hard-wood stands — 500.4 PJ,
or 16.5 million t c.f., soft-wood stands — 668.6 PJ, or
22.06 million t c.f. The energy share of other tree spe-
cies is under 0.1%.

Table 2. Total energy content in plant biomass of Zhytomyr Polissia forests

Energy intensity of plant biomass, PJ
Species group
phytomass mortmass
Coniferous 1673.0 193.4
Hard-wood 426.4 74.0
Soft-wood 599.7 68.9
Other tree species 0.3 0.1
Total 2,699.5 336.2

The share of the total energy intensity of mort-
mass in the total structure of energy accumulated in
the plant biomass of the forests of Zhytomyr Polis-
siais 11.1%.

In the overall structure of the energy intensi-
ty of plant biomass of the region under study, the
dominant positions are occupied by pine stands,
which accumulate over 60% (1,844.8 PJ) of the en-
ergy volumes of Zhytomyr region forests. The next
positions belong to oak and birch stands with 15.1%
and 14.4%, respectively. The share of alder stands is
about 7%, while the share of hornbeam, aspen, and
spruce stands does not exceed 1%. It was established
that spruce and pine stands are characterized by the

highest density of accumulated energy per unit area
(Table 3). Quantitative values of phytomass energy
density index for these tree stands reach 318.53 and
302.01 MJ-(m?)!, respectively. In general, the men-
tioned indicator within the tree stands of dominant
forest-forming species varies from 197.95 MJ-(m?)!
foraspen stands to 318.53 MJ-(m?) ! for spruce stands.
The average value of the phytomass energy density
indicator within the stands of the region under study
is at the level of 273.05 MJ-(m?)!. For mortmass,
the mentioned indicator is an order of magnitude
lower and is about 35 MJ-(m?)"!, while the dominant
positions in terms of energy density accumulat-
ed in mortmass belong to oak and spruce stands.

Table 3. Species differentiation of qualitative indicators of energy intensity
of biomass of Zhytomyr Polissia forests

Qualitative indicator of energy intensity
Dominant tree species in the stand phytomass energy density, energy density of mortmass,
MJ-(m?)! MJ-(m?)*!
Silver birch 217.81 19.57
Black alder 210.18 32.25
Common oak 263.48 48.76
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Table 3, Continued

Qualitative indicator of energy intensity

Dominant tree species in the stand
phytomass energy density, MJ-(m?)! | energy density of mortmass, MJ-(m?)!
Common aspen 197.95 43.75
Scots pine 302.01 36.17
European spruce 318.53 46.45
Average within the region 273.05 34.73

Analysing the indicators of the average increase
in energy in the phytomass of tree trunks, it should
be noted that its highest values are typical for spruce
and birch stands — 65.12 and 59.13 GJ-ha!-year?, re-
spectively. In general, in the conditions of Zhytomyr
Polissia, an average of 51.81 GJ-ha!-year! of energy
is added (Fig. 1). In the region under study, over 40%

European spruce
Silver birch

Scots pine

Aspen

Black alder
Common hornbeam

Common oak

0.00 20.00

of energy is accumulated in the plant biomass of
stands of site index class I [4]. About a third more
are located in stands of site index class II, which is
quite natural, given the regional distribution of the
area and the site index structure of stands within the
forest areas of Zhytomyr Polissia covered with forest
vegetation (Table 4).

40.00 60.00 80.00

Figure 1. Energy gain in phytomass of tree trunks, GJ-ha-!-year!

Table 4. Distribution of energy reserves in plant biomass
of Zhytomyr Polissia forests within site index classes

Energy intensity of plant biomass, PJ
Site index class
phytomass mortmass

I? and above 480.96 58.71
I 1146.27 136.78
I 858.06 111.19

111 166.52 24.16

v 29.49 3.94

V and below 18.15 1.46
Total 2699.5 336.2
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At the same time, analysing the qualitative indi-
cators of energy intensity presented in Figure 2, it is
worth paying attention to the difference in the trends
of their change for phytomass and mortmass of for-
ests in the region. Phytomass is characterized by a di-
rect dependence of energy density on the productivi-
ty of stands, which is characterized specifically by the
site index class. Quantitative values of the mentioned

=
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=
=
Z 300.0
L
=)
? 200.0
b=
()
o
L
s+
= 100.0
g
=)
)
<
0.0
Taand I
above

indicator vary from 350.69 MJ-(m?)'! for tree stands of
site index classes I* and above to 139.30 M]-(m?)'! for
stands of classes V and below. Comparable trends are
inherent in the change in the energy gain index in
the phytomass of tree trunks, specifically in stands
of site index class 19, a value of 115.9 GJ-ha!-year! is
observed, which gradually decreases to 16.1 GJ-ha-
l.year! in tree stands of site index class V®.

@ Pphytomass

O mortmass

II III v

V and above

Site index class

Figure 2. Quantitative values of qualitative indicators of energy intensity
of biomass of Zhytomyr Polissia forests within site index classes

The intensity of energy production considerably
depends on the types of forest conditions in which
stands grow. During the study, it was established that
the highest values of the energy gain index in the
phytomass of tree trunks are inherent in tree stands
in fresh subors (B,) and fresh sudubravas (C,), where
its values are about 60 GJ-ha!-year!. At the same time,

the minimum values of this indicator are inherent in
very dry and wet bors - 33.1 and 25.1 GJ-hal-year?!,
respectively. In total, about 10% of plant biomass en-
ergy is accumulated in the forests of Zhytomyr Polis-
sia (Table 5). Therewith, over 50% of the energy is
concentrated in the biomass of tree stands in subors,
where Scots pine stands dominate.

Table 5. Distribution of energy reserves in plant biomass of Zhytomyr Polissia forests within trophotopes

Energy intensity of plant biomass, PJ
Trophotope
phytomass mortmass

Bors(A) 277.68 29.86
Subors (B) 1411.39 159.93
Sudubravas (C) 888.32 128.72
Dubravas(D) 122.08 17.73
Total 2699.5 336.2
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As for the density of accumulated energy, here
the highest values are inherent in stands in fresh
subors (B,), sudubravas (C,) and dubravas (D,) — over

320 MJ-(m?)".

The component structure of the total energy in-
tensity of phytomass of Zhytomyr Polissia forests is
dominated by tree trunks, the share of which exceeds
70% (Table 6).

Table 6. Distribution of energy reserves in the phytomass of Zhytomyr Polissia forests by components

Energy intensity of phytomass by components, PJ
r 2 A
5} = > —
Species 2 2 f‘g 2 29 |
group, tree o < 2 2 <] ° 3 XEE =
’ ~ (== [+
<= =S 5] he csE 2 8
type < 8 e e @ o SRS 228 S
=] = S < = 5
2 * 5 g £ 5 @
2 < =
Coniferous 1228.79 107.81 23.14 271.93 11.33 29.99 1672.99
of which 1214.53 106.60 22.86 269.30 11.21 29.72 1654.22
Scots pine
Hard-wood 289.09 54.70 4.87 62.17 6.74 8.88 426.44
of which 266.12 50.25 4.38 56.10 6.27 8.16 391.29
common oak
Soft-wood 394.27 63.49 16.13 104.98 7.21 13.64 599.72
of which 260.82 49.22 13.51 64.18 4.56 8.72 401.02
silver birch
Common 10.46 1.28 0.26 4.53 0.24 0.43 17.19
aspen
Other tree 0.22 0.03 0.01 0.05 0.005 0.01 0.32
species
Total 1912.37 226.04 44.14 439.12 25.29 52.51 2699.47

This component of wood biomass is currently the
most important in terms of energy use of forest wood
resources.

8.4% of the accumulated energy is concentrated
in the phytomass of branches. It is also a significant
source of renewable energy, which presently has con-
siderable reserves to increase its share in the struc-
ture of the regional renewable energy sector. At the
same time, the mentioned energy resource should be
used in compliance with the principles of sustainable
forest management, aimed at ensuring a sufficient
level of formation of the biological cycle of food ele-
ments in the “forest — soil” system.

A fairly promising component of the energy po-
tential of wood biomass is such components of the
mortmass of the region’s forests as dry matter, coarse
woody debris, and dry branches.

In total, over 330 PJ of energy has been accumu-
lated in the mortmass of forests of Zhytomyr Polissia
(Table 7).

During the study, it was found that about 60%
of the total energy intensity structure of mortmass
belongs to forest litter, but it is not considered as a
source of renewable energy. At the same time, the en-
ergy intensity of dry matter is 41.3 PJ, or 12.3%, and
dry branches — almost 60 PJ, or 17.8%.
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Table 7. Distribution of energy reserves in mortmass of forests of Zhytomyr Polissia by components

Energy intensity of mortmass by components, PJ
. 5 :
Species group, 8 S 2 S b= -
f) — (3]
tree type _5 25 & o g
g g = g -
5
o 8 ] =
Coniferous 19.34 5.80 42.54 125.69 193.37
of which Scots 19.06 5.72 41.93 123.89 190.60
pine
Hard-wood 6.35 3.06 11.07 53.49 73.97
of Wh’cgaclf’”mon 5.78 2.76 10.15 49.00 67.70
Soft-wood 15.65 13.28 6.30 33.62 68.85
of which silver 7.93 7.05 2.58 19.29 36.85
birch
Common aspen 1.97 0.55 0.31 1.22 4.04
Other tree species 0.01 0.005 0.01 0.03 0.05
Total 41.35 22.15 59.91 212.83 336.24

The energy intensity of the mortmass of conifer-
ous tree stands accounts for 57.5%, while the share of
the components of the mortmass of the tree stands
under study, which can potentially be used for ob-
taining thermal energy (dead wood, coarse woody de-
bris, and dry branches), is about 20%. For hard-wood
stands, this ratio is 22.0% and 6.1%, respectively, and
for soft-wood stands - 20.5% and 10.5%.

Conclusions
According to the results of the conducted studies,
it was established that the total energy intensity of
plant biomass in the forests of Zhytomyr Polissia is
3,035.7 PJ], which in its equivalent corresponds to

100.2 million tonnes of conventional fuel. The share
of the total energy intensity of the mortmass of the
forests of Zhytomyr Polissia is 11.1%. The structure
of the energy intensity of plant biomass in the region
is dominated by pine stands, which accumulate over
60% of the energy of the forests of Zhytomyr Oblast,
namely 70.8% — in the phytomass of tree trunks.

Over 60% of the total energy density structure
of mortmass (336.2 P]) belongs to forest litter. At
the same time, the energy intensity of dead wood is
41.3 PJ, and dry branches — almost 60 P]J.

The results obtained in this study will serve as an
information basis to devise a strategy for the devel-
opment of forest bioenergy in the Zhytomyr region.
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EHeproemMuicTb gepeBHOi 6iomacu JiciB JKurommupcbskoro Iomices

Pomas ImutpoBuu BacunummuH, I0piit Muxkonaiiosnu IOpuyk,
IBaH IleTpoBuu Jlakuzna, P.II. Bongapuyk

HamioHanpHMi1 yHiBepcuTeT 6GiopecypciB i mpMpomoKopucTyBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

Anorainisg. Po3BUTOK BiIHOBJIOBAJIbHOI €HEPreTMKM € OJHMM i3 6a30BMX HAmNpsSIMiB AekapOoHizarlii
@HEepPreTMYHOro CeKTOpy VYKpaiHu, 30KpeMa ¥ y JicoBoMmy rocromapctsi. IligBuineHHS eheKTUBHOCTI
BUKOPUCTAHHS JepeBHOI 6ioMacy IjIsi eHepreTUIHUX LiiJieit, Imopsy i3 3ab6e3neyeHHsIM BigITOBiZHOrO piBHS
TeXHOJIOTIYHMX TIPOIIEeCiB i TEXHIYHOrO OCHAIEHHS, IOTpedye BOAHOYAC HAaJiiiHOro iHdOpMaliiiHOro
iHCTpyMeHTapilo IJ1s1 TIPUIHSTTS YIIPaBIiHCbKUX pillleHb. BaXK/IMBOIO CKIAJ0BOIO0 1LOTO iHCTpyMeHTapiio
€ perioHajIbHi OIiHKM eHepreTMUYHOi QYHKIIiI JTicoBMX QiToreH03iB. IHGopMaIlliiiHOW 6a3010 JOCTiIKEeHHS
cayryBasia iHdopMaiis 3 6asu gaHux BO «VKpAEpsKIiCIPOEKT», 10 MiCTUTh MOBUAIbHY TaKCaliiftHy
XapaKTEPUCTUKY AepPeBOCTAHIB MOCTIIKYBAaHOTO PErioHy, a TakKoX CUCTEMAa MaTeMATUUHUX MOJeseil ms
KiJIbKiCHOTO OIIiHIOBaHHS (iToMacu ¥ MOpPTMAacy JIiciB. Y pe3ylIbTaTi BCTAHOBJIEHO KiJIbKiCHI 3HAYEHHS
3arajJibHOi eHeproeMHoCTi hiTomacu Ta MopTMacu jiciB JKutomupcebkoro IMosicest. 3aranbunit o6csr eHeprii,
aKyMyJIbOBaHOI Yy POCIMHHIN 6ioMaci JsiciB perioHy, craHoBuTbh 3035,7 TIIIK, 0 3a CBOIM €KBiBaJIEHTOM
Bigmosimae 100,2 MJH TOHH YMOBHOTO MajuBa. BogHouac, yacTka 3arajbHOI €HEPro€EMHOCTI MOPTMacu
ckiaagae 11,1 %.V cTpyKTypi eHeproeMHOCTi pOCIMHHOI 6ioMacu perioHy JOMiHYIOTb COCHOBI JepeBOCTaHM,
B SIKMUX aKyMY/JIbOBaHO ToHam 60 % o6csriB eHeprii miciB JKutomupmnamu, 3okpema 70,8 % — y ditomaci
cToBOYpiB mepes. [Tonax 40 % eHeprii akyMy/TbOBAaHO Y POUIMHHIN 6ioMaci mepeBocraHiB I Kiacy 60HiTeTY,
SIKi TIepeBaKHO POCTYTh Y IOPIiBHAHO GigHMX JicOpociMHHMX yMOBax (cybopax). Y 3arajbHili CTPYKTYypi
eHeproeMHoOCTi MopTtMacu (336,2 I1/Ix) moHam 60 % HanesxuTh J1icoBii migctuni (212,8 I1IK), ogHax ii He
pO3TISIAAIOTh SIK JIKepesio BiJHOBIIOBAMbHOI eHeprii, cyxocTow — 12,3 % (41,3 I11x), cyxum rinkam — 17,8 %
(maitke 60 TIIx). OmepskaHi y mpolieci JOCTiIKeHHS pe3yabTaTi CIyTYBaTUMYTh iHDOpMalliiiHOI 0CHOBOIO
I71s1 GOpMYBaHHS CTpaTerii po3BUTKY JIicOBOi 6ioeHepreTuky B JKUTOMMUPCHKiit 06acTi

KniouoBi cioBa: mepeBHa Oiomaca, eHepris, MopTMaca, HacaIKeHHs, HU3bKOBYIJIEIIEBUII PO3BUTOK,
TaKCalliliHi XapaKTepUCTUKU
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Features of application of timber harvest methods in the forests of Ukraine
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03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. In this paper, we present the basic features of final felling in Ukraine. Prevailing timber harvest
methods and their areas were considered. For analyzing the volumes of modern forest exploitation were
data from permits for final felling on actual cuttings in of all forestry enterprises of Ukraine. Studies were
conducted for the period 2019-2020. It was installed that clearcutting is the main timber harvest method (95 %
in Kyiv region, 45 % in Lviv region). Among other methods, the leading place is shelterwood. During the study
period, only two (uniform and strip) and three (group) reception of shelterwood were recorded. The areas of
stands designed for shelterwood final felling are significantly lower than those defined by the rules. The use
of the single tree selection method is more related to deciduous plantations, which indirectly indicates the
predominance of deciduous stands of uneven-aged stands in Ukraine. Shelterwood and single tree selection
removes methods are applied in Chernihiv, Chernivtsi, Ivano-Frankivsk, Kyiv, Lviv, Zakarpattia, Zhytomyr
regions. A characteristic feature is the predominance of coniferous areas stands during clearcutting. Area of
deciduous stands are larger compared to coniferous during shelterwood. Combined method is the less popular
in Ukraine. It has been carried out at 9,4 hectares for two years. Average logging areas range from 1-2 hectares
for clearcutting, 1-5 hectares for shelterwood and 2-8 hectares for combined method. Designed logging areas
are significantly lower than those introduced by Ukrainian legislation. The implementation of the principles of
close-to-nature forestry can be provided by reduction in the volume of clearcutting. Increasing of shelterwood
and single tree selection methods, which are close-to-nature, will ensure the cultivation of mixed uneven-
aged forest stands of high vigor, productivity and biological stability. Studies reflect regional and species
features and benefits of timber harvest methods in the forests of Ukraine

Keywords: clearcutting, single tree selection removes, shelterwood and combined methods, even-aged and
uneven-aged stand

Introduction

Forests are complex ecosystems that must be treated
carefully and skillfully. The present is demanding a
higher level of resource stewardship to conserve and
protect a wide array of forest-related values. The to-
tal area of forest lands in Ukraine is 10.4 million hec-
tares, forests covered area is 9.6 million ha or 15.9
per cent of the Ukraine’s territory. Approximately

Suggested Citation:

half of forest land areas are production forest, with
the remainder in reserves and non-production for-
est areas. More than 16,1% of the total area of forest
in Ukraine is held in reserves for conservation. The
majority of the area available for wood production is
artificial forest. By reserves of industrial stem wood,
Ukraine ranks the sixth in Europe. In Ukraine, forest
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stands dominated by finewood occupy 88,6% of wood
covered area. Of them, pine accounts for 33,6% (Pinus
silvestris L. leading the way), oak — 24,4% (Quercus
robur L. dominates), and beech (Fagus silvatika L.) -
7,4% (Timber industry, 2007).

For each forest enterprise the allowable cut is
calculated annually, based on forest inventory data
and distinguished by tree species groups. The real
size of harvest felling usually equals 84-90% of the
allowable volume of cutting. Special use of forest re-
sources at the allocated forest plot shall be carried
out on the basis of a special permit (The Forest Code,
2006). Annually in Ukraine there harvested about 20
million m? of wood. About 45% of wood is harvested
in main cuttings, 70% of this wood is round.

Recent government measures include a pilot pro-
ject of an electronic register of logging tickets for
timber harvesting (State Forest, 2020).

Ecologically oriented forestry advocates for
mixed (multiple-species) and structurally complex
forests. This forestry is directed toward a diverse ar-
ray of objectives (ecosystem function, biodiversity
conservation, wildlife habitats, visual quality, nu-
trient recycling, water retention, soil productivity,
carbon sequestration, and amenity values), in ad-
dition to the provision of classic economic forestry
commodities (Yavorovskyi et al., 2019). Close-to-
nature forestry is the system of forest management
that promote a continuous renewal and formation of
stands which most similar in structure and genesis
to natural ones (Krynytskyi, 2017). Research of cut-
ting methods and volumes of timber harvesting were
carry out in mountain forests in Ukrainian Carpathi-
ans (Parpan et al., 2017). The effect of technological
processes and systems of machines used in mountain
forests on the forest environment were estimated by
Byblyuk et al., 2010. The logging methods in Eastern
European Countries, including Ukraine were studied
by Moskalik et al., 2017.

Analyze of timber harvest methods on the entire
territory of Ukraine were not conducted.

The aim of this study was to reveal the current
volumes of forest use in Ukraine; to establish the
prevailing methods of timber harvesting; to deter-
mine the average areas, in particular limited (by area)
cutting; to identify the dependence of the use of
non-clearcutting in coniferous and deciduous stands.

Materials and Methods

Materials for analyzing the volumes of modern forest
exploitation were data from the open register of per-
mits for timber harvesting in of all forestry enterprises

of Ukraine (Forest tickets). Studies were conduct-
ed for the period 2019-2020. In order to achieve the
intended aim, we analyzed a large amount of data,
among others, the characteristics of forest resources,
methods of timber harvesting, their area, differentia-
tion in terms of species. Particular attention was paid
to the use of discontinuous felling methods within
the regions of Ukraine.

Results and Discussion

In Ukraine forest growing relies on three parts of a
silvicultural system: regeneration, stand tending and
harvesting.

Regeneration method is a cutting procedure by
which a new age class is created. The major regener-
ation methods are clearcutting, shelterwood, single
tree selection and combined. Choosing of regenera-
tion methods is carried out depending on the natural
and economic conditions, location, the functioning
role and species composition of the forests, type of
regeneration (natural, artificial, coppice). To better
understanding what regeneration methods is neces-
sary to apply, we should to analyze the following pa-
rameters: the main function of forest, species com-
position, origin and structure of the stand.

Forests with ecological (protective) and social
functions can be make a project at non-clearcuting
methods. Carrying out of clearcuting in reserves is
prohibited.

For growth even-aged (two-aged) forest it can be
applied clearcuting and shelterwood methods.

Clearcuting (in Ukraine includes seed tree cut-
ting) isaregeneration or harvest method that removes
essentially all trees in a stand (Matthews, 1992).

Clearcuting method includes four stages
of even-aged regeneration formation: mature
stand — clearcut — establishment — tending —
mature stand. It can be highly profitable. However,
its application in ecological or social functions for-
ests often involves unacceptable risks and impairs
landscape values.

This method can be employed during coppice
versus clearcutting.

Seed tree cutting is the removing of all trees ex-
cept for a small number of trees retained for seed pro-
duction and to produce a new age class in a fully ex-
posed microenvironment. Seed tree method includes
five stages of even-aged regeneration formation: ma-
ture stand — seed tree cut — establishment — re-
moval cut — tending — mature stand.

The maximum area of clearcuting (seed tree cut-
ting) in production forests can be up to 5 hectares
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(only for deciduous trees), and in forests that are not
used for timber production — 3 hectares (for decidu-
ous and coniferous trees).

There are only clearcuting is used in Cherkasy,
Dnipropetrovsk, Donetsk, Kharkiv, Kherson, Khmel-
nytsk, Kirovohrad, Luhansk, Mykolaiv, Odesa, Polta-
va, Rivne, Sumy, Volyn, Zaporizhzhia region.

Shelterwood is the cutting of most trees, leaving
those needed to produce sufficient shade to produce
a new age class in a moderated microenvironment.
Shelterwood method includes five stages of even-
aged regeneration formation.

Shelterwood has the next stages: mature stand —
establishment cut — establishment — no removal
cut — tending — mature stand.

Shelterwood method includes the various ways
of successive regeneration felling together with the
selection system. Old crop is felled over the area in
uniform, group or strip. The number of receptions of
uniform and strip shelterwood can be 2 or 3. The du-
ration of this method is up to 20 years.

The maximum area of shelterwood in production
forests can be up to 10 hectares, and in forests that
are not used for timber production — 5 hectares.

Another type of harvesting is group shelterwood. It
is logging cuts too small to be considered clearcut. The
number of receptions of group shelterwood can be 3 or 4.

The maximum area of group shelterwood can
be up to 300 m2. The number of raincoats for felling
is 4-8 pieces. The duration of these felling is 30-40
years. This cutting contributes to light demanding
species growing faster.

Uniform, group, strip shelterwood method are
intensively applied Chernihiv, Chernivtsi, Iva-
no-Frankivsk, Kyiv, Lviv, Ternopil, Vinnytsia, Zakar-
pattia, Zhytomyr region. For the last 2 years uniform
and strip shelterwood were carried out in two recep-
tions, and group shelterwood - in three.

The last reception of shelterwood is carried out
in the presence of viable natural regeneration from
seed in quantity: not less than 8 thousand pieces
in pine forests; not less than 15 thousand pieces in
beech and fir forests; not less than 12 thousand piec-
es in spruce forests; not less than10 thousand pieces
in oak, maple, ash and other forests. Figure 5 shows
the area allocated for the first reception of uniform
felling in a deciduous stand.

Single tree selection removes individual trees of
all size classes more or less uniformly throughout the
stand to maintain an uneven-aged stand and achieve
other stand structural objectives. Single tree selec-
tion method is an uneven-aged method where indi-

vidual trees are removed uniformly throughout the
stand, to increase growth of remaining trees and to
provide space for regeneration. The basic tenets for
successful single tree selection are to provide suf-
ficient gaps for regeneration and to maintain vigor
throughout the stand.

This method can be strong (removal cut 25-35%),
medium (11-24%) and low (up to 10%) intensity. If
is carried out strong cutting intensity, the frequency
should be more than 20 years; medium intensity —
11-20 years and low intensity — up to 10 years.

In the last 2 years, the single tree selection
method was used in Chernihiv (4,5 hectares), Cher-
nivtsi (62 hectares), Ivano-Frankivsk (358 hectares),
Kyiv (86 hectares), Lviv (272 hectares), Zakarpattia
(164 hectares), Zhytomyr (22 hectares) region (Fig. 1).
The largest areas of single tree selection method are
carried out in Broshniv, Deliatyn, Sambir, Drohobych,
Skole, Ivano-Frankivsk, Teteriv, Kolomyia, Rava-Rus-
ka State Forestry Enterprise; Berehomet, Brustury
State Forestry-Hunting Enterprise; Oster, Uzhhorod
State Military Forestry Enterprise.

While single tree selection is been carried out,
timber harvest is time consuming, but is the best way
for continuous cover forestry.

o 1% %
26‘] 6;07/

17% m Chernihiv

m Chernivtsi

m Ivano-Frankivsk
Kyiv

28% H Lviv
Zakarpattia

Zhytomyr

N_9%

Figure 1. Distribution of the stand area intended for
single tree selection method by regions of Ukraine

The distribution of areas of stands assigned to
the single tree selection method by tree species
allows assessing forestry benefits separately for co-
niferous and deciduous stands (Fig. 2).

As for the single tree selection method, it is most
often used in deciduous stands (64%). Usually in
Ukraine deciduous stands are uneven-aged and com-
plex in structure. In coniferous stands, this method is
used to transform even-aged in uneven-aged stands.
Having selected the regions of Ukraine in which
non-continuous methods are introduced to the
greatest (Lviv) and least (Kyiv) extent, we obtained
the following results (Fig. 3 and Fig. 4).
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Figure 2. Distribution of the stand areas intended
for single tree selection method by tree species
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Figure 3. Distribution of used harvesting methods
in Kyiv region

clearcutting

0 I I

shelterwood

single tree selection methods

Figure 4. Area of harvesting methods in Lviv region

There are only 5% of area, where was carried out
non-clearcutting methods in Kyiv region. In 95% of
area was conducted not close-to-nature cutting. Kyiv
region has a lot of recreational forest, in which bet-
ter to provide ecologically oriented forestry, in par-
ticular single tree selection removes. There are the
same area with clearcutting and shelterwood in Lviv
region — more than 2000 hectares each. Single tree
selection removes amount 270 hectares. So much
more than half of the area is restored by close-to-na-
ture forestry. In Ukraine there is a combined timber

Figure 5. Shelterwood method area
in Ivano-Frankivsk Forestry Enterprise

harvest method. This method is a hybrid with the
single tree selection and shelterwood methods. The
maximum area of combined method is up to 5 hec-
tares. Combined method was carried out only in
Novoaidar State Forestry-Hunting Enterprise (4,4
hectares), Teteriv State Forestry Enterprise (5,0 hec-
tares). The last one was carried out in coniferous
stands located in the recreational area (Fig. 5, Fig. 6).

As can be seen from Table 1, the areas of stands
designed for final felling are significantly lower than
those defined by the rules (Rules, 2009).

Figure 6. Combined method area
in Teteriv Forestry Enterprise
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Table 1. Average logging area, hectares

Regions Clearcutting Shelterwood Single tree selection
Conifers Deciduous Conifers Deciduous Conifers Deciduous

Chernihiv 2.12 1.85 5.25 4.08 4.50 -

Chernivtsi 1.49 1.32 1.80 2.07 7.75 -
Ivano- 1.84 1.34 1.04 1.10 3.00 3.58

Frankivsk

Kyiv 1.79 1.77 3.76 - 3.15 2.53
Lviv 0.98 0.87 0.84 1.00 1.90 2.58
Zakarpattia 1.19 0.9 - 1.00 4.17 4.59
Zhytomyr 1.80 1.76 2.46 - 2.7 3.25

A characteristic feature of clearcutting is the pre-
dominance of areas in coniferous stands compared to
deciduous. For example, in Ivano-Frankivsk region
average logging area of clearcutting are 1,84 hectares
of conifers and 1,34 hectares of deciduous stands.
Shelterwood has the opposite feature. In all regions,
except Chernihiv, the average area allocated for this
timber harvest method in deciduous stands are larger
compared to coniferous.

Single tree selection method has no restrictions
on the area. Therefore, the maximum area of this
method was up to 10 hectares.

The main method of cleaning loggers consists in
collecting felling residues in heaps for decay. Less of-
ten it uses the fire method of cleaning areas from fell-
ing residues or combined (fire and non-fire methods).

Conclusions
Forest in Ukraine usually composed of one or very
few tree species. To achieve an irregular structure,
these stands must be transformed through by meas-
ures. These measures must consider current and fu-
ture stand stability, the development of uneven-aged
structure, promotion of natural regeneration and

sustained timber production. As we have seen,
clearcutting remains the main method in Ukraine.
The most foresters choose clearcutting because it’s
an efficient way to harvest timber and create an ideal
site for growing the next generation trees. Shelter-
wood and single tree selection methods were used
in Chernihiv, Chernivtsi, Ivano-Frankivsk, Kyiv, Lviv,
Zakarpattia, Zhytomyr region.

The rich natural conditions of Ukraine allow the
use of non-clearcutting methods on a much larger
scale. The experience of such felling is insignificant
in the eastern and southern regions of Ukraine. Usu-
ally shelterwood and single tree selection methods
are time consuming, but they are the best way for
continuous cover forestry.

Recently, methods of timber harvesting are
moving away from clearcutting to selective cutting.
The implementation of the principles of close-to-
nature forestry can be provided by reduction in the
volume of clearcutting. Increasing of shelterwood
and single tree selection methods, which are close-
to-nature, will ensure the cultivation of mixed un-
even-aged forest stands of high vigor, productivity
and biological stability.
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Oco0/MBOCTiI 3aCTOCYBAaHHS CHCTEM PYOOK I'OJIOBHOTO KOPMCTYBAHHS B JTicax YKpainu
Onbra BikropiBHa TokapeBa

HarmionanpHMi1 yHiBepcuTeT 6GiopecypciB i mpMpomoKopucTyBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHoranis. Y po60Ti mpoaHamizoBaHO 0COOGIMBOCTI MPOBEIEHHST PyOOK TOJIOBHOTO KOPUCTYBAHHS B YKpaiHi.
Po3rNSIHYTO TIEepeBaXkHi CUCTeMM PYOOK TOJOBHOTO KOPMCTYBaHHSI Ta ix Iwiomii. Jjist aHamisy obcariB
CY4aCHOTO JIiICOKOPUCTYBAHHS 6Y/I0 BUKOPUCTAHO PEECTP JiCOPYOHMX KBUTKIB JJIST BCiX JIiCOTOCTIONAPCHKUX
mignpueMcTB YKpainu. JlocrimkeHHs poBeneHo 3a nepion 2019-2020 pp. Byno BcTaHOBIIEHO, IO CYIiIIBHO
JlicociyHa pybka € OCHOBHOIO CHCTEMOIO TIifi yac MpoBeAeHHs pyOOK TOIOBHOTO KOPMCTYBAHHS Ta CTAHOBUTD
95 % y KuiBcbkiit obnacrti, 45 % vy JIbBiBcbKilt o6macti. Cepen HeCYLIbHUX CIIOCOGiB PyOOK Iepiie Miclie
rmocijiae piBHOMipHO-ITOCTYTIOBA pyoOKa. [IpoTaroM qocmimpKyBaHoro nepiogy 6yno 3adikcoBaHO MpoBeIeHHS
JIAIlle OBOMPUIMOMHMX (PiBHOMipHO-IIOCTYIIOBMX Ta CMYTOBO-TIOCTYIIOBMX) i TpUIIPUITOMHUX (TPYIIOBO-
MOCTYNOBUX) pyoku. [Ipudomy cyminbHO-JTicociuHi pyoKkM HajtdacTiie MPOBOISTh Y XBOMHUX AepeBOCTaHaX,
a TMOCTYMOBI — Yy JIUCTIHUX. BuKopucTanHg BUOIpKOBOi cucTeMy pybOK 3[€6iTbIIOr0 CTOCYETHCS JIUCTIHUX
HacaJkeHb, IO OMOCEepPeIKOBAHO CBiMUYMTH IPO IlepeBakaHHS Pi3HOBIKOBMX JIMCTSHUX IOepeBOCTAaHIB B
Vkpaini. Jo6poBiabHO-BUOGIpKOBi pyoKu mpoBommiau y YepHiriBeobkiit, YepHiBenbKiil, IBaHO-PpaHKiBChKiiA,
Kuischbkiit, JIbBiBChKiit, 3aKapaTchbkiit, JKuToMupcebkiii o6mactsax. KoM6iHOBaHY cCTEMY PiIKO 3aCTOCOBYIOTD
B YKpaiHi. [IpoTSIroM OoCTaHHiX ABOX POKiB ii mpoBenu Ha 1wiomi 9,4 ra. CepenHi o pyboK ToJO0BHOTO
KOPUCTYBaHHSI KOMMBAIOTHCS Bif 1-2 rexrapis IMiJ 4ac CYLiIbHMUX pYOOK, 1-5 rekrapis mig yac mocTyrnoBux
PYOOK Ta 2-8 rekTapiB Mpy 3aCTOCYBaHHi KOMOIHOBAHOI cUCTeMM. 3alPOEKTOBAHI IO PYOOK I'OJIOBHOTO
KOPUCTYBaHHSI 3HAYHO HMXKUi BiJ THUX, IO 3alpoBapkeHi YKpaiHChbKMM 3aKOHOJaBCTBOM. Peasi3aiiito
TIPVHIIUITIB HAGMVKEHOTO 0 MTPUPOIM JIiCIBHUIITBA MOKe OYTM 3a6e3[eueHO IIITXOM 3MEHIIIEeHHS 00CSTiB
CYILITbHMX PYOOK. 36iNbIIeHHST IUIONI IOCTYIIOBOi, BMOIPKOBOI Ta KOMOGIHOBAaHOI CMUCTeMM, SIKi € OiNmbIil
HaOGM/KeHMMU 10 MPUPOAY, 3a6e3reuaTh BUPOIIYBAHHS MilllaHUX Pi3HOBIKOBUX IepEBOCTAHIB i3 BUCOKOIO
SKUTTE3MATHICTIO, TPOOYKTMUBHICTIO Ta 6i0OTiyHO0 CTiliKicTIo. IocimKeHHs Bimo6paXkaloTh perioHa/lbHi Ta
BUAOBi 0COOIMBOCTI Ji ITepeBaru MeTOIiB PyOOK roJIOBHOTO KOPUCTYBaHHS

KniouoBi ciroBa: cyiisibHa, ITOCTYIIOBa, BUOGipKOBa Ta KOMGiHOBaHA CUCTEMY, OJHOBIKOBMIA i pi3HOBiIKOBMIt
JlepeBOCTaHU
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Use of a polymer shell of thermally modified wood
to establish moisture diffusion patterns

Yuriy Tsapko, Oleksandra Horbachova

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. This study analyses the process of thermal modification of wood, obtained by a controlled heating
process. The unique technological properties (durability, low hygroscopicity, and dimensional stability) of
thermally modified wood allow using it in various fields. Due to the effect of temperature, some chemical
changes occur in the structures of the cell wall components (lignin, cellulose, and hemicellulose) of wood. This
leads to an increase in density, hardness, hydrophobicity (water repulsion), thereby reducing the ability of
wood to absorb moisture and swell. Products absorb moisture gradually, are less prone to swelling and drying
out, but still need elastic coatings. It was proved that heat-treated wood eventually turns grey when exposed
to sunlight, and therefore added surface treatment with a coating is necessary. Added application of protective
substances on the surface of products made of thermally modified wood contributes to dimensional stability
and protects against rapid weathering of the surface in open air conditions. Clear coatings and oils do not
protect surfaces from discolouration during weathering. They are recommended for products made of thermally
modified wood, which are used away from direct sunlight and rain. The parameters of moisture penetration
into wood are mathematically modelled based on the quasi-stationary equation of moisture diffusion through
a polymer film on the surface of a flat sample. The dynamics of changes in the moisture content in thermally
modified wood were experimentally investigated under different regime parameters. Mathematical relations
obtained from experimental studies allow calculating the moisture diffusion coefficient in thermally modified
wood in the presence of a polymer shell. It was established that the application of a wax coating on the surface
of the product reduces the moisture diffusion by more than 10 times for surfaces already treated at 160°C for
one hour, which allows using it on objects with increased humidity

Keywords: wood, thermal modification efficiency, moisture absorption, water diffusion, decomposition, wood
stability

Introduction

The unique technological properties (durability, low dimensions and resistance to the external environ-

hygroscopicity, and dimensional stability) of ther-
mally modified wood allow using it in various fields.

Designers often used this material for interi-
or decoration due to the colour it acquires under
high temperature. Due to the stability of geometric

Suggested Citation:

ment, thermally modified is used in the production
of furniture, window frames, doors, parquet boards.
Jirous-Rajkovi¢ & Mikleci¢ (2021) claim that this ma-
terial can be used as an external facade cladding, in
the form of decking and garden paths. The material

Tsapko, Yu., & Horbachova, O. (2021). Use of a polymer shell of thermally modified wood to establish moisture diffusion
patterns. Ukrainian Journal of Forest and Wood Science, 12(1), 41-47. doi: 10.31548/forest2021.01.005
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is well suited for covering saunas and baths. Specif-
ic features of inhibiting the moisture advancement
in thermally modified wood are that water-resistant
components are formed, as well as capillary-porous
elements, due to which a waterproof layer forms on
the wood surface (Tsapko et al., 2021).

The resistance of thermally modified wood to
weather conditions (UV rays, wetting) is slightly better
compared to untreated wood, but added surface treat-
mentwith coatings isrequired. The market offers many
substances for external treatment of wood. For hori-
zontal surfaces (decks,decking, garden paths), Mikleci¢
(2010) recommends penetrating treatment with oils.
There are many oils on the market that retain the
“natural” appearance of wood and resist weathering.

It is known that thermally modified wood turns
grey over time. As reported by Schaller & Rogez
(2007), clear coatings and oils do not protect surfac-
es from discolouration during weathering. Such sur-
face treatment is recommended for products made of
thermally modified wood, which are used away from
direct sunlight and rain. Recently, increasingly more
attention has been paid to the effect of sunlight on
the surface of thermally modified wood. A novel ap-
proach has been developed to stabilize the dark col-
our of thermally modified wood by combining visible
light screens with organic UV light absorbers (Slabe-
jova et al., 2019).

Processing of thermally modified wood is simi-
lar to processing of dried wood, but it is necessary to
consider the change in some of its properties. Aky-
ildiz & Kesik (2014) found that thermally modified
wood becomes more hydrophobic; absorbs moisture
gradually; is less prone to swelling and drying, but
still needs elastic coatings; has a darker colour that
can fade due to light exposure.

Vernois (2001) noted that cracking of thermally
modified wood occurs considerably less compared to
natural wood due to improved dimensional stability.
Cracking spruce and pine wood after thermal modifi-
cation when exposed to external conditions without
a protective coating was equivalent to cracking un-
treated wood with unpigmented coatings. Jéamséa et
al. (2000) found that oil application did not prevent
cracking of thermally modified wood after natural
exposure. However, Mikleci¢ (2010) managed to re-
duce cracking of samples of thermally modified wood
with oil treatment. The results of the study indicate
that during accelerated weathering, samples without
a protective surface coating had fewer surface cracks
than thermally modified samples without a coating.

Pavlic et al. (2021) investigated the compatibili-

ty of nine different coatings with thermally modified
Scots pine wood. Coatings applied to thermally mod-
ified wood showed better performance than coatings
on unmodified wood. The authors attributed this
phenomenon to altered characteristics of thermally
modified wood, such as lower equilibrium moisture
content, lower water permeability, increased dimen-
sional stability, better resistance to UV radiation, and
resistance to blue spot fungi compared to unmodified
wood. Better penetration of the coating into modified
wood and better wetting with protective substances
were also demonstrated. Furthermore, solvent-based
paint and varnish materials showed better results af-
ter one year of external weathering compared to wa-
ter-based coatings.

Drying oils provide the best protection for wood
products, but their use is limited to long-term po-
lymerization. Arminger et al. (2020) investigated the
drying behaviour of linseed oil, tung oil, and their 1:1
mixture. Repeated measurements of the water con-
tact angle of coatings applied to beech and oak wood
showed clear differences in wetting. Tung oil provid-
ed hydrophobicity to all wood samples shortly after
application, even when used without a dryer. Linseed
oil required a longer drying time and was more sus-
ceptible to the effects of the substrate, but eventually
reached the highest contact angles after forced drying.

Thus, the literature sources indicated that ther-
mal modification of wood improves the resistance
to temperature and humidity factors. Added surface
treatment with protective substances contributes to
the stability of the product dimensions and protects
against rapid weathering of the surface in open air
conditions. New products are constantly appearing
on the market, which are designed to protect the col-
our of wood in the interior and to prevent the prod-
uct from dimensional changes in natural conditions.
This indicates the relevance of this study to establish
the effectiveness of protection of wood products with
paint and varnish materials, which will contribute to
the extension of the period of use of building struc-
tures in environmental conditions.

The purpose of this study was to estimate the ef-
fectiveness of surface treatment with oil-wax based
on the determined diffusion coefficient on the resist-
ance of products made of thermally modified wood
to the temperature and humidity conditions of the
environment.

Materials and Methods

To establish moisture absorption, the authors of this
study used randomly selected 90 samples of horn-
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beam wood of radial cross-section, previously dried.
The samples had dimensions of 20x10x10 mm. Next,
the samples underwent thermal modification at
160°C, 190°C, and 220°C, exposure in the chamber
for 1, 10, 20 hours. According to the regime parame-
ters of thermal modification, all samples were divid-
ed into nine groups and a group of control samples
(unmodified wood) (Fig. 1).

control
160°C
190°C
220°C
1h 10h 20h

Figure 1. Prototypes of untreated (control)
and thermally modified wood

Then the samples were treated with oil-wax by
immersion with repeated treatment after the first
layer dried in 24 hours. After drying, the samples
were placed in a desiccator for 1 day. Subsequently,
the dimensions and weight of each sample were re-
corded. The procedure was repeated on Days 2, 3, 6,
9, 13, 20, and 30.

Results and Discussion

The parameters of moisture diffusion into wood were
modelled. The quasi-stationary equation of moisture
diffusion through a polymer film on the surface of a
flat wood sample is as follows:

d?cy,
dx?

=0, 1)

where C is the moisture concentration at a distance
x from the middle of the wood sample (by thickness).

The double integral of Equation (1) is calculated
according to the following formula:

C =Ax+B, (2)
where A and B are constants found from the bound-
ary conditions:
for x=H

CW=CO, 3)
for z=H+o
C,=C, @

where H is half the thickness of the sample, ¢ is the
thickness of the polymer shell, C,, C, is the moisture
concentration inside the sample and in the external
environment, respectively.

Through mathematical transformations, the
solution (2) can be presented as follows:
C=0"(C, (H+6)-C, H-(C,-C, )x). (5)

Since the diffusion flow of moisture through the
wood surface covered with a shell is:

dCy

j=-5 D% ©)

where S is the sample surface area, then, after sub-
stituting (5) into (6) and integrating, one obtains the
expression for the diffusion flow of moisture:

j — S'D(C;Sa_cl)_ (7)

Then the equation of the mass transfer process
through the shell will have the following form:

$D(Co—C1) _ ¢, dCq
S5 R T

®)

where 7 is the time; V| is the volume of the external
environment.

Using the material balance equation, one finds
the unknown values of equation (8) C,and C:

V,C+V, C=m, 9)
where V is the volume of wood, m is the mass of
moisture in the sample before the experiment.

From equation (9), one finds the value:

C,=C;1 C, (10)

where Cj = Vm is the initial moisture concentration
o

. v; .

in the sample; ¥ = V—:) — the ratio of the volume of the

external environment and the sample.
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Substituting (10) into (8), one gets the equation
for determining C,:

acq
dt

=22(C5— (1+1) ). (11)
1
The integral of equation (11) under condition

C,lt=0=0 gives the following expression:

In (CS—(1+V)61) _ _DbG+y (12)

cs &2y

It follows from equation (12) that the moisture
concentration in the sample changes, considering
vy>>1 as a function of:

* D
C, = o (1 - 6_5_2T>.

p (13)

Having performed mathematical transforma-
tions, equation (12) can be presented as follows:

[of D
In ( 0 ) ==1.
Cé—'}/cl 82

The thickness of the polymer shell corresponded
to a value of about 10 pm, the humidity in the desic-
cator was 100%, and the volume ratio of the external
environment to the sample was 5. Table 1 presents
the weight gain of samples when exposed to a humid
environment.

(14)

Table 1. Results of experimental determination of sample mass gain

mg‘(llli(leil::?ilon Change in the mass of samples during exposure in a humid environment, g
mode
Exposure time in desiccators, days
T, °C 7, h 0 1 2 3 6 9 10 20 30
control 1.82 1.86 1.88 1.91 1.94 1.99 2.00 2.03 2.03
1 1.87 1.89 1.91 1.94 1.98 2.02 2.03 2.07 2.08
160 10 1.87 1.88 1.90 1.92 1.97 2.00 2.01 2.03 2.05
20 1.85 1.86 1.87 1.90 1.95 1.97 1.98 2.00 2.02
1 1.95 1.95 1.97 2.00 2.05 2.09 2.08 2.12 2.13
190 10 1.86 1.86 1.87 1.90 1.93 1.95 1.96 1.99 2.00
20 1.82 1.82 1.83 1.84 1.86 1.88 1.89 1.91 1.92
1 1.84 1.84 1.85 1.88 1.91 1.93 1.94 1.97 1.99
220 10 1.77 1.77 1.77 1.78 1.79 1.81 1.80 1.83 1.84
20 1.84 1.84 1.84 1.85 1.86 1.88 1.88 1.91 1.92
Figure 2 shows the dependence (14) on time
1 for the control sample, Figure 3 — for processing (tga) = 532. (15)

mode 160/1, Figure 4 - for processing mode 190/1,
Figure 5 — for processing mode 220/1. The tangent
of the angle of inclination (tga) of this straight line
gives the coefficient for 1, i.e.:

The moisture diffusion coefficients were calcu-
lated based on dependence (15), presented in Table 2.
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1.2 1.2
1 1
0.8 0.8 e :
* M <
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S 0.4 > 04 %

0.2 - 0.2 3

. = 3
0 0 =&
0 50 100 150 200 250 0 50 100 150 200 250
Time, 7-10%, s Time, 7-10%, s
Figure 2. The dynamics of changes Figure 3. The dynamics of changes in the moisture
in the percentage of moisture in wood content in wood thermally modified at 160°C for:
for the control sample 1 -1 hour, 2 - 10 hours, 3 — 20 hours

0.7 N 0.6

0.6 1 * 0.5 -

0.5 S
§ ., / 2 ; 0.4
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0.2 +
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Figure 4. The dynamics of changes in the moisture Figure 5. The dynamics of changes in the moisture
content in wood thermally modified at 190°C for: content in wood thermally modified at 220°C for:
1 -1 hour, 2 - 10 hours, 3 — 20 hours 1 -1 hour, 2 - 10 hours, 3 — 20 hours

Table 2. Diffusion coefficient value for moisture absorption of thermally modified wood, 10, 20 hours

% Modification mode parameters
g Processing temperature, °C
a
Indicator = 160 190 220
g Processing time, h
[=
S 1 10 20 1 10 20 1 10 20
o~ ~ — 0 n I3 R =
Moisture diffusion LE E § § § g é‘ g § é‘
coefficient, -10-® m%/s S S S S S S e g g g
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Conclusions
Mathematical relations obtained from experimental
studies allow calculating the moisture diffusion co-
efficient in thermally modified wood in the presence
of a polymer shell. It was established that the appli-
cation of a wax coating on the surface of the prod-
uct reduces the moisture diffusion by more than 10
times for surfaces already treated at 160°C for one

hour. This coating considerably increases the ser-
vice life of wood and allows it to be used on objects
with increased humidity.

The research results will also help purposeful-
ly solve further tasks related to the creation of new
means and methods of wood protection according to
the conditions of wood operation at various facilities.

[1]

2]
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BcraHOB/IeHHS 3aKOHOMipHOCTel Audys3ii Boiorn
yepe3s NMojriMmepHy 000/IOHKY TepMiuHO Moay(iKoBaHOi JepeBUHMI

I0piit Borogumuposuu Ilanko, Onekcauapa IOpiiBaa lop6auoBa

HarionanpHMit yHiBepcuTeT 6iopecypciB i mpMpomoKopucTyBaHHS YKpaiHu
03041, Byn. 'epoiB O60opoHnu, 15, m. Kuis, Ykpaina

Anoranig. [IpoBegeHO aHaji3 Mpollecy TepMiUYHOTO MoaudiKyBaHHS OepeBUHMU, SKy OYI0 OTPUMAaHO
IUISXOM KOHTPOJBbOBAHOTO MPOLieCy HarpiBaHHS. YHiKajabHiI TEXHOJOTiIYHI BJIACTMBOCTI (OOBrOBiUHICTb,
HM3bKa TirpOCKOMIYHICTh i po3MipHa cTabinbHicTh) TepMoMoaMdikoBaHOI HJepeBUHM POOISITh MOKIUBUM
il 3acTocyBaHHS y pi3HMX cepax. YHACTIAOK BIUIMBY TEMIIEPATypPY BUHUKAIOTH HOesSIKi XiMiuHi 3MiHM Yy
CTPYKTYypax KOMITOHEHTiB KJIITMHHOI CTiHKM (JIiTHiH, 11eJ110/103a Ta TeMillet0103a) AepeBuHMU. Lle mpu3BoanThb
IO 36iTbIIeHHS IIiIIbHOCTI, TBEPAOCTi, MiABUIIYEThCS TigApodOOHiCTh (BiIIITOBXYBAaHHS BOAM), TUM CaMMUM
3MEHINYETbCS 3[ATHICTh JepeBUHM BOMpPATHM BOJIOTY i HaOpsKaTu. BMpo6y MOMIMHAIOTH BOJIOTY IOCTYIIOBO,
MEHII CXWIbHIi 10 HAOPSIKAHHS Ta BCUMXaHHS, ajie BCe-TaKM MOTPEOYIOTh eJIaCTUIHUX ITOKPUTTIB. JloBemeHo,
o TepMoo6pobIieHa IepeBMHA 3 YaCOM HabyBa€ Ciporo KolbOpy IifJ, BINIMBOM COHSIYHUX ITPOMEHIB, a TOMY
HeoOximHe momaTKoBe OOGPOOJIIEHHST MOBEPXHi MOKPUTTIM. [J0aTKOBe HAHECEHHSI 3aXMCHUX PEYOBMH Ha
TOBEPXHi BUPOOiB i3 TepMoMOoaniKoBaHOI JepeBUHM CIIPUSIE CTabiIbHOCTI pO3MipiB i 3aXMIlla€ Bifl IIBUIKOTO
BUBITPIOBaHHS MOBEPXHi 32 YMOB BiTKPUTOTO MOBITps. [Ip0o30pi MOKPUTTS Ta Macja He 3aXUINA0Th TOBEepXHi
BiI 3He6GapBiieHHs Tij 4yac BMBITpIOBaHHS. IX peKOMeHYIOTh Ajis BMPOGIB i3 TepmiuHO MomudikoBaHOi
IepeBMHM, SIKi EKCIUTYaTyIOTbCSI TOHali Bif IpSIMMX COHSIUHMX IIPpOMEHIiB Ta pmomry. MaTeMaTU4YHO
3MO/IeJIbOBAHO TapaMeTpy IMPOHMKHEHHS BOJIOTM Y JepeBMHY Ha OCHOBi KBa3iCTal[ioHAapHOTO PiBHSHHS
mudysii Bosoru depes IosiMepHy IUIiBKY Ha MTOBEPXHi IVIOCKOTO 3paska. EKcriepuMeHTaNIbHO JOCTiIKEeHO
IMHAMIKy 3MiHM YaCcTKM BOJIOTY B TepMiuHO MoAMGiKOBaHiii JepeBuUHi 3a PisHUX PEXMMHMUX MapaMeTpiB.
OTpuMaHi MaTeMaTUUHi CIiBBiJHOIIEHHSI HA OCHOBi pe3y/IbTaTiB eKCIepUMEeHTAIbHUX IOCTiIKeHb Nal0Th
MOSKJIMBICTb 3/1i/ICHIOBATM pO3paxyHKu KoedinieHTa nudysii Bonoru y repmiuHo MmoaudikoBaHiit fepeBuHi 3a
HasIBHOCTI moliMepHoi 060/I0HKY. BcTaHOBIIEHO, 1110 3aCTOCYBAHHS BOCKOBOT'O ITOKPUTTSI HA TIOBEPXHi BUPOOY
3MeHIye nporec nudysii Bosoru y moHap 10 pasiB [j1s ToBepXoHb, 06po6/IeHMX y3Kke 3a TemiiepaTypu 160 °C
YIIPOAOBK OfHi€l rOAMHM, 110 Ja€ 3MOTY BUKOPUCTOBYBATH ii Ha 06’€KTaXx i3 MiABUIIEHOIO BOJIOTOO

KnrouoBi croBa: nepeBrHa, eeKTUBHICTh TepMmiuyHOi Moawmdikallii, BomoromnorHaHHs, nudysis Bomu,
PO3KJaf, CTilKiCTh JepeBUHU
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Abstract. The measurement of the *Sr content in the components of forest ecosystems using radiochemical
methods requires considerable time and effort to obtain output results. A less precise, albeit quick,
assessment of this radionuclide at the stage of field work can considerably accelerate the decision-making
on the possibility of involving a certain forest plot in experimental work or using it for economic purposes.
Ukrainian and foreign scientific groups often devote publications to similar express methods for determining
the content of biologically mobile radionuclides (**’Cs and °Sr): specific activity, pollution density, etc.,
since they allow considerably reducing the amount of field and laboratory work. Proceeding from collected
field materials from 13 experimental plots of pure pine stands, close (r=0.85-0.94) statistically significant
relationships at p=0.05 were found between the specific activity of **Sr in stem wood and the results of
measuring the density of beta flow with a radiometer from the surface of the bark of Scots pine tree trunks
at breast height (1.3 m) within a 10 km zone around the Chornobyl NPP. Direct, linear relationships were
established between the average content of °Sr in the anatomical parts of tree trunks of pine stands (sap, core,
and all wood) and the surface density of the flow of beta particles from the bark of trees, which were used to
create regression equations suitable for preliminary assessment of the specific activity of the radioisotope
under studyin timber in the field conditions (R?=0.90-0.96). A close correlation (r=0.93) was found between the
average stand diameter and the concentration ratio of *°Sr in sapwood to the specific activity of radionuclide
in the core wood of trunks. The dependence of the *°Sr content on the density of the flow of beta particles
from the surface of the bark of tree trunks was established, and the ratio of the specific activity of this
radionuclide between the sapwood and the core can be recommended as a method for rapid measurement of
%8r in Scots pine wood. However, given the small sample size and the importance of the issue under study,
it is necessary to continue working in this area with an increase in the number of empirical data for pine
stands, as well as attracting observations of other major forest-forming tree species in the exclusion zone
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Introduction

The heterogeneity of radioactive contamination lies
not only in considerable spatial variability, but also
in the heterogeneity of the radionuclide composi-
tion and various physical and chemical features of
its redistribution in ecosystems (Khomutinin et al.,
2020). At the same time, the root availability of bio-
logically mobile radionuclides (**’Cs and *°Sr) for the
biomass of forest communities can vary by orders of
magnitude, which is most often expressed as corre-
sponding transition coefficients (Bilous et al., 2020).
With this in mind, there is always a possibility of ob-
taining tree stand elements with considerably high-
er levels of radiological contamination in a “rela-
tively clean” stand area, or vice versa. The results
of such a phenomenon can be the exceeding of the
levels of hygienic standards for the content of '3’Cs
and *°Sr for wood and wood products in the places
of wood harvesting (Bilous et al., 2020). Another
reason may be the need to considerably increase
the sampling volume at the experimental plots for
studying the migration of radionuclides, even with-
in the 10-kilometre zone around the Chornobyl Nu-
clear Power Plant. This is because the small values
of the specific activities of these radionuclides in
the components of forest ecosystems often do not
allow establishing indicators of their distribution
with sufficient statistical significance (Khomutinin
et al., 2020). Therefore, a preliminary clarifying field
assessment of the radionuclide content, with the
possibility of obtaining initial results within a few
hours, will help start forestry or scientific work on
forest areas affected by radiation pollution, without
fear of obtaining contaminated forest products or
unsatisfactory empirical research data.
Non-destructive methods for measuring the
content of radionuclides in components of forest
ecosystems are crucial for lifetime radiodosimetric
studies of woody plants. With their help, the val-
ues of internal exposure of reference organisms are
determined. This value usually reaches over 50%
of the total exposure in the near zone around the
Chornobyl NPP, mainly due to the decay of **Sr and
its daughter radionuclide *°Y (Beresford et al., 2020).
Important criteria for the possibility of spreading
such express methods are the cost of the equipment
and the necessary qualification of the personnel to
operate it. The development of these approaches and
confirmation of their reliability are often covered
in publications by Ukrainian and foreign scientists

(Aramrun et al., 2018; Keisuke et al., 2018; Yoschen-
ko et al., 2011; Yoshihara et al., 2019). Improvement
and testing of methods of radiation control of en-
vironmental components is an extremely urgent
task for states that have a developed infrastructure
of nuclear industry and nuclear power facilities or
have experienced local radioactive contamination
with technogenic radionuclides. In this aspect, spe-
cial attention should be paid to forest ecosystems,
since components of woody biomass can deposit up
to 50% of the gross activity of '3’Cs and *°Sr localized
in forest areas (Holiaka et al., 2020a).

The relevance of this study is conditioned upon
the possibility of using its results for an express es-
timation by indirect measurement of the content of
%8r in Scots pine wood, using one of the most com-
mon radiometers-dosimeters in Ukraine STORA-TU
RKS-01 (EKOTEST, Ukraine).

The purpose of the study is to characterize the
dependence of the specific activity of *Sr of stem
wood on the flow density of beta particles from
the surface of the bark of Scots pine trees at breast
height (1.3 m) in the exclusion zone.

To achieve the specified purpose, the main re-
search tasks were set as follows: to identify and sta-
tistically evaluate the probable correlations and de-
pendences of the specific activity of *Sr in the stem
wood and its anatomical parts on the flow density
of beta particles from the surface of the bark of
Scots pine trees; to characterize the impact of for-
est inventory indicators on the ratio of *°Sr content
between the sapwood and the core of the trunks;
propose an algorithm for rapid measurement of *°Sr
concentration in timber for forestry purposes and
during radiological research.

This study was the first to confirm the statistical
validity of using the surface density of the flow of
beta particles for the separate assessment of the *°Sr
content in the anatomical parts of the trunk wood
(sap, core) of Scots pine trees.

The practical significance of the results lies in
the possibility of estimating the *Sr content in trunk
wood in field conditions in forest plots of pine stands
in a brief period of time (from 2 to 3 min). This will
enable a more effective radiation monitoring of the
forest ecosystems of the Chornobyl Exclusion Zone.

The development of methods for detecting and
measuring radiation contamination levels is closely
related to the technological advance of devices and
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equipment used in this area. In fact, this is a sepa-
rate area of research that is currently experiencing
a “boom” thanks to modern advances in informa-
tion technology and automation of most processes
primarily for medical purposes, namely medical ra-
diology and radiation medicine. However, improve-
ments in this field are quickly finding practical ap-
plication in other areas of radiology (Ewert, 2016;
Volterrani et al., 2019). For instance, conventional
personal dosimeters are used in coniferous forests
in Japan affected by the Fukushima Nuclear Power
Plant accident to assess the dynamics of *’Cs con-
tent in forest floor throughout the year (Yoshihara
et al., 2019). Approaches to mapping radionuclide
pollution using robotic complexes and unmanned
aerial vehicles are being developed and modified,
where the content and composition of radioisotopes
are estimated based on the measurement of their
beta and gamma radiation (Briechle et al., 2018;
Zabulonov et al., 2015). However, the mathemati-
cal apparatus used to implement the specified “ide-
as” was developed as early as the 1960s and 1970s
(Khomutinin et al., 2018).

In radioecological monitoring of forest eco-
systems, the rapid determination of radiation
pollution of forest components without sampling
allows solving two principal tasks simultaneous-
ly: the time spent by personnel in areas with in-
creased levels of ionizing radiation is reduced; the
barrier function of forests in contaminated areas
is more fully ensured (samples are not transport-
ed to laboratories for measurements). With this in
mind, Ukrainian and foreign scientists have devel-
oped several approaches for predicting the surface
density of soil contamination by technogenic ra-
dionuclides and gamma emitters (IAEA, 2003), in-
cluding aerial surveys (Pradeep Kumar et al., 2020),
which later became the basis for creating pollution
maps by radioisotopes characterized by alpha and
beta decay (Kashparov et al., 2018; Kashparov et
al., 2020). The establishment of restrictions on the
removal of samples in case of exceeding the reg-
ulated levels of radiation pollution outside the
Chornobyl Exclusion Zone contributed to the de-
velopment of methods for assessing the content
of radionuclides in the biomass of woody plant
communities in situ and in vivo (Ministry of Health
of Ukraine & State Emergency Service of Ukraine,
2008). This was successfully used to establish the
lifetime internal exposure doses of pine and birch

trees within temporary radioactive waste contain-
ment sites (TRWCS) (Yoschenko et al., 2011). The
constant redistribution of biologically mobile ra-
dionuclides in forest biogeocenoses requires vali-
dation and verification of the listed methods every
time in case of their application, especially for *Sr,
which migrates 7-10 times faster in soil and bio-
mass elements compared to *’Cs.

Materials and Methods

During 2017, at 13 experimental sites in the form of
circular test plots, represented by pure pine stands,
at a distance of 5-10 km from the Chornobyl NPP,
the surface density of the flux of beta particles from
the bark was measured, and wood samples were
taken from 78 trees at breast height, according to
the method of proportional-step representation.
Average tax indicators of stands were in the follow-
ing range: age — 27-97 years, diameter — 12-36 cm,
height — 12-28 m, relative density — 0.62-1.19, stock
of trunks - 129-409 m3ha’l. As of January 2020,
soil pollution densities (in conversion) were in the
following ranges: for *Cs — 170-1700 kBq-m2, for
%8r - 50-750 kBg-m2. The *°Sr content in the stem
wood was 0.9-23.1 kBqg-kg!. Wood samples were
taken using a Haglof increment borer (d=5.5 mm,
[=500 mm) and mechanically divided into sapwood
and heartwood anatomical parts.

The specific activity of *°Sr in wood was meas-
ured using the radiochemical release of the ra-
dionuclide after drying the samples at 70°C, their
mechanical homogenization, followed by ashing in
muffle furnaces at temperatures up to 550°C (Cen-
tral Research Institute of Agrochemical Service,
1985). The surface density of beta radiation par-
ticles of the trunk bark (¢,) was determined using
the STORA-TU RKS-01 dosimeter radiometer in two
stages: with the closed and open metal cover of the
beta filter up to four Geiger—Miiller counters, which
corresponds to the values of estimates created only
by gamma background (9,) and gamma and beta pol-
lution (¢, ), respectively, after which the indicator
was calculated as follows:

Pp= Ppy= Py 1)

The analysis of the obtained initial field and lab-
oratory data was performed by Microsoft Excel 365
and RStudio 1.2 software products (R 3.6 program-
ming language).
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Results and Discussion

Correlation analysis revealed close relationships
between the arithmetic mean values of the flux den-
sity of beta particles from the surface of the bark
and the specific activity of **Sr in the trunk wood
(r=0.94) of Scots pine trees at the experimental sites
(critical value r=0.58 for p=0.05), as well as its ana-
tomical parts: sapwood (r=0.85) and core (r=0.94).
A strong relationship was identified between the
average diameter of the stand and the ratio of the
content of *°Sr in the sapwood to the specific ac-
tivity of this radionuclide in the core (r=0.93). The
concentration of *°Sr in the stem wood and its parts
was characterized by significantly lower values of
the correlation coefficient (=0.02-0.49) with other
inventory indicators.

Graphical interpretation of the dependences of
the specific activity of *°Sr (Ay ) and elements of
the wood of the trunk on the flux density of beta
particles from the surface of the tree bark (p,) in-
dicates the possibility of its description by a simple
linear function with only one angular coefficient

(Fig. 1). Predicted values of the angular coefficient
of linear regressions were (* standard deviation) for
sapwood — 23.1%£8.5 Bq-cm?min-(kg-fr.)"!, for heart-
wood - 42.3+10.8 Bq-cm?min-(kg-fr.) !, and the aver-
age value for the entire trunk wood (when combining
anatomical parts) — 26.8%6.8 Bq-cm?min-(kg-fr.) .
The obtained results turned out to be comparable
with the output data of a scientific study conduct-
ed 15 years ago in pine stands of 15-16 years of age
within the boundaries of the TRWCS “Rudy lis” (Yo-
schenko et al., 2011), where the same coefficient
for sapwood trunks was estimated at 26+8 Bq-c-
m?min-(kg-fr.)!. However, the mentioned studies
were conducted at such an age of the trees, when
the core part of the wood of the trunk was not yet
formed, so the conditionally pointed indicator rep-
resents the entire wood of the trunk radially, which
makes the compared results of the two experimen-
tal studies almost identical (Holiaka et al., 2020b).
These studies, unlike the previous ones, allow using
this method to estimate the content of the specific
activity of °°Sr in heartwood.

Figure 1. Dependence of the average specific activity of Sr in the wood of the trunk
(1 - sapwood, 2 — core, 3 — whole wood) on the surface density of the flux of beta particles at breast height
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The increase in the ratio of the °*Sr content in
the sapwood to the specific activity of the radi-
oisotope in the core (Ay,) with an increase in the
average diameter of the stand (D) in the pine plots
(Fig. 2) is explained by the specific features of the
deposition of this radionuclide in the stem wood.
Presently, in the radial direction, *°Sr accumulat-
ed most at the probable sapwood-core bounda-
ry of Scots pine trees in 1986-1992 (Holiaka et al.,
2020b). From the indicated maximum of the specific
activity of the radionuclide towards the bark of the
trunk, the °°Sr content in the wood gradually de-
creases several times. However, in trees older than
70 years (corresponding to an average stand diam-
eter of more than 30 cm in this study), due to the
low mobility of the radioisotope in heartwood after
its formation, a site with a very low concentration
of *Sr is formed in the centre of the trunk. This
“dilutes” the average specific activity of the radio-
nuclide in the core of the trunk, and accordingly, an
increase in the values of the ratio of the **Sr content
in sapwood to its specific activity in the core (Ay,)
is observed. This regularity contradicts the applica-
tion of constructed linear regression equations (Fig.
1) and/or their predicted slope coefficients for esti-

mating the content of **Sr in stem wood elements
depending on the flux density of beta particles from
the surface of the bark, since they do not reproduce
the relationship between °°Sr concentrations in the
anatomical parts of the tree trunk, considering the
average diameter of the stand. Therefore, it is nec-
essary to apply different algorithms to estimate the
total specific activity of all wood and for individu-
al anatomical components of the trunk wood. The
most appropriate way to conservatively estimate
the °°Sr content in the trunk wood without isolating
anatomical parts is to use the linear dependence of
the specific activity of the radionuclide on the flow
density of beta particles from the surface of the tree
bark at breast height (Fig. 1). However, if it is nec-
essary to estimate the radionuclide content in the
sapwood and the core separately (which is usually
necessary during radiological research of forests), it
is better to first calculate the concentration of *Sr
in the sapwood using the appropriate linear regres-
sion (Fig. 1) and then calculate the probable specif-
ic activity of the radionuclide for the core based on
the change in the ratio of °*Sr concentrations in the
sapwood to its content in the core depending on the
average diameter of the stand (Fig. 2).

Figure 2. The dependence of the ratio of the specific activity
of °Sr in the sapwood to the core on the average diameter of the stand
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The obtained regularities for the express as-
sessment of the *°Sr content in the trunk wood of
Scots pine stands by the developed method are
not static. Since the release of the radionuclide
into the environment in 1986, gradual transfor-
mation and redistribution of *°Sr has been tak-
ing place in forest ecosystems, specifically in the
trunks of woody plants. This requires periodic
confirmation of the original quantitative indica-
tors of this study in case of practical implemen-
tation of the method of indirect measurement of
the specific activity of °°Sr in stem wood based on
the surface density of the flow of beta particles
from the bark. It is also necessary to consider the
“small” volume of observations obtained for re-
liable interpretation of the identified patterns to
better understand the limiting factors for apply-
ing the presented approach.

Conclusions
According to the results of this study, the ability to
use the beta-particle flux density indicator obtained

by measurements with the STORA-TU RKS-01 radi-
ometer-dosimeter from the surface of the bark of
the tree trunk of Scots pine trees for the preliminary
assessment of the *°Sr content in the trunk wood in
field conditions was confirmed. The relationship be-
tween the above-listed features is characterized by
a direct linear dependence, which was used to con-
struct regression equations and find their parame-
ters. The express method of measuring the specific
activity of a radionuclide described in this paper is
suitable for use when the specific activity of the trunk
wood exceeds 1 kBq-kg!. Therefore, this method
can be practically implemented within the 30-kilo-
metre exclusion zone around the Chornobyl NPP.
This °°Sr estimation approach can be recommend-
ed for preliminary assessment of the radionuclide
content during radioecological and lifetime radio-
dosimetry studies of pine phytocenoses. However, it
is desirable to verify the method on the “own” array
of observations, since the sample obtained in this
and previous studies and their representativeness
provide an insignificant amount of empirical data.
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OniiHoBaHHs BMicTy 90Sr y IepeBMHi COCHM 3BMUYAifHOI Ha OCHOBi BUMipIOBaHHS
II[iJIbHOCTIi IIOTOKY 0€Ta-4aCTUHOK i3 MOBepPXHi KOpU CTOBOYpa

Ovutpiii Mukonaiiosuu l'onsika!, CBsiTociaB €BioririoBuy JleBuyk!,
Slna AprypiBHa CaBumnbka', Onekcauap Mukosnaiiosnu JIecHik!,
Bacuiab Bomogumuposuu I'ymeH1ok!, Banepist CepriiBua Mopo3sosal,
IOnis CepriiBHa IIpokoImyk?

'HanioHaibHMIA YHiBepCUTET 6iopecypciB i MPUPOSOKOPUCTYBAHHS YKpaiHu
03041, Byn. 'epoiB O6oponu, 15, m. Kuis, Ykpaina
JHCTUTYT eBOMIOLIIHOI eKkonorii HAH Ykpainu
03143, Byn. Akamemika JlebeneBa, 37, M. Kuis, Ykpaina

AHoranisa. IIpouec BuMipioBaHHs BMicTy °Sr y KOMIOHEHTax JiCOBUX €KOCUCTEM i3 3aCTOCYBaHHSIM
pamioXiMiuHMX MeTOAiB MOTpedye 3HaUHMX 3aTpaT yacy Ta Ipalli AJs OTPMMaHHS BUXiTHMUX pe3y/abTaTiB.
MeHII TOYHA, OAHAK IIBUJKE OI[iHIOBAHHS IILOTO PajliOHYKIIi/la Ha eTalli MOJIbOBUX POBIT MOKE 3HAUHO
NPUIIBUAIIMTY MPOLEeC NPUIMHATTS pillleHHS PO MOK/IMBICTb 3adyyeHHS MeBHOI JIiCOBOI AiISIHKU 10
eKCIIePUMEHTAbHUX POOIT UM BUKOPUCTAHHS i1 Y rOCIIOfapChbKMUX IiISX. BiTunsHsHI i iHO3eMHi HayKoBi
KOJIEKTMBY YacTO IMPUCBAYYIOTH ITyOImikaiii cXoXuM eKcIpec-MeTofaM BM3HAUEHHSI BMiCTy 6iolOrigHO
MOGiTbHMX pamioHykmigiB (*’Cs i °Sr): mMTOMOI aKTMBHOCTI, IIILHOCTI 3a0PyIHEHHS i T. 1., TOMY IO
BOHMU [IAI0Th 3MOTY 3HAYHO 3MEHIIUTU OOCSITY MOMbOBUX i JIabopaTopHMUx pobiT. Crimparouuch Ha 3i6paHi
Mo/IbOBi MaTepiaiu 3 13 ekciepuMeHTAIbHUX MalifaHUMKiB, UMCTUX 38 CKIAZOM COCHOBUX JIepPeBOCTaHIB,
BUSIBJIeHO TicHi (r=0,85-0,94), craTucTuuyHo 3Hauymli 3a p=0,05, 3B’I3KM MiX MMTOMOIO aKTMBHiCcTIO 90ST Yy
CTOBOYPHIiii JepeBUHi Ta pe3yabTaTaMy BUMipIOBAHHS IIiJIBHOCTI 6€Ta-IMOTOKY PajioMeTpoOM i3 ITOBEPXHi
KOpM IepeBHUX CTOBOYPiB COCHY 3BMUaiiHO1 Ha BMCcOTi 1,3 My Mmexkax 10 KM 30HM HaBK0I0 YOpHOOMIBCHKOT
AEC. BcTraHoBJ/IeHO TIpSIMi, JiHiliHiI 3a71eXHOCTi MiX ycepegHeHUM BMicTOM °Sr y aHAaTOMiUHMX YacTMHAX
CTOBOYPiB JepeB COCHOBUX JAepeBOCTaHiB (3a60JOHI, SIApi i1 yCiil mepeBuHi) Ta MTOBEPXHEBOK HIIIbHICTIO
MTOTOKY 6eTa-4acTMHOK 3 KOPY JepeB, 0 BUKOPUCTAHI AJISI CTBOPEHHS perpeciiiHux piBHSIHb, IKi MpUAaTHI
L7 TIONEepefHbOTO OLHIOBAHHS MMTOMOI aKTMBHOCTI JOCIIIKYBaHOrO pafioi3OTONy B [epeBUHi Y
MoJAbOBUX yMOBax (R?=0,90-0,96). ImenTudikoBaHo TicHy Kopessiiio (r=0,93) MixX cepegHiM miameTpom
JIIepPeBOCTAHY Ta BiJHOIIEHHSIM KOHIleHTpalliil °°Sr y 3a060JI0Hi 10 MUTOMOI aKTMBHOCTI pafioOHyKIima B
SIIPOBiii mepeBUHi cTOBOYPiB. BCTaHOBIEHO 3a/1€KHOCTI BMicTy *°Sr BiJl IIiJIBHOCTI ITOTOKY 6eTa-4aCcTUHOK
i3 TMoBepxHi KOpM CTOBOYPIB JepeB Ta CITiBBigHOIIEHHS MMUTOMOI aKTMBHOCTI IIbOTO PAaAiOHYKIima Mik
3a60JIOHHIO i AIPOM IIiIIKOM MOKHA PEKOMEHIYBATH SIK CITOCi6 JIJIsT eKcIipec-BMUMipioBaHHS *°St y mepeBuHi
CcoCcHM 3BMYaiiHOi. OmHaK, BPaXOBYIOUM He3HAUHMT 06CAT BUGIPKYM Ta BasKIUBIiCTh PO3IITHYTOTO MUTAHHS,
HeOOXiTHO MPOMOBXUTU POOOTM Y BKa3aHOMY HampsMi 3i 301/IbIIEHHSIM KiTbKOCTi eMITipUYHUX JaHUX
IJIsI COCHOBMX [€PEBOCTaHIB, & TAKOX 3aJyUeHHSIM CIIOCTepeXeHb 3a iHIIMMM OCHOBHUMM JIiCOTBipHUMU
JepeBHUMMU BUIAMU 30HU BiJUy>KeHHS

KniouoBi citoBa: micoBa eKocucTeMa, palioHyKITi I, IMTOMA aKTUBHICTh, 3a00JI0Hb, SIAPO, CTOBOYpHA IepeBMHA,
YopHOOMIbChKA 30HA BiTUysKeHHST
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Environmental consequences of the adverse impact
of unauthorized amber mining on forest areas of Zhytomyr region

Serhii Kovalevskii, Yurii Marchuk, Konstiantyn
Maevskii, Serhii Kovalevskyi, Andrii Churilov

National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. Amber mining has already led to a regional environmental disaster. According to official data, over
a thousand hectares of land, which are mainly located in the central Polissia region (Zhytomyr region), have
suffered very severe damage and need to be restored. The environmental significance of such territories has
been lost, and further use for forestry or agriculture is very risky. To develop the norms of anthropogenic
loads on landscapes, it is mandatory to investigate anthropogenic transformation by identifying their
current ecological state, establishing the dependence of changes on the intensity of anthropogenic loads
individually for each natural region. The source materials for obtaining results are field research materials,
tax descriptions of plantings, satellite and aerial photographs, as well aslaying temporary test areas according
to the generally accepted method in forestry. As a result of unauthorized amber mining in Zhytomyr region,
the anthropogenic load on forestry landscapes is rapidly increasing, which causes irreparable damage, leads
to an environmental and economic crisis of the region, an imbalance in the social situation of the region
residents, significant losses in the field of forestry, and creates grounds for related environmental issues.
There are considerable changes in the structure and mineral composition of the soil layer of forest lands,
the herbaceous ground vegetation and understorey are completely or partially destroyed, the undergrowth
undergoes a considerable transformation of growing conditions and anthropogenic pressure. Violation of
the ecological balance of the forest at various stages of biological development can lead to irreversible
consequences in the forestry sector. The results obtained are promising for further development of the
method for ecological and economic estimation of the damage caused, which results in illegal amber mining
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Introduction

Ukraine is distinguished by the richness of miner-
al resources, the development of which inevitably
disrupts the existing ecosystems. In recent years,
the problem of restoring considerable land areas
damaged as a result of unauthorized amber mining
in the Polissia amber-bearing district has become
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acute. According to official data, over a thousand
hectares of land have suffered very severe damage
and need to be restored. The environmental signif-
icance of such territories has been lost, and further
use for forestry or agriculture is very risky. The ex-
traction of amber using motorized pumps destroys
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the soil structure and leads to abrupt deterioration
of its water-physical properties. The difficulty of
restoring such territories is related not only to fi-
nancing, but also to the fact that there is no expe-
rience in dendro-reclamation of land with similar
damage in the world practice. Therefore, a compre-
hensive assessment of the damage and its impact on
all components of the ecosystem, specifically tree
stands, is essential. Forest dendro-reclamation, as
a relatively cheap and quite effective way of reha-
bilitating lands damaged by industry, has become
widespread in the forest zone of Europe, russia, and
North America. During forest dendro-reclamation
of disturbed lands, much attention is paid to the se-
lection of an assortment of tree and bush species,
the main element of the types of projected artificial
forest stands.

Analysis of recent studies and publications Cen-
tral (Zhytomyr) Polissia is one of the most wood-
ed regions of Ukraine. The land fund of Zhytomyr
region is 2,982.7 thousand hectares. In its compo-
sition, agricultural land has the highest specific
weight - more than half (53.9%, or 1,608.5 thou-
sand hectares) (Trembitskyi et al., 2011). More than
a third of the land is made up of forests and forest
areas covered with forest vegetation. Only 166.7
thousand hectares of land in the region are in their
natural state: swamps, lakes, rivers, open lands.

Erosion processes are progressing on the ter-
ritory of the region, the areas of eroded and ero-
sion-dangerous lands are constantly growing. Ero-
sion processes are widespread on 104.8 thousand
hectares of agricultural land, which is 3.5% of the
region’s territory and 6.5% of the farmland area
(Trembitskyi et al., 2011).

Forest vegetation in the past, a fairly humid
and mild climate, a positive balance of moisture
in the soil, a light mechanical composition and
the lack of carbonation of the rocks led to the
emergence of sod-podzolic (ungleyed and gleyed)
soils, mainly of a light mechanical composition, in
Polissia, namely in its central part (sandy, clayed-
sandy, sandy-loam and sandy-light loamy) (Hooke
et al., 1958). Sod-podzolic soils of Polissia are
characterized by some negative features: acidic
reaction, unsaturation of bases, scarcity of humus,
the gross amount of nutrients (nitrogen, phos-
phate, potassium) and trace elements (Huck et al.,
1958). The lack of any chemical elements in the
soil causes their lack in plants.

The forest cover of the territory of Central Polis-
sia increases from the southern regions to the north-
ern ones from 5% to 50% and averages 33.3% (Pyl-
ypenko et al., 2010). Among all types of forests in the
territory of Central Polissia, suboral type forests are
most common, which are mainly confined to sod-
weak-podzolic and sod-medium-podzolic clayed-
sandy and sandy soils of varying degrees of mois-
ture (Lavrinenko, 1954). In fresh subors, pine is in
optimal conditions for its development and produc-
es the best quality timber (Kucheriavyi et al., 2006).

Amber manifestations within the forest part of
the Zhytomyr region, discovered by scientists and
locals, belong to the borders of the Zhytomyr Polis-
sia. In its geological structure, the main place is
occupied by Precambrian rocks covered by anthro-
pogenic deposits (Vyshnivskyi & Kushnir, 2007).
Considering the relatively small distance between
the Klesivske deposit and the discovered areas of
amber deposits, where it is currently being illegally
mined in Olevskyi and Korostenskyi districts, as well
as the similarity of the geomorphological and soil
conditions of the territories, these areas should be
considered a continuation of the Klesivske deposit.
The lower layer of quartz sands of the intermoun-
tain formation of the Kharkiv series of the Oligo-
cene is considered the most amber-bearing. It is
represented by fine- and medium-grained sands of
mainly greenish-grey colour with Glauconite, the
content of which reaches 5%. The thickness of the
layer of water-saturated sand is from one to five
meters. The average amber content in sands of this
type is 57 km® (Shcherbak & Hoshovskyi, 2006).

Recently, the greatest activity of unauthorized
amber mining on forest lands was observed with-
in Olevskyi and Ovrutskyi districts of Zhytomyr re-
gion, Rokytnivskyi, Dubrovytskyi, Volodymyretskyi,
Zarichnenskyi and Sarneskyi districts of Rivne region
and Ratnivskyi and Liubeshivskyi districts of Volyn
region. In addition, considering the geography of
deposits, several other areas of the listed regions, as
well as the territory of the Kyiv region, fall into a kind
of risk zone. In fact, unauthorized amber mining cov-
ers almost the entire north-western part of Ukraine
with an area over 14,600 km? (Kovalevsky & Legky,
2018; Nadtochii, 2007; Vyshnivskyi & Kushnir, 2007).

Amber mining is carried out by manual and hy-
dro-mechanical methods (pump method, pumping).
The latter currently prevails and has more cata-
strophic consequences for the environment. The
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hydro-mechanical method of extraction consists
in washing away the soil with a jet of water under
high pressure up to 6-10 meters deep (Kovalevsky
& Legky, 2018; Nadtochii & Myslyva, 2007, 2015;
Slobodian, 2009). Extraction in this way destroys
the fertile soil layer in the place of the probable oc-
currence of minerals because during “erosion” the
humus layer is mixed with the main mass of under-
lying sandy and sandy-loam rocks. It takes decades
to restore the fertile layer. During extraction by the
pump method, the root system of trees is destroyed,
which leads to the destruction of tens and hundreds
of hectares of forest. Considerable damage to woody
vegetation by such amber mining is explained by
the fact that unauthorized development is mainly
carried out in closed and semi-closed areas: forests,
shrubs, forest belts, remote from settlements, in
off-road conditions, which does not allow ensuring
proper protection of deposits and manifestations
(Nadtochii & Myslyva, 2007; Nadtochii & Myslyva,
2015; Slobodian, 2009).

However, the issue of reclamation and den-
dro-reclamation of forest lands affected by unau-
thorized amber mining in the territory of Ukraini-
an Polissia, specifically in Zhytomyr region, is new
and understudied. The first scientific papers on
this issue appeared only five years ago, their main
topics are satellite monitoring of affected areas
(Slobodian, 2009) and assessment of environmen-
tal consequences and economic damage (Dorenko,
1979; Vovk et al., 2008; Nadtochii & Myslyva, 2015)
caused by amber mining. In the studies of scientists,
the authors of this paper found no analogues of a
comprehensive approach to the assessment and res-
toration of forest areas disturbed as a result of am-
ber mining in the Ukrainian Polissia.

Quite interesting today are the scientific studies
of M. Kazimir and T. Bedernichek “Reclamation of
Lands Disturbed Due to Amber Mining in Polissia:
Problems and Prospects” (Kazimir & Bedernichek,
2017) and P. Nadtochii “Ecological and economic as-
sessment of the impact of activities related to illegal
amber mining on the environment of Zhytomyr re-
gion” (Nadtochii, 2015).

The scientific papers of S. Kovalevskyi and V. Leg-
ky “Integral assessment of anthropogenic transfor-
mation of forest landscapes of the Dubrovytskyi
district as a result of unauthorized amber min-
ing” and “Typological evaluation of forest areas of
the Dubrovytskyi Forestry, disturbed as a result of

unauthorized amber mining” highlight the results of
the study of forest stands of the Dubrovytskyi Forest-
ry damaged as a result of illegal amber mining (Kova-
levsky & Legky, 2017; Kovalevsky & Legky, 2018).

The purpose of this study lies in identifying the
environmental consequences of the adverse impact
of unauthorized amber mining on the land of the
Forest Fund of the Zhytomyr region, which was cov-
ered with woody vegetation.

Materials and Methods

Research was conducted during 2018-2020 on the
territory of the forest fund of the Zhytomyr Region-
al Department of Forestry and Hunting. According
to the results of the reconnaissance of the damage
on the territory of the mentioned enterprises, three
state enterprises and seven forestry enterprises as
part of them have been identified for further work:
SE “Bilokorovytske Forestry” (Zamyslovytske, Ozeri-
anske, Tepenytske, Poyaskiv forestries), SE “Olevske
Forestry” (Yurivske and Kamianske forestries), SE
“Slovechanske Forestry” (Syrnytsia and Mozhariv
forestries). In the future, temporary experimen-
tal plots were laid out on the territory of blocks 20
and 21 of the Poiaskivske forestry, block 27 of the
Mozharivske Forestry and block 29 of the Syrnytske
forestry. Temporary experimental plots were laid in
places of the most intense damage to sites due to
amber mining, and in adjacent areas that were not
adversely affected.

The source materials for this paper included field
research materials, inventory descriptions of tree
stands, satellite and aerial photographs, data from
specialized literature, and orders of state authorities
of Ukraine (Yanchuk et al., 2017). The study was con-
ducted per generally accepted guidelines in forestry
(Gordienko et al., 2000). The technology of the creat-
ed forest cultivars, the conduct of economic activities
in them was restored based on archival data and for-
est management materials and clarified during the
survey in nature.

Experimental plots were laid in places character-
istic of the sites. The experimental area was linked to
the quarterly network. In nature, experimental plots
were limited by visors, and pits (30x30x30 cm) were
dug at the corners, and earth was left at a distance of
30-35 c¢cm. The age of individual woody plants was
determined according to the data of inventory de-
scriptions, and if there were no such - visually, ac-
cording to the general condition of plants, inventory
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indicators, conditions of local growth. Measurements
of the principal inventory indicators of trees were
conducted according to the generally accepted meth-
od (Anuchin, 1982). The type of forest vegetation
conditions was determined according to the forest
typological classification of Alekseev-Pogrebniak
(Pogrebniak, 1968) considering the indicators of for-
est types, soil, and relief. The volumetric mass was
determined according to the pycnometric method
in twofold repetition, the pH of the salt extract was
determined by the potentiometric method, the hy-
drolytic acidity was determined according to Kap-
pen, the amount of absorbed bases was determined
by Kappen-Gilkovits, and the humus content was
determined according to Turin. Soil analyses were
performed in threefold repetition, with a permissible
deviation from the arithmetic mean of no more than
*5% (Arinushkina, 1970).

Results and Discussion

Mass amber mining in the Zhytomyr region began
somewhat later than in the neighbouring Volyn and
Rivne regions. This was one of the prerequisites for
the fact that the total area of damaged territories and
forestry land is less than in neighbouring regions.

Areas of forest stands that require dendro-rec-
lamation were identified on the territory of three
enterprises. The most disturbed areas (336.60 ha)
are on the territory of the “Bilokorovytske Forest-
ry”, “Olevske Forestry” (30.70 ha) and “Slovechan-
ske Forestry” (2.15 ha). According to the results of
the damage analysis, seven forestries have been
identified for further research on the territory of
the mentioned enterprises: SE “Bilokorovytske
Forestry” (Zamyslovytske, Ozerianske, Tepenytske,
Poyaskivske forestries), SE “Olevske Forestry” (Yu-
rivske and Kamianske forestries), SE “Slovechanske
Forestry” (Syrnytske and Mozharivske forestries). In
the future, temporary experimental plots were laid
out on the territory of blocks 20 and 21 of the Poi-
askivske forestry, block 27 of the Mozharivske For-
estry and block 29 of the Syrnytske forestry.

On the territory of the SE “Belokorovytske For-
estry”, the largest area of damaged land falls on
blocks 20, 21, 22, and 25 of the Poiaskivske forestry,
blocks 60 and 64 of the Yurivske forestry of the SE
“Olevske Forestry”, block 29 of the Syrnitske forest-
ry of the SE “Slovechanske Forestry”. Forest man-
agement data and visual inspection of disturbed
areas indicate that, as a result of amber mining,

mainly medieval stands of Pinus sylvestris L., some-
times with an admixture of Quercus robur L., as well
as young Betula pendula Roth, and maturing stands
of Alnus glutinosa (L.) Gaertn were destroyed. In
the vast majority of cases, forest stands were com-
pletely cut down, and in some cases burned together
with the under-canopy cover. Part of the tree stands,
specifically young Betula pendula Roth., died after
flooding the top layer of soil with pulp from sandy
horizons due to hydraulic washing from motor
pumps. In many areas, washing operations led to a
violation of the groundwater level.

As a result of the survey of sites, several types of
soil cover violations were found. These are channels
for water supply to hydraulic pumps, several types of
craters, pits from primary and secondary manual dig-
ging, and so-called mining pits with reinforced walls.

Temporary experimental plots were laid in plac-
es of the most intense damage to sites due to amber
mining, and in adjacent areas that were not adverse-
ly affected. Only on the territory of the Mozharivske
forestry, experimental plots for comparison were
laid out in relatively slightly disturbed areas.

Given the fact that, according to geologists, only
about 20-30% of amber is extracted from the sub-
surface by pumping, there is an elevated risk of re-
peated violations of the territory.

In the practice of local foresters, there have al-
ready been cases when areas prepared or already
planted with forest cultivars were repeatedly dis-
turbed. In addition, considering the already ex-
plored density of amber deposits, there is a signifi-
cant probability of expansion of disturbed areas in
the future.

Agrochemical indicators of soils, namely their
chemical composition and physical and mechanical
properties, often play a decisive role in the choice
of tree species and the technology of creating tree
stands. Since considerable areas of the surface of
the territory under study within the boundaries of
the lands of SE “Bilokorovitske Forestry” during il-
legal extraction of amber by the hydromechanical
method are covered with a layer of overburden, the
thickness of which reaches 0.9 m, there is a need
to investigate the indicated potential substrate. In
general, the overburden rocks that comprise the
washed layer - quartz, quartz-glaucomite, Lower
Cretaceous and Tertiary quartz sands, as well as
Quaternary sandy-clayed deposits, are character-
ized by the corresponding indicators (Table 1).
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Table 1. Composition and agrochemical properties of overburden on the territory of SE “Bilokorovytske
Forestry” (2019 research)

Overburden rocks

Indicat
ndicators quartz-glauconite sand quartz sand sandy loam soil
quartz, glauconite,
. . feldspars, phosphate, quartz, feldspars, qt.lartz, feldspzfrs,
Mineralogical . . . . micas, hydromica,
.o calcium, gypsum, pyrite, micas, hydromica, . . .
composition . h . . chlorite, kaolinite,
montmorillonite, montmorillonite . .
. . montmorillonite
hydromica, kaolinite
Dry residue, % 0.1-0.4 0.04-0.05 0.002-0.04
pH of water 5.4-6.8 4.1-5.7 6.3-6.5
Sum of absorbed bases mg-
eq:(100 )" 7-11 0-0.3 2.0-6.2
fraction < 0.01 mm, % 10 7.5-9.3 10.5
Humus, % 0.3-0.7 0.2-0.5 1.5-3.9
Mobile phosphorus,
mg-eq-(100 g)* 14 2.5 7.5
Mobile potassium, 10 25 50

mg-eq-(100 g)"!

The complex total interaction of abiotic and an-
thropogenic factors, which are differently balanced
in the territories under study, leads to the formation
of different properties of disturbed land plots. As a
rule, highly disturbed lands are covered with a layer
of quartz sand. Areas formed by quartz-glaucomite
sands are more favourable for plant growth. Accord-
ing to the results of the tests, it was found that they
contain a considerable amount of nutrients, specif-
ically calcium, potassium, phosphorus, manganese,
sulphur, and trace elements. The pH index of sands
containing glaucomite is close to neutral, and this
can explain the decrease in acidity in areas where

pumping of acidified water took place in horizons
containing glaucomite.

After illegal amber mining by hydro-mechan-
ical method, disturbed forest lands are mainly rep-
resented by substrates composed of a mixture of
fine-grained quartz sands. The main indicators of
overburden that limit or sharply reduce the efficien-
cy of biological development of land include acidity,
nutrient content, and water content. The results of
studies of the agrochemical properties of sandy sub-
strates at the TEPs within the blocks 19, 20, 21, 22
of the Poiaskivske forestry of the SE “Bilokorovytske
Forestry” are presented in Table 2.

Table 2. Agrochemical properties of substrates with an admixture of overburden on the TEPs,
covered with self-seeding, within the boundaries of the Poiaskivske forestry
of the SE “Bilokorovytske Forestry” (overburden layer 0-40 cm)

Agrochemical properties
. Age, :
No. | Species years Months pH | humus, nriltl;)(:)glleen P,0,, mg_l K,0, - - v
[ ’ . - . -1

(KCI) % mg-(100 g)1 | €4 (100 g)! | mg-(100 g)
Ps \Y 3.96 0.20 2.19 6.2 8.5 0.67 1.86 26.5
1 B ’ 5 VII 4.13 0.21 1.64 7.7 10.7 1.04 1.86 49.8
p IX 4.15 0.19 1.49 6.9 10.9 1.18 1.48 444
Ps, \Y 4.01 0.18 1.04 7.5 14.5 0.40 1.64 19.6
2 Bp, 3-4 VII 4.16 0.24 2.79 9.2 9.0 1.55 1.64 48.6
Pt IX 4.04 0.24 1.42 7.9 14.0 0.61 1.64 27.1
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Table 2, Continued

Agrochemical properties
. Age, -
No. | Species years Months pH | humus, moblle PO, mg- KO0,
o nitrogen, 275 B 2 B S H \%
®KeD | % | 100 g | 410097 | mg(100g)
v 3.82 0.18 1.68 6.6 8.5 0.45 1.64 20.4
4 Bp 34 VII 3.76 0.18 1.47 7.0 13.5 0.99 3.45 22.3
IX 3.84 0.22 1.82 7.4 12.0 0.55 1.97 21.8
Bp, \Y 4.49 0.22 2.78 9.0 12.0 2.67 1.15 69.3
5 Ag, 2-4 VII 4.39 0.22 1.77 9.0 14.5 1.73 1.15 60.1
Ps IX 4.25 0.20 2.01 6.3 10.5 1.37 1.31 51.0
Bp, \Y 4.20 0.14 1.14 5.2 13.5 1.37 1.31 51.0
6 Ps, 2-3 VII 4.24 0.22 2.66 5.6 15.5 0.98 1.15 46.0
Pt IX 4.21 0.22 1.26 5.0 14.5 1.17 1.15 50.4
Ps \Y% 4.19 0.22 1.89 6.0 9.0 0.42 1.31 24.2
7 B 2-4 VII 4.09 0.24 3.10 8.2 114 0.61 1.31 31.8
p IX 4.06 0.20 1.16 4.0 10.0 0.61 1.48 29.2

H* is the hydrolytic acidity, mg-EQ per 100 g substrate;

V*is the degree of saturation of the substrate with bases;

Ps is Pinus sylvestris L.;

Bp is Betula pendula Roth.;

Pt is Populus tremula L.;

Ag is Alnus glutinosa (L.) Gaerth.

According to the degree of acidity, the substrates
under study are highly acidic. The pH response is
within 2.76-4.49. Zonal soils are characterized by
a low content of organic matter. According to the
present study, the humus content in all the areas
under study covered with a layer of overburden is
extremely low and amounts to 0.14-0.24%. However,
this fact indicates the presence of a humus-forming
process and its connection with the functioning and
development of biota. Overburden rocks in the study
area contain a small amount of nitrogen, and there-
fore the content of its available form is estimated
as very low. Almost all mobile nitrogen in the areas
under study is in the ammonia form, since nitrate is
prone to either rapid absorption by plant roots, or
leaching into deeper layers, or transformation. The
amount of available nitrogen (Table 2) indicates
only the nature of its circulation in continuous cy-
cles between vegetation and the substrate.

There are no substantial seasonal changes in the
content of mobile nitrogen in anthropogenic wash-
ing substrates. In almost all the areas under study,
there are two periods during the year, quite sharply

separated from each other: the period of predomi-
nant consumption, which coincides in time with the
season of active vegetation, and the period of filling
the labile fund, which covers the cold season. There-
with, the formation of long-term reserves (humus
reserves) almost does not occur. The content of mo-
bile nitrogen in anthropogenic substrates may only
be sufficient to meet the current needs of biota, but
it may not be in reserve.

Agrochemical analysis of anthropogenic sub-
strates allowed establishing that the content of
available phosphorus (P,0,) during the entire grow-
ing season was 4.0-9.2 mg-(100 g)’!, with some ten-
dency to increase until the end of July. According
to the degree of supply with available phosphorus
(P,0,), the substrates under study also belong to the
poor.

According to these indicators, they are inferior
to zonal soils, where the P,O, content ranges with-
in 9.3-14.7 mg-(100 g)*! of soil. The amount of ex-
changeable potassium (K,0) in the substrates of the
experimental plots for the entire growing season
was at 8.5-15.5 mg-(100 g)! of the substrate, which
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corresponds to the content of exchangeable potas-
sium in zonal soils, where its amount ranges with-
in 10.7-14.5 mg-(100 g)! of soil. At plots No. 2 and
3, a decrease in the content of K,0 was observed in
June, compared to the presence in May, and then
it increases again until the end of September. In
all other areas, the maximum content of metabolic
potassium in substrates occurs in July. The highest
K,O content is observed during the growing season
at plot No. 6, where its amount ranges within 13.5-
15.5 mg-(100 g)! of the substrate. Determining the
degree of soil saturation with bases, along with de-
termining the pH of the salt extract, hydrolytic acid-
ity and the amount of exchangeable bases is one of
the key methods of researching acidic soils for lim-
ing. On land plots No. 1, 2, 3, 4, 6, 7, the substrates
under study belong to Group I according to the need
for lime, since the degree of their saturation with

bases is 50% or less. Group II includes substrates at
Plot No. 5, the degree of their saturation with bases
is within 51.0-69.3%. These substrates require less
lime. Thus, the data of the presented studies indi-
cate the peculiarity of agrochemical properties of
substrates. However, these substrates are non-toxic
and because of their agrochemical properties, are
quite suitable for the growth of both local and in-
troduced woody plant species.

As a result of hydraulic washing, deep layers of
soil are brought to the surface of the plots, and the
upper layer of zonal soil is buried under a layer of up
to 0.9 m. This affects the physical properties of over-
burden rocks, depending on the types of their sub-
strate (Table 3). As a result of strong mixing, when
using the hydro-mechanical method of amber ex-
traction, all layers are mixed and, as a result, the hu-
mus layer is inferior in many respects to quartz sand.

Table 3. Physical properties of overburden on the territory of “Bilokorovytske Forestry”

Specific . . . Filtration Total porosity
Substrate type gravity, Volumetrlsc 1 I;ygr'os'cop:c Po;g sity coefficient, of the
g-(cmd)! mass, g-(cm?®) umidity, % coefficient m-(day)! substrate, %
Hu“tll‘:: L‘Xfr of 2.66 1.50 2.20 0.785 1.32 43.6
Quartz sand 2.65 1.55 0.80 0.724 1.61 41.5
Quartz
sand with
admixtures of 2.65 1.40 4.60 0.893 1.37 47.1
glauconite and
kaolin

Mineral nutrition is of significant importance for
the physiology of the tree, since its normal growth re-
quires a sufficient supply of certain mineral elements.
At certain stages of growth and development, plants
experience unique needs for elements of mineral nu-
trition, and therefore knowledge of the dynamics of
consumption and redistribution of nutrients in the
first years of plant life serves as the biological ba-
sis for agricultural technology of their cultivation.

The share of disturbed land is rather consider-
able and is growing every day. This indicator points
to the considerable losses of wood raw materials,
non-wood resources of the forest, understorey,
undergrowth, and ground vegetation. At the same
time, these losses increase the class of fire danger
in damaged areas, which can lead to inevitable con-
sequences. Disturbed forest areas are a source of
forest pests and fungal diseases. The negative trend
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that has developed in the forest massifs of individ-
ual forest farms renders forest certification impos-
sible, which would otherwise allow the enterprise to
move to a new level of management.

Conclusions

The massive spread of amber mining in recent years
has socio-economic, legal, and geological pre-
requisites and entails environmental, social, and
economic consequences. Mining is carried out by
manual and hydro-mechanical methods, the latter
currently prevails and is more catastrophic for the
ecology of the region.

A catastrophic environmental situation is in-
herent in the centres of mass amber mining, which
is the driving force for the imbalance of all ecolog-
ical indicators of the area, the emergence of side
environmental problems and can lead to irreversi-
ble consequences. The forest ecosystem is adversely
affected at various stages of its development. Forest
stands suffer from changes in the hydrological sys-
tem of the region, which are associated with illegal
extraction, which, in turn, can lead to an increase in
the volume of lost timber. Having analysed the total

anthropogenic load on forest landscape systems, the
authors of this paper found that most of the territory
under study is characterized by substantial anthro-
pogenic transformation. Within the area under study,
powerful foci of unsatisfactory ecological state were
formed due to unauthorized amber mining. Current-
ly, there is a trend of rapid growth in the share of land
converted as a result of illegal mining.

The main reasons for the negative changes in the
region are the lack of a single ecologically balanced
system of rational nature management and ignoring
the parameters of permissible standards of load on
landscape systems, the lack of relevant legislative
acts on the regulation of illegal amber mining, the
inaction of law enforcement agencies, the obstruc-
tion of the activities of forestry workers, the difficult
socio-economic situation of the local population.

Further research is to establish the features and
ways of stimulating natural vegetation renewal in areas
degraded duetoillegal amber mining, to investigate the
influence of abiotic environmental factors on the pro-
cesses of vegetation renewal, to develop a method for
ecological and economic estimation of damage caused
to forests as a result of unauthorized amber mining.
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EKoJIoriuHi HaCTiZKY HEraTMBHOTO BIUIMBY HECAHKIIIOHOBAHOTO BUJAOOYTKY OYPIITUHY
Ha JIicoBi OistHKY JKuroMupuimamn

Cepriii BopucoBuu KoBaneBcbkuii, I0piiit MukosnaiioBuu Mapuyk,
KoctsasaTua BacuinboBuu MaeBcbkuii, Cepriit CepriiioBuu. KoBajieBcbKMii,
Anppit Muxaitiosuu Yypinos

HauionanbHMi yHiBepcuTeT 6iopecypciB i mpMpogoKOpUCTYBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponnu, 15, m. Kuis, Ykpaina

AHoTarnis. Bugo6yTok OypIITMHY BKe IPMU3BIiB M0 eKoJoriyHoi KaTacTpodu perioHaJbHOTO MacIiTaby.
3a odililiHMMM TAaHMMM, [TOHAM THUCSYA TEeKTapiB 3eMeJib, SIKi IepeBakHO PO3TallloBaHi Ha TepuTopii
LleHTpanbHOTO TOJiCbKOTO periony (CKuTomMmpchKa 0067aCTh), 3a3HAIM TyKe CWIBHUX YIIKOIKEHDb i
MOTpeOyIOTh BiTHOBIEHHS. IIpUPOAOOXOPOHHE 3HAUYEHHS TaKMX TEePUTOPiil BTpauyeHO, a IOAaJIbIIie
BUKOPUCTAHHS /1)1 BeI€HHS JTiCOBOTO UM CiJIbCHKOTO TOCIIO/IAPCTBA € y>Ke PU3UKOBAHUM. 11 pO3pO06IeHHS
HOPM aHTPOIIOTEHHUX HaBaHTaKeHb Ha JaHAIA(QTU OO6OB’SI3KOBUM € OOCTIIKEHHSI aHTPOIOTeHHOI
TpaHcopMallii MIISIXOM BUSIBJEHHS iX Cy4acHOT'O €KOJIOTiYHOIO CTaHy, BCTAHOBJIEHHS 3aJIESKHOCTiI 3MiH
Bii iHTEHCMBHOCTI aHTPOIIOTEeHHMX HaBaHTaKeHb iHAMBIZyaJbHO [JISI KOXXHOTO ITPUPOIHOTO PETiOHY.
BuxigHuMu MaTepianamu Ajisi OTPMMaHHS pe3y/lbTaTiB € MaTepialyu IMOJbOBUX OOCTiIKeHb, TaKcalliiiHi
OMMCY HacaIKeHb, CYMyTHMKOBI Ta aepodOTO3HIMKM, a TaKOX 3aKJaJaHHS TUMYACOBUX IPOOHUX
IJIOIL 3@ 3arajJibHOMPUITHATOI Y JiCOBOMY TOCIOIApPCTBI MeTOAMKOW. YHACIiIOK HeCaHKIIioOHOBAaHOTO
BUIOOYTKY OYypIITMHY Ha TepuTopii JKUTOMUPIIMHU CTPIMKO 3POCTA€ AHTPOIIOTEHHE HABaHTAXKEHHS
Ha JIiCOrocIomapchki JaHamadTy, o 3aBaae iM HeMOmpaBUMOI IIKOAM, MPU3BOAUTDb OO €KOJOriyHOoi Ta
€KOHOMIYHOI Kpu3u paiioHy, AMcOanaHCy COIiaIbHOTO CTAHOBUIIA XKUTEIIB paiioHy, 3HAUYHUX 30UTKIB y
cdepi JiCOBOro rocrmomapcTBa, CTBOPIOE MiAIPYHTS 111 BUHMKHEHHS CYITyTHIX €KOJIOTiYHMX MPOO6JIeM.
BinmbyBaroTbcs 3HAUHI MepeTBOPEHHS Y CTPYKTYPi Ta MiHepaJbHOMY CKJIaJi Mapy I'PYHTY JIiCOBUX 3eMeb,
MOBHICTIO 260 YaCTKOBO 3HUIIYETHCS KUBUIT HAJI'PYHTOBUI MOKPUB i MiJTiCOK, MiIPiCT 3a3HA€ 3HAUHOTO
TepeTBOPEeHHS YMOB MiClle3pOCTaHHS Ta aHTPOIIOT€HHOTO TUCKY. [lopyIieHHSsI eKONOTiuHO1 piBHOBArK JIicy
Ha pi3HMX eTarax 6i0JIOrivyHOro pO3BUTKY, MOSKE ITPU3BECTY A0 HE3BOPOTHMX HACJIIIKiB Y JIiICOrOCIIOAAPChKi
ramysi. OTpuMaHi pe3ynbTaTU € IMEePCIeKTUBHUMMM IJIs1 MONAIBIIOT0 PO3PO6IEHHST BJIACHOI METOIVKU
€KOJIOTO-eKOHOMIYHO1 OIiHKY 3aTIOfiSTHO1 IIKOAM, HACTiAKOM SIKMX € He3aKOHHUIT BUJOOYTOK OYPIITUHY

KniouoBi ciioBa: meHIpopeKyIbTUBAllis, OYPIITHH, JTiCOBi AiMSIHKY, €po3is, eKOJIOTis
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Nomenclature of woody plants
in the state register of plant varieties of Ukraine
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03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. The efficiency of using plant resources depends on the correct use of plant names. In the
scientific agricultural literature, Ukrainian names of plants belonging to the botanical and agrobiological
classification are widely used, but neither of them are definitively ordered. The names of agricultural
varieties were used in agricultural practice, namely during the systematization of zoned varieties of plants.
When registering a variety, it is indicated to which taxon it belongs, and under this name it is entered in the
State Register of Plant Varieties suitable for distribution in Ukraine. The list of plants accepted in the State
Register is a mixture of correct and incorrect names, which arose as a result of the ill-conceived adaptation
of the names of agrobiological nomenclature by comparing them to the names of botanical taxa. The State
Register contains a list of registered varieties belonging to certain taxa, which are grouped by economic use.
Varieties and taxa are sometimes placed in inappropriate groups. Varieties belonging to the same taxon are
sometimes designated by different species names. For some taxa of woody plants, outdated Latin names are
given or their spelling deviates from the accepted one. Some botanical taxa are designated by the names
of varieties instead of the Ukrainian scientific name. There are russified names of crops instead of specific
Ukrainian ones, and the rules of regulatory transliteration of varietal names are violated. The names of
plants constructed in the State Register adversely affect professional literature. They destroy the system
of agrobiological nomenclature and contradict the norms of the scientific style of the literary Ukrainian
language. To correct the shortcomings, it is necessary to follow the recommendations of the International
Code of Nomenclature for Algae, Fungi, and Plants and apply the “Rules of nomenclature, taxonomy, and
cultonomy of plants”, developed to organize Ukrainian phytonymy

Keywords: taxa, species, trees, plant names

Introduction

Woody plant species comprise a considerable share
of the cultural flora of Ukraine. Trees and shrubs
are widely used in forestry, fruit growing and dec-
orative gardening for wood, which has a variety of
applications; edible fruits, which are an essential
component of rational nutrition; aesthetic and

Suggested Citation:

phytosanitary effect; the use of decorative, medic-
inal, and other properties. The effectiveness of us-
ing plant resources directly depends on the correct
use of plant names, which may differ in scientific
and folk nomenclature. Unlike the Latin nomencla-
ture, where the names of taxa are regulated by the
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International Code of Nomenclature of Algae, Fungi,
and Plants (Turland et al., 2018), Ukrainian scientific
nomenclature stays rather disorganized. In the 21
century, several new dictionaries dedicated to plant
names were published. The approach to their styl-
ing can be conventionally defined as “traditional”,
based on names that were widely used in previous
editions (Hrodzynskyi, 2001; Kohno & Kuznetsov,
2001; Kusheriavyi, 2001; Kokhno, 2002; Kokho &
Trofimenko, 2005). But other scholars, when select-
ing new names, suggest using a “national” approach
based on popular names (Kobiv, 2005), or, converse-
ly, guided by “international” views, harmonizing the
Ukrainian nomenclature as much as possible with
the Latin (Zyman et al., 2008). The authors of this
paper believe that it is most appropriate to organize
Ukrainian scientific names of tree species based on
generally accepted international names (Mezhen-
skyij, 2010, 2017, 2018; Yakubenko et al., 2017).

The purpose of this study was to analyse the
names of woody plant species accepted in the State
Register of Plant Varieties Suitable for Distribution
in Ukraine (State Register), which in numerous in-
stances is used by the authors when determining
which names to use toindicate the object of research.

Materials and Methods

The main dictionaries and reference books con-
cerning the names of Latin and Ukrainian names of
woody plants published in the 215t century, as well
as the latest version of the State Register, were an-
alysed. The latter was compared with the version
of the State Register created five years ago (2016),
which was analysed earlier (Mezhenskyj, 2017), as
well as with the directory of zoned varieties (Raion-
ovani, 1990), which preceded the State Register.

Results and Discussion

In 1961, the International Convention for the Pro-
tection of New Varieties of Plants (the UPOV Con-
vention) was signed in Paris, which raised the no-
menclature of agricultural plants to the level of
international law. The UPOV Convention entered
into force in 1968 and was then revised several
times — in 1972, 1978, and 1991. Ukraine became
a member of the International Union for the Pro-
tection of New Varieties of Plants (UPOV) in 1995,
acceding to the 1978 Act, and in 2007 - to the 1991
Act. The UPOV Convention defines a variety as “a
group of plants within the lowest known botanical

taxa” (International, 1991). Thus, varieties suitable
for distribution in Ukraine are entered in the State
Register, indicating the botanical taxon to which
they belong.

Before the start of the State Register in Ukraine,
the State Service for Varietal Testing of Agricultur-
al Crops in the Ukrainian SSR annually issued lists
of zoned varieties. In the last such reference book
(Raionovani, 1990), woody plants are represented in
the following cultivar groups:

v fruit crops (apple, pear, quince, etc.);

v berry crops (currants, raspberries, sea-buck-
thorn, etc.);

v nut-bearing fruits (hazelnuts, walnuts);

v mulberry;

v clonal rootstocks of apple trees;

v peach rootstocks;

v forest crops (poplar);

v flower and decorative crops (hybrid tea rose,
garden jasmine, lilac, etc.).

The names of crops of zoned varieties of woody
plants are usually one-word (apple, mulberry,
poplar, etc.) and coincide, in most cases, with the
Ukrainian names of botanical genera. If the com-
position of the same genus includes several differ-
ent cultivars, they are also marked with one-word
traditional names, e.g., “uepemnsa” (sweet cherry)
and “sBumHsS” (cherry), “agmBa” (plum) and “annua”
(myrobalan plum). Numerous decorative varie-
ties of roses are distributed among cultons with a
two-word name: “rposHpma uvaiHOTIOpUmHA” (hy-
brid tea rose), “Tposiuzna rpangudiopa” (grandiflo-
ra rose), “rposiuma ¢uopubyHma” (floribunda rose),
“TpostHAa mosianToBa” (polyantha rose), “TposiHma
HamiBIieTucra” (semi-climbing rose), “rposiHma
wietucra” (climbing rose). Several other cultures
have two-word names: “Bosiocbkuii ropix” (walnut),
“cmoponuHa yopHa” (black currant), and “sxacmun
camoBuit” (garden jasmine). In the case of the last
two varieties, the adjective is placed in an incor-
rect postposition to the noun, while in the names
of these cultons it should be the other way around.
The applied name “cmopoduna uopna” (black cur-
rant) is a calque from the russian language, where
there is a need to distinguish the cultures “kpacHas
cvmopoauHa” (red currant) and “aépHast cMmopoauHa”
(black currant). In the Ukrainian language, there is
no such need, since the word “cmopoauna” denotes
only one native species — Ribes nigrum, and the fruit
culture based on this taxon and its hybrids. At the
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same time, Ukrainian language has a common ge-
neric name for the genus Ribes — “nopiuku”. Due to
the similarity of this spelling of the variety to the
species name, this name is perceived as a species,
although in this case, as in all others, it is not the
taxon name, but a culton name. A cultivar name
that matches the generic name Philadelphus should
be correctly reflected as “cadosuii xacmun”. In the
names of groups of roses, the adjective must precede
the noun. However, according to the system adopted
in the edition, the names of similar cultures were or-
dered by the nesting method when the generic name
was placed first. Because of this, such names are
perceived as specific names, although they are not.

Thus, zoned varieties of agricultural plants were
usually assigned to certain cultivars and cultivar
groups. The names of these cultons had Ukrainian
names that are part of the agrobiological termi-
nological system. Traditional Ukrainian names of
crops in most cases coincide with botanical gener-
ic names. Due to russification, the names of some
cultivars have a distorted appearance, such as
“rpeubkuii ropix” (instead of “Bomockkuii ropix” —
walnut), “nmepcuk” (instead of “6pockBuna” — peach),
“abpukoc” (instead of “abpmukoca” — apricot). The
disadvantage of this list of zoned varieties is also the
mistaken attribution of almonds to berry cultivars.

With Ukraine’s independence and accession to
the UPOV, the system of registration of plant vari-
eties has changed. Registered varieties, instead of
the list of zoned varieties, began to be entered in
the State Register because only registered varieties
were allowed for industrial cultivation in Ukraine.
Since the registration of a new variety is linked to
the name of the taxon to which this variety belongs,
varieties in the State Register began to be grouped
not by cultivar names, but by taxon names. Howev-
er, the lack of awareness of the transition from the
agrobiological nomenclature adopted for zoned va-
rieties to the botanical nomenclature adopted for
registered varieties has led to an eclectic mixing of
both systems.

In the latest version of the State Register, effec-
tive as of March 4, 2021 (Derzhavnyi, 2021), varie-
ties of woody plants are distributed among the fol-
lowing economic groups:

v agricultural: cereals (Vitex agnus-castus L.);

v agricultural: fodder (Vitex cannabifolia L.);

v fruits and berries (Malus domestica Borkh.;
Pyrus communis L.; Cydonia oblonga Mill. and others);

v grapes (Vitis vinifera L.);

w decorative and medicinal products (Rhododen-
dron simsii Planch.; Syringa vulgaris L.; Rosa L. etc.);

v forest (Pinus sylvestris L.);

v others (Salix fragilis L.; Salix viminalis L.; Pau-
lownia Sieb. et Zucc. etc.).

This classification is surprising because there
is no reason to classify species of the genus Vi-
tex as cereals or fodder cultivars. Compilers of the
State Register unjustifiably placed the fruit varie-
ties of “xenomenec xkanigopniticekuti” (Californian
chaenomeles) in the group of decorative cultivars,
although the varieties of “xeHomenec anomcoxuii”
(Japanese chaenomeles) are located among fruit
cultivars. The name of the group itself, “fruits and
berries”, unscientifically contrasts berries with
fruits. Grapes are isolated from fruit plants. The au-
thors of this paper can agree with this because the
cultivation of grapes has long been transferred to a
specific industry — viticulture, although it meets the
definition of “fruit cultivar”.

Woody plants comprise the largest share of fruit
cultivars, the vast majority of which are represented
by trees, shrubs, and lianas. Varieties are distribut-
ed among taxa of different ranks. This is usually the
species name: Prunus avium L., Ribes rubrum L., Vi-
burnum opulus L., etc. Some of the taxa are given a
generic name, such as Actinidia Lindl., or a section
rank, such as Rubus subgenus Eubatus sect. Moriferi
& Ursini. However, other pages contain varieties that
belong to particular species of these genera, e.g.Ac-
tinidia chinensis Planch. or Rubus idaeus L. Individu-
al varieties are marked not by publicized nothospe-
cies names, but by hybrid formulas: Cydonia oblonga
Mill. x Malus domestica Borkh. The disadvantage
of all the names listed in the State Register is that
the authors of taxa and taxon rank designations are
italicized, while they should be displayed normally.
There are cases of incorrect or outdated citation of
authors: Actinidia purpurea Rehd. x Actinidia arguta
Planch. instead of Actinidia arguta (Siebold & Zucc.)
Planch. ex Miq. x Actinidia arguta var. purpurea (Re-
hder) C.F.Liang ex Q.Q.Chang, Chaenomeles xcali-
fornica W.Clarke ex C.Weber instead Chaenomeles
xcalifornica W.B.Clarke ex C.Weber, Chaenomeles
japonica (Thunb.) Lindl. instead of Chaenomeles ja-
ponica (Thunb.) Lindl. ex Spach, Paulownia Sieb. &
Zucc. instead of Paulownia Siebold & Zucc., Prunus
avium L. instead of Prunus avium (L.)L., Vitex can-
nabifolia L. instead of Vitex cannabifolia Siebold &
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Zucc., and the last name is outdated. It is merely a
synonym to Vitex negundo var. cannabifolia (Siebold
& Zucc.) Hand.-Mazz. It is not necessary to include
numerous synonyms along with the taxon name,
such as Cornus mas L. (Cornus maculata L.; Cornus
erythrocarpa St.-Lag.; Cornus flava Steud.; Cornus
homerica Bub.; Cornus nudiflora Dumort.; Cornus
praecox Stokes; Cornus vernalis Salisb.; Macrocarpi-
um mas Nakai; Cornus sativa Poit. et Turp.; Eucrania
mascula Raf.), or Pistacia vera L. (Pistacia trifolia L.;
Pistacia narbonensis L.; Pistacia nigricans Crantz;
Pistacia terebinthus Mill.; Pistacia officinarum Ait.;
Pistacia macrophilla Pers.; Pistacia reticulata Willd.),
which are unnecessary “information noise”. There is
currently no sense in adding the label sensu stricto
to the generic name Cydonia Mill.

A substantial disadvantage of the State Register
is the use of outdated names that do not correspond
to the current level of knowledge. For instance, ha-
zelnut varieties are placed under the taxon name
Corylus maxima Mill. This comes from the fact that,
according to the method of examination of hazel-
nut varieties, they were classified as Corylus maxi-
ma. Since there is currently no reason to separate
Corylus maxima from Corylus avellana L., new hazel-
nut varieties are entered in the State Register under
the correct name, but the simultaneous indication
of two names of the same taxon confuses agrarians.
Some of them use outdated names in their scientific
papers, referring to the State Register, which is un-
reasonably considered exemplary on nomenclature
issues. The listing of varieties of the same crop un-
der distinct species names leads to more misunder-
standings: Vaccinium myrtilloides Michx. and Vaccin-
ium corymbosum L., with the first taxon being named
“gopuuilg KaHagcbka” (Canadian blueberry) and the
second being “noxmuHa Bucokopocia” in one place
and “gopuutisg” in another. Blackberry varieties are
placed in various places under an outdated name
Rubus subgenus Eubatus sect. Moriferi & Ursini. In
fact, registered blackberry varieties are complex hy-
brids between representatives of different sections
of the subgenera Rubus and Idaeobatus. Placing Cy-
donia oblonga ‘IC 2-3’ and ‘IC 4-6’ varieties under
the name Pyrus communis is incorrect. In numerous
instances, “mines” are laid already at the stage of
examination of varieties because the applicant of a
new variety is offered to choose a botanical name
from the list of approved taxa names, which does
not correspond to the current level of knowledge.

As for Ukrainian names, the State Register
demonstrates blatant inconsistency. In some cas-
es, the Ukrainian name of the taxon correspond-
ing to the Latin original is given: Cydonia oblon-
ga - “aiiBa moBracrta” (oblong quince), Actinidia
chinensis — “axktuHigis xkuraiicbka” (Chinese acti-
nidia), in other cases it is replaced by a borrowed
cultivar name. For instance, Vaccinium corymbosum,
“noxuna uiutKoBa” (blueberry corymbose), is
named “moxmHa Bucokopocia” (after the American
cultivar name - Highbush Blueberry). Hippophae
rhamnoides L., “menb sxocteponofiouuii”, is called
“o6minuxa kpymmHoBugHa” (after the russian name,
the species epithet of which does not correspond to
the Latin original because “kpymmnna” is Frangula,
and Rhamnus is “xoctip”; “obminuxa” is an accept-
able name for a fruit cultivar, but there is no need to
replace it with the specific Ukrainian generic name
of a plant native to Ukraine). Juglans regia L., “ropix
napcbkuit”, is called “ropix rpempkuit” (a russified
name that is an Ukrainism in russian), which is
known in culture as “BoysiocbKuit ropix”. Some taxa
in the Ukrainian language have one-word names
(“uepemns”, “cmoponuu”), so the imitation of the
russian name for Ribes nigrum L. as a “cMmopopauHa
yopHa” is superfluous. Some taxa that have a bina-
ry specific Latin name are translated by the one-
word Ukrainian name Ribes rubrum L. - “mopiuku”
(instead of “mopiuku yepBoHi”). Recognition of the
genus Prunus s.l. led to the replacement of the spe-
cies names of stone cultivars. However, in the use
of gardeners, it is worth leaving the traditional
names of cultivars: “abpuxoca” (apricot), “BuirHs”
(cherry), “murmany” (almond), remembering the
difference between the binary taxon name and the
cultivar name. It is worth getting rid of the russi-
fied names “abpukoc” (in Ukrainian “a6pukoca”),
“nepcuk” (in Ukrainian “6pockBuHa”). Varieties of
one of the stone crops included in the State Register
are assigned to the taxon with the outdated name
Prunus divaricata Ledeb. and called “anmnua” (plum
spreading, cherryplum). In fact, these are inter-
specific hybrids of Prunus cerasifera Ehrh. x Prunus
salicina Lindl., which in horticultural practice is
called “ri6pupnHa/Benukoruiona anuua” (hybrid or
large-fruited myrobalan plum). Similarly, varieties
registered as “BuilHS 3BMYaiiHa” (common cherry) —
Prunus cerasus L., are interspecific hybrids of Prunus
avium (L.)L. x Prunus cerasus L. This also applies
to other cultivars where varieties of interspecific
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origin are assigned to one of the parent species, al-
though they belong to recognized nothotaxa.

The names of Ukrainian varieties are duplicat-
ed in Latin transliteration, and the names of varie-
ties in Latin have Ukrainian matches. However, the
names are transliterated so that it is impossible to
correctly establish the original name, e.g., the ap-
ple variety ‘SQ 159’ is translated as ‘CKIO 159’. In-
stead of the normative transliteration approved by

Resolution of the Cabinet of Ministers No. 55 of
27.01.2010, the State Register for some reason ap-
plies the rules of the GOST 7.79-2000 standard (ISO
9:1995), which Ukraine did not adopt. The names of
varieties are accompanied by names in russian, and
Ukrainian varieties are either translated, or translit-
erated, yet or left in the original spelling. These and
other inconsistencies are also inherent in previous
versions of the State Register (Mezhenskyj, 2017).

Names of tree cultivars according to different classification systems

Botanical classification

Agrobiological

classification Inappropriate taxon

Latin species name

Ukrainian species name

names in the State

. Register
cultivar name 8l

Chaenomeles japonica
(Thunb.) Lindl. ex Spach

SImoHCbKa aiiBa 3BMYaiiHa,
a6o xeHOMeJI(ec) SITOHCKMIt

SImoHchbKa ajiBa XeHoMerJtecC SITOHCbKA

Corylus avellana L. JlimyHa aBe/uIbCbKa DYyHAYK JlimyHa 3BMyaiina
Cornus mas L. IlepeH vosoBiunit HepeH HepeH cripaBXHiii (KU3WT)
Diospyros kaki L. Xypma Kaki Xypma Xypma cximHa
Hippophae rhamnoides L. ITe1b sKOCTEPOTIOAiOHMIT O6minuxa O6minmuxa KpyIMHOBUIHA

Juglans regia L.

Topix mapcbrmit

Bonocbkuit ropix Topix rpeupkuit

CnuBa BipMeHCbKa,

Prunus armeniaca L. A6pukoca A6puKoC 3BMYaitHMIT
abo abpukoca
. CnuBa BUITHEHOCHA Annua (cimBa possora
Prunus cerasifera Ehrh. ’ Anvua ( P ’
abo annua BUIIIHECTUBA)
Prunus cerasus L. CnuBa BUIITHEBa Bumins BuiiiHs 3BuuaiiHa
Prunus dulcis (Mill.) CnuBa cononka
D.A.Webb Murnaib Murnaab 3BUYaitHui

Prunus persica (L.) Batsch

CnuBa mepcbka

BpockBuHa (r1epcuk) [Mepcuk 3BuuaiHMi
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Table, Continued

Botanical classification

Agrobiological classification

Latin species name

Ukrainian species name

cultivar name

Inappropriate taxon names
in the State Register

Rhododendron simsii Planch.

Popomenapon Cumca

PononennpoH

Asanig Cimca

Rosa L. MInmmmHa [IumnuiHa; TpostHAA TposiHaa
. .o TposiHaa edipoormiitHa
Rosa damascena Mill. [IumnmmMHa famMacbka ErtepooniitHa TpostHAA postHAa edip

JamMacbka

. . MMopiuku yopHi
Ribes nigrum L. p P, CMmopoayrHa CMopoayHa 4opHa

abo cMopoavHa

Ribes rubrum L. IMopiuku 4yepBOHi YepBOHi TOPiUKY; MOPIUKM [Nopiuku

IMopiukn
BUHOTPaJ0Ky4YepsiBi,
abo arpyc
BUHOT'PaJOKy4ePsIBUIL

Ribes uva-crispa L.

Arpyc Arpyc 3BuvaiiHuit

Salix viminalis L. Bepb6a n030Ba (J10351HA)

Bep6a (1030Ba BepoOa,

KOIIMKapchbKa Bep6a) BepGa nipyrosuaHa

Vaccinium corymbosum L. Jlox¥1Ha IUTKOBA

JloxuHa BMCOKOpPOCa;

Bucokopociia moxuHa
YOPHUIIS

Under the influence of the State Register, in sci-
entific works, namely in theses, in recent decades,
incorrect constructions of names that do not corre-
spond to the nomenclature code or the norms of the
scientific style of the Ukrainian language have been
increasingly used (Mezhenskyj, 2020).

Conclusions
In crop production, namely in forestry and horticul-
ture, two systems of nomenclature are used in par-
allel: agrobiological, which operates on the names
of cultivars, and botanical, which is based on the
scientific names of taxa. The State Register of plant

varieties suitable for distribution in Ukraine con-
tains inconsistencies in the names of taxa and cul-
tons and the distribution of varieties by use groups.
There is an unconscious replacement of the culti-
var names with names that follow species names
in form. This destroys the system of agrobiologi-
cal nomenclature and contradicts the norms of the
scientific style of the literary Ukrainian language.
It is possible to correct the situation by following
the recommendations of the International Code of
Nomenclature for Algae, Fungi, and Plants and con-
sistent application of the “Rules of Nomenclature,
Taxonomy, and Cultonomy of Plants”.
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HomeHK/IaTypa AepeBHMX POC/IVH Y Iep>KaBHOMY PEECTPi COPTiB pOCIMH YKpaiHu
Bonogumup Muxonaiiosnu Meskencbkuii, JliogMmuiia OnekciiBHa MexkeHCbKa

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

AHoTanisa. EQekTUBHICTD BUMROPUCTAHHS POCIMHHUX PECYPCiB 3aJeXUTh BiJ MPaBMIbHOTO BXUBAHHS
Ha3B pPOUIMH. Y HAYKOBill CibCbKOTOCHONAPCHKiii JiTepaTypi IMMPOKO 3aCTOCOBYIOTh YKpaiHCbKi Ha3BU
POCJINH, IO HaJIeKaTh M0 60TaHiuHOI Ta arpobiosoriunoi knacuikaiii, mpoTe 06MIBI 3 HMX OCTATOYHO
He yrnopsakoBaHo. Ha3Bu CiibCbKOTOCIIOAApPChKMUX KYJAbTYP BXXKMBaIM B arpapHiit mpaxkTuiii, 30Kkpema I,
yac cuUcTeMaTu3allii paiiloHOBaHMX COPTiB poCiaMH. Y MpOlLieci peecTpallii cCOpTy MMO3HAYAIOTh, OO SKOTO
TaKCOHA BiH HAJIEKUTD, i TiJI 1i€0 HA3BOI BHOCSITH A0 JlepskaBHOTO PeECTPY COPTiB POCAUH, TPUAATHUX IJIs
nomupeHHs B YKpaiHi. [lepesnik pociauH, mo NpuiiHATI B Jep>kaBHOMY PeECTpi, € CyMIilIIIi0 MPaBUIbHUX
i HempaBMJIBHMX HAa3B, IO BUMHMK/IA BHACTIOK HEOCMMUCJIIEHOTO aJamnTyBaHHS Ha3B arpobionoriyHoi
HOMEHK/IATypU IUISXOM YIIOZiOHIOBAaHHS iX Ha3BaM OOTaHiYHMX TaKCOHiB. [lepskaBHUII peecTp MiCTUThb
Tepeslik 3apeecTpPOBAHMUX COPTiB, 110 HAJEXaTh O MeBHMUX TAKCOHIB, SIKi 3TPYIIOBAHO 3a IOCIIOAapChbKUM
BUKOPUCTAHHSIM. [HKOJIM COPTM ¥ TAaKCOHM PO3MillleHO B HeBifmoBigHMxX rpymnax. CopTH, 10 HajleXaTb
0 OJTHOTO ¥ TOTO CcaMOro TaKCOHa, MOAEeKyHOM IOo3HaueHi Pi3HMMM BUAOBUMM HasBamu. sl mesaKux
TaKCOHIB JIepeBHUX POCIVH HaBeIeHO 3aCTapisi JaTMHCHKI Ha3BM ab0 iXHE HAMMCAHHS Ma€ BiIXWJIEHHS
BiJ mpuitHaToro. YacTuHy 60TaHiYHMX TaAKCOHIB 3aMiCTh YKpaiHChKOi HAYKOBOI HA3BYM MMO3HAYEHO HA3BAMU
Ky/nbTyp. TpanasoTbcs 3pociiillleHi Ha3BU KyJAbTYpP 3aMiCTh IMTOMO YKPaiHCbKMX, MOPYIIYIOTbCS MpaBuia
HOpPMAaTMBHOI TpaHUIiTepallii copToBux Ha3B. CKOHCTpyitoBaHi y [lepskaBHOMY peecTpi Ha3BU POCIMH
HETaTMBHO BIUIMBAIOTh Ha (paxoBy ymiTepaTypy. BoHU pyitHYIOTH CMCTEMY arpo6iosorivHOi HOMEHKIATypu
i cymepeuaTh HOpMaM HAyKOBOTO CTWJIIO JIiTepaTypHOi yKpaiHChbKOi MOBU. [jisi BUIIpaBieHHS HeOOJiKiB
MOTPiOHO JOTPUMYBATHUCS peKOMeHIalliii MixkHapOTHOTO KOJIeKCYy HOMEHK/IATypy JIJisi BOOOPOCTeii, TpubiB
i pociiuH i 3actocoByBaTH «IIpaBuiia HOMEHKIATYPU, TAKCOHOMIi Ta KyJIbTOHOMii pOCIUH», pO3pobiieHi ajist
YIOPSIAKYBaHHS YKpaiHChKOi piToHiMmii

KirouoBi cjioBa: TakCOHU, BUIM, TepeBa, HAa3BU POCIVH
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“Green Book™: Levels of functioning, syntaxonomy, structuring

Pavlo Ustymenko!, Serhii Popovych?, Dmytro Dubyna!

IM.G. Kholodny Institute of Botanyof the National Academy of Sciences of Ukraine
01601, 2, Tereshchenkivska Str., Kyiv, Ukraine

2National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine

Abstract. In the light of modern scientific concepts of phytocenotic diversity, the study of its preservation
is now a new and somewhat holistic outlook on this global problem for humanity. According to the
pan-phytocenocentric concept, its solution should be implemeted at the local, regional, national, and
international levels. Protection of phytocenotic diversity in Ukraine has become an integral part of the
concept of eco-balanced development, national programs for the conservation of biodiversity as a mandatory
element of national environmental policy. Therefore, it is important to preserve phytocenotic diversity as a
set of phytocenotic taxa that reflect all levels of organization of phytocenosystems and which were formed
during philocenogenesis in various ecological conditions. The purpose of this paper is a comprehensive
level analysis of the current composition of the rare phytocenotic pool of Ukraine, establishing a new list of
rare syntaxa, working out the latest structure of the second official edition of the “Green Book of Ukraine”
and outlining tasks for the future. In this context, a critical analysis of the syntaxonomic composition
of the current rare phytocenotic pool of Ukraine was carried out, methodological violations of isolating
syntaxa were found, and the structure of describing rare syntaxa was proposed. The authors identified 983
associations of 104 formations that will be used as the basis for the second official edition of the Green Book
of Ukraine. An essential element of syntaxonomic protection of vegetation is also the creation of regional
lists of rare associations, based on the principles of creating the “Green Book of Ukraine”. This study is the
first to outline a modern rare phytocenotic pool for the main natural regions: Ukrainian Polissia, Ukrainian
Carpathians, Podil part of the forest zone, Forest Steppe of Ukraine, Steppe of Ukraine, Mountain Crimea

Keywords: vegetation, rare association, rare phytocenotic pool, “Green Book of Ukraine”, regional green
lists

Introduction
One of the priority areas of modern scientificthought and the preservation of optimal conditions for the
is the development of principles and the formation existence of heterogeneous living and non-living
of conceptual foundations of the latest environ- nature. In the real practice of the relationship be-
mental outlook. The latter increasingly becomes a  tween human society and nature, this task is trans-
philosophy of the survival of humanity in general formed into an ideal of sustainable ecosocial de-
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velopment. Such development involves preserving
the authenticity of the relevant natural objects over
time, as well as increasing their self-organizing po-
tential in a co-evolutionary way. This is evidenced
by the close attention of international environmen-
tal organizations to this problem and program de-
velopments carried out under the auspices of the
United Nations, UNESCO, UNEP, IUCN, and others.

For Ukraine, the problem of the ecostate sta-
bility, and therefore the state of its biodiversity, is
particularly relevant, as it is recognized as a pri-
ority at the state level. Firstly, the methodology of
this approach is consolidated in the Constitution
of Ukraine; secondly, it is the result of signing and
ratifying the relevant convention of an internation-
al multilateral treaty; and thirdly, the conservation
of biodiversity is included in the seven priorities of
national environmental policy. Therefore, the pro-
tection of phytocenotic diversity in Ukraine has be-
come an integral part of the concept of eco-balanced
development and national biodiversity programs.
This is also noted in the draft “National Strategy for
Forest Management of Ukraine until 2035”.

In this area, the main focus is on preserving
vegetation cover as the initial link of all bioener-
getic processes that occur in the biosphere. In this
regard, the urgent task is to preserve and maintain
the natural phytocenogenetic process in the vegeta-
tion cover. Phytocoenoses, as elementary phytocoe-
nosystems, collectively form a higher-order struc-
ture — vegetation. Preservation of phytocenoses
solves the ecoproblem at three principal levels of
the organization of living things: phytocenotic
pool, phytogene pool, and ecosystems of the planet
(Shelyag-Sosonko, 1999; Stoyko, 2011).

The defining stage in recognizing the impor-
tance of syntaxonomic protection of rare vegeta-
tion at the ecosystem level is the creation of “Green
books” (“green lists™), as a certain register of groups
that require special conservation. Usually, such reg-
isters provide information about their group struc-
ture, phytocenotic features, distribution, phytoso-
zological and botanical value, measures to optimize
conservation regimes and balanced use, and the
state of conservation (Popovych, 2002; Shelyag-So-
sonko, 2003a; Stoiko & Shelyag-Sosonko, 2005;
Ustymenko, Shelyag-Sosonko & Vakarenko, 2007).

For the entire short history of syntaxonom-
ic protection in Ukraine as a science, theoretical
foundations for the preservation of rare groupings

were developed and the principles of their isola-
tion were formulated, a model of the structure was
proposed and three editions of the “Green Book of
Ukraine” were made: two scientific monographic
works “Green Book of the Ukrainian SSR: rare, dis-
appearing and typical plant communities in need of
protection” (Shelyag-Sosopko, 1987), “Green Book
of Ukraine. Forests” (Shelyag-Sosonko, Ustymenko,
Popovuch & Vakarenko, 2002), the first official pub-
lication — “Green Book of Ukraine” (Didukh, 2009).

An essential event for the development of the
science of rare plant communities was the publi-
cation of S.Y. Popovych’s monograph “Synphyto-
sozology of forests of Ukraine” (Popovych, 2002).
The author conducted a theoretical and methodo-
logical generalization of scientific materials on the
protection of forest vegetation of Ukraine, revealed
the theoretical foundations of the strategy for the
protection of phytocenodiversity at the basic levels
of its ecosystem organization, presented a new ap-
proach to the allocation of phytocenodiversity ac-
cording to regional and horological criteria, carried
out a synphytosozological assessment of the forest
cenotic pool.

The monograph “Management of protected for-
ests of Ukraine” (Shelyag-Sosonko, 2003b) provides
a list and brief scientific and environmental char-
acteristics of rare forest associations of nature re-
serves of Ukraine.

Considerable factual material of research on the
rare phytocenotic pool of Ukraine, which has been
tested in numerous scientific papers and reports on
scientific research, is critically summarized in the
monograph “Rare phytocenotic pool of Ukraine”
(Ustymenko, Shelyag-Sosonko & Vakarenko, 2007).
The authors highlighted modern aspects of phyto-
cenological and synphytosozological studies, ana-
lysed the state of conservation of phytocenodiversity
of the nature reserve fund of Ukraine for categories
of the highest geosozological rank. In this thorough
study, a rare phytocenotic pool is also characterized
and analysed in terms of phytocenotic, phytosozo-
logical, botanical, and geographical significance,
representativeness, amplitude and density of distri-
bution, the nature of changes in phytocenotic areas,
position in the succession series, and the potential
for recovery of phytocenoses.

In the context of the development of the eco-
logical network of Ukraine for the identified key ter-
ritories of the international, national, and regional
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levels of Forest-Steppe and Steppe, a list of rare
phytocenoses is given, the rare phytocenotic pool
is analysed, the degree of transformation of these
groups is established and the main threats for them
are clarified (Dubyna & Movchan, 2013; Ustymenko
et al., 2018).

Thus, the idea of preserving a rare phytocenotic
pool is especially relevant for Ukraine, whose vege-
tation cover has undergone substantial quantitative
and qualitative transformations, which has led to
the depletion of the phytocenotic pool and the de-
terioration of the philocenogenesis. Over the past
decades, a considerable series of other publications
has covered this issue, continuing the discussion of
methodological foundations and practical measures
for the conservation of rare phytocenoses in Ukraine.

The purpose of the present paper was a compre-
hensive level analysis of the current composition of
the rare phytocenotic pool of Ukraine, establishing
a new list of rare syntaxa, as well as working out the
latest structure of the second official publication of
the “Green Book of Ukraine”.

Materials and Methods

The research materials were the rare phytocenot-
ic pool of Ukraine, modern geobotanic literature,
and field factual material of the authors collected
in all natural regions of the country over the past
half-century.

The methodology for determining rare phyto-
cenotaxonomic diversity is based on a set of methods
for syntaxa inventory and matrix synphytosozolog-
ical assessment of the phytocenotic pool (Didukh,
2009), which are well tested in the Ukrainian phy-
tocenological literature. Field studies were carried
out using classical geobotanical methods (detailed
route, cartographic, laying of temporary experimen-
tal plots, geobotanical description, etc.) (Yakubenko
et al., 2018). During the desk stage of research, field
data were systematized and synphytosozological
analysis was performed. Rare syntaxa of forest vege-
tation were identified on the principles of dominant
classification (Didukh, 2009). Synphytosozological
assessment of the phytocenotic pool was carried
out per the “Methodology of synphytosozological
assessment of natural plant communities subject
to protection and included in the Green Book of
Ukraine”, approved by the Order of the Ministry of
Environmental Protection and Natural Resources of
Ukraine No. 257 dated 27.05.2009.

Results and Discussion

According to the panphytocenocentric concept, all
rare plant groups at all levels of phytostroma organ-
ization are subject to continuous protection. Let us
briefly consider synphytosozological problems at
each of these principal levels.

International level.

Global warming of the biosphere climate has be-
come one of the most urgent environmental prob-
lems of the present time, with a far-reaching impact
of these processes on society, the environment, and
the economy. Undoubtedly, the main effects of such
an impact primarily affect the state of natural in-
digenous ecosystems. Therefore, it is not difficult to
predict the consequences:

1) the growing areas of some species of biodiver-
sity will be changed due to changes in the bound-
aries of natural zones, in some cases some species
will completely disappear;

2) the modes, types, intensity, and frequency of
exposure to vegetation of various natural environ-
mental factors — floods, hurricanes, landslides, fires,
insects, pathogens, etc. - will change;

3) there will be mostly negative changes in the
stability of life, primarily in forest, steppe, and
swamp ecosystems, and the productivity of autoch-
thonous woody and herbaceous plants;

4) the efficiency of functioning of vulnerable
ecosystems will change rapidly, specifically their
impact on biogeochemical cycles, the state of bio-
diversity, and the reduction of carbon sequestration
by forests (with the implementation of rapid growth
of such scenarios, forests will turn from carbon stor-
age facilities into sources of emissions);

5) the reproductive cycles of species of biodi-
versity of natural ecosystems, the course of their
successions will change, and their ecotic and social
functions will change;

6) there will be a decrease in the amount of natu-
ral population biodiversity, especially species with a
narrow climatic range (stenotopic), as well as species
on the border of their ranges, relicts and endemics.

To slow down the above-mentioned processes in
Europe for the implementation of the “Convention
on the Conservation of Wild Flora and Fauna and
Natural Habitats in Europe” (Bern, 1979) and numer-
ous relevant initiatives, resolutions, directives (es-
pecially Annex I of the Biotope Directive and Reso-
lution 4) the concept of biotope protection has been
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introduced, which provides only partial preservation
of associational phytocenodiversity and a minimal
share of rarity. According to this document, coast-
al, halophytic, non-marine aquatic, herbaceous,
shrubby, forest, continental rocky, scree, psammo-
phytic, and sparse forest communities are subject to
conservation in Europe (Andrienko & Onyshchen-
ko, 2008), which usually characterize higher taxo-
nomic ranks. Biotopes are very rarely identified at
the level of plant associations, as is customary for
“green books”. In general, in the EU countries, the
leading area of biodiversity protection is the pres-
ervation of local populations of rare plant and an-
imal species, as well as unique or reference natu-
ral ecotopes, regardless of whether rare species of
biodiversity occur there. Already after the adoption
of the Bern Convention and the so-called housing
directive, the Strategy for the Preservation of Plant
Life or its analogues for different regions was agreed
at the international level, the Convention on Biodi-
versity (Rio de Janeiro, 1992) was approved, as well
as dozens of other documents that allow fulfilling
the purpose of preserving living nature in its vari-
ous manifestations. It is the Convention on Biodi-
versity that makes provision for the biocenotic level
of wildlife conservation. The pan-European strategy
for the preservation of biological and landscape di-
versity (Sofia, 1995) is a demonstrative example of
the implementation of this convention, which com-
prehensively covers various aspects and approaches
of environmental protection activities — from popu-
lation to biocenotic and eco-network. Undoubtedly,
such activities are organized in a more complex way
at the planetary level. However, biotope protection
and syntaxonomic protection are related concepts,
but not identical.

In this context, the problem of preserving the
types of living organization, which ensures the
functioning of the biosphere and the maintenance
of eco-balance at the phytostromal level, first of
all, in the most sensitive component of phytocen-
odiversity — rarity, becomes relevant. In this regard,
in 1996, Yu.R. Shelyag-Sosonko and T.L. Andrien-
ko called for work to be started on the selection of
plant groups rare for Europe and the creation of the
“Green Book of Europe”. They also believed that the
selected syntaxa should be cited not only according
to the dominant classification, but also according
to the Braun-Blanquet system (Shelyag-Sosonko &
Andrienko, 1996). This proposal is considered in the

scheme for describing a rare phytocenosis for the
new edition of the “Green Book of Ukraine”.

National level.
In Ukraine, the first official publication of the Green
Book of Ukraine (2009) became a defining event for
the history of syntaxonomic protection of rare veg-
etation at the ecosystem level. At this stage of the
development of synphytosozology, this publication
became a register of plant communities that needed
special preservation. For each phytocenosis, infor-
mation about its vertical and horizontal structure,
features of functioning, distribution, phytosozo-
logical and scientific value, measures to optimize
conservation regimes and balanced use, and repre-
sentativeness of the nature reserve fund is provided.
The structure of the “Green Book of Ukraine”
was developed per the requirements of the “Regu-
lations on the Green Book of Ukraine”, which was
approved by the Resolution of the Cabinet of Minis-
ters of Ukraine in 2002. To identify rare groupings,
a synphytosozological assessment of plant associ-
ations was carried out according to this method.
Such assessment is based on the principles of the
importance of dominant species involved in the
formation of phytocenosis both as functional and
specific-territorial biosystem. In addition, accord-
ing to this method, eight diagnostic features of
groups are distinguished (phytocenotic, phytoso-
zological, botanical-geographical significance, re-
gional representativeness, ecological-phytocenot-
ic amplitude and density of distribution, nature of
changes in the cenoareal, position in the succes-
sional series, potential for recovery), each of which
has four gradations. Furthermore, the authors of
this study prepared materials for the new edition
of the “Regulations on the Green Book of Ukraine”
in the context of the second edition of the “Green
Book of Ukraine”. The content of its text has been
corrected, to which changes and clarifications have
been introduced, which will contribute to the qual-
ity improvement of the implementation of particu-
lar, effective measures to preserve and reproduce
rare plant groups. Therefore, the “Green Book of
Ukraine” is a legally established mechanism for the
protection of rare phytocenoses and their habitats
in Ukraine, which are necessary for joint preserva-
tion. This official document supports a consistent
legal tradition in the field of biodiversity protec-
tion in Ukraine.
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The current official edition of the “Green Book
of Ukraine” (2009) also contains information on
the condition, distribution, and features of rare
and endangered species, as well as typical natural
plant communities subject to protection. This edi-
tion comprises 160 articles that provide informa-
tion about 800 associations of 111 vegetation for-
mations in Ukraine. Among the types of vegetation
in Ukraine, the richest is the rare phytocenotic pool
of forest vegetation, which has 308 associations,
62% of which are confined to mountain ecosystems.
The rare phytocenotic pool of Steppe vegetation has
222 associations, and the highest aquatic vegetation
has 137 associations. In other types of vegetation,
it is less numerous: shrubby and prostrate shrubby
vegetation of the Carpathians and Crimea — 32 as-
sociations, grass and prostrate shrubby vegetation
of xerotic type on outcrops and sands — 32, meadow
vegetation - 20, swamp vegetation — 39, halophyt-
ic vegetation — 10 associations. This representation
of rare associations generally correlates with the
phytocenotic richness and diversity of vegetation
types in Ukraine, the degrees of their conservation
and disturbance, the diversity of ecotopes, botanical
and geographical features, etc. (Ustymenko, Duby-
na & Vakarenko, 2010). Thus, the “Green Book of
Ukraine” has become a theoretical foundation for
developing practical measures for the conservation,
reproduction, and use of plant communities.

Currently, work has begun in Ukraine on the
preparation of a new (second) official edition of the
“Green Book of Ukraine”, in which the authors of
this paper are directly involved. Since the publica-
tion of the first official edition, a lot of new synphy-
tosozological and geobotanic information about the
rare phytocenotic diversity has been accumulated,
which, together with the materials of special studies
of the rare phytocenotic pool, is a sufficient basis for
preparing a new edition. This process requires the
presentation of up to date geobotanic information
for each of the rare syntaxa, detailed cartographic
material, clarification of the main threats, and de-
velopment of types of conservation modes.

The quantitative and qualitative state and com-
position of rare plant communities in Ukraine have
changed substantially over the past few decades.
The number of localities with rare phytocenoses,
which, due to their ecobiotic characteristics and or-
igin, are sensitive to anthropic influence, has con-
siderably decreased. Their phytocenotic content has

also changed. Therefore, the obvious phytosozolog-
ical task of today is a critical analysis of the avail-
able lists of rare vegetation syntaxa, conducting
the most complete inventory of them based on the
results of the latest phytocenological studies, syn-
phytosozological assessment, and ensuring com-
prehensive preservation.

In recent years, the authors of this paper have
thoroughly analysed the syntaxonomic compo-
sition of the current rare phytocenodiversity of
Ukraine and critically evaluated the content of
geobotanic descriptions in the phytosociological
database. As a result, several problematic issues
were identified that needed to be considered upon
drafting a new list of rare groups for inclusion in
the second official edition of the “Green Book of
Ukraine”. The following aspects of the legitimacy
of a considerable share of syntaxa turned out to
be problematic: the inconsistency of association
names with the content of geobotanical descrip-
tions, based on which they were established; se-
lection of associations by individual descriptions;
violation of the principles of syntaxonomic protec-
tion; associations were established based on small
fragments of the mosaic of plant communities; as-
signment of true association rank to syntaxons of
lower rank, i.e., sub-associations or variants of as-
sociations were considered associations; inclusion
of syntaxa that have disappeared from autochtho-
nous indigenous ecotopes due to natural or an-
thropogenic factors in the list of rare phytocenotic
pool; associations were described several decades
ago and are currently not confirmed by modern re-
search, etc. In total, the authors of this paper iden-
tified 134 illegitimate rare associations, including
83 forest associations, two shrub associations, 30
steppe associations, two meadow associations,
seven swamp associations, and two water associa-
tions, as well as eight associations for outcrop and
sand groups (Fig. 1).

A detailed analysis of the current rare phyto-
cenotic pool, the latest results of modern synphy-
tosozological research and the latest geobotanical
information on rare phytocenotic diversity, as well
as the materials of the authors’ own research, al-
lowed establishing quantitative and qualitative in-
dicators of the current state and composition of the
rare phytocenotic pool of Ukraine, which will form
the basis for the preparation of the second official
edition of the “Green Book of Ukraine”.
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Figure 1. Quantitative ratios of legitimate and illegitimate rare associations of Ukraine

Thus, the modern rare phytocenotic pool of
Ukraine has 983 associations, which are included
in 104 formations. Forest vegetation is character-
ized by the most numerous rare phytocenotic pool,
which has 363 associations of 22 formations. Shrub-
by vegetation is represented by 32 rare associations
of eight formations; steppe — 300 associations of
24 formations; grass and prostrate shrub groups of
xerotic type on outcrops and sands have 31 associ-
ations of seven formations; meadow vegetation is
represented by 20 associations of five formations;

for swamp vegetation, 61 associations of 10 forma-
tions are established; halophytic vegetation is dis-
tinguished by the smallest rare phytocenotic pool,
which has 12 associations of three formations; the
highest water vegetation covers 163 associations of
25 formations (Fig. 2). As a result of the comparison
of the quantitative compositions of the rare phyto-
cenotic pool of the two official editions of the “Green
Book of Ukraine” (current and new), it was estab-
lished that the phytocenotic pool proposed for pro-
tection will be increased by 186 associations (Fig. 3).

Higher aquatic: 163.17%

Halophytic: 13.1%

Swamp: 61.6%

Meadow: 20.2%

Outcrops: 31.3%

Steppe: 300.31%

Forest: 363.37%

Shrubby: 32.3%

Figure 2. Rare phytocenotic pool of vegetation types in Ukraine: richness and ratio
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Figure 3. The ratio of the number of rare associations
in the current (2009) and planned editions of the “Green Book of Ukraine”

In connection with the above, the authors of
this paper believe that the scientific foundation of
improving the description scheme of rare phyto-
cenoses of the “Green Book of Ukraine” is one of the
methodological foundations of the development of
modern synphytosozology in Ukraine. From a prac-
tical standpoint, scientific foundations are also nec-
essary to develop the organizational component of
plant life conservation in Ukraine.

For more detailed information about the sta-
tus of a rare syntaxon in relation to its scientific
and phytosozological value, the new edition of the
“Green Book of Ukraine” suggests describing it ac-
cording to the following indicators:

v binominal scientific name of the dominant
plant association;

v ecological and floristic classification syntaxa
corresponding to the dominant association,;

v synphytosozological category, index, and
grouping status; phytocenotic range and state of
distribution in Ukraine;

v eco-conditions;

v biotope;

v scientific botanical value;

v motives of protection,;

v eneral phytocenotic characteristics; renewa-
ble potential;

v representation in the nature reserve fund, po-
sition in the eco-network system;

v factors of negative influence;

v biotechnical and sociotechnical recommen-
dations;

v main sources of information;

v distribution map of the rare group.

In the future, it is worth moving on to evaluat-
ing indicators only for environmental content.

In the new “Green Book of Ukraine” all types of
vegetation organization will be presented accord-
ing to a single scheme based on the classification
of vegetation according to the dominant principle.
As noted above, the factual material obtained based
on descriptions of rare phytocenoses revealed con-
siderable heterogeneity of associations of different
types of vegetation. Therefore, the structure of the
new edition of the “Green Book of Ukraine” justi-
fies the need to adopt a morphological and physi-
ognomic principle, according to which the predom-
inance of life forms and the resulting physiognomy
of a rare phytocenosis are taken into account. This
edition will also encourage further steps in the de-
velopment of syntaxonomic vegetation protection,
namely:

1) identification of new localities of rare plant
communities;
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2) creation of new nature reserves in places of
newly discovered localities of rare phytocenoses;

3) organization of a system of phytocenological
monitoring of the state of rare phytocenoses and
conducting necessary scientific research: the cur-
rent state of groupings, ecotope conditions, map-
ping with geographical coordinates, forecasting
natural and anthropic transformation, etc.;

4) development of a system of practical meas-
ures to introduce differentiated regimes for the
conservation, reproduction, and eco-balanced use
of rare plant communities;

5) conducting appropriate environmental and
educational work and informing the public, state
authorities, and local self-government about the
state of rare phytocenoses.

For the national level, it is worth noting another
important aspect of the issue — the beginning of the
so-called monographic typological “green lists” in
Ukraine. In this context, in 2002, the first monograph
“The Green Book of Ukraine. Forests” was released
(Sheliah-Sosonko, Ustymenko, Popovych, Vakarenko,
2002). In this genre of publications, it is advisable to
present security syntaxa in more detail at the level of
individual vegetation types. Therefore, due to the in-
tensive degradation of the steppe biome, first of all, it
is necessary to prepare scientific editions “Green List
of the Steppe of Ukraine”, and in the future for other
typesof vegetation aswell, primarily hydrophilic ones.

350
300
250
3
200 8
21
150 82 P
100 8
5 30 105 112
31
0
Ukrainian Podil part of Ukrainian
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®m Swamp vegetation Halophytic vegetation

Regional level.

An essential element of the syntaxonomic protec-
tion of vegetation is also the creation of region-
al (for natural and administrative regions) “green
lists” of rare associations based on the principles of
creating the “Green Book of Ukraine”, which should
be the only legal document in the country. First of
all, for certain natural regions of Western Ukraine,
S.M. Stoyko and his colleagues (Stoyko, Milkina,
Yaschenko et al., 1998) developed and published the
“Regional Green Book” for the first time, which lists
rare phytocenotic pool for the Ukrainian Carpathi-
ans, Western Polissia and the broad-leaved forest
zone of Ukraine. For the administrative regions of
Ukraine, this process is still at the initial stage of
formation, since now, such lists are compiled only
for some administrative regions (Zakarpattia, Kyiv,
Kirovohrad, Odessa, Poltava, Kharkiv). Undoubtedly,
these lists require critical analysis. It is also impor-
tant that leading experts in this field are involved in
their compilation.

Developing this area of research, the authors
of this paper most fully determined the modern
quantitative and qualitative composition of the rare
phytocenotic pool for the Ukrainian Polissia, the
Ukrainian Carpathians, the Podil part of the forest
zone, the Forest Steppe, the Steppe, and the Moun-
tain Crimea (Fig. 4).
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Figure 4. Number of rare associations in natural regions of Ukraine
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Of these natural and geographical regions, the
steppe zone (321 associations) is syntaxonomically
the richest rare phytocenotic pool, and it is the least
numerous in the Ukrainian Polissia (139 associa-
tions).For otherregions, these indicators are approx-
imately equal, they range from 175 (Forest-Steppe)
to 240 associations in the Podil part of the forest
zone. Rare phytocenotic pools of the Steppe zone,
the Ukrainian Carpathians and the Podil part of the
forest zone are more diverse. They cover rare asso-
ciations of five types of vegetation, for the Mountain
Crimea it is formed by associations of four types of
vegetation, and for the Ukrainian Polissia and For-
est-Steppe it is represented by associations of three
types of vegetation. Such proportions of indicators
generally correspond to the phytocenotic richness
and diversity of vegetation in the regions, the de-
gree of its preservation, and the volume of use of
natural resources. Among the vegetation types, only
rare forest associations are represented in all natu-
ral regions, the richness of which ranges from 16 as-
sociations in the steppe zone to 112 associations in
the Ukrainian Carpathians. In four natural regions,
there are rare associations of Steppe, swamp, and
higher aquatic vegetation. Rare meadow vegetation
is found only in the Ukrainian Carpathians.

In general, among the natural regions of
Ukraine, the phytocenotic pool of mountain ecosys-
tems - the mountainous Crimea and the Ukrainian
Carpathians, as well as the Podil part of the forest
zone - is characterized by the richness and diversi-
ty of rare associations. This fact is explained by the
considerable diversity of ecotopes of these regions
(areas of slopes of different steepness and exposure,
different heights above sea level, different hydro-
thermal regimes), the significant breadth of ecolog-
ical and phytocenotic amplitudes of edifiers, which

determines the syntaxonomical richness of phyto-
cenoses formed by them, the participation in the
creation of phytocenoses of a significant number
of sozophytes and species of considerable botanical
and geographical importance, the originality of the
phytocenotic pool.

Local level.

It is also expedient for the development of science
and nature conservation practice to draft “green
lists” for certain important botanical areas, espe-
cially nature-reserve territories of higher ranks -
biosphere and nature reserves, national natural and
regional landscape parks, certified forestry enter-
prises, etc. For this level, it is also worth noting this
aspect of the problem. In times of global eco-chal-
lenges, it is also important for a phytocenologist to
record the beginning of the formation of evolution-
ary-anthropically new phytocenotic systems, es-
pecially aggregations of autochthonous and exotic
plants with a high phytocenotypical involvement.

Conclusions
The principal area of protection of rare phyto-
cenoses should be the prevention of negative an-
thropogenic influence and their protection from
destructive natural phenomena. Ecological justifi-
cation of sozotechnical measures for such groups
to stabilize negative changes in the phytocenotic
diversity of vegetation cover in wider landscapes
should be based on the principles of applying a sys-
tem of preventive and direct protection methods
depending on homeostasis and their geosozologi-
cal category, as well as a differentiated approach to
the introduction of various types of conservation
regimes for rare phytocenoses depending on their
intended purpose. From an ecological standpoint,
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an essential task is to justify conservation regimes
in local areas, considering the severity and duration
of reservation. The specifics of conservation of rare
phytocenoses also depend on the number and area
of their localities, the characteristics of edapho-
topes, dynamic trends in groupings, and the degree
of threat of their extinction.

Generally, the idea of preserving a rare phy-
tocenotic pool is especially relevant for Ukraine,
whose vegetation cover has undergone substantial
quantitative and qualitative transformations, which

has led to the depletion of the phytocenotic pool and
the deterioration of the philocenogenesis. There-
fore, a relevant and urgent environmental issue still
is the study of the current state of the country’s rare
phytocenotic pool, an adequate action of which is
the maintenance of the “Green Book of Ukraine” and
other “green lists”. Next is the development and leg-
islative approval of fees for the illegal destruction
or destruction of legitimate rare phytocenoses. Each
rare plant group also needs a synphytosozological
passport.
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«3enena Kuura»: piBHi (yHKIIIOHYyBaHHS, CMHTaKCOHOMisl, CTPYKTypuU3allisi

ITaBno MurpodaHoBu4 YCTMMEHKO',
Cepriit IOpiitoBuu ITonosnu?, iImutpo BacuiaboBuu IyomHa’

TacrutyT 60Taniku imeni M.I. XonogHoro HAH Vkpainu
01004, Byn. TepemienkiBcbka, 2, M. Kui, YkpaiHa
’HauioHa/IbHMI1 YHiBEepcUTET 6iopecypciB i mMpMpomoKOpuUCTyBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

AHorania. JourigmkeHHs: QiToleHOTMYHOI pi3HOMAHITHOCTI Y CBiT/Ii CydacHUMX HAYKOBMX KOHUEIMii ii
36epeskeHHsI HMHi € HOBYM i ITIeBHOK MipOI0 XOJIiCTMYHMM CBiTOIJISIIOM INOO i€l r106aabHOI IJIS TI0ACTBA
npo6neMu. BinmoBigHO m0 MaHQiTOLEHOIEHTPUUHOI KOHIenlii ii BupilleHHS Mae 3milicHIOBAaTMUCSI Ha
JIOKaJTbHOMY, perioHaJibHOMY, HalliOHJIbHOMY i MikHapogHOMYy piBHsAX. OxopoHa GiTOIEeHOTUUHO]
pisHOMaHiTHOCTI B VKpaiHUM CTaja HEBiJ€MHOI0 YaCTMHOIO KOHIIEMIii eK036a7aHCOBAaHOTO PO3BUTKY,
HAIliOHAJbHMUX ITpoTrpamM 30epeskeHHSI O6iopi3HOMAHITHOCTI SIK O0OOB’SI3KOBOTO €JIEMEHTY JepskaBHOI
MIPUPONOOXOPOHHOI MOMiTMKM. TOMy akTyaqbHMM € 36epeskeHHS! (QiTOLEeHOTUMYHOI Pi3HOMAaHIiTHOCTI SIK
CYKYITHOCTi (PiTOIEHOTMYHUX TAKCOHIB, sIKi BimobpaxkaioTsb yci piBHi opranisanii ditoueHocucrem ta sKi
YTBOPUJIUCS Y TIpolieci dinorieHoTeHe3y B pi3HOMAaHITHMX eKOoyMoBax. MeTor my6itikallii € KoMIIeKCHUI
piBHeBUIT aHaIi3 CyuyacHOro CKJIaay papuTeTHOro itoreHopoHAy YKpaiHu, BCTaHOBIEHHS HOBOT'O ITepestiky
papuUTeTHUX CUHTAKCOHIB, OMpaIloBaHHS HOBITHBOI CTPYKTYpM ApPyroro odiliftHOro BuIaHHS «3eaeHoi
KHUTK YKpaiHM» Ta OKPECJIeHHS 3aBIaHb Ha MaiioyTHE. Y 1bOMY KOHTEKCTi TPOBEIeHO KPUTUYHUIL aHAJTi3
CMHTaKCOHOMIYHOrO CKJIagy HMHIIIHBOTO papuTeTHOro ¢ironeHodonay YkpaiHu, BUSIBIEHO METOOMYHI
MOpYIlIeHHSI iXHbOTO BU[iJIEHHS, 3allpPOIMIOHOBAHO CTPYKTYPY OIMUCY papUTETHUX CUHTAKCOHiB. ABTOPU
BusHaumm 983 aconianii 104 ¢popmarriit, Ski 6yayTh B3SITi 32 OCHOBY APYroro oQiriiiHoro BUgaHHS «3e1eHOi
KHUTY YKpaiHu». BaXXIMBUM eleMeHTOM CMHTAKCOHOMIUHOI OXOPOHM POCAMHHOCTI € TaKOX CTBOPEHHS
perioHanbHMUX (06JIACHUX) TIEPEJTiKiB pAPUTETHUX acoIliallilil 3a TPUHIIUIIAMU CTBOPEHHSI «3€JIeHOT KHUTU
VKpainnu». Yiepiie BU3HAUEHO CyuyacHUI papuTeTHU GiTorieHODOH, /i1 OCHOBHUX MIPUPOAHUX PETiOHIB:
Ykpaincbkoro ITosmiccst, YKpaiHcbkux KaprmaT, MomiibCbKOi 4acTUMHM JicoBOoi 30HM, JlicocTenmy YKpaiHu,
Creny Ykpaiuu, lipcbkoro Kpumy

Kiio4oBi cj10Ba: pOCIMHHICTD, papUTeTHA acolliallist, paputeTHuii piTorneHodoH, «3e1eHa KHUra YKpaiHm»,
perioHa/IbHi 3e1eHi CIUCKU
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