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Current State of Parks in the Sviatoshynskyi District of Kyiv

Oksana Bahatska’, Olesia Pikhalo, Tetiana Levchenko

Education and Research Institute of Forestry and Landscape-Park Management
National University of Life and Environmental Sciences of Ukraine
03041, 19 Horikhuvatskyi Shliakh Str., Kyiv, Ukraine

Abstract. In the issue of Kyiv’s greening strategy, an increase in the number of public parks in each
district of the city was noted, but their expediency is not always substantiated. That is why the purpose of
the study is to highlight the role of public parks in the urbanised environment and to analyse normative
indicators. An analysis of the quantitative indicators of public plantings within the public parks of the
Sviatoshynskyi district of Kyiv was carried out. The actual number of public parks, their areas, and the main
results of the public park survey have been established. Based on field studies and cartographic materials
parks are classified according to visual features. The sizes, areas, shapes, layout, and composition of the
plantations at the experimental sites were determined. Classification by functions: transit, recreational,
memorial, and by the time of creation. It was established that 70% of the district’s parks are intended for
short-term recreation, and the largest number of parks are located along the streets (39% of the total area
of the district’s parks). It was determined that the territories of public parks of the Sviatoshynskyi district
occupy small areas (from 0.11 to 7.86 ha) and are evenly distributed throughout the district. In terms
of shape, parks of a rectangular configuration predominate in the city - 35% by area, and in terms of
appearance - parks of a small area (up to 0.5 ha). The composition of plantings is dominated by parks with
a preference for deciduous species (40%). It was determined that according to the functional purpose,
most of the parks perform the function of short-term recreation, and according to the time of creation,
the majority of the parks were established in 2016-2020. The presented classification would allow to
systematise the existing territories and developing the classification of the parks of the Sviatoshynskyi
district of Kyiv

Keywords: classification of public parks, green spaces, plant assortment, urban ecosystems, hedges

Introduction

To ensure an optimal human living environment in
megacities, an important issue is the creation of a
holistic and continuous landscaping system. Urban
green spaces include gardens, vegetation cover, and
trees that contribute to ecosystem services [1]. Given
the significant pace of development of large cities,

Suggested Citation:

which leads to the compaction of living space and
reduction of green spaces, it is necessary to pay
considerable attention to existing parks and terri-
tories where they can be created. Occupying a small
area, the territories of parks within districts provide
an important function for the establishment of an
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architectural and planning structure. In addition to
recreational requirements, a park, as a small green
space, must also meet aesthetic requirements, as
these areas address the issues of interconnecting the
environment and building exteriors, ensuring artistic
and aesthetic potential, and a comfortable and cosy
stay of visitors in a green space. The research paper
by G. Kothencz, T. Blaschke highlighted studies relat-
ed to the hypothesis of perceived and spatial indica-
tors of urban parks and found that the role of urban
green spaces is fundamental in human perception of
objective indicators of the environment [2].

Urban green spaces differ in size, quality,
amenities, and entertainment resources in terms of
their use, maintenance, and design quality. Accord-
ingto]. Wu, Z. Feng, Y. Peng, Q. Liu, & Q. He, this het-
erogeneity is related to the requirement that parks
meet local standards [3]. R. Zhang, S. Peng, F. Sun,
L. Deng, & Y. Che proposed a classification of parks
in terms of environmental justice (for groups of the
population with different socio-economic status and
racial/ethnic composition in different countries),
which combines accessibility, quality, aesthetic fea-
tures, recreation facilities, and amenities [4].

Given the important role of urban green spac-
es, researchers pay great attention to their study.
The authors of [5], investigating the system of green
spaces in more than 1,000 cities, point out that sci-
entific publications are limited to individual cities
and give contradictory results due to the use of vari-
ous data sources and methods. The modern world is
working to expand a large-scale project that includes
a detailed survey of all green spaces in megacities
and the creation of a publicly accessible geograph-
ic database that documents all types, species, their
quantity, and distribution [6]. Researchers also study
the possibility of identifying vegetation in the city
from satellite images in the optical range in order to
establish the condition of garden and park objects
and point out the accuracy and necessity of research
data [7]. It is satellite data that will be used to de-
termine the green potential of the city’s space. In
addition to planning documentation on the list and
areas of public facilities, the authors of [8] point out
the need for research that will be based on maps and
will be able to show the relationship between built-
up areas and green spaces.

Since the 2000s, there has been a massive
demolition of green spaces in cities and localities of
Ukraine, as a result of which the area of green spaces
has significantly decreased, in particular, in Kyiv (in

1968, 24 m?% resident, now — 16-18 m?/resident) [9].
The standard indicator for the area of urban land-
scaping established by the World Health Organiza-
tion is 50 m? of urban green spaces per resident, and
the indicator of public green spaces for large cities is
21 m? per person [9; 10]. A common category of urban
public spaces is mini-parks, which in most cases are
intended for transit traffic or short-term recreation.

According to V.Yu. Yukhnovskyi, O.V. Zibtseva,
in 1984 significantly larger areas of parks were rec-
ommended in Ukraine - from 0.5 to 3.0 hectares. At
the same time, in practice, deviations from the stand-
ards were allowed: parks had an area from 0.1-0.2
and up to 4-5 hectares. For example, the size of parks
in Georgia ranges from 0.2 to 2-3 hectares, while in
Moldova parks have an area of up to 3 hectares. Ac-
cording to the researcher, a 25-fold decrease in the
minimum area of public gardens (compared to 1984)
left a loophole, whereby small areas of street green-
ery are transferred to the category of public green
spaces, which allows improving the indicator of pub-
lic green space provision [11].

S.V. Rogovskiy, N.V. Krupa, who studied the
mini-parks on Kontraktova Square, proposed an al-
gorithm for the reconstruction of plantings on the
territory of the park, namely: assessment of invento-
ry results, sanitary logging; establishment of future
compositions and engineering preparation; planting
of plants and qualified care [12].

The green spaces of Rivne, including public gar-
dens, were investigated by N.V. Denisyuk and V.Y. Mel-
nyk. It was concluded that the distribution of public
green spaces within the city is uneven, which, accord-
ing to the researchers, is conditioned by the heteroge-
neity of growth conditions and the human factor [13].

In the city of Kyiv, according to the “Kyivzelen-
bud” municipal association, there are currently 618
parks [14]. In recent years, there has been a tendency
to allocate areas for new parks by the decision of the
city council. The study of these territories would es-
tablish their compliance with the generally accepted
concept of “park” and state construction standards
and provide meaningful recommendations for iden-
tifying these territories.

The purpose of the study was to investigate and
analyse the current state, identify, and classify parks
in the Sviatoshynskyi district of Kyiv.

Materials and Methods

The object of research is the territory of 63 parks in the
Sviatoshynskyi district of Kyiv. Table 1 provides infor-
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mation on the distribution of parks by the following further classificationand identification of experimen-
criteria: address, area [15], year of establishment. For  tal objects, each park was assigned an ordinal number.

Table 1. General characteristics of parks in the Sviatoshynskyi district of Kyiv

Time of

No. Park name Area, ha establishment
1 | Park on Hnata Yury Str. and Lesia Kurbasa Ave. 0.67 2016
2 | Park on Chaadayeva Str. 0.43 2016
3 | Park on the corner of Lesia Kurbasa Ave. and H. Kosmosu Str. 1.32 2017
4 | Park on the corner of Y. Kolasa Str. and R. Rollana Blv. 7.86 2017
5 |Park on Tuluzy Str. 6-D 0.41 2017
6 | Park on Korolyova Str. 1.17 2018
7 | Park on V. Kuchera Str. (from the children’s clinic to S. Sosninykh Str.) 0.5 2017
8 | Park on Korolyova Str. (near “Smarahd” SE) 1.4 2016
9 | Park on the corner of H. Barskoho Str. and Symyrenka Str. 0.86 2016
10 | Park on Symyrenka Str. 22-24 2.4 2017
11 | Park at the intersection of Kiltseva Road and Zodchykh Str. (along Vira lake) 3.7 2018
12 | Park on Koltsova Ave. to Symyrenko juncture 0.16 2017
13 | Park on Lesya Kurbasa Ave. near building No. 1-A 0.11 2017
14 | Park along Korolyova Str. (adjacent to building No. 10 on Korolyova Str.and tram lines) 0.21 2017
15 | Park between buildings No. 5-A and No. 7-A on Symyrenka Str. 0.95 2017
16 |Park on Symyrenka Str. 13/1 0.25 2016
17 | Park on Bulhakova Str. 12 0.23 2016
18 | Park on Bulhakova Str. 9 0.37 2020
19 | Park on Verkhovynna Str. 8-10 1.37 2017
20 | Park on the corner of Peremohy Ave. and Kramskoho Str. 0.34 2017
21 | Park near the administration on 97 Peremohy Ave. 1.91 2014
22 | Park on Peremohy Ave. 117-119 1.24 2016
23 | Park on Peremohy Ave. 121-123 0.46 2015
24 | Park on the corner of Peremohy Ave. and Chornobylska Str. 1.15 2010
25 | Park on Kiltseva Road 0.18 2015
26 | Park on the corner of Lvivska Str, and Kramskoho Str. 0.21 2014
27 | Park on Peremohy Str. 117 (near “Ekran” cinema theatre) 0.31 2012
28 | Park on Verkhovynna Str. 80 0.46 2017
29 | V. Stus Square (on the corner of Peremohy Ave. and Palladina Ave.) 1.06 2014
30 | Park between Semashka Str. and Palladina Ave. 2.84 2019
31 | Park on Kotelnikova Str. 26-32 3.15 2019
32 | Park on Peremohy Ave. 131 0.77 2017
33 | Park on Kramskoho Str. 10 1.3 2001
34 | Park on Chornobylska Str. 12 0.65 2016
35 | Park on Chornobylska Str. 4/56 0.46 2016
36 | Park on Zhyvopysna Str. 12 0.17 2016
37 | Park between Krasnova Str. and Semashka Str. 2.8 2017
38 | Park near the monument to soldiers on Yefremova Str. 0.6 2018

Park on the corner of Yefremova Str. and Chornobylska Str. (near Afghanistan War

39 Memorial) 0.2 2017
40 | Park near School No. 304 on Pryluzhna Str. 0.81 2018
41 | Park on Deputatska Str. 13-17 0.5 2017
42 | Park between Palladina Ave. and buildings No. 87, 87-A and Vernadskoho Blvd. 0.52 2017
43 | Park on Chornobylska Str. 24/26 1.01 2016
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Table 1, Continued

Time of
No. Park name Area, ha establishment
44 | Park on Pidlisna Str. 2 0.8 2018
45 | Park on Bulakhovskoho Str. near buildings No. 40 and No. 42/43 0.35 2017
46 |Park on Yefremova Str. near building No. 18 0.43 2018
47 | Park on Pryluzhna Str. 2 0.78 2017
48 | Park on Zodchykh Str. 36-38 0.42 2018
49 |Park on Symyrenka Str. 27-29 0.53 2018
50 |Park on Peremohy Ave. 144 0.4 2006
51 |Park on Chornobylska 3 1.08 2017
52 | Park on Peremohy Ave. 73-A 0.206 2018
53 | Park on Irpinska Str. 63-A and F. Pushynoi Str. 44/50 0.8 2017
54 | Park between buildings 7-A and 9-A on Tupoleva Str. 0.4 2017
55 | Park between buildings No. 11 and 11-A on Tupoleva Str. 0.32 2006
56 | Park between buildings No. 59 on Vernadskoho Blvd. and No. 2,4 on Dobrokhotova Str. 0.4 2006
57 | Park near buildings No. 8-A and 10 on Semashka Str. 0.8 2006
58 | Park along buildings No. 81 and 85 on Vernadskoho Blvd. 0.6 2017
59 | Park between buildings No. 11-D, 15-A, and 15-B on Tupoleva Str. 0.6 2019
60 | Park between buildings No. 63-A and 71-A on Vernadskoho Blvd. 0.9 2017
61 | Park on Naumova Str. 31-33 0.6 2018
62 | Park on Rakhmaninova Str. 22 0.36 2018
63 | Park on Lvivska Str. 3 1.8 2020

Source: [15]

Field studies were conducted during 2021-
2022 using landscape and visual analysis. Research
materials were obtained on the territory of the Svia-
toshynskyi district of Kyiv by route and field survey of
the park territories. A systematic approach and com-
parative analysis of factual material were applied.
Regulatory data were analysed [16]. The species com-
position was determined using dendrological deter-
minants [17; 18], and the species name — according
to the international classification [19].

When processing the field survey materials,
the analysis was used to summarise data on the
area, configuration, and location of parks. The com-
parative method was used to group parks according
to certain characteristics and summarise the infor-
mation obtained based on professional literature
and theoretical publications. General information
about the objects of research was taken from literary
sources [15], the year of creation of parks was speci-
fied from archival materials.

Results and Discussion

The park is an ordered and landscaped plot with an
area of 0.02 ha to 2.0 ha, which is an element of archi-

tectural and artistic design of populated areas, intend-
ed for short-term recreation of the population [20].

According to modern standards [16], the park
should occupy an area of 6 m? per person. According
to regulatory data, green spaces should make up 65%
of the total area of the park; paths, playgrounds, al-
leys — 30%; buildings and small architectural forms —
5% [16]. The elements of the arrangement of parks
include small architectural forms: decorative foun-
tains, active fountains, benches, and garden furni-
ture [21]. The development of the classification of
green spaces, in particular parks, is becoming in-
creasingly important.

The Kyiv district under study is currently a cozy,
albeit remote from the centre, residential area with
excellent transportation and affordable housing. In
this area there is a good transport interchange — there
is a metro and a suburban railway station [14; 22].

According to their functional purpose, parks
belong to public plantings, which, according to “Ky-
ivzelenbud” municipal association in Sviatoshynskyi
district, occupy 208.24 hectares [15], among them 6
parks with a total area of 59.42 hectares and 63 parks
with an area of 59.42 hectares (Table 2).
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Table 2. Registry of landscaping facilities of the public utility company
for the maintenance of green spaces in the Sviatoshynskyi district as of 01.01.2020

Name Value
Number of parks, units 63

Area, ha 59.4247
including the lawn, ha 48.8485

Trees, units 5,180
Bushes, units 11,768
Flower beds, m? 1,815.6
Paths, m? 32,066

Hedges, Im 1,613

Source: [15]

According to tabular data, a significant area
within parks is occupied by lawns, more than 82%,
the rest of the area is occupied by woody plants and
paths (17) and a small percentage is accounted for by
flower beds and hedges (0.5%). Considering the data
for the Sviatoshynskyi district, it was established that
public plantings cover an area of more than 208 hec-
tares and account for less than 7 m? per inhabitant.
That is why it is necessary to preserve existing plant-
ings as much as possible, increase their area, and cre-
ate new green spaces within the district.

According to field surveys and literature
data [15], there are 63 parks in the Sviatoshynskyi
district with a total area of 60.05 hectares, which is
about 1% of the total area of the district. The area of
parks is about 30% of all common plantings in this
area of the city. In the course of research and field
surveys, it was found that the submitted list of parks
of the district is not exhaustive, since some green
zones, under certain circumstances, have lost the
status of a park, and some are only being established.

Parks located throughout the Sviatoshynskyi
district have small areas from 0.11 to 7.86 ha. The

smallest park is located on Lesya Kurbasa Ave. near
building No. 1-A, and the largest — on the corner of
Ya. Kolosa Str. and R. Rollana Blvd. It was established
that the parks of the Sviatoshynskyi district with or-
dinal numbers 4, 10, 11, 30, 31, and 37 do not meet
the established standards in terms of the area.

In the mid-19% century, there were no pub-
lic gardens or landscaped parks for public use in
Kyiv [21]. Parks of the Sviatoshynskyi district of Kyiv
were created in 2006-2020 and can be divided into
the latest and most modern ones by the time of cre-
ation. It was established that the majority of parks,
namely 86%, were created in 2016-2020. According to
Lviv researchers, most of the parks in Lviv were cre-
ated in the second half of the 20th century, although
a significant part of the parks can be considered new,
which were created according to the developed pro-
jects in the context of city development plans [23].

Parks of the district perform several functions
in accordance with their intended purpose and loca-
tion, namely: for short-term recreation of citizens,
transit, memorial function, for active recreation and
sports (Table 3).

Table 3. Classification of parks in the Sviatoshynskyi district of Kyiv by functional purpose

Functional orientation of parks | Number of parks | Area, ha | Ordinal number of the park according to Table 1
Short-term recreation 44 48.26 2,4-11,13-15, 21, 23-25, 27, 30-37, 43-49, 52-63
Transit 13 8.24 1,3,12,16-20, 22, 28, 40-42
Memorial 4 2.26 29, 38-39, 50
Sports 2 1.29 26,51
Total 63 60.05

Source: compiled by the authors

Thus, it was determined that 70% of the parks
of the Sviatoshynskyi district are intended for short-
term recreation, 21% - for transit traffic of pedestri-
ans, 6% — memorial, and 3% - for active recreation

and sports. The sports function is performed by two
parks, namely: the park on the corner of Lvivska Str,
and Kramskoho Str. (area 0.21 ha) and the park on
Chornobylska Str., 3 (area 1.08 ha). The authors of
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this study suggest that the number of the latter cate-
gory of parks should be increased within the district.
Parks of the Sviatoshynskyi district are classi-
fied according to four characteristics, which, accord-
ingly, are divided into groups and subgroups in even
more detail:
1. by place of creation:
 within the residential area;
« near administrative buildings;
« along linear structures;
« on the streets.
2. by appearance:
« by size (area): small (up to 0.5 ha), medium (0.5-
1.0 ha), and large (over 1 ha);
« by shape: rectangular, triangular, elongated, ir-
regular;
« by planning structure: regular, landscape;
« by the preferred composition of plantings: co-
niferous, deciduous, mixed;
« by the presence of flower beds and hedges.
3. by functional purpose:

4. by creation time:
- latest (2006-2015);
» modern (2016-2020).

The natural and geographical affiliation of
parks directly affects the development of plant com-
munities and the species composition of green spac-
es [23; 24]. Classification of parks by location and
place of creation is given in Table 1. Most of them
(27 parks out of 63) are located on the streets of the
district, their area is 23.65 hectares, which is 39.0%
of the total area of parks in the Sviatoshynskyi dis-
trict. Such type of location is observed in all megaci-
ties of Ukraine, which is conditioned by the creation
of small buffer zones between the roadway and the
residential area.

In terms of appearance, parks differ in their
shape and size (Table 4), the species composition,
and the planning structure. In the Sviatoshynskyi
district, small parks (up to 0.5 hectares) predom-
inate — 27 objects with a total area of 9.0 hectares,
which is 15% of the total area of parks in the district.

e transit; The small size of public parks is conditioned by the
« short-term recreation; fact that in dense neighbourhoods only a small area
* memorial. is allocated for green spaces.
Table 4. Classification of parks of Sviatoshynskyi district by various criteria
Classification Classification group/ Ordinal number of the park according to | Number
attribute subgroup Table 1 of parks Area, ha
between the residential areas |15, 18,42-43, 45-46, 53-60 14 8.45
near administrative buildings |21 1 1.91
By location | along roads/tram tracks 1,3,11-14, 19-20, 22-25, 27, 29-30, 32, 38, 50 18 16.89
on the streets 2,1 iéo, 16-17, 26,28, 31, 35-37, 39-41,44,47-49,| . 23,65
. 2,5,7,12-14, 16-18, 20, 23, 25-28, 35-36, 39, 45-
By size small 46,48, 50, 52, 54-56, 62 27 8.13
medium 1,9, 15, 32, 34, 38, 40-42, 44, 47,49, 53, 57-61 18 12.74
large 2,142)2, 8, 10-11, 19, 21-22, 24, 29-31, 33, 37, 43, 18 38,56
By shape: triangular 8,9, 18,29, 38 5 3.92
rectangular 26’5’511?’513:526%’5%)?’6204’ 26,30-32,36,39-41, 44, 46, 25 21.15
By appearance | o} oated 1,4,6,7,10-12, 22,25, 27, 35, 42, 48, 52, 58, 63 16 22.20
irregular shape 2,13,15-17,33,34,37,43,45,47,49, 53, 57,61, 62 16 11.95
By the composition of 2,5,6,8-11, 13-19, 25, 26, 30, 33, 37, 39, 41, 42,
plantings: deciduous 46-49 29 24.57
coniferous 22-24,27,31, 32, 34-36, 40, 43, 44, 50, 52, 53 15 12.31
mixed 1,3,4,7,20-22, 28, 29, 45, 54-63 20 22.49
By the presence of flower beds | 9-11, 18, 20, 21, 24, 26, 29, 33-35, 37-40, 43, 44 18 20.63
By the presence of hedges 4,8,14,19,21, 24, 26, 29-31, 33, 34, 48 13 23.53
By creation | latest (2006-2015) 21, 23-27, 29, 33, 50, 55-57 12 8.50
time modern (2016-2020) 1-20, 22, 28, 30-32, 34-49, 51-54, 58-63 61 40.52

Source: compiled by the authors
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The shape is dominated by rectangular parks,
the total area of which is 21.0 hectares or 35% of the
total area of parks in the Sviatoshynskyi district. Us-
ing GIS methods, when surveying urban areas, it was
found that a high coefficient of green areas is asso-
ciated with the creation of so-called “green wedges”.
With this method of gardening and careful care it is
possible to adapt urban greenery to difficult urban
conditions [25].

In contrast to Lviv parks, where mixed plant-
ings predominate [23], Sviatoshynskyi district has
40% of parks (from the total area of the district’s
parks), with a total area of 24 hectares, which are
dominated by deciduous plant species. The most
common types of ornamental plants are: Norway
maple (Acer platanoides L.), small-leaved linden (Til-
ia cordata L.), horse chestnut (Aesculus hippocasta-
num L.), black poplar (Populus nigra L.) black locust
(Robinia pseudoacacia L.), mountain ash (Sorbus
aucuparia L.), white poplar (Populus alba L.), silver
birch (Betula pendula L.), white willow (Salix alba L.),
southern catalpa (Catalpa bignonioides L.), Siberian
peashrub (Caragana arborescens L.), white mulberry
(Morus alba L.), cherry plum (Prunus cerasifera “Pis-
sardii’ L.), varnish tree (Ailanthus altissima L.), com-
mon beech (Fagus sylvatica L.), common hornbeam
(Carpinus betulus L.), common oak (Quercus robur L.),
common ash (Fraxinus excelsior L.), staghorn sumac
(Rhus typhina L.), Chinese elm (Ulmus parvifolia L.),
myrobalan plum (Prunus divaricata L.), eastern red-
bud (Cercis canadensis L.), London planetree (Plat-
anus x acerifolia L.), common apricot (Prunus armeni-
aca L.), Japanese maple (Acer palmatum L.).

The size of plants determines the architectural
and planning solution of such small areas of short-
term recreation as parks [26; 27]. Among the types of
plantings in parks, the most common are single plant-
ings of Norway maple (Acer platanoides L.), mountain
ash (Sorbus aucuparia L.), white willow (Salix alba L.),
white mulberry (Morus alba L.), London planetree
(Platanusxacerifolia L.), Scots pine (Pinus sylvestris L.),
and common oak (Quercus robur L.). Such an assort-
ment of plants is explained by the fact that parks
were created within territories where plants were al-
ready planted, which were later left as single plant-
ings or compositional accents on a certain territory.

Withinthelimitsof rowplantings,the most com-
monlyused conifers are common spruce (Picea abiesL.),
from deciduous — Norway maple (Acer platanoides L.),
white poplar (Populus alba L.), black poplar (Populus
nigra L.), and small-leaved linden (Tilia cordata L.).

For group plantings, the most decorative range
of plants is used. Usually these are plants or their cul-
tivars which differ in special or characteristic deco-
rative qualities: the colour and texture of the stem,
the architectonics of the crown, the colour of the leaf
surface in different seasons, flowering, etc. Among
them, the most common are cherry plum (Prunus cer-
asifera “Pissardii’), blue spruce (Picea pungens "Glau-
ca’), Japanese spiraea (Spiraea japonica ‘Gold"), savin
juniper (Juniperus sabina L.), eastern redbud (Cercis
canadensis L.), staghorn sumac (Rhus typhina L.), Jap-
anese maple (Acer palmatum L.) etc.

Alley plantings, within parks, are most often
created from Norway maple (Acer platanoides L.).

On 18 objects under study, which cover an area
of 20.63 hectares and make up 32% of the total area
of parks in the Sviatoshynskyi district, flower beds
were observed, which are overwhelmingly created
from annual flowers. Hedges were observed in 13
parks, which have an area of 23.53 hectares, which
is 39% of the total area of parks in the Sviatoshyn-
skyi district. It was also found that in the considered
parks, hedges were created from common hornbeam
(Carpinus betulus L.), common privet (Ligustrum vul-
gare L.), evergreen boxwood (Buxus sempervirens L.)
and Siberian dogwood (Cornus alba L.)

Comparing the recommended areas of the
territories of parks in Georgia, Moldova [11], and
Ukraine [21; 23; 24], it is necessary to point out the
difference in the minimum areas according to regu-
latory documents which allows identifying individual
areas for public plantings, in particular in the Svia-
toshynskyi district of Kyiv. According to H.Y. Hryn
and Y.V. Henyk, Lviv’s parks cover an area of 0.060-
2.404 hectares and are dominated by small parks,
which is similar to the parks of the Sviatoshynskyi
district of Kyiv.

N.V Denysiuk distinguished 39 public gardens
in Rivne with a total area of about 43 hectares. Ac-
cording to their location in urban areas, the parks of
Rivne are divided into two groups: parks on squares
and parks on streets [13]. Regarding the parks of Lviv,
the researchers note that the most represented parks
are located along the streets (47%) [23]. For the stud-
ied parks of Kyiv, a similar pattern has been estab-
lished, which calls for further reflection on increas-
ing the number of parks with a different location.
The difference is that a significant number of parks
in Lviv are located inside residential buildings, and in
the Sviatoshynskyi district there are fewer parks with
this location.
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Analysing studies on the range of plants on
the territory of parks [12; 13; 23] and comparing
them with the findings of this study, there is an ad-
vantage of local dendroflora, considering the eco-
logical and biological characteristics of plants. It is
also necessary to increase the number of coniferous
plants, hedges, and flower arrangements.

Considering the modern “classification of
green spaces” or in some post-Soviet countries “clas-
sification of green areas”, which have similar catego-
ries, the territories of parks are classified as public
spaces. But the classification of parks is not a subject
of discussion in modern scientific publications, since
these parks are quite small in area, created on plots
that are not used for construction, and do not have a
special concept and architectural plan. But the main
stage on the way to urban comfort is the planning of
an effective system of urban improvement, including
the development of a system of landscaping of the
territory, and their classification by the level of land-
scaping [28]. Analysis of the classification of public
parks allows systematising the generalised infor-
mation on the studied territories and developing
perspective plans for improving their organisation
within the Sviatoshynskyi district of Kyiv.

Conclusions

Parks of the Sviatoshynskyi district and other green
spaces of the city perform important environmental
and nature protection functions, form a special mi-
croclimate, and provide a favourable human habitat.

Parks are classified according to the following
criteria: appearance, location, functions, and time
of creation. Classification features were divided into
groups and subgroups, respectively.

According to the place of creation, the larg-
est number of parks was found along streets and
squares. In terms of shape, they are dominated by

parks of rectangular shape and small area, up to 0.5
hectares, and the composition of plantings is de-
ciduous. Parks of the Sviatoshynskyi district mainly
perform several functions in accordance with their
intended purpose. Most of the parks in the city per-
form transit and recreation functions and were cre-
ated mainly in 2016-2020. Deciduous plant species
predominate in the plantings of parks. In the last
decade, the dendroflora of the objects under study
has significantly expanded due to introduced and
exotic plants. Among the types of plantings, the
most represented are row and group plantings of
trees and shrubs. The most common plant species
are Norway maple (Acer platanoides L.), white pop-
lar (Populus alba L.), black poplar (Populus nigra L.),
small-leaved linden (Tilia cordata L.) black locust
(Robinia pseudoacacia L.), horse chestnut (Aesculus
hippocastanum L.), Scots pine (Pinus sylvestris L.),
European box (Buxus sempervirens L.), European
elderberry (Sambucus nigra L.), Siberian dogwood
(Cornus alba L.), common privet (Ligustrum vul-
gare L.). About a third of parks have flower beds, and
13 parks (21%) have hedges.

The developed classification of city parks
would allow more effectively to analyse the species,
age, and spatial structures of plant communities in
urban ecosystems, developing productive and aes-
thetically attractive green zones in an urbanised en-
vironment, and surveying the inventory of plantings
of the complex green zone of the district.

Thus, after analysing the laws and regulations
of Ukraine, it can be concluded that 6 parks of the
Sviatoshynskyi district (ordinal numbers 4, 10, 11, 30,
31, 37) do not meet the established standards regard-
ing the minimum area, and there is an insufficient
number of sports-type parks. Further study will be
aimed at the investigation of the features of park re-
construction, depending on the classification group.
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CyyacHuii cTaH CKBepiB CBATOIIMHCBKOTO paiioHy M. KueBa

Oxkcana MuxasiiiiBHa barainbka,
Onecs BitaniiBaa ITixano, TerssHa BosmogumupiBHa JleBUeHKO

HaBuajsibHO-HayKOBMI1 iHCTUTYT JIiCOBOTO i CafloBO-MapKOBOTO rOCIIOAAapCTBa
HauionanbHMit yHiBepcuTeT 6iopecypciB i mpMpogoKOpUCTYBaHHS YKpaiHu
03041, Byn. l'opixyBaTcbkuii nusix, 19, m. Knis, Vkpaina

AHoTauisa. B mutanHi crparerii o3eneHenHss KueBa, BigMiueHO 36ibIIeHHS KiJIBKOCTi CKBEPIB Y KOKHOMY
paiioHi MicTa, mpoTe iX AOLIbHICTh He 3aBXau o6rpyHTOBaHa. CaMe TOMY METOIO CTaTTi 6Y/I0 BUCBIT/IEHHS
posi ckBepiB B yp6aHi30BaHOMY cepeloOBUINi, aHaTi3 HOPMATUBHMX ITOKA3HMKIB. ITOMbOBI MOCTimKEeHHS
npoBonuIncs yrnponosxk 2021-22 pp. Metopom jnaHAmadTHO-BisyaJbHOrO aHamiidy. Y mpoiieci HayKOBOTO
TIOIIYKY OYJI0 3aCTOCOBAHO TEOPETMUHI METOmy MOCTiIKeHHS, METOOM aHali3y, CUMHTEe3y, IOPiBHSIHHS,
MapUIpyTHO-PEKOTHOCHMPYBa/IbHiI, MaTeMaTU4Hi, IOpiBHSJIbHI MeTOAM Ta Yy3arajbHeHHS OTpPMMAaHOi
iHdopMmailii Ha ocHOBi (axoBoi yiTepaTypu i TeopeTMUHMX Iy6miKaiiii. IIpoBemeHMiT aHai3 KiTbKiCHUX
TOKa3HMKIiB HacaJkeHb 3araJibHOTO KOPUCTYBaHHS B MeXaxX CKBepiB CBATOIIMHCHKOTO paiioHy M. Kuesa.
BcraHoBieHo GakTUUHY KiJbKiCTh CKBepiB, iX IIJIOINL Ta OCHOBHi pe3yibTaTH OOCTiIKeHb CKBepiB. Byno
CKJIa[IeHO ITOBHMI MTepeJliK CKBEepiB i3 3a3HaUYeHHSIM IUIOLLi, POKY CTBOPEHHS 1 MiCIisl pO3TalllyBaHHS B PalioHi.
3a HATyPHMUMM TOCTiIKeHHSIMM Ta KapTorpadiyamumu MaTepiasiamu KiacudikoBaHO CKBepU 3a Bi3yaJbHUMM
o3Hakamu. BusHaueHo po3mipu, riomri, Gopmu, TUIaHYBaHHS Ta CKJIAJ HaCaIKeHb Ha AOCTITHUX 00’€KTaX.
IIpoBemeHa xknacudikalis 3a (YHKIISIMM: TPaH3UTHIi, BiZIIOYMHKOBi, MeMOpia/JbHi, a TaKOX 3a YacoM
CcTBOpeHHs. BctaHoBeHo, 1110 70 % cKkBepiB paiioHy IpM3HaveHi 1151 KOPOTKOYaCHOT'O BiJITOUYMHKY, a 338 MicllemM
CTBOPEHHSI HaiibilbIIa KiIbKiCTh CKBEPiB PO3TAlIOBAaHMX B3TOBXK BYIMIIL (39 % 3arajabHOi IUIOINII CKBEpiB
paiioHy). BusHaueHo, 110 TepuTopii ckBepiB CBATONIMHCHLKOTO palioOHy 3aliMaioTh HeBenauki miomi (Bimg 0,11
Ilo 7,86 ra) Ta po3TamioBaHi piBHOMipHO 110 BCbOMY paitoHy. 3’ICOBaHO, 110 3a (JOpMOIO Y MiCTi ITepeBaskaloTh
CKBepMU MPSIMOKYTHOI KoHirypauii — 35 % 3a 1iolnelo, a 3a 30BHIIIHIM BUIISIIOM — CKBEPM MaJIoi IUIOIITi
(mo 0,5 ra). 3a ckjIagOM HacaAyKeHb TOMiHYIOTh CKBEPU 3 IIepPeBarolo JUCTIHUX BuaiB (40 %). BusHaueHo, o
3a QYHKIIIOHAJBHNUM MTPU3HAYEHHSIM GiJIbIICTh CKBEPIB BUKOHYIOTh (YHKIIiF0 KOPOTKOYACHOTO BiITOYMHKY,
a 3a 4yacoM CTBOpeHHS TepeBaskHa yacTMHa ckBepiB cdhopmoBaHa B 2016-2020 pp. IlomaHa knacudikariis
IO3BOJIUTb CUCTEMATMU3YBATH iCHYIOUi TepuUTOpii Ta po3poOUTM HOMEHKIATYpPy CKBepiB CBSITOMIMHCHKOTO
paiiony m. Kuesa

KirouoBi cimoBa: kiacudikaiiiss cKBepiB, 3ejeHi HacaIKeHHsSI, aCOPTMMEHT POCIMH, MiChbKi €KOCHCTEMH,
SKUBOILIOTY
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Abstract. For thousands of years, human activity has shaped the environment, changing it in accordance with
utilitarian and functional requirements. As these requirements changed over time, so did the value that people
associated with certain landscape features. Man-made parks created in the Ukrainian Polissya in the second
half of the 17% - early 20" century are landscapes, the historical park environment, and modern adaptation
of which to the modern functional purpose are valued by modern society and can be considered as ecosystem
services of the park. The purpose of the study was to develop and test a methodology for assessing the values
of man-made protected parks in the Ukrainian Polissya. The following research methods were used: field
surveys (route), analytical, comparative and historic and systematic. To assess the level of ecosystem services
provided by 32 parks located on the territory of the Ukrainian Polissya, a methodology was developed and
tested that included 19 assessment categories, each of which contained several attributes (1-20). Assessment
categories included utilitarian, environmental, educational, etc. Attributes were presented, but were not
limited to the presence of a source and/or the presence of medicinal plants (within the utilitarian category),
the presence of plantings that perform the functions of river protection and/or soil stabilisation (within the
ecological category), and the presence of an educational path (in the educational category). Each attribute
was assigned a score of 1 with a sum of values (up to a potential sum of 97), reflecting the level of ecosystem
services provided by each individual park. By estimating the sum of values, parks were classified as high-value
(sum of values from 70 to 97), medium-value (sum of values from 40 to 69), and low-value (sum of values
below 40). Among the 32 parks surveyed, 31 (96.9%) parks were classified as medium-value (most with a
sum of values in the range from 50 to 60), and one (3.1%) park was classified as low-value, while no park was
classified as high-value. By identifying which of the 19 assessment categories (and attributes) are missing, it
is possible to plan and implement improvements to increase the ecosystem services provided by individual
parks. This methodology can be used to evaluate ecosystem services provided by man-made parks in Ukraine
and around the world. Such an assessment would help preserving existing parks, saving them from destruction
and development, thus preventing their transition to other types of land use. It would also increase the value
of these unique multi-purpose landscape features in the future by transforming and expanding their cultural
and social ecosystem services
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Introduction

Historical sites that reflect national identity are the
key to sustainable development. The historical herit-
age reflects the cultural code and identity of a par-
ticular region, city, or locality. Historical architecture
and park environment form an idea of harmony and
aesthetic tastes of many generations [1]. The park
and garden are interconnected with the natural and
architectural environment and with society. Different
philosophical views have enriched the semantics of
the landscape gardening styles over the centuries [2].
A historical garden according to the Florence Char-
ter [3] is an architectural and park composition (the
components are mainly plants that are in constant dy-
namics), which is of interest to the public from a his-
torical or artistic standpoint. Parks can be considered
not only as an object of biodiversity, but also as man-
made architectural objects that use woody plants in
the composition [4]. Countries that have well-estab-
lished park and gardening traditions, such as the Unit-
ed Kingdom, the United States, France, etc., pay con-
siderable attention to the preservation, restoration,
and management of historical gardens. On the other
hand, the lack of gardening culture and education
leads to the degradation and loss of historical parks
and gardens [5]. Researchers also conduct various
studies in historical parks around the world. In Esto-
nia, based on the inventory and analysis of the species
composition of plantings of historical parks, the mod-
el for the composition of stands of trees in a historic
park was developed [4]. Greece has developed meth-
odological plans for the recognition and preservation
of historical gardens and parks based on a compara-
tive analysis of similar sites abroad and in Greece [5].

Protected parks of Ukrainian Polissya of the
18®-20™ century attracted the attention of many
researchers who studied them in various aspects.
O.Yu. Klymenko [6] investigated the condition of
the plantings of park-monument of landscape art
(PMLA) Ivnytskyi. F.F. Markov conducted ecologi-
cal, geographical, phytosociological, and taxonomic
analysis of woody plants such PMLAs as Yulino, Park
imeni Miklukho-Maklaia, Korostyshivskyi, and Vilkh-
ivskyi [7]. In the work [8], the historical, cultural, and
architectural significance of the Park imeni Mikluk-
ho-Maklaia is analysed. The study [9] highlights the
history of the creation of the Tereshchenko family
palace and park complexes (PMLA Yulino), and exam-
ines the current state of parks and their structure in
landscape, taxonomic, and aesthetic aspects. In [10],
the history of the creation of the Korostyshivskyi
PMLA and the state of the park zone and its structure

were investigated, and a taxonomic, landscape and
aesthetic assessment was carried out. The study by
A.M. Savoskina considers the historical aspect of the
establishment of plantings and their condition in
the Vozdvyzhenskyi and Kochubeivskyi PMLAs [11].
The study [12] examines the historical features and
modern categorical structure of the network of man-
made protected parks of the Ukrainian Polissya.

The authors of the above studies analysed the
history of park establishment, their current state,
taxonomic composition, and species composition
of dendrosozoexotic species, and aesthetic evalua-
tion, mostly in fragments in the regions of Ukraini-
an Polissya. However, in the Ukrainian Polissya there
had been no comprehensive assessment of the value
of parks-monuments of landscape art of the second
half of the 17* century — early 20* century, which is
currently relevant.

The purpose of the study is to develop and test a
methodology for assessing the values of parks based
on the generalisation of key features of 32 protected
man-made historical parks of the Ukrainian Polissya.

Tasks: to conduct an inventory of 32 objects,
of which 31 are man-made protected parks and com-
plex natural monuments of the Ukrainian Polissya,
to identify and explore preserved objects, structural
elements of parks-monuments of landscape art, to
develop a methodology and determine the value of
the objects under study.

Materials and Methods

During 2014-2021, an inventory survey and compre-
hensive analysis of 31 park-monuments of landscape
art (PMLA) and complex natural monument (CNM)
(hereinafter — parks) of the Ukrainian Polissya of the
second half of the 17 - early 20" centuries was car-
ried out. PMLAs and CNM are located in the Polissya
part (mixed forest zone) of seven regions. The larg-
est number of PMLAs is concentrated in Zhytomyr
(34.4%) and Chernihiv (21.9%) regions, 15.6% each in
Rivne and Volyn regions, and one or two PMLASs each
in Kyiv (3.1%), Sumy (6.3%) and Khmelnytskyi (3.1%)
regions. Park and garden complexes differ in regional
characteristics: park and garden complexes of Volyn
and Kyiv regions, Northern Left Bank, which is asso-
ciated with certain differences in the historical and
social development of these lands and the features of
natural landscapes of the localities based on which
they were formed [13]. Analytical and systematic
methods, and general scientific principles of histori-
cism and chronological sequence have been applied.
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The analysis of literary sources and iconographic
material was carried out, with the involvement of
museum materials of images of park-monuments
of landscape art and complex natural monuments,
which provided an idea of the development of parks
in different periods and allowed tracing the nature of
transformation over a long period of time. A visual
full-scale survey (route method) of the territory of 32
parks was carried out, when structural elements of
parks (types of woody plants, types of plantings, res-
ervoirs, buildings, small architectural forms), com-
posite axes, and planning structure were recorded in
the field. The plant species were identified [14], and
the species names were specified in accordance with
the international classification [15]. The age struc-
ture of plantings was determined by mensurational
descriptions and archival materials.

In order to develop the value assessment
(value implies certain phenomena or objects that
have material (economic), social, or cultural sig-
nificance [16]) of man-made protected parks, the
following methods were applied: classification of
protected nature values [17], methodology for de-
termining the dendrological value and level of pres-
ervation of landscape objects [18], assessment of
unique trees [19], in accordance with the Florentine
Charter, components of the architectural compo-
sition of historical parks: plan and relief; types of

plantings, plant species, structural and decorative
features; water elements [4], approaches to apply-
ing the design of landscape groups of plants and
their medicinal properties [20], classification of
ecosystem services [21], assessment of ecosystem
services [21-23]. The study evaluated each value in
points depending on the number of features found
in parks (PMLA and CNM), and then, according to
the classification of ecosystem services and classi-
fied them into four groups.

Results and Discussion

According to the chronology and stylistic features,
L. Prybieha attributes the PMLAs created before the
middle of the 18" century to the early period; in the
last third of the 19t century - to the era of early clas-
sicism; in the first third of the 19" century - to the
Empire style; from the middle of the 19* century
to the beginning of the 20" century - to the period
of romantic and eclectic trends in architecture and
landscape gardening (in the organisation of the park
environment, preference is given to refined plasticity
and the creation of lyrical architectural and artistic
images, monumentality is reduced) [14]. By size, the
parks were grouped of authors into categories: small
(up to 3ha) - 6.2%, medium (from 3 to 10 ha) — 34.4%,
large (from 10 to 25 ha) — 43.8%, and very large (from
25 ha) - 15.6 % (Table 1).

Table 1. Characteristics protected man-made parks of the Ukrainian Polissya

Area. Number Types of
No. Region PMLA, CNM Purpose ’ Creation period of YPe
ha . plantings
species
17 century
. . castle*** h . or a-
1 Rivne CNM Volodymyretskyi park P 3 17,1827 16 a; gr; s; st
2 Chernihiv Lyzohubivskyi estate™ 22 end of 17t 21 a; gr; s; I; or
18 century
3 Zhytomyr Park imeni Kutuzova pfglr;;r;ii; 5 2" half of 18™ 35 a; g;s;or
4 Zhytomyr Ivnytskyi estate™*** 14 2rd half of 18™ 32 gr; S; I; St; Ip
5 Zhytomyr Kmytivskyi estate* 9 2rd half of 18t™ 40 a; gr; s; 1p; st, b
6 Sumy Kochubeivskyi estate® 22 2" half of 18t 27 a; gr; s; rp; st
7 Volyn Zdorovia castle* 13.6 2" half of 18" 44 a; gr; s; rp; h; or
palace
8 Rivne Tuchynskyi residence™*** 10 end of 18" 35 a; gr; s; 1p; g
9 Chernihiv Stolnenskyi estate*** 12 end of 18t 39 a; gr; s; rp; h
10 Volyn Liubeshivskyi o 12 end of 18t 25 a; g; 8r; s
19th century
11 Rivne Horodotskyi K 8 1820 44 a; gr; s; r
12 Volyn Makarevychivskyi estate® 0.9 1839 14 a; gr;s;r
13 | Zhytomyr Dvoryshchanskyi estate* 1.5 1840 20 gr;s; g;a
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Table 1, Continued

Area Number Types of
No. Region PMLA, CNM Purpose > | Creation period of Ypes
ha . plantings
species
14 | Zhytomyr Korostyshivskyi castle palace | 12.9 1840 41 a; gr; s; r; st; r*
15 Zhytomyr Ushomyrskyi estate** 12.91 first half of 19t 55 3, 8L g(;rs; L st
. . . end of the first half e
16 Zhytomyr Park imeni Yu.Haharina estate 36 of 19% century 20 a; gr;s;r; st; h
17 Chernihiv Miskyi sad - 11.2 1850-1900 53 gr; s; 1; st
18 Rivne Oleksandriyskyi estate™*** 5 1840-1870 22 a; gr; s; Ip; r
id- th
19 | Zhytomyr Vilkhivskyi palace** 11.2 il 1? 3 gg ntury, 35 gr; s; Ip; st
20 Volyn Sadyba Lypynskoho estate* 3 1882 26 gr; s; rp; b
21 Zhytomyr Horodnytskyi estate*** 21 1880-1890 52 a; gr; s; rp; h
22 | Zhytomyr | Park imeni Miklukho-Maklaia 29.6348 1873-1886 66 | & g}r; f);rrp; st
23 | Zhytomyr Yulino estate® 25 2" half of 19t 36 3 g;osr; Z‘.It)’ &
. . . summer o
24 Kyiv Kopylivskyi residence® 8 1888-1890 45 a; gr;s;p; g; h
25 Chernihiv Vel estate 6 1880-1900 42 a; gr; s; 1p
26 Sumy Vozdvyzhenskyi estate** 45.9 1889 47 a; gr; s; rp; st
27 Chernihiv Park imeni T.H. Shevchenka - 10 end of 19 century 27 gr; S; Ip
28 | Khmelnytskyi Polonskyi estate™* 37 2" half of 19 51 a; gr; g;s; Ip; r
N family \ e e v o
29 Volyn Litynskyi estate™** 8.4 end of 19¢ 37 a; gr; S; Ip; Or; T
30 Rivne Zirnenskyi oy mmei** 17.2 late 19t 1896 50 a; gr; s; Ip
residence
early 20" century
31 Chernihiv Tupychivskyi estate 3 1900-1905 22 a; gr;r
Saint
. Anthony o e Py
32 Chernihiv Boldyna Hora cave 6 1911 42 a; gr; s; rp; h
comlpex*
Note: * — estate building has been preserved; ** — partially preserved buildings for various purposes; *** — estate building

is not preserved; a — alley; rp — row planting; s — solitary, gr — group; st — stands on an area >0.5 ha; g — grove; or — orchard;
h — hedges; b — border; r - ring, *r — ring is not preserved
Source: compiled by the authors

It was found that 62.4% of PMLAs were estab-

lished during the 19" century, 25 % — in the second
half of the 18™ century, and 6.3% — at the end of the
17 century and early 20" century. Natural factors in-
fluenced the creation of the architectural and artistic
composition of palace and park ensembles. Until the
middle of the 17" century, the protective properties
of the area were an outstanding factor in choosing
a site for a residence, the transformation of castle
complexes into palace and park ensembles took place
over time and gradually (Volodymyretskyi park).
0.L. Mykhailyshyn noted that in Volhyn, the function
of protection at a certain stage was performed by nat-
ural reservoirs, which were gradually included in the
structure of palace and park ensembles as elements

of a new aesthetic, water surfaces also had an eco-
nomic and applied purpose [24].

During the 17" — 19% century, functional and
compositional relationships of natural (woodlands)
and anthropogenic (park part of residences) land-
scapes have become widespread, which is found in the
Volodymyretskyi, Horodnytskyi, Kmytivskyi, Kochu-
beivskyi, Vozdvyzhenskyi, and Park imeni Kutuzova.
In the 18" century, manor construction had its own
characteristics. L. Prybieha notes that in the planning
and spatial structure of parks, the palace was located
on elevated terraces of the area and had a dominant
position, the symmetrical composition of the park
with the cour d’honneur open towards the entrance
was emphasised by the main alley located on the
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same axis as the palace, which ensured regular plan-
ning of the pre-palace space and garden plantings.
At the same time, the second part of the park, locat-
ed behind the palace, opposite to the main entrance,
was laid out freely, had a landscape character [13].

A similar planning and spatial structure of the
park can be observed in the PMLA Ivnytskyi, found-
ed in the second half of the 18® century in Ivnytsia
village on the gentle left slope of the river, the owner
of the town, Jozef Czarnecki, built a two-story stone
palace, established a landscape park with a system of
ponds with gateways. Nowadays, the entrance gate
and Fraxinus excelsior L. on the left, the utility build-
ing, dilapidated defensive towers, and steps leading
to the south-eastern tower remain. Behind the en-
trance gate, a little further on, there is a clearing,
probably a cour d’honneur that was in front of the
palace, it has the shape of a circle with a diameter
of 100 m, around which century-old trees grow in an
row planting with three specimens of Tilia cordata
Mill., two specimens of Carpinus betulus L. At the end
of the 19" century, a greenhouse parterre was built
behind the palace with Citrus limon L. Osbeck and
Citrusxaurantium L. in containers, Picea abies Karst.
were planted as single plantings (1914), some have
survived to this day.

In the second half of the 18™ century, the type
of rural estate with the corresponding establishment
of parks (Kmytivsky, Kochubeivskyi) also spread. Ba-
roque parks were not widespread — among the stud-
ied sites is the well-known Liubeshivskyi PMLA. The
Baroque residence was built by the Great Lithuanian
Hetman M. Vyshnevetskyi on the site of a wooden
palace that burned down during the Great North-
ern War; a park was established around the palace.
J. Mniszech, having inherited the residence after the
Vyshnevetskyi family, sold it in 1754 to J. Czarnecki,
who built a brick wall and created a moat, on the
western side of the palace — an entrance gate, the en-
trance to which was closed by a suspension bridge.
In the first half of the 19" century, the palace had
an Italian-style garden with stalls, alleys, and lawns.
O.L. Mykhailyshyn notes that the imitation of the
traditions of Western European landscape art in
Volyn was embodied in the arrangement of baroque
gardens of the Italian type, baroque gardens of the
French type in their traditional form did not become
widespread, only the front parterre was used. In the
second half of the 18" century, the English theory of
landscape-style parks began to be applied, where the
structural elements were a garden for walking, a me-
nagerie, and an orchard.

In Volyn, there were ceremonial, melancholic
parks, and parks in which water was the main element.
Other types: rustic, pastoral, and intimidating were
represented by separate semantic sections (P. Gizy-
cki distinguishes six types of landscape parks) [24]. In
the Ukrainian Polissya, 84.4% of the studied objects
have reservoirs or water bodies, where six principles
of arrangement of garden compositions with water
elements were revealed: single-faced (PMLAs Li-
ubeshivskyi, Tuchynskyi, Park imeni Kutuzova, Dvo-
ryshchanskyi, Lyzohubivskyi, Stolnenskyi, Kochu-
beivskyi, Kmytivskyi, Oleksandriyskyi), double-faced
(Horodnytskyi), island (Horodnytskyi, Zdorovia),
combined (river and lake PMLAs Horodnytskyi, Ko-
rostyshivskyi, river and fountain PMLA Park imeni
Yu. Haharina, river and pond system of PMLAs Ush-
omyrskyi, Ivnytskyi, Park imeni Miklukho-Maklaia),
man-made reservoirs (PMLAs Zdorovia, Yulino, Vah-
anytskyi, Miskyi sad, Zirnenskyi, CNM Volodymyret-
skyi park, in PMLAs Kopylivskyi and Sadyba Lypyns-
koho, reservoirs have not been preserved). Of the 27
protected historical parks, 62.3% were created along
the river banks [25].

During the 19% century, intensive construction
of new park complexes began in the Ukrainian Polis-
sya, with 62.5% of the studied parks being established.
This period is characterised by landscape parks, some
of them included fruit orchards, which were located
either in the entrance part (PMLA Litynskyi), or in re-
mote parts, next to the walking part of the park and
delimited by alleys with Carpinus betulus L. (PMLA
Ushomyrskyi), Tilia cordata Mill. (PMLA Vozdvy-
zhenskyi), Ulmus laevis Pall. and Aesculus hippocasta-
num L. (PMLA Lyzohubivskyi). In Park imeni Kutuzo-
va, an orchard was created in the 1950s on an area of
3 hectares, now there are: Prunus cerasus L., Prunus
avium L., Prunus cerasifera Ehrh., Pyrus pyraster (L.)
Burgsd., Juglans regia L., Malus domestica Borkh.

At the end of the 19" - beginning of the 20t
century, summer residences were created and parks
were arranged around them (PMLAs Kopylivskyi,
Zirnenskyi, Kmytivskyi). In 1888, the Kopylivsky
family built a summer wooden residence (cottage)
in Nordic or National Romantic architectural style
around the manor house, and a rose garden was ar-
ranged. Alleys of large-sized plants with Picea abies
Karst. (in 2018, the trees died) and with Tilia corda-
ta Mill. were arranged (the paths of the alleys were
sprinkled with sea sand); a pond was dug. Evelina Su-
movska (Bohdanovych), the owner of the Kmytivskyi
estate, inherited the house (built at the turn of the
19 and 20t centuries) as a summer residence after
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her marriage. Over time, Anna-Maria and Evelina Su-
movsky build the villa for winter living, where they
stayed until 1917 [26].

During the first half of the twentieth century,
some of the historical park complexes underwent a
devastating transformation (Park imeni Kutuzova,
Park imeni Miklukho-Maklaia, Dvoryshchanskyi,
Sadyba Lypynskoho). Since the 1950s, certain meas-
ures have been taken to restore the plantings of
PMLAs Kmytivskyi, Park imeni Kutuzova, Ivnytskyi,
Dvoryshchanskyi, Korostyshevskyi, Park imeni
Yu. Haharina, Boldyna Hora, but the preservation of
characteristic vegetation and historical landscape
structure was rather neglected.

L.Pribega [13] divided PMLAs into two groups:
the first group includes historical parks or gardens
(aesthetic features are determined primarily by the
unique biological properties of the presented plant
species), such a group can include Park imeni Yu. Ha-
harina, Park imeni Miklukho-Maklaia, Ushomyrskyi,
Vozdvyzhenskyi, Litynskyi. The second group - es-
tate and park complexes (ensemble) — any set of sep-
arate or interconnected structures, their architecture
and consistency with the landscape is of particular
historical, artistic, scientific, social, or ethnological
value [3]). The planning and spatial organisation
of palace and park complexes has a special creative
idea, where park buildings and the palace are placed
as a compositional dominant of the entire ensemble.
These include — CNM Volodymyretskyi park, PMLAs

Sadyba Lypynskoho, Polonskyi, Lyzohubivskyi, Ko-
chubeivskyi, Zdorovia, Horodotskyi, Korostyshivskyi,
Kopylivskyi, Dvorishchanskyi, and Yulino. According
to the authors, it is necessary to single out another
group of parks that have preserved compositional
dominants, but park buildings and the palace have
not been preserved. This group is proposed to in-
clude: PMLAs Horodnytskyi, Ivnytskyi, Stolnenskyi,
Liubeshivskyi, Oleksandriyskyi, Tupychivskyi.

According to the authors’ methodology for
assessing parks, it is proposed to introduce 19 val-
ues, with a total maximum score of 97 points, which
can provide such ecosystem services (ES) as security,
regulating, cultural and social, and supportive (Table
2). The distribution of parks by value is as follows:
low-value — up to 40 points, medium-value — 40-
70 points, high-value — from 70 to 97 points. Based
on the results of a scoring of the values of parks, their
features and ways to optimise these objects will be-
come clear. Since most of the values for which the
assessment was conducted relate to cultural and so-
cial services of the ecosystem, accordingly, it will be
possible to identify in which parks they are present-
ed more fully and ways to increase them for parks
where such values are poorly developed. Evaluating
the utilitarian value that supply services provide will
help identify the parks with the highest representa-
tion. The ecological and maintenance value of reg-
ulating and supporting ecosystem services, respec-
tively, is typical for all parks.

Table 2. Assessment of the values of man-made protected parks

Maximum
ES* Value number Signs
of points
e s availability: water sources (1 point), resources for further use (fruits and seeds of rare
1 Utilitarian 4 . . .. . . . .
species (1 point)), medicinal raw materials (1 point), genetic resources (1 point)
plantings of the park perform a water-regulating (1 point), soil-protective (1 point)
2 Ecological 4 function, create a comfortable microclimate (1 point), plantings are habitats for
entomophages, insectivorous species, pollinating insects (1 point)
presence of a museum on the territory of the park (3 points), it is possible to create a
3 Museum 3 museum on the territory of the park (2 points), it is not possible to create a museum
on the territory of the park (0 points)
preservation of cultural monuments together with their environment (1 point),
Historical preservation of cultural landscapes (1 point), remains of ancient settlements (1 point),
3 9 . . N . .
and cultural remains of ramparts (1 point), religious graves (1 point), entrance gate (1 point),
defence tower (1 point), bridge (1 point), shooting gallery (1 point)
3 Spiritual 5 presence of a church or cathedral on the territory of the park (3 points), near but
(religious) outside the park (2 points), absence, but the park is a place of spirituality (2 points)
the park is subordinate to an institution where research can be conducted (1 point);
3 Scientific 3 the park has objects (rare plants, animals, birds, etc.) for conducting research (1 point);
the ability to study natural processes (1 point).
organised ecological trail (3 points), developed and potentially possible organisation
3 | Educational 4 of an ecological trail (2 points), there is no possibility of organising an ecological trail
(0 points); the park is a place of visual knowledge (1 point).
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Table 2, Continued

Maximum
ES* Value number Signs
of points
Ethical park plantings as a valuable example of a human-made environment by previous

3 (moral) 3 generations, which has the right to exist. Where the morality of kindness and beauty
is laid down, as a result, a humane attitude to nature and people (3 points).
the park located within cities and towns is an example of a human-made environment
and processes that occur in it, there is a possibility to raise children in contact with

3 Educational 3 nature (3 points), the park is located outside of settlements, is an example of a

(patriotic) human-made environment and processes that occur in it, there is a possibility to raise
children in contact with nature (2 points), the park is located in the depths of the
forest there is no opportunity to raise children in contact with nature (1 point)

3 Aesthetic 3 elements: plantings, reservoirs, buildings (3 points), a combination of two elements
including the remains of buildings (2 points), one element (1 point)

Health and availability of a recreation environment (plantings (1 point), reservoirs (1 point)),

3 recreation 7 stadium (1 point), playgrounds (1 point), recreation areas (1 point), theater (1 point),
lawn (1 point)

3 | Unperceived 1 a value that is not yet realised by a person, but potentially exists (1 point)
availability of reference plantings (alley; row planting; solitary, group; array; grove;
orchard; hedge; borders; ring) (1 point is given for each reference type of plantings),
preservation of the planning structure (1 point), composite axes (1 point); available

3 Reference 20 main elements of the estate: complex of buildings (1 point), building (1 point), natural
reservoirs (river, lake, pond) (1 point), man-made water systems (pond, cascade or
pond system, fountain or cascade of fountains) (1 point), island (1 point), gazebo
(1 point), lawn (1 point)

Collectable 3 availability of 100 taxa (3 points), 50 to 100 taxa (2 points), and up to 50 taxa (1 point)
(taxonomic) in the park’s plantings collection
Dendrorarity 3 availability of rare woody plants in the collection in % of the total number: 90 to 100%
(3 points), from 50 to 90% (2 points), less than 50% of rare plants (1 point)
old (100-200 years) and centuries-old (200- 800 years) plantings: alleys (1 point),
Planting groups (1 point), solitary (1 point), row plantings (1 point), mixed and pure stands on
types 9 an area > 0.5 ha (1 point); unique plantings (ring) (1 point), moulded plants (1 point),
orchard (1 point), typical plantings: mixed and pure stands on an area > 0.5 ha, groves,
groups, alleys, row plantings, solitary, hedges, borders (1 point).
ancient trees (trunk circumference is significant) (1 point), veteran trees that have
experienced various harsh living conditions, as a result of accelerating ageing
and the appearance of signs of old age, regardless of their age (1 point); notable
Unique trees 5 (significant) trees (very large mature trees, stand out locally, larger than other trees
around them (1 point); champion trees — the tallest or those that have the largest
trunk circumference among trees of a certain species in a particular region (1 point);
heritage trees (outstanding) correspond to any of the above descriptions, are of
particular cultural or historical interest (1 point).
Therapeutic place for restoring human health (5 points in total) (stimulating the five senses of
plant 5 visitors: vision (1 point), hearing (1 point), touch (1 point), smell (1 point), taste
communities (1 point)

4 Support 3 air quality (1 point), noise reduction (1 point), environmental impact on the

development of living organisms (1 point)
Total 97

Note: if there are several characteristics of the same value criterion, their number is summed up. *Ecosystem services (ES):
1 - security (supply), 2 — regulating, 3 — cultural and social, 4 — supporting
Source: compiled by the authors

Next, the study considers the significance of
some key values. Each epoch influences people’s
worldview and forms their new historical conscious-
ness due to changing economic, political and so-
cio-cultural changes. In turn, each epoch, the political

structure of states, and their economic development
are created not by their own efforts, but in accordance
with certain laws. Understanding of the processes that
are taking place depends on awareness of the epochs of
human development in the relationship of times. The
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establishment of historical parks is the impact of man
on the environment, the impact of nature on man, the
perception of nature by man and his actions in con-
nection with this perception. The study and preserva-
tion of park-monuments of landscape art is possible
in the absence of ideological approaches that harm
their development. Under Soviet rule, due to ideology,
some of the estates (buildings) were destroyed (PMLA
Zirnenskyi, Ivnytskyi, Stolnenskyi, Korostyshivskyi,
Vilkhivskyi). This deprived humanity of important
components of universal culture, which is no longer
possible to study, because it is completely destroyed.

A positive result in the knowledge of culture
can be achieved only in a combination of the study of
material and non-material (spiritual) culture. Muse-

ums play a significant role in studying historical, cul-
tural and natural heritage in their totality. Therefore,
their value is obvious. Museums are found on the
territory or nearby in seven PMLAs (Lyzohubivskyi,
Zirnenskyi, Sadyba Lypynskoho, Kochubeivskyi, Ho-
rodotskyi, Korostyshivskyi, and Kmytivskyi (outside
the park) (Table 3). The museum’s mission is to study,
preserve, and broadcast historical, cultural, and nat-
ural heritage to future generations. Heritage is the
social experience of generations that the museum
preserves and transmits from the past through the
present to the future. Therefore, the assessment of
museum value is important, and the creation of new
museums on the territory of the PMLA or outside of
them will contribute to social memory.

Table 3. Assessment of the value of man-made protected parks in Ukrainian Polissya

Value
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park
Lyzohubivskyi 2141|3242 |3|3|3|3|3 1|6 |1|2|5]3|5]|3]58
Parkimeni Kutuzova | 2 | 4 | 0 | 2 | 2 | 2 1 31312153 1] 2 11242 |5]| 3|44
Ivnytskyi 2/412 32|33 |3|3|2|3|1|7|1|3|5|2]|5]3]|57
Kmytivskyi 11431221333 |4,1|3|1|2|6|1] 4| 3,48
Kochubeivskyi 21413122333 |3|6|1|6|1|3|5|2|4]| 3|57
Zdorovia 214,24 4,2|3|3|3|3|3|1,8|1|2]6|2|5]|73]61
Tuchynskyi 2040122333/ 2|5|1]7|1,2|5|3| 4|3 53
Stolnenskyi 2|1 4212|233 |3|2|6|1|4|1]2[5|2]| 4] 3]|52
Liubeshivskyi 2 4 2 2 4 2 3 3 3 3 6 1 4 1 3 4 3 4 3 | 57
Horodotskyi 21433521333 3| 1|5|2|2|4|3|5)| 3|57
Makarevychivskyi 1 4 2 1 2 2 1 3 3 2 2 1 4 1 2 4 2 5 3| 45
Dvoryshchanskyi 1421|2233 3|3 2| 1| 4| 12| 4| 2| 4| 3|47
Korostyshivskyi 14,3 35|23 3|3, 2|5 1,41 2|7| 2| 4| 3|58
Ushomyrskyi 242122333, 3| 7|1 8| 2| 2|6| 3| 5| 3|62
Park imeni 242|123 33| 3|2[7|1|4]2 2|6|2|5]|3]57
Yu. Haharina
Miskyi sad 114|012 23|33 2|6| 1] 1] 22| 4] 1] 5| 73]46
Oleksandriyskyi 2,401 |4|2|3|3|3|1|5|1,6|1|3|5|4|4]73]|55
Vilkhivskyi 214122 /2|2|3|3(3 |3 |4 |1|3]1|2,4|1]5)|3]|50
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Table 2, Continued

Value
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Park imeni
Miklukho-Maklaia 314212233 |3|2|7|1|10[{2|2|8]2]|5]|3]|65
Yulino 2142122333 |3|4/|1|7|12|7]2]|5]|3]57
Kopylivskyi 1142222 |3|3|3|3|5]1|5|1|2|6|3|5]|3]56
Vahanytskyi 2142|142 |3/3|3|3[3|1|7|1|2|4|3|5]| 3|56
Vozdvyzhenskyi 2142|152 |3|3|3|3|4|1|8|1|2|5|3|5]| 3|60
Park imeni
T.H. Shevchenka 11410 1141 1 3103 2| 2 1 1 1 21324 3|39
Polonskyi 21 4| 2 114,33 ]33 3| 4|1 81 2| 2| 6| 2 5 3 161
Litynskyi 2/4/0|1,2|2|3|3|3|1]3|1|8|1]2|6|3]|5] 3|53
Zirnenskyi 2143|123, 3|3]3|2|3|1|8|2|2|4|3|5]|73]57
Tupychivskyi 142122333 3| 1|12 1]3]| 3| 1| 4] 3|43
Boldyna Hora 1/4,3, 151|333 3|21, 1] 1] 2|5 1] 5] 3|48

Source: compiled by the authors

L. Prybieha noted that the historical and cul-
tural value of an ensemble or complex is determined
by the compositional integrity and artistic level of
the entire territorial and spatial objects and an in-
tegrated system of layers reflecting historical stag-
es of development [13]. The planning structure of
ensembles, complexes, and estates was influenced
by the characteristic features of the corresponding
landscapes and such components as reservoirs, hills,
and slopes. According to the assessment proposed by
the authors, the historical and cultural value was at-
tributed to: the preservation of cultural monuments
together with their environment, the preservation
of cultural landscapes, the remains of ancient set-
tlements, the remains of ramparts, religious burials,
entrance gates, defensive rowers, bridges in the stud-
ied parks and their components, the authors partially
agree with the researcher. Reservoirs, according to
the authors’ method, are classified as signs of health
and recreational value.

Study [27] showed that spending time in nature
restores and heals psychological, physical, and emo-
tional aspects of a person, promotes the development
of social relationships, and has the greatest impact

on the human spirit, giving a sense of connection,
vibration and awe. Time in nature can be transform-
ative, turning negative emotions into positive ones
that lead to joy, gratitude, and compassion. In addi-
tion, it is a free and affordable way to foster spiritual
well-being [27]. Thus, spiritual value is obvious, be-
cause PMLA is the place where a person can heal and
receive spiritual well-being. The presence of a church
or cathedral on the territory of a park or nearby can
enhance the spiritual value. In the 18th-19th centu-
ries, the construction of the church and the palace
took place almost simultaneously, and then the park
was built, so the church was an integral part of some
palace and park complexes (CNMs Volodymyretskyi
park, Zdorovia, Liubeshivskyi, Oleksandriyskyi).
According to the authors, the reference value is
very important, which is represented by: various types
of reference plantings (alley; row planting; solitary,
group; array; grove; orchard; hedges; borders; ring),
preservation of the planning structure, composition-
al axes, the main elements of the estate are: a com-
plex of buildings, a building, natural reservoirs (riv-
er, lake, pond), man-made water bodies (man-made
pond, cascade or pond system, fountain or cascade of
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fountains), an island, gazebo, lawn (Table 2). That is,
all the structural components that can be used as an
example for the reconstruction of parks of a certain
period. Antique reference alleys are most represented
in the PMLAs Ushomyrskyi, Litynskyi, Lyzohubivskyi,
Liubeshivskyi, and Yulino they are created from Pinus
sylvestris L., Carpinus betulus L., Tilia cordata Mill.,
Acer platanoides L., Aesculus hippocastanum L., Picea
abies Karst. No less interesting is the ring plantation
type, which occurs only in PMLAs Litynskyi (with Pi-
cea abies Karst., Tilia cordata Mill.), Polonskyi (double
ring with Carpinus betulus L. and a low hedge with Li-
gustrum vulgare L.), Oleksandriyskyi (with Fraxinus ex-
celsior L. and Fraxinus angustifolia Vahl.), grew in the
middle of the 20" century in PMLA Korostyshivskyi
(with Populus nigra var. italica Miinchh.), however, it
has not been preserved. As reference stands with Pinus
sylvestris L., Quercus robur L. on an area of >0.5 ha and
an orchard are available at the PMLA Vozdvizhenskyi.

The park environment is able to provide a
pleasant, healthy, and comfortable atmosphere for
people of all ages and has a positive impact on human
health [28]. A person perceives external information
through the five senses (sight, hearing, touch, smell,
and taste). The theory of the five senses provides an
opportunity to understand the therapeutic effect of
plant communities [20]. Therapeutic plant groups
have the following signs of value: leaf colour, crown
architectonics, creating light and shadow from plants
(stimulate vision), phytoncidal and aromatic plants
(stimulate the sense of smell), deciduous plants that
add the sound of rustling leaves, edible plants (affect
the taste buds), long-lasting plants with different tex-
tures (diversify the sense of touch). All of the above
signs have a positive effect on strengthening a per-
son’s physical and mental health. Assessment of the
value of therapeutic plant communities in PMLA will
help identify shortcomings in plantings, and will help
in selecting plants to improve the design and comple-
ment certain groups of sensory plants. Species diver-
sity and stable plant communities are a reliable basis
for PMLA, which will influence the ecological state of
the park’s plantings and ensure the diversity of ther-
apeutic plant landscapes. The design of therapeutic
plant communities is extremely important. They can
improve the park environment, provide a comfortable
and pleasant stay, and also increase its value in terms
of aesthetics. The authors also agree with the opinion
of researchers [23] that with the increase in urbanised
areas and the decrease in human contact with nature
around the world, the question of preserving and ex-
panding access to the natural environment arises. In

addition, the compaction of the urban environment,
which causes air pollution and noise pollution, can
be buffered by parks where citizens can spend leisure
time [20]. Plantings in parks reduce the temperature in
summer, mitigate the effects of heat islands, increase
the comfort of recreation conditions, and indirectly
affect human health. Staying in the PMLA can affect a
person’s cognitive functioning, emotional well-being,
and other aspects of mental health, which increases the
value of parks and expands eco-friendly services. Men-
tal health benefits are usually accompanied by bene-
fits from other ecosystem services and can be consid-
ered as “concomitant benefits” for other services [28].

Based on the analysis of values, it was revealed
that 30 PMLAs and CNMs have an average value rang-
ing from 40 to 70 points: 22.6% of parks have a value
of 40-50 points, 61.3% — 50-60 points, 12.9% - 60-65
points (PMLAs Vozdvyzhenski, Polonskyi, Zdorovia,
Ushomyrskyi, Park imeni Miklukho-Maklaia) (Ta-
ble 3). The last five PMLAs that received the most
points are to some extent reference ones, which retain
plantings, planning structure, and most of the com-
ponents of parks. The remaining 24 PMLAs and CNMs
require careful analysis to diversify the components
of parks, increase their attractiveness, and understand
their area of development. When supplementing
plantings (to create therapeutic plant communities)
in PMLAs, it is important to consider the basic needs
of communities, adopt a holistic view, and use natural
types of woody and herbaceous plants to achieve sus-
tainable development of parks and local ecosystems.

Park imeni T.H. Shevchenka has a low score,
which indicates that the cultural and social services
of the ecosystem are not high in the PMLA, which is
conditioned by the history of its creation. In the 18th
century, the Holy Trinity and St. George churches
were built on the site of the park, around which a sys-
tem of burials was established. In the 19th century,
the park had the Trinity cemetery with the city gar-
den and the St. George cemetery [29]. A mass grave
of several hundred people who died in the Second
World War has been built near the city stadium. In
a separate part, a place for burials was left in the di-
rection of ravines, which began to be developed as a
Soviet burial site in the 1930s.

Currently, considerable attention is paid by re-
searchers around the world to assessing different val-
ues at both the regional, local, and global levels, with
different approaches being used. A special place is oc-
cupied by assessing the value of nature and eco-for-
est services, which are key to human mental health.
G.N. Bratman et al. developed a conceptual model to
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preserve and expand the assessment of ecosystem
services to include mental health. The model can be
used to assess where green spaces or better access
to nature can improve a person’s mental health, and
where certain infrastructure, building placement, and
other land use decisions can negatively affect it [28].
R.P. Remme et al. proposed a spatial model that can
be used in decision-making to guide and inform nu-
merous groups of stakeholders, considering indi-
vidual approaches to a particular territory. The re-
searchers suggest that integrating a natural-oriented
physical activity model as a tool for evaluating eco-
system services can help take into account the many
values of preserving and improving the natural envi-
ronment [30]. Z. Ouyang et al. developed an indicator
of the gross product of the ecosystem, which summa-
rises the importance of the contribution of nature to
the economic activity of the country. This indicator
can be used in making decisions about investing in
the conservation of ecosystem assets to ensure the
provision of ecosystem services through transregion-
al compensation payments [31]. A.S.M.G. Kibria et al.
evaluated Cambodia’s Veun Sai-Siem Pang National
Park, which is significant in terms of biodiversity val-
ue and little known to the international community,
and found that the area under study is a base of valu-
able knowledge about natural resources, has cultural
significance for indigenous peoples, and is part of one
of the most important eco-regions in the world. At the
same time, it has numerous threats (illegal logging,
poaching, public pressure, and corruption). Assess-
ment of ecosystem services will provide an opportu-
nity to promote sustainable park management [32].
G. Moradi et al. studied the recreational value of Ba-
haran Park in Maybod, and a logit model was used to
determine the effective factors of visitors’ willing-
ness to pay for park protection and improvement The
willingness to pay for ecosystem services indicates
the high importance of the park [33]. Assessment of
recreational ecosystem services in protected areas,
namely, in botanical gardens, as noted by C. Funsten
et al., can promote the development and optimisation
of potential ecosystem services that botanical gardens
are designed to provide, such as demonstration and
training, and planning various activities can increase
social well-being and improve inclusivity. C. Funsten
et al. examined respondents’ satisfaction with a ques-
tionnaire at the Zagara Plant Festival in the Botanical
Garden of the University of Palermo in Sicily (Italy)
and found that the festival met the relevant needs of
visitors to outdoor social events. Therefore, one of the
management decisions, according to the researchers,

can be the creation of special events in protected ar-
eas to improve the well-being of people [34]. Raising
awareness of the value of natural resources [32] will
encourage policy-makers to adopt a sustainable de-
velopment approach rather than a popular short-term
economic benefit.

Conclusions

Based on the generalised features, an assessment of
19 values was developed and tested in 32 parks that
were created over three centuries. Man-made parks
of the Ukrainian Polissya are an integral element of
estates of the second half of the 17% — early 20" cen-
turies, which had local characteristics and aesthetic
individuality. Their spatial frame is represented by a
characteristic relief, reservoirs, historically formed
layout, buildings and structures with more than
100-year-old plantings (mixed and pure stands on
an area >0.5 ha, groves, alleys, groups, rings, solitary,
row plantings, fruit orchards). It was revealed that
6.3% of parks were established in the late 17 cen-
tury and early 20" century, in the second half of the
18" century — 25%, and in the 19" century — 62.4%.
They differ in area: up to 3 hectares — 6.2 %, from 3 to
10 hectares — 34.4 %, from 10 to 25 hectares — 43.8%,
and over 25 hectares — 15.6 %.

Based on the assessment of 19 values (total
number of points 97), it was found that 31 parks have
an average value score ranging from 40 to 70 points.
The average value with the number of points from 60
to 65 is given to the park-monuments of landscape
art Vozdvyzhenskyi, Polonskyi, Zdorovia, Ushomyr-
skyi, and Park imeni Miklukho-Maklaia, which are
the best preserved and have different structural com-
ponents, in turn, they provide the most diverse cul-
tural and social ecosystem services. Therefore, it is
necessary to continue to ensure the further preserva-
tion of the considered parks as a valuable historically
inherited environment that can provide ecosystem
services such as cultural and social, security, regulat-
ing, and maintenance.

The findings can be used to preserve the ex-
isting components, and maintain the historical and
artistic image of the park environment by restor-
ing plantings during reconstruction. The proposed
method of value assessment can be applied to de-
termine the values of man-made protected parks,
including those that do not have a protected status
both in Ukraine and in other countries of the world.
The results obtained can be used to guide research on
expanding the provision of cultural and social eco-
system services.
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LiHHiCcTD 3aII0BiAHMX HITYYHO-CTBOPEHMX MapKiB YKpaiHcbKoro Iomicest
apyroi nonoByHU XVII nouaTtky XX CTOMTH

Awmxena AuapiiBHa [I3u6a, OmeHa BanepiiBHa KoecHiueHKO

HaBuaysibHO-HAyKOBMI iHCTUTYT JIiICOBOTO i CafJ0BO-MapKOBOTO rOCIIOAAPCTBA
HaruioHanbHMit yHiBepcuTeT 6iopecypciB i mpMpomoKopucTyBaHHs YKpaiHu
03041, Byn. l'opixyBaTcbkuii msx, 19, m. Kuis, Ykpaina

AHoTanisa. [TpoTIroM TUCSYONITh AiSUIbHICTD JIOAMHM (HOpMyBaia HAaBKOJIMUILIHE CepenoBUIle, 3MiHIOIOUM
710T0 BiJMOBiIHO OO0 YTWIITApHUX i QYHKIIOHATBHMUX BMMOT. OCKIIbKY 1i BUMOTY 3MiHIOBAINCS 3 YaCOM,
3MiHIOBAIaCs i LiHHICTb, SIKY JIIOJM ITOB’SI3yBa/IM 3 [IEBHMMM 0COOIMBOCTSIMM JaHamadTy. PYKOTBOPHI Iapku,
cTBOpeHi Ha ykpaincbkomy Ilosmmicci y apyriit monoBuHi XVII — Ha mouaTtky XX CTOJITTS, SIBISIIOTH COGOI0
naHamadTH, icTopuuHe ITapKoBe CepeloBUIIe Ta CydyacHa afarlTallisl SKMUX IO Cy4acHOro (PyHKIIiOHAIbHOTO
TpU3HAUEHHS I[iHYIOTbCSI CY4aCHUM CYCHiJIbCTBOM i MOXYTh PO3IJISIAATUCS SIK €KOCUCTEMHI MTOCTYTY TIapKy.
MeTo10 AOCTIIKEHHS 6y/10 pO3po6UTH Ta anpobyBaTv METOAUKY OIiHKM LIiHHOCTE! 3aroBiJHUX HITY4HO-
CTBOpeHUX mMapKiB VYKpaiHcbkoro Ilomiccsi. 3acTOCOBAaHO METOAM OOCTIIKEeHHS: HaTypHUX 06CTeXeHb
(MapuIpyTHUIT), aHAJIITUUHMIA, TTIOPiBHSIbHO-iCTOPUYHMIA, cCcTeMaTH3allii. I OLiHKM PiBHSI €KOCUCTEeMHUX
MTOC/TYT, SIKi HAaJalTh 32 MapKu, 0 Po3TanioBaHi Ha TepuTopii YRpaiHcbkoro Ilomices, 6ymo po3pobieHo Ta
arpo60BaHO METOAMKY, SIKa BUKOPUCTOBYBajIa 19 KaTeropiii OliHKM, KOKHA 3 IKMX MiCTUTH KiJibKa aTpuOyTiB
(1-20). Kareropii oOliHIOBaHHSI BK/IIOUYAIVM YTWIITApHY, €KOJOTiUHy, OCBITHIO Ta iHIN. ATpuMOGyTH OYyIU
MIpeNCTaB/IeHi, ajle He 06MeXyBa/IMCh HAsIBHICTIO JiKepesa Ta/ab0 HasBHICTIO JTIKAPCbKUX POCINH (B MeKax
YTUIITapHOI KaTeropii), HasIBHICTIO HACa/IKeHb, 1[0 BUKOHYIOTh (PYHKIIIT 3aXMCTy pivyok Ta/abo crabimisarii
I'PYHTIB (B MejKax eKOJIOTiYHOI KaTeropii), Ta HasIBHiCTIO HABUAJIbHOI CTEKKM ( B OCBiTHii KaTeropii). KoskHomy
aTpubyTy GY/I0 IPUCBOEHO 3HAUEHHS 1 i3 CyMOIO 3HAYeHb (0 MOTeHIiiiHOI cymu 97), 1m0 Bimobpaskae piBeHb
€KOCUCTEMHMX ITOC/TYT, [0 HAJAIOTHCS KOKHMM OKpeMMM IMapkoM. OLiHIOIYY CyMY IIiHHOCTE, TapKu 6y
kiIacudikoBaHi IK BUCOKOIIiHHI (cyMa 1iHHocTel Bifi 70 10 97), cepemHbOIIiHHI (CyMa IiHHOCTel Bif 40 1o 69) i
HMU3bKOIIiHHI (cyMa IiHHOCTei Hiskue 40). Cepen 32 moctimkeHux napkis 31 (96,9 %) mapk 6yB BimHeceHMIt 10
cepeqHbOLIIHHMX (OI/IBIIICTD i3 CYyMOI0 3HaUeHb Y Meskax Bif 50 1o 60), a omuH (3,1 %) mapK — 10 HU3bKOI[iIHHUX,
TOMi SIK JKOIEH IapK He OYB BigHeceHMIi 1O BUCOKOIIHHMX. BM3HauMBIIM, IKMX i3 19 KaTeropiit ouiHku (Ta
aTpubyTiB) 6paKye, MOXKHA TIAHYBATY Ta BIIPOBAIKYBATM BIOCKOHAIEHHS JJIST 36iTbIIeHHST €KOCUCTEMHUX
TTOCJTYT, 1110 HAAAIOThCSI OKpeMUMM ITapkKamu. LI MeToayka Moyke 6TV BUKOPYCTaHa IJ1s1 OI[iHKM €KOCYCTEMHMX
TTOC/TYT, SIKi HaJaI0Th MITYYHO-CTBOPEHi mapKu, B YKpaiHi Ta cBiTi. Taka oIliHKka gornomora 6 36epertu icHyoui
MapKu, BPSITYBABIIY iX Bif 3SHUILEHHS, a IX TEPUTOPIiI0 — Bif 3a6ym0BY, TAKMM YMHOM 3ar106iraioun ix mepexia B
iHIIi Buay 3eMaeKopucTyBaHHS. ITe TaKOX JO3BOMIUTD MTIABUIIUTY IIHHICTb IUX VHIKAJIBHUX OaraToIiTIbOBUX
ymaHamadTHUX 0COGIMBOCTEN Y MaitOyTHbOMY IIJIIXOM YPiSHOMAHUTHEHHS Ta PO3MIMPEHHS iX KyAbTYpPHUX i
COIliaTbHUX €KOCUCTEMHUX MOCIYT

KniouoBi ©1oBa: mapku-Nmam’saTKM CaJOBO-IIAPKOBOTO MMCTELTBA, OXOPOHHI TepuUTOpii, eKocuCTeMHi
MoCayry, icropist, TpaHchopmariis
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Abstract. Various groups of urban residents, including children, need to ensure a high-quality environment.
One of the important features of urban plantings is their biodiversity, which is often low in the territories of
children’s facilities. The purpose of the study is to identify spatial planning solutions and assess the species
composition of tree plantations on the territory of six newly created children’s parks of the small historical
city of Vyshhorod, Kyiv Oblast, which is located near the capital and is marked by positive demographic
dynamics. The initial data were obtained as a result of the authors’ inventory survey of vegetation in these
parks. The spatial planning composition of the dendroflora of these parks is also analysed using a visual
method. Based on the obtained data, the level of biodiversity of tree stands in parks under study was estimated:
the available number of taxa, Menhinick’s richness and diversity index, and the Berger-Parker abundance
index were compared. On the territory of these parks, a total of 70 taxa of woody and shrubby plants were
identified, among which introduced species predominate. More than half of the identified taxa are found only
in one of the parks. The most common types represented on the territory of most children’s parks are the
following: Spiraea vanhouttei, Juglans regia, Physocarpus opulifolius. Cluster analysis revealed groups of parks
with a similar assortment of woody plants, and, accordingly, similar biodiversity indicators. The relationship
between the assortment of plants and the general spatial solution of parks is traced. It was concluded that the
selection of the species composition of woody plants for children’s parks should be more thorough, and it is
also advisable not to exceed the recommended 10% share of one species in the composition of plantings. The
use of “thorny” species that are not recommended for children’s territories is quite balanced and rational. The
use of the findings in urban planning would help create a multifunctional eco-balanced children’s space and
increase the sustainability of urban ecosystems

Keywords: richness index, diversity index,dominance index, native woody plants, spatial planning composition

Introduction
Urban landscaping is shaped by the historical and which is an important condition for creating healthy,
current decisions of a wide range of people and is  useful, and sustainable urban plantings [2]. The high
able to maintain high levels of plant diversity [1], biodiversity of woody plants increases not only the
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aesthetic appeal of territories [3], but also, most im-
portantly, reduces the vulnerability of plantings to
the influence of many factors, in particular, pests,
diseases, and climate change [4]. However, despite
the wide variety of trees in the natural world and
the wide possibilities of its use in the development
of urban environments, a rather limited number of
species predominate in urban plantings [5]. There-
fore, green spaces have limited potential to support
biodiversity, in particular, low levels of biodiversity
are typical for public places [6]. They are used to cre-
ate spatial and planning compositions of landscape
objects that become too utilitarian, similar to each
other, uninteresting, and low in aesthetics [7].

In general, space in cities is limited, and the
establishment of green spaces depends on the un-
derstanding of the preferences of urban residents
[8]. At the same time, it is important to ensure a
high-quality environment for various groups of cit-
izens, of which about a third are children. However,
despite the fact that children are frequent users of
urban green spaces, the design of space for children
is determined by adults, which leads to landscapes
that limit the daily life of urban children and neg-
atively affect their development [9]. It is noted that
school territories formed by adult priorities are often
devoid of biodiversity [10]. Currently, children spend
less time in their natural environment, which affects
their mental and physical health [11].

The historic city of Vyshhorod is located 20 km
northwest of the Ukrainian capital Kyiv. Now it is a
modern town on the banks of the Dnipro River, which
is rapidly developing and has positive demographic
dynamics. However, after the complete destruction of
the town park in the central part of the town in the
1990s (as evidenced by the 1990 town master plan)
and the construction of high-rise buildings, there are
now very few public green spaces. There are virtually
no parks in the town. Instead, new, mainly children’s
parks were created in the central part of the town, six
of which are the subject of this study.

According to the available master plans of
the 1970s-1990s, the species composition of woody
plants in small towns of the region was quite limit-
ed and consisted mainly of up to 12 species. Among
the most common types were: Acer negundo, Robinia
pseudoacacia, Aesculus hippocastanum, Acer sacchari-
num, Populus pyramidalis (introduced species are now
common in most Ukrainian cities). In addition, such
native species as Tilia cordata, Populus nigra, Betula
pendula, Alnus glutinosa, Sorbus aucuparia, Pinus syl-
vestris, and also Salix alba, S. caprea, Quercus robur,

Ulmus minor, Fraxinus excelsior, Picea abies were also
common in small town green spaces. Among the wide
range of woody plants recommended for long-term
urban gardening by these master plans, introduced
species prevailed.

The purpose of the study is to assess the bio-
diversity and spatial planning compositions of green
spaces in urban children’s parks of the small histori-
cal city of Vyshhorod, Kyiv Oblast, which is character-
ised by demographically positive trends. This study
provides currently almost non-existent data on the
quality of green spaces in small towns, in particular,
those important public facilities that are intended for
children’s recreation.

Literature Review

The growth of urbanisation and the processes of
transformation of natural ecosystems drew attention
to the issues of optimisation of the urban environ-
ment, where the main role belongs to urban plant
communities, which, subject to rational organisation,
significantly affect the most important indicators of
environmental quality. At the same time, a scientifi-
cally based selection of woody plant species that are
resistant to urban environment conditions is an im-
portant requirement for ensuring the high efficiency
and longevity of urban green spaces being created.
An important indicator of the quality of green spac-
es is considered to be their species diversity, which
should guarantee resistance to anthropic and any
other load [12].

Biodiversity in cities is of fundamental impor-
tance for human health and well-being, and provides
a wide range of essential ecosystem services. Never-
theless, it is often perceived as a minor addition, al-
though, the consideration of the requirements of bio-
diversity allows developing a strategic and thoughtful
design with its increase in mind [13]. Urban design
with biodiversity in mind is a protocol for creating
urban areas that benefit local species and ecosystems.

A number of researchers recommend “liberal
use” of woody plants, in which individual species in
urban green spaces should not exceed 10% of the total
number of trees. When planning a green space, it is
recommended to preserve native species and increase
the diversity of introduced species [14], which should
help increase the stability and decorative nature of
plantings [15], and to effectively resist recreational
stress — increase the share of shrubs, in particular, in
the form of hedges. It was found that park visitors
prefer plant communities with large species richness
and the absence of shrubs [16]. At the same time,
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there is an opinion that the introduction of new spe-
cies negatively affects the biodiversity of native spe-
cies [17], which, as a result of the invasion of non-na-
tive species, faces serious threats to the ecological
balance [18], since invasive species not only reduce
natural biodiversity, but also change key ecological
processes and destroy the natural ecosystem of parks.

Despite the fact that many urban parks have
been created in the world, there is little knowledge
about the composition and diversity of trees: there is
evidence that more ornamental and exotic trees are
used in new parks and that the diversity of trees is
affected by the size and age of the park. Urban parks
of the same age and landscape design have similar
communities of species, and with rapid urbanisation,
the homogenisation of park trees is increasing. Ac-
cording to [19], the composition of park trees is now
shifted towards alien species, and the species rich-
ness of new parks is noticeably higher; however, the
diversity index between new and old parks is not sta-
tistically significant. The share of individual tree spe-
cies is more than 10%, which did not comply with the
“10/20/30 rule of thumb”. It is established that urban
parks are characterised by a simple structure and low
variety of plantings, which can be influenced by land-
scape architects [20]. As a rule, single exotic trees and
trees with high decorativeness serve as compositional
accents, dominants of the space of a landscape object.
In the case of big parks, there can be quite a few such
dominants, while in mini-parks, as a rule, there are
single trees or bushes. Accordingly, such a composi-
tion is primitive and limited, with a clear selection of
the centre, but without consideration of other com-
positional means (such as rhythm and meter, contrast
and nuance, symmetry and asymmetry, etc.) [21].

The trees allow urban parks to perform various
conservation and decorative functions and provide
residents with the opportunity to be closer to na-
ture [22]. Communication with nature is a multidi-
mensional psychological construct that becomes an
important predictor of both mental well-being and
environmental behaviour [23]. It is important to ena-
ble children to connect with nature for their person-
al development, physical and mental health, and as
interactions with nature increasingly occur in urban
settings, it is important to identify ways in which chil-
dren can be encouraged to connect with nature. In-
teraction with natural components improves psycho-
logical, emotional, and social health [24]. The ability
to have access to green spaces on a daily basis allows
children to benefit from socialising with nature, pro-
motes physical and mental health, offers children

aesthetic experiences and opportunities for recovery,
and develops a positive attitude to nature in adult life.

Notably, the psychological needs of a person,
along with many others, include the need for creative
self-realisation and self-expression, development
and self-knowledge, which is closely related to the
needs in art, religion, philosophy, and is a component
of human cultural needs. However, before a person
“grows up” to art, religion, and philosophy, from the
first years of life they satisfy this need through play.
Its action is so strong, and its significance is so great,
that growing up, a person continues to play and this
process continues throughout life and affects all are-
as without exception [7; 25].

Children’s willingness to play and interact with
nature is affected by the quality of urban green spac-
es. There is currently little research on the impact of
the natural environment on children’s learning and
development [26], although, it has been determined
that the natural landscape can meet the needs of chil-
dren in a diverse play environment. It was found that
a high level of tree cover corresponds to the maxi-
mum development of emotional and behavioural reg-
ulatory skills in schoolchildren [27]. Green spaces can
increase children’s levels of physical activity, which
requires understanding how to create spaces that en-
courage attendance and activity [28]. That is why it is
necessary to pay more attention to children’s needs
for green spaces when planning new residential areas.

The function of playing in a landscape object,
even if it is small in area and size, can be provided by
a scenario approach to solving the spatial planning
composition of green spaces. The child’s interest in
the very space of the park is ensured by well-placed
exotic elements — accents of the composition and the
planning structure of the object itself. The child, as
well as the accompanying adult, should be constantly
wandering: “what is next, up ahead, and on the other
track?” [21; 29].

Studies [30] have shown the effectiveness of
playgrounds in terms of physical activity and ineffi-
ciency in terms of the natural aspect. Sensory, emo-
tional, and aesthetic experiences with nature are val-
uable for children, and direct contact with nature is
of paramount importance for deepening children’s
interest in biodiversity [31]. The similarity of knowl-
edge about plants was found by children from the
same type of socio-cultural environment [32]: chil-
dren from rural areas were more aware of biodiversity
and local species, and most of the plants known to
children belonged to exotic, in particular edible, me-
dicinal, and much less to decorative ones.
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Pocket parks also play an important role in
providing access to nature [33]. In general, these are
places where children can interact with other people
and engage in physical activity in a natural environ-
ment [34], and visiting parks improves children’s so-
cial, mental, and physical health. Designing a chil-
dren’s park or pocket park requires consideration of
their cognitive function, which, together with the
function of the game, based on a scenario approach
to the overall composition of the object, “works” for
the development and self-knowledge of the child.

Materials and Methods

An inventory assessment of green spaces in the town
has never been performed, so field studies were con-
ducted by the authors in 2016-2018. Field research
covered six newly created children’s squares in the
central part of the town, which were marked by
numbers: 1 — “Children’s Park” on Shkilna Street;
2 — square near the Centre for Children’s Creativity,
3 — square on Symonenko Street (“ABVG-deyka™);
4 — square on Shevchenko Avenue (near the city
administration building); 5 - square between mul-
ti-storey residential buildings near Mazepa Street;
6 — square near Mazepa Avenue, 24. The species com-
position and age structure of plantings, their taxa-
tion specifications, condition and decorative nature
in the context of species were determined [35]. Ac-
cording to preliminary studies, public green spaces in
Vyshhorod are represented only by squares, in which
54 species and forms of woody and shrubby plants
are identified, among which 78% are introduced spe-
cies [36]. A very high participation rate is characteris-
tic for Thuja occidentalis L. and Aesculus hyppocasta-
num L.; high - for Thuja occidentalis, Acer platanoides
L., Ulmus scabra Mill., Tilia cordata Mill. As a rule, the
basis of old parks was made up of older trees of sev-
eral native species, to which decorative introduced
species were added over time, the share of which is
now about 55%. Young trees are represented main-
ly by decorative forms of conifers. Critical species in
the old parks of the city centre are Thuja occidentalis
(20.6 %), Aesculus hyppocastanum (18.3 %).

The easiest way to characterise the richness of
a community is to use the number of identified taxa
(usually species). To assess the diversity of biological
communities, various indices are used — numerical
indicators that are calculated based on the number of
taxa in the community and the number of individuals
in different taxa. In this case, diversity includes two
components: richness (number of taxa) and align-
ment (relative diversity of taxa). One of the simplest

diversity indices that does not include the relative
number of taxa is Menhinick’s index, which uses only
the number of identified taxa and the total number
of individuals. It is recommended to use Menhinick’s
index to compare communities of different sizes, al-
though, in the case of this index, a decrease in the
sample size leads to an overestimation of the diversity.

The analysis of plantings of six squares was
carried out based on data from the sub-tree inven-
tory survey of their territories conducted by the
authors in previous years. Based on these data, the
simplest generally accepted biodiversity indicators
were determined for the green spaces of each of
the squares [35], for the calculation of which only
the number of identified taxa and the total number
of plant individuals are estimated, and the number
of plant specimens of the most numerous species:
Menhinick’s richness and diversity index, and Berg-
er-Parker dominance index were used by the authors
in previous studies. Cluster analysis in the Statistica
10 environment was used to process the results ob-
tained. The planning structure is provided for larger
and more interesting objects 1, 4, and 6.

Results and Discussion

The selection of woody plants for the arrangement of
children’s facilities has a number of specific require-
ments, while the richness of green spaces created is
traditionally considered mainly as an educational, in-
centive,and not an environmentally stabilising factor.

The rapid development of the city since the be-
ginning of the 215 century is accompanied by changes
in landscaping, primarily in relation to public green
spaces — new squares appear. In the central part of the
town,wherethelackofrecreational spaceisparticularly
noticeable due to the destruction of the former square
with an area of 9 hectares, a number of mostly chil-
dren’s squares are arranged, most of which are marked
by a small area (about 0.1 hectares) and young plant-
ings of mainly introduced ornamental woody plants.

On the territory of the largest newly created
square 1 (on Shkilna Str.), which is called Children’s
Park (Fig. 1, object No. 1 in Table 1), located between
two educational institutions for children: a lyceum
and a gymnasium, the maximum number of studied
objects is calculated — 265 specimens of trees and
shrubs of 21 types and shapes, including such exotic
ones as Aesculus carnea ‘Briotti’, Physocarpus opuli-
folius f. Diablo, Ginkgo biloba L., Catalpa bignonioides
Walt., Potentilla fruticosa ‘Elizabeth. The number of
trees per 1 hectare (as in most of the city parks under
study) exceeds the optimal value by 1.5 times.
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Figure 1. Location of the newly created square (2) (object No. 1)
between the lyceum (1) and gymnasium (3), the allocated research area — 1.08 ha

Source: [37]

The most quantitatively represented plant
species in the square are Spiraea vanhouttei and
Acer platanoides f. Globosum, however, the share of
participation of the latter does not exceed 10% of
the total number of specimens of woody plants and
other existing taxa. The square performs mainly a
transit function, which is determined by its location
between residential buildings and two education-
al institutions. The planning structure is linear and
symmetrical, with a clearly defined centre — a round
platform that is scaled and repeated in the rest of the
square. There is a general randomness and disper-
sion of vegetation and the absence of plant groups
in the central part of the square. Along the paths, to
emphasise the linear structure, there could be rhyth-
mically placed plantings, single or group, which are
currently absent. The functional purpose of each part
of the square is not clearly defined. The object needs
to improve its spatial planning composition.

On the territory of square No. 2, 16 species
of woody plants were found, and on the territory of
square No. 3 (near the Symonenko Str.) - 23 species

and forms of woody and shrubby plants, including
such rare ones as Catalpa bignonioides, Juniperus
squamata Lamb., J. squamata f. Blue Swede, Corylus
colurna L., Magnolia soulangeana Soul.-Bod., Rhus
typhina, Physocarpus opulifolius f. Diablo. In terms
of participation, only Spiraea vanhouttei and Cornus
alba L. exceed the 10% critical threshold.

24 species of woody plants were identified on
the territory of square No. 4 near the administration
building in the town centre (Fig. 2). The square has a
well-thought-out spatial and planning composition.
Most of the territory is reserved for a children’s play-
ground. Outdoor structures are located on the terri-
tory: cafe, kiosk. The square has several functional
areas, which is convenient for people of different age
groups to use, given its location in the central part of
the town. A children’s playground in the middle of
the lawn, oriented towards the town centre, is clearly
highlighted. Dense green spaces frame the territory
and serve as a backdrop for playground equipment.
Excessive independence of functional zones in terms
of spatial planning can be considered a disadvantage.

Figure 2. Square near the administration building in the town centre (object No. 4)

Source: [37]

Vol. 13, No. 4, 2022

Ukrainian Journal of Forest and Wood Science 34



Zibtseva et al.

The smallest number of taxa (12) and the mini-
mum total number of woody plant specimens (36) were
found on the territory of a small square No. 5 (between
multi-storey residential buildings near Mazepa Str.).

On the territory of square No. 6 (Fig. 3) 29 species and
forms of woody and shrubby plants were identified,
where the participation rate does not exceed 10%, and
the number of specimens of native species is only 8.6%.

Figure 3. Square near residential buildings near Mazepa Ave., 24 (object No. 6)

Source: [37]

Square No. 6 is the most interesting in terms of
composition. The territory in the form of a large trian-
gle is highlighted by the geometric structure, and the
theme of the triangle is repeated in all its parts. There
is a harmonious attitude of open areas to green spac-
es; thoughtfulness of the composition from the stand-
point of its scenario construction. The alternation of
closed and open parts of the spatial planning composi-
tion creates the effect of surprise during the movement

of visitors. An increase in the number of group plant-
ings would highlight clear functional zones in the
square, considering the needs of all residents of nearby
buildings. In total, from 12 to 29 species and forms of
woody plants are represented on the territory of each
of the squares under study. The best indicators are in
squares No. 4 (near the city administration building)
and No. 6 (near multi-storey residential buildings, also
located in the central multi-storey part of the town).

Table 1. Indicators of dendroflora diversity in children’s squares in Vyshhorod

. Squares
Indicators 1 2 3 1 5 6
Number of species 21 16 23 24 12 29
Total number of plants 265 166 169 98 36 141
Indexes: richness 0.08 0.1 0.14 0.24 0.33 0.21
diversity 1.29 1.24 1.77 2.42 2 2.44
domination 0.5 0.33 0.41 0.13 0.36 0.12
Source: compiled by the authors
E 2
g
. L5 richness
s
S 1 diversity
0.5 domination
0
1 2 3 4 5 6 square

Figure 4. Biodiversity indicators of tree plantations in 6 children’s squares

Source: compiled by the authors
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It is the tree plantings of these two newly cre-
ated squaress that are characterised by relatively
better indicators: higher indices of richness, diver-
sity, and a lower index of dominance. Thus, on the
territory of square No. 1 (the largest, so-called Chil-
dren’s Park), half of the plantings are represented by
one specie. In total, on the territory of four squares
under study, the most common type is Spiraea x
vanhouttei (Briot) Zabel. The share of native species
among their total number is only 16.7 to 39.1% in the
plantings of various squares. Syringa vulgaris L. and
Acer platanoides L. are widespread Introduced spe-
cies predominate on the territory of all squares. The
introduced ornamental species include: Ginkgo bilo-
ba L., Catalpa bignonioides Walter, Liriodendron tulip-
ifera L., Rhus typhina L., Kolkwitzia amabilis Graebn.,
garden forms of Juniperus L. and Picea A. Dietr., and
beautifully blooming shrubs. In addition, contrary to
existing recommendations, both thorny and strongly
fragrant and allergenic plants are represented on the
territories of children’s squares. Interestingly, local

dendrologists explain the presence of thorny plants
by introducing “vandal-proof” gardening.

The species that would have been represented
in all 6 squares under study were not identified. On
the territory of 5 of the 6 experimental squares there
are two common types: Spiraea x vanhouttei and Cor-
nus alba f. varigata; on the territory of 4 parks — there
are also two common species: Juglans regia L. and
Physocarpus opulifolius (L.) Maxim. ‘Diabolo’. On the
territory of half of the experimental squares, 12 taxa
are represented, in particular, Juniperus sabina L. and
its decorative forms, decorative forms of Malus, Rosa
rugosa Thunb., Philadelphus coronarius L., Berberis
thunbergii, Syringa vulgaris, Weigela florida (Bunge)
A.DC., Catalpa bignonioides, Acer platanoides L.; 16
species are found in only two squares, and more than
half — 38 species — occur only on the territory of one
of the children’s squares. According to the cluster
analysis of the available assortment of tree species
on the territory of the children’s squares, they can be
grouped into three clusters (Fig. 5).

Figure 5. Diagram of cluster analysis of the assortment of woody plants
on the territory of the squares under study (a) and their association (b)

Thefirstclusterincludes squares No.4and No.6
(with similar, relatively better characteristics in terms
of biodiversity indicators); the second — square No. 5
(a small square with a minimum number of plant spe-
cies and specimens), and the third - squares No. 1, 2,3
(withlower biodiversity indicators and the dominance
of several species represented on their territories).

Despite the fact that clustering was carried out
only considering the presence (or absence) of taxa of
woody plants on the territory of squares, the result-
ing cluster association clearly shows the similarity of
plant communities of squares in terms of biodiversity
indicators. At the same time, biodiversity indicators
did not depend on the size of square area, on the total

number of plant specimens, but were completely de-
termined by the preferences and decisions of their
designers and builders.

Given the mostly small areas of squares, which
is conditioned by the dense urban fabric in the cen-
tral part of Vyshhorod, all of them have regular plan-
ning and perform the task of reducing the radius of
accessibility from residential areas to “islands of
nature”. In compositional terms, most of the green
spaces in the territories of the studied landscape
objects are placed randomly, without much thought
for the establishment of their spatial and planning
composition and require appropriate adjustment. To
compare indicators of biodiversity on the territory
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of different objects, researchers often use the Shan-
non and Simpson indices [35]. However, it was deter-
mined that the Berger-Parker dominance index for
sanitary protection zones of industrial enterprises in
Zaporizhzhya [38] ranged from 0.21-0.78 compared
to 0.14-0.28 in children’s squares under study. At the
same time, in the territories of three schools in Vy-
shhorod [39], according to the authors’ calculations,
tree plantings had similar, but slightly better indica-
tors: the richness index also ranged widely: from 0.08
to 0.46; the diversity index was slightly higher: from
1.49 to 3.32; the dominance index was not so pro-
nounced, it ranged from 0.14 to 0.28.

Notably, when designing the parks, the design-
ers considered only the aesthetic aspect and, to a cer-
tain extent, the utilitarian one. But the environmental
component was neglected. The selection of the spe-
cies composition of newly established squares was de-
termined by the available wide range of plants of the
local garden centre (mainly by introduced species) ac-
cording to the physiological principle and the limit of
the total cost of work on creating the object. Howev-
er, the high proportion of introduced plants in green
spaces will contribute to the interest of children from
childhood in the biodiversity of tree species, which is
one of the signs of stable development of territories.

Children in modern society lose touch with
nature and green plants [40-42], which, in particu-
lar, playgrounds are designed to prevent. Researchers
suggest that trees are important elements of healthy
child communities [43] that should be integrated
at various scales, from landscaping around homes,
schools, and kindergartens to connected systems
of urban paths, parks, and public gardens. In parks,
children can interact with other people and engage
in physical activity in a natural environment. There-
fore, their attendance can improve children’s social,
mental, and physical health [34]. However, among
the characteristics that facilitate visits to children’s
squares, the only ones that can be noted in the stud-
ied facilities are the presence of young trees that do
not currently form shaded areas and do not facilitate
physical activity, and the presence of open space,
which is mostly insufficient for active recreation. In
addition, the small size of squares does not contrib-
ute to social interaction. The authors of this study
suggest that designers should provide for and con-
sider the functions of the created territories in order
to help children lead an active healthy lifestyle.

Similar to English researchers [28], the authors
also suggest that it is necessary to pay more atten-
tion to children’s needs regarding the quantity and

quality of green spaces when planning residential ar-
eas and considering measures to increase children’s
physical activity.

According to a number of researchers [42],
a negative anthropic impact on vegetation on the
territory of children’s squares and playgrounds was
observed during a third of children’s playtime. As a
result, half of all existing trees and shrubs were dam-
aged on the plots. However, given that the squares
under study are visited mainly by mothers with pre-
school children and have limited opportunities for
physical activity in their territories due to small ar-
eas, the problem of vandalism is not relevant here.

Conclusions
During the inventory survey of tree stands of newly
established children’s squares in Vyshhorod, a total of
70 taxa of woody and shrubby plants were identified,
among which introduced species predominated. More
than half of the identified taxa occurred only in one of
the squares under study. The most common types rep-
resented on the territory of most children’s squares
were the following: Juglans regia, Spiraea x vanhout-
tei, Cornus alba f. varigata, Physocarpus opulifolius.

Using cluster analysis, the squares were divid-
ed into three clusters according to the available as-
sortment of woody plants, and, accordingly, similar
biodiversity indicators.

The study suggests that the selection of the
species composition of woody plants for creating chil-
dren’s squares should be more detailed. At the same
time, it is advisable not to exceed the recommended
10% share of each used species in the total compo-
sition of plantings of each of the created squares.
Instead, the use of “thorny” species that were not
previously recommended for landscaping children’s
facilities can be quite balanced and rational. The
presence of evergreen coniferous plants on the ter-
ritory of squares will help increase the aesthetic as-
sessment of the environment and the importance of
cultural ecosystems and services throughout the year.

Careful selection of the assortment in accord-
ance with well-thought-out spatial planning compo-
sitions would create landscape objects that would not
only improve the aesthetics of the urban environment
but also positively influence the perception and psy-
chological state of visitors. The establishment of the
square space with the help of vegetation should include
the needs of visitors, especially children, in develop-
ment, self-realisation, and knowledge in a playful way.
Carefully thought-out arrangements and selected plant
species composition can help implement these ideas.

Vol. 13, No. 4, 2022

Ukrainian Journal of Forest and Wood Science 37



Dendroflora in spatial planning compositions...

The authors consider it necessary to create larg-  biodiversity of woody plants in Ukrainian towns, in par-

er children’s parks, which would encourage childrento  ticular,greenspacesoflimiteduse:ontheterritoryofhos-
engage in physical activity and promote their health. pitaland schoolinstitutions,industrial enterprises, etc.,
In the future, it is planned to continue studying the andcompare the results obtained by category of objects.
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Henapodiiopa B MpOCTOPOBO-IVIAHYBAIBHUX KOMITO3UIIiSIX
IUTSIAYMX CKBepiB M. Buiiiropoga

Onbra BacuiiBua 3io6ieBal,
Onena AHartoniiBHa TpomkiHa?, Onena BiaauciaBiBaa OnbxoBcbKa®

'HarioHa/ibHMIT YHiBepCcUTET 6iopecypciB i MpUpoIOKOpUCTYBaHHST YKpaiHU
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina
’HarnioHasbHa akajeMisi 06pa30TBOPUOro MUCTEITBA i apXiTeKTypu
04053, Bysn. BosHeceHChKMI y3Bi3, 20, M. Kuis, Ykpaina

SKuiBcbKMiT Hal[iOHAJIbHMI YHiBepCUTET OYIiBHUIITBA i apXiTEeKTypu
03680, [ToBiTpodnoTchKuii mpocnekT, 31, M. Kuis, Vkpaina

AHoTanis. 3abe3nevyeHHsT SIKiCHOTO MOBKI/UIS ITOTPeOYIOTh Pi3Hi I'PyMM MiChbKMX JKUTENIB, 30KpeMa IiTi.
OpHi€ro 3 BasKIMBUX 03HAK MiChbKMX HacasKeHb € iXHe 6i0pi3HOMAaHITTS, IKe YaCcTO € HU3bKUM Ha TePUTOPISIX
IUTSUNX 3aKaafiB. MeTa JOCTiIKeHHS — BUSIBUTU TTPOCTOPOBO-TVIAaHYBAJIbHI PillleHHS Ta OLiHUTU BUAOBUIN
CKJIaJ, AepeBHUX HaCa[KeHb HAa TEPUTOPii IIeCTV HOBOCTBOPEHUX OUTSUMX CKBEPIB MaJOro iCTOPMUYHOTO
micra Bumropoma KuiBcbkoi 0671aCTi, po3TalioBaHOTO HEITOJATIK CTOJMII, i SIKe Big3HAUA€EThCSI TTO3UTUBHOIO
nemorpadiuHor quHaMiKo0. BuxigHi gaHi 6y OTpUMaHi B pe3y/ibTaTi IpoBeAeHOi aBTOpaMy iHBeHTapu3aliii
3eJIeHMX HacagpykeHb 1MX CKBepiB. Takox Bi3yaJbHUM MeETOLOM IPOaHaIi30BaHO ITPOCTOPOBO-IIAHYBAJIbHY
KOMITO3UIIiI0 JeHApOdIIOpy HUX CKBEPiB. 3a OTPUMMAHMMM JaHMMU GY/IO OIliHEHO piBeHb 6iOpi3HOMAHITTS
JepeBHMX HacakeHb MOCTITHMX CKBEpiB: IMOPIiBHSIHO HAsBHY KiJIbKiCTh TaKCOHiB, iHAeKcu OaraTcTBa i
pisHOMaHiTTS MeHxiHika, iHOekc OoMiHyBaHHS beprepa-Ilapkepa. Ha Tepuropii uux ckBepiB 3araaom
BUsBIeHO 70 TAKCOHiB lepeBHMX i KYIIIOBUX POC/MH, cepe IKUX IepeBakaloTh iHTpoayIieHTH. [IoHa s ToJI0BUHM
BUSIBJIEHMX TAKCOHIB TPaIUISIIOTHCS JIMIle Ha OJMHOMY 3i CKBepiB. HarmommpeHimmmy, mpeacTaBJieHuMy Ha
TepuUTOPii 6ibIIOCTI AUTSIUMX CKBEPIB, € TaKi BUON, SIK Spiraea vanhouttei, Juglans regia, Physocarpus opulifolius.
3a JOMOMOroI0 KIacTepHOT0 aHali3y BUSBIEHO TPYITM CKBEPIB 3 MOAIOHMM aCOPTUMEHTOM JIEPEBHUX POCIUH,
i, BimmoBimHO, MOmiOHMMM TOKasHMKaMM OiopizHOMaHITTsA. IIpOCTiZKOBAaHO B3a€MO3B’SI30K ACOPTUMEHTY
POCIMH i3 3arajJbHO-MPOCTOPOBMM DIillIEHHSIM CKBEpPiB. ABTOPM Ol BMCHOBKY, IO J06ip BMUIOBOTO
CKJIay JePEeBHUX POCIMH IJISI IUTSYMX CKBEpiB Ma€ OYTYU peTeIbHIlllMM, TAKOX AOIIbHO He TIepeBUIIyBaTu
pekomeHgoBaHy 10 %-By 4acTKy OJHOTO BUAY B CKJaJi HacajkeHb. BUKOpPMCTAHHS He peKOMEeHIOBaHMUX
IJIST AUTSUMX TEPUTOPiit «KOMOUMX» BUAIB € NOBOJ BMBaXeHMM i pallioHaaIbHUM. BpaxyBaHHSI pe3y/ibTaTiB
IOCTiIKeHb Y MiCbKOMY IUIaHYBaHHI CIPUSTMME CTBOPEHHIO 6araTo(dyHKIIiOHATBHOTO €K036a/1aHCOBAHOTO
IUTSYOTO MTPOCTOPY Ta IMiABUILEHHIO CTiIKOCTi yp6oeKocucTeM

KniouoBi c«1oBa: iHzekc GaraTcTBa, iHOeKC Pi3HOMAaHITTS, iHAEKC AOMiHyBaHHS, abOpUreHHi IepeBHi
POCIIMHMU, IPOCTOPOBO-TUIaHYBaIbHA KOMITO3UILisT
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Abstract. One of the main tasks of forestry in Ukraine is to increase forest cover — it can be partially solved by
the development of low-productive agricultural land, in particular, fallows, on which self-sown forest is already
growing or just appearing, since the expanded reproduction of forests is relevant for Ukraine, considering
ecological and forestry transformations of fallows conditioned by their natural afforestation. The main
goal was to evaluate the success of natural renewal on fallows in the region under study, to identify factors
influencing the course of natural afforestation and tree conservation depending on the location of the plot
relative to the forest border and the distance to it. General scientific, forestry and taxation, reconnaissance,
forestry and ecological, and geobotanics methods were used to investigate natural renewal at fallows. Office
study of materials was carried out using mathematical statistics. As a result of a detailed investigation of
the natural settlement of forest tree species on abandoned fields of Western Polissya, it was found that in
coniferous and subor conditions, the plots are mostly wooded with pine, as well as birch and alder. In most
of the test plots, the renewal was satisfactory (according to the Nesterov scale). The number of self-seeding
of tree species in the test plots was not uniform and ranged from 1.2-13.1 thous. units/ha depending on
forest site types, species composition, undergrowth size, the abundance of living ground cover, and the degree
of sodding of the site and clogging with weeds and grass, which ranged from 20 to 90%. The occurrence
of natural renewal is also not uniform: from 19 to 100%. The spread of tree species occurred mainly from
forest stands located to the west, northwest, and north of the fallows. The findings of the study are extremely
important for employees of the forest industry, and can also be used by territorial communities in improving
land management, establishing landscape parks, etc.

Keywords: natural renewal, live ground cover, Drude abundance scale, forestry potential, self-seeding

Introduction

One of the most important tasks for the forestry sec-
tor of Ukraine is to increase forest cover and bring
it to the optimal level. In part, the problem of low
forest cover in Ukraine can be solved by developing
low-productive agricultural land, in particular, fal-
lows where self-sown forest grows or appears [1]. In
Ukraine, there are about 5 million hectares of land

Suggested Citation:

that is not suitable for efficient agricultural use, in
particular, 2 million hectares require afforestation in
the coming years [2]. Only in the Rivne region, ac-
cording to [3], there are 7,087.3 hectares of fallows,
the afforestation of which would allow increasing
the forest cover of Ukraine, but this is impossible,
since they are registered as the land of shareholders.
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Given the need to increase the forest cover of
Ukraine, the President initiated the Green Country en-
vironmental project and issued Decree No. 228/2021
of 07.06.2021 “On some measures to preserve and
reproduce forests” [4], which aims to increase the to-
tal forest area by 1 million hectares in 10 years and
carry out large-scale reforestation in the next three
years (plant 1 billion new trees). This, in turn, re-
quires foresters to attract all opportunities and avail-
able economic, environmental, and social resources.

Within the framework of the Green Country
project, self-sown forests are of great importance, the
transfer of which to the subordination of state forest-
ry enterprises with the subsequent implementation
of forestry measures in them can ensure an increase
in forest cover. Notably, granting self-sown forests
the status of a state forest fund is an extremely rele-
vant and important issue today and is not easy from
a legal standpoint.

Every year, the area of unsuitable and degrad-
ed land, including fallows, increases, and therefore,
research into this problem may gain resonance and
change attitudes toward self-seeding forests.

Special attention should also be paid to the
more complete use of the bioecological potential of
forested areas, in particular, the presence of natural
renewal, which takes place both in designated and
non-designated areas adjacent to forest stands. A
characteristic feature of such areas is indirect signs
of forest ecosystems, especially in areas adjacent to
the northern border of forest cenoses. In such areas,
there is often a successful natural renewal of not only
pioneer species — birch, aspen, willow, but also pine,
spruce, pear, etc. The success of the appearance of nat-
ural renewal in such areas depends on many factors:
the composition of adjacent tree stands, the frequen-
cy of fruiting (seed bearing), the yield of seeds, their
ability to move on the area, soil fertility, grass vegeta-
tion, etc. As a rule, in the coniferous and subor forest
site types in low and more humid areas with indirect
signs of forest ecosystems, renewal occurs with silver
birch, and in elevated and drier areas — with Scots pine.

The use of natural forestry potential in af-
forestation of areas with indirect features of forest
ecosystems will not only reduce the cost of expanded
forest reproduction, but also contribute to improving
their biological sustainability. Forests of natural ori-
gin are more resistant to adverse factors than artifi-
cial ones. Self-seeding forests often combine wood-
lands that have been separated by fields or pastures.

Nowadays, there is a need to increase the bio-
logical stability of plantings and prevent deterioration

of their condition in the future, and for this, it is advis-
able to adjust the current priorities of afforestation in
the direction of their greening. In forest development
based on the principles of ecological-oriented forest-
ry, integration processes have a significant impact on
forest ecosystems, which have significantlyintensified
since independence, and mainly the ecological signif-
icance of the state’s forests and the focus on sustain-
able forestry development [5; 6]. The relevance of the
study is conditioned by the importance for Ukraine
of expanded forest reproduction and the major sig-
nificance of ecological and forestry transformations
of fallows due to their natural afforestation, and the
establishment of biologically stable pine stands.

The purpose of the study was to assess the pro-
cess of natural afforestation of fallows in Western
Polissya and suggest ways to improve afforestation in
the region under study with the involvement of areas
where afforestation occurred independently, without
human participation.

Literature Review

Since 1990, from 5 to 8.5 million hectares of arable
land have been withdrawn from cultivation in Ukraine
and subsequently converted into fallows [7]. Sponta-
neous overgrowth of old arable lands goes through
various stages of secondary succession towards the
meadow-type phytocenoses and the development of
forest vegetation, which at the final stages of forma-
tion are close to natural phytocoenoses in terms of
their systematic structure. For almost a quarter of the
215t century, it was possible to observe an increase in
the area of fallows on the territory of Polissya, which
were at various stages of autogenic succession — from
weed to forest [8; 9]. This makes them a unique test-
ing ground for studying the dynamics of ecosystems
under various edaphic conditions under the influence
of various external factors [10]. The process of natural
afforestation of such fields continues to this day [1].

Notably, in 2022, the Verkhovna Rada of
Ukraine adopted the Law [11], which provides for
changes to the legislation on the conservation of self-
sown forests (natural renewal on non-wooded lands).
Now fallows have certain guarantees at the legislative
level and are assigned to permanent forest owners.

Solving the problem of biodiversity protec-
tion, rational use and restoration of natural vegeta-
tion in modern conditions of constantly increasing
anthropogenic impact on the environment requires
a thorough investigation of the current state of the
flora of artificially changed territories in general and
dendroflora in particular [12].
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Afforestation of low-productive and degraded
land is inextricably linked to improving the ecologi-
cal situation, increasing forest productivity and for-
est cover, and additional production of a significant
amount of wood [3]. Natural landscapes often have
less social and agricultural benefits than the local for-
ests and agricultural systems they replace, especially
when non-native species dominate succession pro-
cesses. Agroforestry systems that combine native and
foreign culturally important plants represent a poten-
tial pathway to increase the social and environmen-
tal benefits of unused agricultural land. The results of
such studies indicate that fallows have a high poten-
tial for recovery through agricultural reclamation [13].

The authors of [14] argue that the process of
natural restoration is complex and depends on a
number of environmental factors, namely: thickness
of the litter, density and closeness of herbaceous
plants, vegetation layer, and abundance of fruiting
(seed years). The most abundant natural renewal oc-
curs in areas with only weak competition from terres-
trial vegetation. The type of forest cultivation system
does not significantly affect the amount of natural
renewal, but it can be recommended to increase the
success of natural renewal by scarifying the soil when
using manual seeding to improve germination on the
site. This allows increasing the amount of reliable
self-seeding and undergrowth by 80%. To protect and
preserve vulnerable 1-2-year-old undergrowth and
self-seeding of Scots pine, it is necessary to remove
weeds and unwanted woody vegetation. Ultimately,
the right combination of these measures and their
timely implementation will ensure high quality of
natural renewal of Scots pine [14].

Theintensificationofagriculture posesaserious
threat to natural biodiversity and related environmen-
tal services. Conservation or restoration of semi-natu-
ral habitats (forests and fallows) is used to counteract
the negative impact of agricultural intensification[15].

M.M. Bilous [16; 17] investigated afforestation
of fallows and the influence of grass vegetation on
them, plant growth on poor old arable land, and L. Bo-
letus [18] — the role of fallows in preserving the rare
fauna that inhabits them. Interesting are the studies
by L.P. Lysohor et al. [19-21], who proposed ways to
attract fallows as renewable elements of the eco-net-
work, and researchers [22-24], which found recovery
sites characterised by significant cenotic diversi-
ty [25] and the presence of sozologically valuable spe-
cies [26-28], and the influence of afforestation of agri-
cultural soils and the species composition of trees on
changes in the physical characteristics of the soil [29].

Foreign researchers pay great attention to the
study of fallows in terms of the impact of land use
changes on the amount of vegetation [30-32], in-
creasing ecosystem functions [33-35], and soil res-
toration and succession changes [36-38], which are
only gaining relevance.

Materials and Methods

The objects of the study were naturally wooded are-
as on fallows that were located near the woodlands
of three forestry enterprises: state enterprise (SE)
“Dubrovytsa forestry enterprise (FE)”, SE “Sarny FE”
and SE “Berezne FE” of the Rivne Regional Depart-
ment of Forestry and Hunting (RDFH). The research
period was 2020-2022.

During the study of natural renewal on fallows,
the following methods were applied: general scien-
tific: observation, analysis, synthesis, generalisation,
comparison; forestry and taxation - for establishing
test plots to determine the taxational specifications
of growing stock and investigate the natural affores-
tation of non-forest lands by tree species; reconnais-
sance — for finding and establishing test areas on the
ground; forestry and ecological — for studying forest
and biological characteristics of plantings; compar-
ative ecology — for describing grasses and grass veg-
etation; methods of geobotanics — for determining
forest live cover (FLC) and plant species; modelling,
mathematical statistics, and the advanced Microsoft
Excel software suite — for processing and analysing
experimental materials.

Temporary test areas (TTA) were established
according to SOU 02.02-37-476 2006 [39]. Natural re-
generation was studied at the discount areas, which
were placed evenly over the test site. Their number
was 3 units at different distances from the forest bor-
der (50, 100, and 150 m). Undergrowth was recorded
in a special listing sheet, where the name of the tree
species, the number of the temporary trial area (num-
ber of the discount area), and the number, height of
the undergrowth, and occurrence were indicated.

According to the height, the undergrowth was
divided into: small — the height of the undergrowth
was up to 0.5 m; medium - 0.51-1.5 m; large — more
than 1.5 m [40]. By density, the following were distin-
guished: sparse undergrowth —up to 3 thous. units/ha;
medium density — from 3 to 8; dense — from 8 to 13;
very dense — more than 13 thous. units/ha. By occur-
rence: uniform — occurrence is more than 65%; une-
ven — from 40 to 65%; group — if the in groups contain
atleast 10 units of small or 5 units of medium and large
specimens of viable and closed undergrowth [40].
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The size of discount areas was set depending
on the density and height of the undergrowth: if the
undergrowth was small and dense, then the size of the
discount area was 4 m?; if the undergrowth was medi-
um in height and density, then the size of the discount
areawas 10m?;iftheundergrowthwaslargeandsparse,
then the size of the discount area was 20 m? [41].

When processing field materials, only viable
undergrowth was included in the calculations. Re-
newal assessment and assistance measures were de-
termined for each test area. First, for each sample,
the total amount of viable undergrowth was summed
up for all discount areas, after which it was recalcu-
lated per 1 ha using the equation:

10000

N=n , e))
p

where N - the number of undergrowth per 1 ha, units/
ha; n — the number of undergrowth on all discount
areas, units; p — area of all accounting platforms, m?.

After determining the total number of under-
growth, its height group was established according
to the following principles: the undergrowth is con-
sidered small if specimens up to 0.5 m high make
up more than 2/3 of the total number; the under-
growth is considered large if specimens over 1.5 m
high make up more than 1/3 of the total number;
in other cases, the undergrowth is considered me-
dium-sized.

After the predominant group of undergrowth
heights on the area was established, the undergrowth
of other height groups was transferred to the pre-
dominant group of heights according to the corre-
sponding conversion coefficients (Table 1) [42].

Table 1. Coefficients of conversion of undergrowth of different height groups to the predominant one

Predominant group of Transfer coefficients for undergrowth height groups
undergrowth heights large medium small
large 1.0 0.8 0.5
medium 1.25 1.0 0.625
small 2.0 1.6 1.0

When describing the forest live cover, the spe-
cies composition and abundance of undergrowth
were determined according to the method of G.M. Vy-
sotskyi, modified by the authors [42].

The distribution of forest live cover is deter-
mined using the Drude abundance scale:

Soc - plants cover more than 3/4 of the area;
Cop! - plants cover from 1/2 to 3/4 of the area; Cop? —
plants cover from 1/4 to 1/2 of the area; Cop® — plants
cover from 1/20 to 1/4 of the area; Sp — plants cover
less than 1/20 of the soil surface, but are still signif-
icantly widespread; Sol — plants occur singly; Un -
only one specimen was found.

To calculate and assess the success of natural
renewal on fallows, 45 discount areas were established
on 15 temporary test areas (3 plots on each test area).
Discount area dimensions — 10 m? each, since the
medium-sized undergrowth prevailed. Samples were
taken in plots adjacent to different forest site types.
The influence of forest live cover on the soil and the
state of natural renewal on fallows were also analysed.

After counting renewal trees according to the
V.G. Nesterov scale, the success of natural regenera-
tion of trees in the test areas was assessed according
to the scale of M.M. Gorshenin, A.I. Shvydenko, mod-
ified by V.M. Maurer and L.V. Kimeichuk [42; 43].

Results and Discussion

The region under study contains quite a lot of land
that is not used for its intended purpose, and where
the forest environment is fully formed, that is, these
are full-fledged stands, although they are located on
the lands of shareholders or reserve lands. Temporary
test areas were established in these areas (Fig. 1).

Figure 1. General view of natural renewal
of Scots pine on fallows

The authors analysed the features of afforesta-
tion of fallows depending on the side of the forest bor-
der abutment; taxation specifications of undergrowth
and its age structure were established; the influence
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of forest live cover on afforestation of plots was in-
vestigated; proposals for afforestation of land unsuit-
able for agricultural use were developed. A summary

of the characteristics of forest live cover and natu-
ral renewal in test areas, and recommended meas-
ures to promote natural renewal are given in Table 2.

Table 2. Characteristics of natural renewal of tree species on fallows

7]
& | Assessment
. ‘g of FLC Number
°
z ; abund'ance Undergrowth of nat.ural Occurrence, Assessment Recommended measures to
S g according to size category seeding, % of renewal promote natural renewal
g b the Drude thous. success
47 abundance units/ha
.:’S scale
. . . Additional sowing or partial
3
1 | pine Cop Medium 3.0 50 satisfactory planting of seedlings/saplings
. . . Additional sowing or partial
2
2 | pine Cop Medium 4.1 60 satisfactory planting of seedlings/saplings
3 | pine Cop? Medium 11.6 100 good Not required
. . . Partial planting
2
4 | pine Cop Medium 4.4 65 satisfactory of seedlings/saplings
5 | pine Cop? Small 13.1 100 good Not required
6 | pine Soc Small 5.6 39 insufficient Addl.tlonal SOWINg or pamal
planting of seedlings/saplings
7 | pine Soc Small 2.9 19 bad Planting by seedlings/saplings
8 | birch Cop? Large 2.6 65 satisfactory Not required
9 | alder Cop?® Medium 4.1 65 satisfactory Part1§l plantmg
of seedlings/saplings
. . Partial planting
3
10 | alder Cop Medium 3.3 65 satisfactory of seedlings/saplings
11 | birch Cop? Large 1.8 39 insufficient Partlgl plantmg
of seedlings/saplings
12 | birch Cop?® Large 2.5 65 satisfactory Not required
13 | pine Soc Large 1.2 40 insufficient | Planting of seedlings/saplings
14 | pine Cop? Medium 4.6 65 satisfactory Additional sowing of seeds
15| pine Sor* Small 11.3 100 good Not required

Source: compiled by the authors

Data from Table 1 show that in 8 of the 15 test
areas, the natural renewal of tree species was satisfac-
tory (according to the Nesterov scale); in three areas —
good and insufficient (unsatisfactory); in one - bad.
The number of self-seeding tree species on test are-
as is not uniform and varied: for pine - in the range
from 1.2 thous. units/ha (TTA No. 13 - large pine) up
to 13.1 thous. units/ha (TTA No. 5 — small pine); for
birch (only large undergrowth) — from 1.8 thous. units/
ha (TTA No. 11) up to 2.6 thous. units/ha (TTA No. 8);
for alder — medium undergrowth in the amount of 3.3-
4.1 thous. units/ha (TTA No. 9-10). The settlement of
tree species occurred mainly from forest stands locat-
ed to the west, northwest, and north of the fallows.
Factors that influenced the distribution of tree species
and their development (type of forest stand conditions,

distance to the forest border, seed years) also affected
their number and occurrence, which is also not the
same: from 19% (TTA No. 7) to 100% (TTA No. 3, 5, 15).

Fallow lands that have not been used for their
intended purpose for a long time have a significant
degree of sodding and infestation with weeds and
grass. At the test sites, the grass cover occupied from
20% (TTA No. 15) to 90% (TTA No. 7) of the area. Se-
vere sodding of certain areas (TTA No. 6, 7, 11, 13)
complicated the process of natural renewal by tree
species. Young trees often compete fiercely for nutri-
ents and moisture on poor soil.

To investigate the taxation specifications of
natural renewal on fallows, 4 temporary test areas
were established in areas where the forest border was
adjacent from different parts of the world (Table 3).
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Table 3. Success of the natural renewal of pine trees depending
on the connection of the forest border to the site and its taxation specifications

Side of the Distance Taxation specifications of natural pine renewal
forest border " to the number height, m diameter, cm increment, cm
adjacent to FST forest of plants, . . .

the plot border, m | units/ ha | M | max | x** | min | max % min | max %
50 11,450 2.70 | 6.35 | 4.44 | 1.25 | 11.75 | 4.46 23 89 47
North B, 100 5,750 2.12 | 6.73 | 4.19 | 1.25 | 11.00 | 4.71 21 85 47
150 3,150 1.47 | 708 | 2.96 | 1.00 | 10.00 | 3.85 22 88 45
50 9,450 0.76 | 7.53 | 3.43 | 1.25 | 9.50 | 2.94 17 98 57
South B, 100 4,250 1.00 | 2.30 | 2.63 | 1.25 | 8.25 | 3.22 15 82 55
150 1,500 0.50 | 2.53 | 1.38 | 0.40 | 2.75 | 2.63 13 71 37
50 9,850 1.50 | 700 | 3.61 | 1.00 | 11.25 | 5.10 16 75 44
West A, 100 5,050 1.70 | 6.93 | 2.63 | 1.00 | 13.75 | 3.79 19 81 52
150 2,550 1.45 | 495 | 3.16 | 1.00 | 9.00 | 3.90 24 84 50
50 11,700 0.10 | 10.55 | 2.39 | 0.10 | 11.50 | 2.46 5 103 39
East A, 100 6,800 0.20 | 6.25 | 1.80 | 0.20 | 10.50 | 1.72 10 85 42
150 1,400 0.10 | 340 | 0.96 | 0.10 | 4.50 | 1.00 9 55 22

Note: * FST - forest site type; **y — arithmetic mean

As can be seen from Table 3, as the distance
from the forest border increases, the biometric in-
dicators of undergrowth decrease. They are highest
in trees in areas where the forest border is adjacent
to the north and west and which are located in fresh
coniferous and subor conditions. According to the

number of new trees, there are areas with the forest
borders in the north and east. Pine trees aged 1 to 8
years and older were found in the test areas (Table 4)
with different percentages by age groups, depending
on the side of the forest border abutment and dis-
tance from it.

Table 4. Distribution of natural renewal of pine trees by age depending
on the distance to the forest border and the side of its abutment

Side of the forest Age structure of renewal (%) depending on the distance to the forest border (m)
border adjacent 50 100 150
to the plot <3 years | 4-8 years >9 <3 years | 4-8 years >9 <3 years | 4-8 years 29
North 0 26 74 0 31 69 3 48 49
South 6 85 9 1 90 9 7 93 0
West 0 64 36 4 65 31 0 70 30
East 59 8 33 76 10 14 79 21 0

Source: compiled by the authors

As can be seen from the data in Table 4, on the
fallows to which the forest adjoins from the south and
west, the largest 4-8-year natural renewal of pine in
all test areas, slightly less than the older 9 years and
very few young shoots and 1-3-year renewal. If the
forest is adjacent from the north, new trees at the age
of 9 years and older prevail, and young trees at the age
of 1-3 years are detected only at a distance of 150 m
from the forest border. In the area where the forest
border was adjacent to the east, the age structure of
renewal is radically different — 1-3-year-old prevails
(from 59 to 79%), and at a distance of 150 m from
the forest, there is no renewal aged 9 years and older.

A forest environment has already been es-
tablished in the areas under study, so a number of
forestry measures should be implemented to form a
full-fledged forest stand, similar to the indigenous
one in these conditions. This can be mineralisation
or tillage with furrows or strips with or without sow-
ing seeds of the necessary tree species. Attention
should be paid to the mineralisation of the soil in
strips after 2-3 m. In areas with intensive sodding,
it is better to cultivate the soil with furrows with a
PKL-70 plough to a depth of 20-25 c¢cm or strips (PKL-
70+KLB-1.7). In areas adjacent to the pine forest, in
low-yielding years, it is advisable to plant pine seeds
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with manual seed drills in places where there is no
natural renewal, but before that it is necessary to
loosen the soil with heavy harrows. Using the natural
forestry potential of such plots (in particular, natural
renewal, which is intensively appearing on the lands
of shareholders and reserves that have been in a state
of fallow for a significant time) in order to increase
forest cover will save a significant amount of money
and allow creating new forests that will be biological-
ly sustainable, more productive, with better biodiver-
sity, and better adapted to climate change.

A number of forestry measures should be im-
plemented on self-forested fallows to establish a
full-fledged forest stand. This can be mineralisation
of the soil in strips after 2-3 m or cultivation of the
soil with furrows or strips with or without planting
the necessary tree species, depending on the success
of natural renewal on the site.

State authorities should simplify the scheme
of transferring agricultural land that is not be-
ing used for its intended purpose and is empty, on
which spontaneous forests have already settled, and
where only forest service can carry out forestry ac-
tivities and care for them professionally. By com-
paring the findings of this study with the results of
other researchers in the same area, it was found that
the natural afforestation of fallow lands is generally
satisfactory, but the predominant in the plantings of
Chernihiv Polissya are mostly secondary tree species,
such as birch, aspen, alder [17]. Natural plantings of
seed origin on fallows have uneven crown closure.

The species composition of the dendroflora of
the fallow lands of the Pridnestrovian Podillya in-
cludes 52 species of woody and shrubby plants [44],
which is explained by the richness of forest condi-
tions in the region. The researchers also claim that
the establishment of anthropogenic ecotones is ob-
served over time between forest areas and fallows,
provided that they are very close.

According to M.M. Bilous [16; 17] on fallows in
the conditions of Chernihiv Polissya, the silver birch
is better restored naturally, its seeds spread up to
300 m from the forest border, while the seeds of Scots
pine reach up to 200 m, but the researcher states
that a relatively satisfactory renewal of pine occurs
in a 100-metre strip near the forest, and birch - at
160 metres. At a distance of up to 100 m from the
mother plant, the amount of self-seeding of pine
trees was 1-5 thous. units/ha, which is 2-5 times less
compared to the results of this study (4.3-11.7 thous.
units/ha). At a distance of 100-150 m, the amount of
self-seeding of pine trees decreases sharply, but the

same dependence remains: 0.4-1 thous. units/ha [17]
against 1.5-4.5 thous. units/ha.

Somewhat similar results were obtained by
V.A. Zakharchuk45] in Zhytomyr region. According
to the researcher, only 6-8-year-old self-seeding of
Scots pine was found in the amount of 2.4 thous.
units/ha at a distance of up to 50 m from the for-
est border, 2.2 thous. units/ha — up to 100 m, and
2.1 thous. units/ha — at a distance of up to 150 m, i.e.,
there is a slight decrease in the amount of self-seed-
ing with increasing distance from the forest border.
Such data differ significantly from the findings of this
study, according to which the number of self-seed-
ing at a distance of up to 50 m is 4-8 times greater
than the number at a distance of 100-150 m and al-
most at each of the intervals there is an undergrowth
aged from 1 to 9 years or more, although 4-8-year-old
self-seeding prevails in all areas.

Other researchers [46] also state the fact that
the amount of self-seeding depends on the distance
to the forest borders. Thus, the largest number of
young trees was observed at a distance of 20 m from
the forest border. Self-seeding on this test area is
characterised by the highest (compared to others)
average age, that is, at first it appeared closer to the
forest border, and every year it occupied more and
more area. A characteristic feature of its distribution
on fallows is a pronounced grouping. The area of the
plot between the self-seeding groups practically does
not contain woody plants of natural origin, but only
isolated specimens are found.

Similar results were obtained by other research-
ers [47], who considered the state of afforestation of
fallow lands and the species composition of forest
live cover. Their results confirm that the species com-
position of forest live cover, especially ruderants and
protants, competes with young trees and strong sod-
ding worsens their condition and biometric indicators
(height, diameter, and growth of the current year).

M. Malashevskyi, 0. Malashevska [48] investigat-
ed the processes of natural afforestation of fallow lands
and their subordination and recommended, as in the
previous studies, special measures to promote natural
renewal, which would ensure its relatively rapid clo-
sure and increase the area of mixed plantings of natural
origin, resistant to negative climatic and other factors.

Conclusions
Natural renewal on fallow lands that are not used in
agriculture occurs with the main and accompany-
ing tree species, in particular, pine, birch, and alder,
but not always evenly and in sufficient quantities.
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The number of pine renewal ranged from 1.2 thous.
units/ha (large undergrowth) to 13.1 thous. units/ha
(small undergrowth); birches - from 1.8 thous. units/
ha to 2.6 thous. units/ha (only large undergrowth);
alders — from 3.3 to 4.1 thous. units/ha (medium un-
dergrowth). The number and occurrence (spread) of
forest renewal is affected by: forest site type, distance
to the forest border, seed years, amount of forest live
cover, and the degree of soil sodding.

Fallow lands that have not been used for their
intended purpose for a long time have a significant
degree of sodding at the sites under study, the grass
covered from 20 to 90% of the area. Severe sodding of
certain areas has complicated the process of natural
renewal by tree species in these areas.

Natural renewal on abandoned fields (fallows)
mainlyoccursinareasadjacenttoforestonthenorthand
west sides. At the same time, this renewal is also char-
acterised by better average biometric indicators, which
decrease with increasing distance from the forest wall.

On the fallow areas, to which the forest adjoins
from the south and west, there is the largest number of

4-8-year-old natural renewal of pine trees, somewhat
less of older than 9 years, and very few 1-3-year-old
trees. If the forest is adjacent from the north, new trees
at the age of 9 years and older prevail, and young trees
at the age of 1-3 years are detected only at a distance
of 150 m from the forest border. In the area where the
forest border was adjacent to the east, 1-3 year-old
undergrowth prevails, and at a distance of 150 metres
fromthe forest there are notrees aged 9 yearsand older.

A characteristic feature of self-forested fal-
low lands are indirect signs of forest ecosystems. It
is established that the success of natural renewal is
influenced by: composition of the adjacent forest
stand, frequency of its seed bearing/fruiting, vield,
the ability of seeds to move to large areas, soil fertil-
ity, contamination, etc.

The next studies are intended to investigate
the process of successive changes in the fallow areas,
the NPK content in the soil, the range of forest live
cover (silvants, pratants, ruderants), and expand the
network of test areas in other forest site types on the
fallow land that was not covered by this study.
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IIpupopHe 3aicHeHHA MepeIoroBux 3emMeib 3axigHoro Iomicest
IBaH BacunboBuu Kimeituyk!, Onekcanap IOpiioBuu Kaiank?

IBisoniepKiBCbKMIT HalliOHAJIbHUIA arpapHMii yHiBepCUTET
09117, Cobopna miomia, 8/1, m. bina LlepkBa, Ykpaina

’HauioHasibHMI yHiBepcUTET 6GiopecypciB i MpMpOmOKOpUCTYBaHHS YKpaiHu
03041, Byn. T'epoiB O6oponu, 15, m. Kuis, Ykpaina

AnoTanisa. OnHe i3 roJIoBHUX 3aBIaHb JIiCOBOr0 rocomapcTBa YKpaiHy — MiABUINEHHS JIICUCTOCTi — YaCTKOBO
MOsKe OyTy BUpillleHe OCBOEHHSIM HU3bKOIIPOAYKTUBHUX CiJIbCbKOTOCIIONAPCHKIX YTiflb, 30KpeMa IepesiorTiB,
Ha SIKMX YKe 3POCTa€ UM TiJIbKU 3’SIBJISIETbCS CAMOCIIHMIA JIic, OCKIJIbKM aKTyaJIbHUM JJIs1 HAIloi AepykaBu
€ pOo3lIMpeHe BiATBOPEHHS JICiB 3 ypaxXyBaHHSM €KOJIOro-JiCiBHMYMX TpaHchOopMalliili IepeioroBux
3eMeJTb, BHAUTIOK iX IPUPOgHOro 3ayicHeHHsI. OCHOBHOIO METOI0 OY/I0 OI[iHUTY YCIINIHICTh MTPUPOIHOTO
TIOHOBJIEHHSI Ha IEePeOTOBMX 3eMJIIX B PperioHi OCTimKeHb, BUABUTK (DAKTOPM BIUIMBY Ha Iepebir
TIPMPOTHOTO 3aJIiCHEHHS i 36epeXkeHHS JepeB 3aJIeKHO BiJl po3TallyBaHHS OiISHKY BiTHOCHO CTiHM JTicy Ta
BimcraHi mo Hei. [IJis moCTiayKeHHS IIPUPOAHOTO MOHOBJIEHHS Ha TlepeioraXx BUKOPUCTAHO 3ara/iIbHOHAYKOBI,
JIiciBHMYO-TaKcalliliHi, peKOrHOCUMPYBaJIbHi, JIiCiBHMYO-eKOJIOTiuHi, reoboraHiuHi MeTomu. KamepaibHy
00pOo6Ky MaTepiamiB 3AiliCHEHO METOJOM MaTeMaTUYHOI CTATUCTUKMU. Y pe3yybTaTi JeTaJbHOIO BUBUEHHS
MIPYPOIHOTO 3aCeIEHHS JIiCOBUX JepeBHMX BUJIiB Ha MepeioroBux 3emMysix 3axigHoro ITomiccs, BCTaHOBIIEHO,
1m0 y 60pOBUX i Cy6OPOBMX YMOBAX AiISTHKY 3aJTiCHIOIOThCS 3[1€6iIbIIIOTO COCHOIO, @ TAKOXK Oepe3010 i BiIbX010.
Ha 6inpmrocTi mpoOHMX ILIONI TTOHOBJIEHHS BUSIBWIOCS 3alOBibHMM (3a mikamoio Hecreposa). KinbkicTb
CaMOCiBYy JlepeBHMX BUIB Ha MPOOHMX IIIOIIAX He OOHOPimHa i KonmuBajacs B MeXkax Bim 1,2-13,1 Tuc. mt./
ra 3aJIeXKHO BiJ] TUITY JIiCOPOCIMHHUX YMOB, BULY LEPEBHUX POC/IMH, KaTeropii KpymHOCTi MiZpOCTY, PICHOCTI
SKMBOTO HAJIPYHTOBOIO IMOKPMBY i CTYIIEHIO 3aJepHiHHS OiITHKM Ta 3aCMiYeHHSI Oyp’sTHaMM i TpaB THUMM
pociMHaMu, SIKMii Ha o6’ekrax KonmBaBcs Bim 20 mo 90 %. TpaluisiHHSI IPUPOLAHOIO ITOHOBJIEHHSI TaKOXK
HeomHakoBe: Bim 19 mo 100 %. 3aceneHHs mepeBHMMM BUIOAMM BimOyBajocs 314e06ilbIIoro Bif HacamKeHb,
pO3TallOBaHMUX i3 3aXiAHOI, MiBHIYHO-3axXiHO1 Ta MiBHIYHOI CTOPiH Bif mepesioriB. Pe3yibTaT JOCTiIKEHHS
€ HAA3BUYANHO BAKIMBUMMU ISl TIPAIiBHMKIB JIiCOBOi Taiy3i, a TakoX MOXYTb OYTM BUKOPUCTaHi
TePUTOPiaIbHUMM IPOMaiaMM B YIOCKOHAJIEHH] 3eMJIeyCTPOIO, 3aK/IaleHHi JaHamaGTHUX MapKiB TOIIO

KaiouoBi citoBa: mpupomHe ITIOHOBJEHHS, SKUMBMIA HaAIPYHTOBMIT MOKpUB, iKana Jlpyme, JiciBHMUMIL
IMOTEeHIIiaJl, CAMOCiB
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Gallic Acid as a Non-Specific Regulator of Phenol Synthesis and Growth of
Regenerate Plants of Corylus avellana (L.) H. Karst. and Salix alba L. in vitro
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Abstract. Gallic acid is found in plant tissues in free form, as well as in the composition of complex esters and
hydrolysed tannins. These phenolic compounds have significant antioxidant activity and protect plant cells
from damage by free radicals. In the conditions of stress that occurs during the introduction of plants into
in vitro culture, the vast majority of explants are characterised by an intensive synthesis of phenols, which
quickly oxidise, polymerise, block the explants’ nutrition pathways, and cause tissue necrosis. The addition
of gallic acid in millimolar concentrations to the nutrient medium reduces the risk of autointoxication
of tissues by secondary metabolic products. The purpose of this study was to investigate the effect of
exogenous gallic acid on organogenesis and phenolic synthesis of Salix alba and Corylus avellana
plants in vitro. For this purpose, the study used methods of tissue and organ culture in vitro,
spectrophotometric determination of total phenols and flavonoids in leaves, methods of dispersion and
nonparametric analysis. It was established that gallic acid at a concentration of 1 mmoll! in the
composition of the DKW nutrient medium caused the awakening of dormant buds, stimulated the growth
of shoots, and also promoted the branching of stems, the development and growth of lateral roots of Salix
alba in vitro. It also inhibited the synthesis of phenols in Corylus avellana plants of the varieties ‘“Tonda
Romana’, ‘Tonda Gentile Dele Lange’, ‘Barcelona’, while contributing to an increase in the content of
phenolic compounds in the leaves of the varieties ‘Tonda Di Giffoni’, ‘Mortarella’, and ‘Epsilon’. It was
established that the varieties recommended for fruiting have a higher content of phenolic compounds
(‘Tonda Gentile Dele Lange’ and ‘Tonda Di Giffoni’) compared to pollinator varieties (‘Mortarella’).
Therefore, exogenous gallic acid at a concentration of 1 mmol-I"! has the properties of a non-specific
regulator of phenol synthesis in regenerating plants of hazel (Corylus avellana), which is relevant for
plants with a high content of phenols, especially at the stage of their introduction into in vitro culture

Keywords: development, hydroxybenzoic acid, organogenesis, phenolic compounds, flavonoids, nutrient
medium

Introduction

Aunique property of plants is the ability to synthesise ~ organism [2-4]. These organic compounds, which
a wide range of organic compounds that belongtothe are quite diverse in structure and chemical proper-
class of secondary metabolites (SM) [1]. The vast ma- ties, protect plant cells and tissues from stress fac-
jority of SMs exhibit specific bioactivity that supports  tors in conditions of excess or lack of moisture, light,
the physiological stability and viability of the plant organ injury, heavy metals and xenobiotics [5; 6],
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as well as pathogens - phytoviruses, mycoplasmas,
pathogenic bacteria, fungi, and phytophages [7-9].
At the same time, SMs serve as attractants for pol-
linating insects [10]. Tannins and flavonoids protect
tissues and organs from the harmful effects of ultra-
violet light [11], increase drought resistance [12], and
provide root protection, especially in acidic soils [13].

SM are responsible for the interaction of plants
with the natural environment at the individual, pop-
ulation, and ecosystem levels [10; 14]. At the same
time, the current vision of secondary plant metabo-
lism is not limited only to the functionality of pro-
tective mechanisms and adaptive responses. It is be-
lieved that individual products of SM are components
of regulatory molecular programmes that positively
affect plant growth and development [15; 16]. Tran-
scription factors are associated with secondary syn-
thesis due to complex regulatory networks that con-
trol the processes of metabolite generation [16]. Some
products of secondary metabolism actively affect the
course of plant growth and development [17]. In par-
ticular, polyphenols and flavonoids regulate the polar
transport of phytohormones through tissues [18-20].

Phenol carboxylic acids: vanillic, syringic, fer-
ulic, salicylic, and gallic acids, even in low concentra-
tions, affect the development of plant tissues and or-
gans in in vitro conditions [21; 22]. Phenol carboxylic
acids containing 4-oxy and 3-methoxy groups stimu-
late the growth of shoots of essential oil rose [23]. It
is shown that hydroxybenzoic (vanillic, syringic, gal-
lic) and hydroxycinnamic (p-coumaric, caffeic, feru-
lic) acids in the nutrient medium (concentration of
1mm-L') in the area of contact with living tissues in-
itiate callusogenesis [23]. Vanillic acid in the nutrient
medium increases the activity of phenylpropanoid
synthesis. At the same time, an increase in the number
of hydroxyl groups in the molecular structure of hy-
droxybenzoic acids (gallic acid), on the contrary, slows
down the synthesis of total phenols and catechins.

Gallic acid (GA) is found in plant tissues in free
form (Figure 1), but mainly in the composition of es-
ters and hydrolysed tannins (gallotannins).

Figure 1. Structural formula of gallic
(3,4,5-trihydroxybenzoic) acid

Tannins have high antioxidant activity and
protect cell membranes and other intracellular struc-
tures from free radical damage, especially under
stressful conditions [12]. Although in some plant spe-
cies (Populus tremula L., Salix alba L.) the synthesis
of phenolic compounds in response to injury slightly
increases [24; 25]. This creates prerequisites for the
successful introduction of primary explants into the
in vitro culture. For other species (Quercus robur L.,
Corylus avellana (L.) H.Karst.), on the contrary, it is
characterised by intensive synthesis of hydrolysed
tannins and other polyphenols, which are able to che-
late metals and participate in redox reactions [26; 27].
GA complexes, as the main component of gallotan-
nins, with iron ions have antibacterial activity [28].
Due to the polymerisation of condensed tannins, the
nutrition of explants is difficult, which over time can
cause tissue necrosis. Slowing down the accumu-
lation and release of phenols at the sites of tissue
damage to donor plants is critical. Therefore, at the
first stages of the introduction into in vitro culture of
plants with active polyphenol synthesis, the addition
of GA to the nutrient medium would be appropriate
to reduce the risk of tissue autointoxication due to
active oxidation under traumatic stress conditions.

The purpose of this study was to investigate the
effect of GA on organogenesis and phenolic synthe-
sis of Salix alba and Corylus avellana in plant tissue
culture in the aspect of reducing autointoxication of
explant tissues by polyphenol oxidation products.

Materials and Methods

Studies were conducted on Salix alba regenerant
plants and 6 varieties of hazel (varieties of Italian
selection — ‘“Tonda Romana’ (Lazio), “Tonda Di Giffo-
ni’, ‘Mortarella’ (Campania) [29], ‘“Tonda Gentile Dele
Lange’ and varieties of North American selection —
‘Barcelona’, ‘Epsilon’. A wild form Corylus avellana
was used as a reference object.

Apical buds from 1-2 annual hazel plants (Co-
rylus avellana L.) (container culture) and willows (Sa-
lix alba L.) were used as primary explants.

70% ethanol (30-60 seconds) and 0.1% mer-
cury chloride (HgCl,) solution with an exposure of
7-8 minutes were used to obtain an aseptic culture,
which provided 80% of sterile and viable material.

Explant were cultivated on a modified Driv-
er-Kuniyuki walnut medium (DKW) [30] with the
addition of 2.5-5.0 mgl1! BAP (6-benzylaminopu-
rine), 100-200 mg-1'! Fe-EDDHA, 30 g-1"! sucrose, and
6 g-1'! agar at 5.8-6.0 pH (control). To investigate the
effect of trihydroxybenzoic acid (GA) on explant
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morphogenesis, it was added to a nutrient medium
at a concentration of 1 mmol-1"l. All experiments on
the morphogenesis of hazel and willow tissues and
organs in vitro were conducted in a controlled climate
room with 16-hour lighting (2.5-3.0 kiIx), at a tem-
perature of +26.0°C. The cultivation period - 30-45
days. Determination of the total content of phenolic
compounds and flavonoids in the leaves of regener-
ant plants was performed 14 days after cultivation.

Methods for quantitative determination of to-
tal phenols and flavonoids. Extraction of polyphe-
nols from macerated plant tissues was performed
with cold methyl alcohol (80%). The volume ratio
of solvent to raw mass of leaves was 1/10 (v/v). The
total content of phenols in the leaves was deter-
mined using spectrophotometry with Folin-Ciocal-
teu reagent [31]. The calibration graph was plotted
using gallic acid. The flavonoid content was deter-
mined spectrophotometrically at A=419 nm. 250 ul
of methanol (80%), 200 ul of 0.1 mol aluminium
chloride (AICL,), and 300 ul of 1 mol sodium acetate
(CH,COONa) were added to 50 pl of the obtained
ethanol extract of the leaves. The calibration graph
was constructed using quercetin (Sigma, Germany).
Repeatability of measurements n=4.

Biochemical profiling of solutions of iron and
GA chelate complex. The separation of substanc-
es was performed by high-performance thin-layer

b

chromatography (HPTLC) on cellulose plates (Merck)
in solvent systems: ethyl acetate—formic acid—acetic
acid-water (v/v/v/v - 5:1:1:2) and n-butanol-acetic
acid-water (v/v/v - 3:1.2:0.8). The resulting chroma-
tograms were treated with 0.5% NP reagent in ethyl
acetate, followed by heating at 90°C for 1 min. GA was
detected on the chromatogram in ultraviolet light
(A= 365 nm). The Rf (retention factor) values of in-
dividual compounds were determined photodensito-
metrically using the Sorbfil TLC Videodensitometer
computer programme.

Method of statistical data processing. The meas-
urement results are presented as the average value *
standard error (x+SE). The significance of the differ-
ence (p<0.05) between the obtained data was deter-
mined by variance analysis (one-way ANOVA) using
Tukeys post-hoc test in the XLSTAT software suite
[Addinsoft Inc., USA, 2010]. The principle component
analysis (PCA) was performed in the XLSTAT.

Results and Discussion

According to the findings, GA as part of the DKW nu-
trient medium (NM) actively awakened dormant buds
and stimulated the growth of shoots of Salix alba L. in
vitro. At a concentration of 1 mmol-I-1, hydroxyben-
zoic acid stimulated the awakening of lateral buds,
caused branching of stems, development and growth
of lateral roots (Fig. 2).

Figure 2. Salix alba regenerant plants, which are grown in the following conditions:
in vitro on the basic (a) and modified gallic acid (b) DKW nutrient medium; scale bar — 10 mm

However, during the experiment, a difference
was found in the individual sensitivity of regenerant
plants to free GA. Thus, some plants showed signs of
suppressed growth, while the morphometric parame-
tersof others (thelength of shootsandlateralroots,the
length and width of leaf blades) exceeded the control
by 1.3-1.5 times. This fact may indicate the ability of
free GA,orincombinationwithmetalions,toinfluence

plant morphogenesis. The variability of growth pro-
cesses indicates a non-specific nature of Salix alba
regenerant plant reactions to non-hormonal stimuli
of 3,4,5-trihydroxybenzoic acid, which is of scientific
and practical interest from the standpoint of identi-
fying genotypes that are particularly sensitive to GA.

Therole of GA and otherhydroxybenzoicand hy-
droxycinnamic acids in the regulation of physiological
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processes is quite complex and multi-vector. GA is a
part of hydrolysed tannins, has a high antioxidant po-
tential, and is able to chelate metal ions [32; 33]. In the
experiment, it contributed to a decrease in the effect
of apical plant dominance conditioned by the vertical
gradient of auxin concentration. The development of
lateral roots and lateral shoots is usually associated
with changes in the transport and distribution of phy-
tohormone in tissues. Differences in organogenesis
and features in stem alkalinisation indicate that this

b

hydroxybenzoic acid acts on explants not locally, at
the point of contact with the medium, but systemi-
cally. This suggests that it not only enters the tissues
with NM, but is also transported through the tissues.

A similar process was observed in an experi-
ment with different varieties of hazel (Corylus avella-
na L.). At the initial stages of cultivation of GA as part
of DKW NM contributed to the awakening of lateral
buds and the growth of regenerant plants compared
to the control (Fig. 3).

Figure 3. Corylus avellana regenerant plants of “Tonda Romana’ varieties on basic
(a) and gallic acid-modified (b) DKW nutrient medium

However, over time, the difference between the
growth rate indicators in the control and experimen-
tal groups of plants was levelled. The index of the ra-
tio of leaf width to its length, and the total surface
area of leaf blades, decreased on the modified medi-
um with GC. This may indicate a slowdown in the pro-
liferation of marginal meristem cells. Regarding the
synthesis of polyphenols, it was found that accord-
ing to the reaction to GA, the hazel varieties under
study were divided into two groups. In the first (va-
rieties ‘Tonda Romana’, “Tonda Gentile Dele Lange’,
‘Barcelona’) — GK, in comparison with the control,
slowed down the synthesis of phenols; varieties of
the second group (‘Tonda Di Giffoni’, ‘Mortarella’,

‘Epsilon’) — with the addition of exogenous hydrox-
ybenzoic acid, increased the synthesis of polyphe-
nols (Table 1). Interestingly, the distribution in these
groups coincided with the complementarity of vari-
eties for pollination. Thus, the Italian early-matur-
ing variety ‘Tonda Gentile Dele Lange’ is pollinated
by a larger calibre variety ‘Tonda Romana’, and the
early, rather frost-resistant Italian variety ‘Tonda
Di Giffoni’ is the main one for fruiting, and anoth-
er Italian variety ‘Mortarella’ is recommended to be
used as a pollinator. The ‘Barcelona’ variety, select-
ed by the University of Oregon (USA), is an early and
frost-resistant variety. Another variety of the same
selection - ‘Epsilon’ is recommended as a pollinator.

Table 1. Effect of exogenous gallic acid on the content and ratio
of polyphenols in leaves of Corylus avellana in vitro (x*SE; n=4)

Type/variety NM PH FL PH/FL
. Control 36.5%¥2.19 8.6%0.69 4.3
Wild form -
GA 32.1+1.93 4.5+0.36* 7.1
Control 40.8+3.45 6.9%0.55 5.9
‘Tonda Romana’ -
GA 37.2+2.23 4.9+0.39* 7.6
‘Tonda Gentﬂe Dele Control 62.8+3.77 64i0.51 9.8
Lange’ GA 45.8+4.15* 4.5+1.36* 10.2
Control 26.2%1.57 5.1+0.40 5.2
‘Mortarella’
GA 43.4%2.61* 5.6%0.45 7.8
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Table 1, Continued

Type/variety NM PH FL PH/FL
o Control 40.0+2.80 6.0+0.78 6.6
‘Tonda Di Giffoni’ -
GA 44.8+3.19 8.0+1.64* 5.6
Control 36.1+2.17 6.5+0.52 5.5
‘Barcelona’
GA 26.4*+1.59* 4.1+0.33* 6.4
. Control 26.6+1.60 5.4+0.43 5.0
‘Epsilon’ -
GA 47.0+2.82* 5.2%0.42 9.0

Note: PH - phenolic compounds, FL — flavonoids, PH/FL - ratio, GA - gallic acid, * — the difference with the control is

significant (p<0.05)

Notably, the varieties recommended for fruit-
ing have a higher content of phenolic compounds
(‘Tonda Gentile Dele Lange’ and ‘Tonda Di Giffoni’),
compared to pollinating varieties (‘Mortarella’). In
general, Italian varieties, in comparison with the
varieties of the selection centre of the University of
Oregon (USA), are characterised by a higher content
of phenolic compounds in the leaves. As for flavo-
noids, GA significantly increased their content in
the leaves of only Italian varieties ‘Tonda Di Giffoni’
and ‘Mortarella’, which are usually recommended
as a complementary pair. In Corylus avellana plants
(classical species form) the flavonoid content de-
creases by 1.9, and in varieties ‘Tonda Romana’,
‘Tonda Gentile Dele Lange’ and ‘Barcelona’ — by
almost 1.5 times. Thus, GA at a concentration of
1 mmol-L'! can influence plant morphogenesis,
stimulate cell proliferation, and accelerate or inhib-
it phenylpropanoid synthesis. At the same time, its

regulatory effect is not specific and depends on the
characteristics of the plant genotype.

Based on the results of PCA analysis, which
are represented in the coordinates F1 and F2 of the
main components of the Corylus avellana regener-
ant plants in terms of the content of phenols in the
leaves, it was shown that the central position with
the lowest contribution to the total variance is oc-
cupied by the varieties ‘Tonda Romana’, “Tonda Di
Giffoni’ and ‘Barcelona’ (Fig. 4a).

These varieties are close to each other in
terms of the intensity of accumulation of phenol-
ic compounds and occupy an intermediate position
between the high-phenolic variety ‘Tonda Gentile
Dele Lange’ and the low-phenolic ‘Epsilon’ and
‘Mortarella’. Accordingly, these varieties had the
greatest contribution to the overall variance (F1
axis), which mainly determines the content of total
phenols in the leaves (Table 2).

Figure 4. The results of PCA analysis of Italian and North American varieties of Corylus avellana
under conditions of cultivation on basic (a) and gallic acid-modified (b) nutrient media
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Table 2. Introduction of Corylus avellana species and varieties to the total variance (%)
according to the results of PCA analysis of plant phenolic compounds in vitro

Variety | F1 | F2 | F3
Basic DKW

Corylus avellana 0.1 68.4 37.8
‘Tonda Romana’ 0.6 2.4 0.0
‘Tonda Gentile Dele Lange’ 60.8 22.8 9.6
‘Barcelona’ 0.7 0.9 0.0
‘Tonda Di Giffoni’ 0.1 3.4 1.3
‘Mortarella’ 18.6 6.7 1.5
‘Epsilon’ 17.0 2.3 0.6

A modified DKW with GA (Immol-I'!)

Corylus avellana 12.1 0.6 3.4
‘Tonda Romana’ 1.2 0.5 0.3
‘Tonda Gentil Dele Lange’ 12.7 354 0.2
‘Barcelona’ 38.9 0.3 9.1
‘Tonda Di Giffoni’ 5.1 94.3 2.9
‘Mortarella’ 2.5 0.3 3.2
‘Epsilon’ 11.6 5.5 5.3

The relatively high content of flavonoids in
the leaves was typical for Corylus avellana plants
(wild form) in plant tissue culture. The wild form of
regenerant plants had the greatest contribution to
the overall dispersion (F2 axis), which explains their
distant position from the group of varieties along
the second main component (Fig. 4a). At the same
time, the flavonoid content decreased by 1.9 times
in natural regenerant plants on GA-modified NM. A
similar effect was observed in varieties “Tonda Ro-
mana’, ‘Tonda Gentile Dele Lange’ and ‘Barcelona’.
However, GA almost did not affect the amount of fla-
vonoids in the leaves of the ‘Epsilon’ and ‘Tonda Di
Giffoni’ varieties, which also indicates a non-specific
nature of the action of 3,4,5-trihydroxybenzoic acid.
In the coordinates of the main components, after the
addition of GA, the wild form among the group of
varieties moved down along the F2 axis (a decrease
in the content of flavonoids in the leaves) and slight-
ly less along the F1 axis (due to a decrease in the
content of polyphenols) (Fig. 4b), the movement of
some varieties in the coordinates of the main com-
ponents under the influence of GC is shown by ar-
rows). A more noticeable decrease in the content of
phenols compared to the control group of plants was
observed only in the ‘Tonda Gentile Dele Lange’ va-
riety, which was also noted for the largest contribu-
tion to the overall variance (Table 2).

The revealed feature of the action of hydrox-
ybenzoic acid may be related to the variety-specific
sensitivity of plants to it by type: dose — effect. In the
case of isothermal conditions and a regular photo-

period (16 hours), its effect on phenylpropanoid and
flavonoid synthesis depended on the NM compo-
sition, GA concentration, and pH of the medium. It
is known that GA can form coordination complexes
with metal ions, which depend on the acidity of the
medium [33]. Accordingly, under the conditions of
adding GA to the NM composition, the mobility and
availability of trace elements for plants may vary. In
a slightly alkaline medium, a stable Fe*" ion complex
is combined by three coordination bonds with gallic
acid, and in a slightly acidic medium, it gradually dis-
sociates with the transition to bis-coordination [34].
In the pH range from 3.52 to 5.50, GA interacts with
Fe?* ions in the ratio of 1:1 [28].

In this experiment, a chelated form of iron
(Fe-EDDHA) was added to NM, which is more stable
and accessible to hazel plants compared to Fe-ED-
TA [35]. Iron in the form of Fe-EDTA at pH 5.7 is
photooxidised to form iron oxide [36], which causes
acute deficiency of an extremely important element
for hazel explants [35; 37]. The system of phenolic
synthesis enzymes is very sensitive to iron ion de-
ficiency [38]. Their lack, for example, activates the
synthesis of coumarin, which is released by the roots
of some plants with the participation of a transporter
protein. As a result, an organometallic complex with
a physiologically accessible form of iron is formed.

It is known that the equilibrium constant of the
complex Fe?" with GA (log(K)~7) [39] is significantly
less than the equilibrium constant of its binding to
Fe** ions (log(K)~34) [40]. This indicates that under
the conditions of adding GA to the nutrient medium,
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the stability of the chelate complex Fe-EDDHA
(log(K)~35.09) should be maintained. However, for
different volume ratios of aqueous solutions Fe-ED-

DHA and GA, certain interactions occur between the
components, which is determined by the adsorption
spectra of light energy (Fig. 5a).

R?=0.969

b

Figure 5. Light energy absorption spectra of the chelated form of iron (10 mmol Fe-EDDHA):
a — at different wavelengths after adding a gallic acid solution; b — at the maximum absorption

P

When adding 10 mmol GA solution to chelat-
ed iron, the light absorption index (A =480 nm) the
resulting solution reached its maximum volume ra-
tio (v/v) — 1:2. With a further increase in the volume
fraction of GA, the absorption of the solution grad-
ually decreased (Figure 5b). A possible explanation
for the detected effect is the partial protonation of
EDDHA in solution, which creates prerequisites for
the competition of GA for coordination bonds with
iron ions. After reaching a certain equilibrium, the
interaction of hydroxybenzoic acid with the chelate
complex slows down.

The stability of Fe-EDDHA in an aqueous solu-
tion was confirmed by chromatography (Fig. 6). At
the same time, in the case of chromatographic sepa-
ration of a 10 mmol aqueous solution of iron chelate,
two products were detected (Fig. 6a ). The EDDHA li-
gand is known to exist in three forms. Of these, the
ortho- and ortho-isomer EDDHA has the best com-
plexing ability, which has six binding sites and forms
stable chelates [32]. Two peaks on the chromato-
gram probably correspond to Fe(IlI)-rac-0,0-EDHHA
(Rf~0.50) and Fe(III)-meso-0,0-EDHHA (Rf~0.55),
which are the main components in the chelate com-
plex [41]. The stability coefficients of these isomers
are 35.86 and 34.15, respectively [42]. When the GA
solution was added, the peak area of one of the met-
al chelate isomers with a retention factor (Rf~0.55)
on chromatography initially increased, and when the
volume fraction of GA increased, it decreased until
it almost completely disappeared (Figs. 6¢-6f), which

=480 nm) with the addition of gallic acid

is consistent with spectrophotometry data (Fig. 5b).
Considering that equilibrium constant of meso Fe-
(0,0)EDDHA is very close to the Fe* complex with GA,
it interacted with the latter when added to the iron
chelate, as observed in the densitograms. The total
area of the main peaks on the densitogram for the
introduction of GA into the Fe-EDDHA solution in a
volume ratio of 1:2 firstincreased, and then gradually
decreased with an increase in the volume fraction of
hydroxybenzoic acid. Under other chromatography
conditions, the chelate complex and GA were sepa-
rated differently (Fig. 6b). This revealed a direct re-
lationship between the increase in the Fe-EDDHA
retention factor (Rf~0.90 to 0.93) and the volume frac-
tion of hydroxybenzoic acid. This also confirms that
under such conditions, GA affects the coordination
complexes of at least one of the iron chelate isomers.

At low concentrations in plant tissues, GA ac-
celerates the desoxydation of Fe* to Fe*. Divalent
iron is more accessible to plants, but under stress,
cells actively synthesise H,0,, and in the presence of
Fe*, the Fenton reaction (catalytic decomposition of
hydrogen peroxide by iron ions to form a hydroxyl
radical) is triggered [26]. Under such conditions, GA
is able to reduce energy barriers and accelerate the
oxidation of organic compounds [43]. In addition, as a
result of desoxydation of Fe> to Fe?", GA is converted
to a semiquinone radical, which can then be reduced
by Fe® ions to biologically active quinones [44; 45].
In the presence of oxygen, semiquinone is oxidised to
form a superoxide anion radical that has mutagenic
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Figure 5. Chromatograms (a-b) and densitograms (c-f) of solutions: 1, (c) — 10 mmol Fe-EDDHA, for add-
ing gallic acid solution to iron chelate: 2, (d) — 10 mmol, 3, (e) — 20 mmol, 4, (f) - 30 mmol, 5, (d) — 10 mmol
gallic acid; arrows on chromatograms show GA (a) and Fe-EDDHA forms (b)

activity [46]. In living cells, a general increase in the
concentration of free radicals causes oxidative stress
due to the establishment of oxidised proteins, lipids,
and biopolymers [47]. Thus, at the GA concentration
of 10-3-10* mol, an order of magnitude higher than
that used in this experiment (10-° mol), the processes
of Cucumis sativus L. seed germination and seedling
growth are suppressed [48]. In addition, it is known
that hydrolysed tannins, which include GA, form
chelates with metal ions depending on their valence,
ionic radius, and polarity coefficient, which directly
affects the physiological availability of elements for
plants. In polycationic solutions, which also include
nutrient media, metals with a higher valence and a
larger ionic radius are primarily chelated [32]. Thus,
by the presence of Fe* and Fe? ions in the medi-
um under conditions of competitive complexation,
chelation occurs mainly with a trivalent iron ion,
which is conditioned by a higher stability constant of
the complex. Chelates with Cu?* can also form quite
quickly. With macro- and microelements Zn*, Mg?,
Sa?*, and K, this process may be somewhat slower.
With the addition of Fe-EDDHA to the NM, not only
iron ions but also the ligand itself, which is capable
of chelating other trace elements inside the tissues,
enter the tissues of Corylus avellana plants [49].

The formation of gallic acid chelate complexes
with metal ions can significantly affect the mobility

of trace elements in the nutrient medium and their
bioavailability, which determines the physiological
state of plants. In addition, the concentration of tr-
ihydroxybenzoic acid used in the experiment is not
sufficient for the complete chelation of existing met-
al ions. Therefore, the vast majority of macro- and
microelement salts in the nutrient medium remained
relatively unchanged.

The study found that exogenous GA increased
the morphometric parameters of the leaf plate,
shoots, and roots. Similar results were obtained on
Oryza sativa L. plants, where an increase in shoots
and roots was observed by 1.28 and 2.05 times, re-
spectively, under the action of GA (60 ug/ml) in re-
lation to the control [50]. According to cold stress,
GA had a positive effect on plant growth indicators
of Glycine max (L.) Merr. [51]. Based on the results
obtained by A. Singh et al. [50] during the treatment
of Oryza sativa with GA, the total level of phenol-
ic compounds increased by 1.31 times compared to
the control. A similar effect was observed in Lepid-
ium sativum L. plants. Exogenous gallic acid not
only increased the total content of phenolic com-
pounds (by 19%) and antioxidant activity (46%), but
also increased plant resistance to salt stress [52].
GA and its derivatives have been shown to increase
plant resistance to low positive temperatures and
drought [53], and reduce the toxic effect of copper
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on Zea mays L. [54]. In callus tissues of Solanum ly-
copersicum L. after the introduction of GA into NM,
the concentration of phenols and flavonoids in-
creased by 1.6 and 1.8 times, respectively [55], which
indicates a significant effect of GA on the phenolic
synthesis of the plant. However, in this study, the
response of regenerant plants to exogenous GA was
significantly different. Thus, in half of the 6 Corylus
avellana varieties under study, the phenol content
in the leaves also increased. At the same time, in
the wild form and other varieties, on the contrary,
it decreased. This may indicate the species- and va-
riety-specific sensitivity of these plants to GA and
its concentration. Thus, when treated with 10 mmol
ferulic, coumaric, and vanillic acids, seed germina-
tion and seedling growth of Chenopodium album L.,
Solanum nigrum L., Amaranthus retroflexus L. were
almost completely suppressed The effect of GA on
these plant species was insignificant and depended
on the concentration of hydroxybenzoic acid. Thus,
for Chenopodium album and Solanum nigrum, the
optimal concentration for growth was 0.01 mmol,
for Amaranthus retroflexus — 0.1 mmol. Other oxy-
benzoic acids showed both growth-stimulating and
inhibiting effects on different species [56].

Based on the results of assessing the general
condition of regenerant plants of Salix alba and Co-
rylus avellana in the in vitro conditions, there were no
signs of suppressed growth, abnormal stem develop-
ment, or leaf pigmentation disorders. According to
physiological indicators, the presence of 1 mmol-L!
GA in NM is mainly regulatory in nature. Variety-spe-
cificand individual sensitivity of plants to exogenous
GA are primarily conditioned by the redox status of
regenerant plants, which determines the direction of
metabolism, in particular, associated with morpho-
genesis, transport of active forms of phytohormones,
and other processes in which 3,4,5-trihydroxybenzo-
ic acid and its chelated complexes with metals direct-
ly or indirectly participate.

Conclusions

The presence in the nutrient medium of individual
phenolcarboxylic acid, which is part of hydrolysed
tannins as one of the main components, even in mi-
cromolar concentrations can significantly affect the
functionality of plant tissues. Exogenous gallic acid
at a concentration of 10 mol as part of the DKW nu-
trient medium (pH 6.0) contributed to the branching
of stems, the development and growth of lateral roots
of Salix alba L. regenerant plants. In Corylus avellana
L. regenerant plants, gallic acid caused an increase
in the total number and elongation of internodes.
Availability in nutrient medium composition of gallic
acid and chelate complex Fe-EDDHA did not cause
pigmentation disorders in willow and hazel leaves.
Given that equilibrium constant of meso Fe-(0,0)-
EDDHA as one of the main isomers of the chelate
complex is very close to the equilibrium constant of
the ion complex Fe* with gallic acid, the latter is able
to interact with the iron chelate isomer and affect
its physiological activity and accessibility for plants.
This hydroxybenzoic acid caused a decrease in the to-
tal content of phenolic compounds, in particular fla-
vonoids, in the leaves of Corylus avellana regenerant
plants, which is especially important for plants at the
stage of their introduction into plant tissue culture.
Special attention should be paid to the fact that the
phenolic synthesis of the studied hazel varieties of
Italian and North American selection for gallic acid
had varietal differences, which confirms its non-spe-
cific regulatory properties, which may be related to
its ability to interact with the corresponding isoen-
zymes. Given the ability of gallic acid to form chelat-
ed complexes with other trace elements, it remains
an open question in what form it enters explants
and is subsequently transported in tissues. Further
studies of the specificity of the effect of gallic acid on
plant phenolic synthesis would provide a better un-
derstanding of its role in secondary metabolism, and
determine the range of functional possibilities for its
practical application in plant biotechnology.
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T'anoBa KucIoTa sik Hecrienyiuamit perynasTop (peHOIBHOTO CMHTE3Y i POCTY
pocmmH-pereHepaHTiB Corylus avellana (L.) H.Karst. Ta Salix alba L. in vitro

ApTtyp ®epgoposuu JlixaHoB, AHApiN AHapiioBuy KimoBageHko, OnekcaHap
Bomogumuposuu Cyo6in, Mapis OnekcanapiBHa IlleBuyk, Mapis IOpiiBHa [Iy6uak

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

AHoranis. [ayoBa K1CIOTa MiCTUTBCS Y POCIMHHMX TKaHMHAX Y BiIbHIN HopMi, a TAaKOX y CKIafAi CKIagHUX
edipiB Ta rimponizoBaHux TaHiHiB. Ili deHONMbHI CHOMYKM MalOTh 3HAUHY aHTUOKCUIAHTHY aKTUMBHICTH i
3aXUINAIOTh KIITMHM POC/IVH Bijl TIONTKO/I;KEHHS BIIbHMMM paayKaiami. B ymoBax cTpecy, IKuii BUHUKAE ITiJT yac
BBEIIeHHS pPOCJIMH B KYJIbTYPY in Vitro, Ij1s1 mepeBaskHOi GiIbIIOCTi eKCIIaHTATIB XapaKTePHUM € iHTeHCUBHMIA
cuHTe3 (DeHOJiB, SIKi IMBUAKO OKUCTIOIOTHCS, ITOTiMepU3YIOThCS, OJIOKYIOTh IJISIXV SKMBJIEHHST €KCIIAHTATIB i
BUKJIMKAIOTh HEKPOTM3allilo TKaHMH. [lolaBaHHS rajJoBOi KUCAOTU Y MIJTIMOJIIPHUX KOHIIEHTPALIisIX 10 CKIaIy
SKUBWJIBHOT'O CEpeIOBUINA 3MEHIITYE PU3VIKM aBTOIHTOKCUKAITi i TKAHWH IMPOILYKTAMV BTOPMHHOTO META00Ti3MYy.
MeTo10 JaHoi po60TH 6YII0 AOCTiIUTH BILIMB €K30T€HHOI ra/IoBO1 KMCJIOTY Ha OpraHoreHes i peHoIbHMIi CMHTE3
pocnuH Salix alba i Corylus avellana B ymoBax in vitro. [17151 11bOTO BUKOPUCTOBYBAIN METOAM KyAbTYPU TKAHUH i
OpTaHiB in vitro, cieKTpoHOTOMETPUIHOTO BM3HAUEHHS Y IMCTKaX 3arajbHuX GeHosiB i GriaBoHOINiB, MeTOAM
IUCIIEPCITHOTO i HelmapaMeTPUYHOTO aHali3y. BcTaHOB/IEHO, 1O TajioBa KUCIOTa B KOHILEHTpalii 1 MM-1! y
CKJIaJi KMBUIbHOTO cepenoBuma [paiiBepa-KyHubioku (DKW) BUK/IMKaAIa MPOOYIKEHHST CIUITUMX GPYHBOK,
CTMMYJIIOBAJIa PiCT MAroHiB, CIPMsUIa TATYKEHHIO cTebesl, a TAKOK PO3BUTKY i pOCTy GiUHMX KOpeHiB Salix
alba B RynmbTypi in vitro. PeHOIKapOOHOBA KMCIOTA TAIbMYBasia cMHTe3 heHouiB y pocauH Corylus avellana copTis
'Touga Pomana', 'Touma Tentinb [lene Jlaure', 'BapceyioHa’, BOZHOYAC CIpUsUIa IMigBUIIEHHIO BMICTY
(heHOBbHUX CIOYK y JMCTKax copTiB <Touma i OxkudouHb, 'Moprapesa’, 'Encuion’. BcTaHOB/IEHO, IO
PEKOMEHIOBaHMI Y SIKOCTi 3ammiioBava copT 'MopTapesuia’ MiCTUTh Y JIMCTKaX MeHIe (GeHONbHUX CIIONIYK
HiX coptu mjis riogoHomeHHs (‘Touma lentiny Hene Jlanre' i 'Tonwma i Iskuddoni'). OTke eK3oreHHa
rajioBa KMCJIOTa B KOHIEHTparii 1 MM-1! Mae BmIacTMBOCTI HecrmeuugpiyHOro perynsitopa (eHOJbHOro
CUHTEe3y YV poCIuH-pereHepaHTiB Jimuuu (Corylus avellana). BoHa 3HMKYe HeraTMBHI HaCTigKu
aBTOIHTOKCMKAIlii TKAaHMH IPOAYKTAMM OKMCJIEHHS ITOJiDeHOiB, 1[0 aKTyaJbHO AJISI POCIAMH 3 BUCOKUM
BMicTOM (heHOJBHUX CIOIYK OCOOGJMBO HA eTami iX BBeJeHHS B KYJIbTYpYy in vitro. UyTauBicTb pOCIMH-
pereHepaHTiB 0 3,4,5-TpUTiZpoKcHO6eH30/HOI KUCAOTY Ma€ TMpaKTMUYHe 3HAUeHHS B acleKTi BUSBIEHHS
TeHOTUITIB 3 TIOTEHIIifHO aKTMBHUM POCTOM

KniouoBi c;ioBa: pO3BUTOK, IiIPOKCMOEH30IIHA KUCJIOTa, OpraHoreHe3, peHosu, GaBOHOI M, SKUBUIbHE
cepemoBHuIiie
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Abstract. The current significant increase in the volume of growing ornamental seedlings in container
culture in tree nurseries is conditioned by a number of significant advantages of planting material with an
uninjured root system. At the same time, the agricultural technology for the production of such seedlings in
container culture is much more complicated, compared to the traditional one. First of all, this is conditioned
by growing them in a space limited by the size of containers and using an artificially prepared substrate.
The purpose of the study was to conduct biotesting of three modifications of the substrate composition for
the container culture of Spiraea japonica ‘Goldflame’, Tamarix tetrandra Pall. ex Bieb., Forsythia ovate
Nakai and different doses of starter fertilisers “Nitroamofoska” and “Plantacote”. The study used both
general scientific methods of analysis, synthesis, and active experimentation, as well as applied research
methods such as biometric, phenological, soil, and agrochemical. Studies have established the presence
of species-specific reactions of experimental plants with different fastidiousness to soil conditions, to the
composition of the substrate and the types and doses of starter fertiliser used in container culture. A
conclusion was made regarding the increase in the profitability of their cultivation due to the use of cheaper
local components for the preparation of the substrate. The conducted studies showed a number of
advantages of using organo-mineral slow-release fertilisers in container culture as a starter, in particular,
“Plantacote” at a dose of 2.5-5.0 g-1'!. That the mass production of decorative planting material with a
closed root system should be preceded by research on establishing species-specific reactions of cultivated
plants to cultivation conditions, which are the basis for optimising the composition of the substrate and the
level of mineral nutrition of cultivated plants in order to increase the efficiency of the production of
decorative seedlings in container culture. The obtained results will be useful for producers of planting
material and the scientific community working towards the development of container culture of ornamental
plants

Keywords: rooted cuttings, cutting seedlings, decorative planting material with a closed root

system, substrate, substrate components, starter fertiliser
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Introduction

A significant increase in recent years in the produc-
tion of ornamental seedlings in container culture
in nurseries is conditioned by a number of signifi-
cant advantages of planting material with an unin-
jured root system, the main one of which is its 100%
survival rate and the possibility of using it almost
throughout the year [1-3].

At the same time, the agricultural technology
of production of ornamental seedlings with a closed
root system in container culture is more complex than
traditional and therefore requires more care and pro-
fessionalism [2; 4]. First of all, this is due to growing
them in a space limited by the size of containers and
using an artificially prepared substrate. The latter,
considering the species-specific biological features
of cultivated plants, is extremely important, since the
water and physical properties of the substrate and
the content of nutrients in it must meet the require-
ments of container culture [5-7]. In this context, the
use of optimised substrate compositions and the use
of highly effective modern fertilisers with regard to
the biological characteristics of cultivated plants can
be considered as a powerful lever for improving con-
tainer culture and increasing its profitability [8-10].

Research on growing plants of the genera Spi-
raea, Tamarix, Forsythia in container culture, consid-
eringlocal conditions, mainly concerned the problems
of optimizing mineral nutrition, substrate pH and sub-
strate components for plant growth and development.

K.M. Stanton and M.V. Mickelbart investigated
the effect of substrate pH in container culture of Spi-
raea alba and Spiraea tomentosa on the physiological
state of plants and the level of mineral nutrition [5].
Researchers from Canada investigated the effects of
various fertilisers and determined the best feeding
system Spiraea-bumalda ‘Goldmound’ when grown
in containers [11]. M.Z. Alam et al. studied the ef-
fect of various methods on the growth of Forsythia
x intermedia ‘Spring Glory’ in container culture and
the leaching of nutrients into the environment [12].
During the cultivation of Tamarix chinensis plants in
containers, the reaction of plants to changes in soil
salinity, increased stress resistance, and the dynam-
ics of the physical and biochemical characteristics of
the studied plants were investigated [7]. Romanian
scientists have conducted research on the cultivation
of Tamarix tetrandra and other species in container
culture to replace peat in the substrate with alterna-
tive substrate components [13].

This determines the relevance of research on
optimising the composition of the substrate and the

use of various doses of conventional and modern
starter fertilisers for the production of ornamental
seedlings in container culture, considering their spe-
cies-specific features, using the example of Spiraea
japonica ‘Goldflame’, Tamarix tetrandra Pall. ex Bieb.
and Forsythia ovate Nakai.

The purpose of the study was to develop scientif-
ically based recommendations for improving the pro-
duction of cuttings of experimental plants with aclosed
root system at the expense of optimisation of sub-
strate composition of the container culture substrate
and using scientificallybased doses of starter fertiliser.

The main objectives of the study were:

- to identify species-specific responses of experi-
mental plants with different requirements to soil con-
ditions in container culture to the substrate composi-
tionandtheuseoftypesand doses of startingfertiliser;

- to establish the possibility of improving the
production of ornamental seedlings with a closed
root system in container culture according to their
species-specific reactions to the composition of the
substrate and the starting fertiliser used.

- to develop scientifically based proposals for im-
proving the efficiency of growing seedlings of exper-
imental plants with a closed root system by optimis-
ing the composition of the substrate and the level of
their mineral nutrition.

Materials and Methods

The research programme provided for testing (bio-
testing) of three modifications of the substrate com-
position for container culture of Spiraea japonica
‘Goldflame’, Tamarix tetrandra Pall. ex Bieb., Forsyth-
ia ovate Nakai and various doses of starter fertilisers
(traditional “Nitroamofoska” (NPK) and modern or-
gano-mineral slow-release fertiliser “Plantacote”).

With the help of general scientific and applied
research methods: active experiment, analysis and
synthesis, phenological, agrochemical, soil, and bi-
ometric — an assessment of the physiological state of
experimental plants, their development, and growth
parameters was carried out, and the conclusions were
formulated based on the results obtained.

The research was conducted during 2019-
2020. An experiment to investigate the influence of
modern mineral fertilisers and substrate composi-
tion on the state and growth of container culture of
experimental plants was conducted at the container
culture training and research nursery of the Depart-
ment of Forest Reproduction and Forest Reclamation
of the National University of Life and Environmental
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Sciences of Ukraine. In the experiment, the starting
material was stem cuttings rooted in the course of
studies on the effectiveness of using growth sub-
stances to activate rhizogenesis [14-16].

Cuttings were planted in 2-litre containers
with three modifications of the substrate composi-
tion, for the preparation of which four components
were used: peat, sand, humus layer of grey forest soil,
and sawdust compost, in the following ratios: the first
option — 2:1:1:1, the second - 1:1:2:1, and the third -
2:1:2:1. Each option, with the predominance of cer-
tain components, represented one of the following
modifications of the substrate composition: peat (the
firstoption), soil (the second), peat and soil (the third).

In the experiment to optimise the composition
of the substrate and the level of mineral nutrition of
experimental plants, five variants of the starting fertil-
iser were tested, which was applied in containers simul-
taneously with the planting of rooted cuttings: control
(without fertilisation), traditional mineral fertiliser
“Nitroamofoska” (5 g/l of substrate), and three vari-
ants with different doses of organo-mineral slow-re-
lease fertiliser “Plantacote”: the minimum (half of the
dose recommended by the manufacturer — or 2.5 g/1 of
substrate), recommended (5 g/l) and maximum dose,
increased by one and a half times, compared to the one
specified by the manufacturer (7.5 g/l of substrate).

The influence of various modifications of the
substrate composition and fertiliser doses tested in
the experiment on the container culture of experi-
mental plants was determined by the survival rate of
rooted cuttings, the safety of cuttings seedlings, the
results of biotesting their condition and the intensity
of growth in height.

The survival rate of rooted cuttings was deter-
mined 5 months after planting them in containers,
and the safety of cuttings seedlings was determined
by the proportion of viable experimental plants — in
the spring of the following year after their “conserva-
tion” for the winter was completed.

The condition of seedlings was determined
monthly based on the results of their visual assess-
ment. In the process of evaluation, experimental
plants were divided into 4 categories: excellent con-
dition, satisfactory, unsatisfactory, and non-viable.
The first category included individuals without signs
of weakening or damage, with a rich colour of the
photosynthetic apparatus; the second — plants with
weakened turgor, less saturated leaf colour and minor
lesions and injuries; the third - seedlings with sig-
nificant lesions and signs of drying out; the fourth —
plants without signs of viability (“drop-off™).

The height of seedlings in containers was
measured with an accuracy of 0.1 cm with a frequen-
cy of once a month, starting with planting rooted
cuttings in containers with tested modifications of
the substrate composition.

Results and Discussion
In accordance with the goal, when conducting exper-
imental studies, plants with different attitudes to soil
conditions were used. The response of plants to soil
conditions is determined by the ability of woody plants
to obtain the necessary nutrients from the soil in suffi-
cient quantities. Tree species with high fastidiousness
grow successfully only on fertile soils, while low-de-
mand species with high fastidiousness can also grow
on poor soils. The reasons for the differences in the fas-
tidiousness of woody plants to soil conditions have not
been definitively established. The main factors that de-
termine these differences include the size of the active
surface of the root system. Woody species with a pow-
erful, well-developed root system are able to receive
nutrients from a large volume of soil, and therefore, can
grow on poor soils with a low content of nutrients [17].
But species with a less powerful root system are not able
to provide themselves with nutrients in similar condi-
tions, and therefore, are considered more demanding
on soil fertility. On poor soils, most tree species form
a more developed root system than on rich ones. This
also applies to a container crop with an artificially pre-
pared substrate with different content of mineral nu-
trition elements available to plants. In this regard, the
experiment used tree species with different demands
on soil conditions: Spiraea japonica ‘Goldflame’, Tama-
rix tetrandra Pall. ex Bieb., Forsythia ovate Nakai [18].

For Spiraea japonica ‘Goldflame’ moist, loose,
fertile soils are the most optimal. On acidic and me-
dium-acidic soils, the colour of the leaves of spiraea
becomes brighter.

Tamarix tetrandra Pall. ex Bieb. can grow in the
poorest soils. It is drought-resistant, sometimes suf-
fers from high humidity, is very light-loving and does
not tolerate shading. Tamarix can withstand gas and
dust in the air and high soil salinity.

Forsythia ovate Nakai is quite demanding for
soil fertility and is a drought-resistant plant. It devel-
ops better in well-drained, humus-rich, fresh soils,
but does not tolerate excessive moisture.

The efficiency of production of ornamental
seedlings of container culture in conditions of limit-
ed size of containers, first of all, depends on the qual-
ity of the substrate and the level of mineral nutrition
of plants [4; 19; 20].
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The study of the species-specific reaction of
experimental plants to the quality of the substrate
was carried out on the example of three modifica-
tions of the substrate, in which the basic compo-
nents were the most commonly used components
in the practice of seedling: peat, sand, humus layer

Table 1. Main characteristics of cuttings of experimental plants in container culture depending

on the modification of the substrate composition and the type and dose of starting fertiliser

of grey forest soil, and sawdust compost. The re-
sults of studies of the survival rate of rooted cut-
tings, the safety of cuttings seedlings, the meas-
urement of the height of experimental plants and
visual assessment of their condition by external
signs are given in Table 1.

. Percentage of experimental plants by state, % R
C 20 N
§ é Starter fertiliser E = g % Status % b;° é E‘
_.: ‘g: options 3 é ?g g Index E g é &
» & 3 A 3G )
3 °
1 2 3 4 5 6 7 8 9
Spiraea japonica ‘Goldflame’ seedlings
Control 25 17 16 42 2.3 75 58
§ NPK (5 g1} 33 33 17 17 2.8 92 83
‘lﬁ- Plantacote (2.5 g-1') 42 42 8 3.2 100 92
— Plantacote (5 g-1') 33 42 17 3.0 92 92
Plantacote (7.5 g-1') 17 33 25 25 2.4 83 75
Control 17 17 16 50 2.0 83 50
= NPK (5 g1 25 25 25 25 2.5 92 75
|8 Plantacote (2.5 g-1') 25 33 25 17 2.8 92 92
N Plantacote (5 g-1) 17 42 25 16 2.6 92 83
Plantacote (7.5 g-1') 17 16 42 25 2.3 75 75
=2 Control 17 25 16 42 2.2 92 58
é NPK (5 g1 34 33 25 3.0 100 92
g Plantacote (2.5 g-1) 42 42 8 3.3 92 92
& Plantacote (5 g-1")) 42 33 17 3.1 100 92
wla Plantacote (7.5 g-1') 17 33 33 17 2.5 92 83
Tamarix tetrandra Pall. ex Bieb. seedlings
Control - 40 20 40 2.0 96 92
= NPK (5 g1 60 - - 40 2.8 100 92
qlc)‘* Plantacote (2.5 g-1') 80 20 - - 3.8 100 100
a Plantacote (5 g-1') - 80 - 20 2.6 100 96
Plantacote (7.5 g-1') 40 60 - - 34 100 100
Control - 20 20 60 1.6 96 88
= NPK (5 g1 20 20 20 40 2.2 9% 92
|8 Plantacote (2.5 g-1') - 60 20 20 2.4 96 96
o Plantacote (5 g-1') 60 40 - - 3.6 100 100
Plantacote (7.5 g-1') 20 40 20 20 2.6 100 96
= Control - 60 - 40 2.2 96 92
é NPK (5 g-17) 60 20 - 20 3.2 100 9%
g Plantacote (2.5 g-1!) 60 - 40 - 3.2 100 100
& Plantacote (5 g-1') 100 - - - 4.0 100 100
e Plantacote (7.5 g-1') 80 20 _ _ 3.8 100 100
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Table 1, Continued

1 2 | 3 4 5 6 7 | 8 | 9
Forsythia ovate Nakai seedlings

Control 10 20 20 50 1.9 75 50

‘5 NPK (5 g1') 30 30 20 20 2.7 80 60

‘ll Plantacote (2.5 g-1') 40 20 10 30 2.7 85 55

— Plantacote (5 g-11) 50 20 10 20 3.0 93 70

Plantacote (7.5 g-1'!) 10 20 10 60 1.8 73 50

Control 40 20 20 20 2.8 87 70

= NPK (5 g1 60 20 10 10 3.3 93 85

T Plantacote (2.5 g-1') 50 20 20 10 3.1 88 80

N Plantacote (5 g-1'!) 70 15 5 10 3.5 95 90

Plantacote (7.5 g-1') 40 20 20 20 2.8 86 75

=) Control 40 20 20 20 2.8 87 73

8 NPK (5 g1 50 20 10 20 3.0 88 75

§T§ Plantacote (2.5 g-1'!) 40 30 20 10 3.0 93 78

| Plantacote (5 g-1') 60 20 5 15 3.3 94 85

ok Plantacote (7.5 g-1') 40 20 10 30 2.7 86 70

Source: compiled by the authors

Studies have established that the highest (92-
100%) survival rate of rooted cuttings planted in
containers and their safety (92%) after the “conserva-
tion” of Spiraea japonica ‘Goldflame’ cuttings for the
winter, was in containers with peat and soil modifica-
tion of the substrate composition (Option 3) and the
use of traditional Nitroamofoska fertiliser and mod-
ern long-acting Plantacote fertiliser with minimum
(2.5 g1-1) and recommended by the manufacturer

60
_E 50
o v 41.241.9
=5 40 392 40.3 35 6 38 36.7
2a 30.5
<= 30 26.1
L=
Y]
Q
gE 20
Z5
a 10
<
[«D]
0

I — peat substrate

II - soil substrate

(5 g-1-1) doses. The lowest (75%) survival rate of rooted
spiraea cuttings was in containers on a peat substrate
(Option 1 of the composition modification), and the
safety (50%) of seedlings — with a soil-based mixture
(Option 1) in control (without applying starting fertil-
iser) plants. The findings show that, in addition to the
composition of the substrate, the level of mineral nu-
trition significantly affects the survival and preserva-
tion of cuttings of Spiraea japonica ‘Goldflame’ (Fig. 1).

48.547.2 Control

45

38 " NPK (5 g/1)

31.7

Plantacote (2.5 g/1)
Plantacote (5 g/)

Plantacote (7.5 g/1)

III-peatandsoilsubstrate

Figure 1. Height of Spiraea japonica ‘Goldflame’ cuttings, depending on the modification of the substrate
composition and the type and dose of starting fertiliser

Source: compiled by the authors

The positive effect of “Plantacote” fertiliser
has been established by M.]. Clark and Y. Zheng when
growing Spiraea-bumalda ‘Goldmound’ variety in a
container culture. Researchers have found that the
best results were observed at a dose of 3.0-6.0 g of ni-
trogen per container. Moreover, it was revealed that
anincrease in the dose of “Plantacote” and “Osmocote

Plus” fertilisers did not lead to an improvement in
the condition of plants and changes in their mor-
phormetric indicators [11]. In this study, an increase
in the dose of application of “Plantacote” fertiliser to
7.5 g:1"! has led to a deterioration in the condition of
plants and, depending on the substrate, to a decrease
in their survival rate. This trend was also observed
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when growing Tamarix tetrandra Pall. ex Bieb., For-
sythia ovate Nakai plants in contained culture. The re-
search conducted by M.]. Clark and Y. Zheng and the
authors of this study, which provides data on plant
condition assessment, timing and dose of fertiliser
application, allows producers to select slow-release
fertiliser rates to achieve production goals.

K.M. Stanton and M.V. Mickelbart found that
the growth and development of Spiraea alba and Spi-
raea tomentosa plants is affected by changes in the
level of mineral nutrition. At the same time, changes
in the pH of the substrate significantly correlate with
the absorption of mineral substances. It was found
that increasing the pH of the substrate to 7.0 nega-
tively affects plant growth and nutrient concentra-
tion. Due to the fact that most ornamental plants are
grown on special substrates with long-acting fertil-
isers, further research is needed, taking into account

the specific features of the grown plants [5]. Accord-
ing to experimental data, it was found that the high
(96% and above) and maximum (100 %) survival rate
of rooted cuttings of Tamarix tetrandra Pall. ex Bieb.
was observed in containers with all tested variants of
modifications of substrate compositions. The study
suggests that it is conditioned by not high fastidious-
ness of this variety to soil conditions.

At the same time, tamarix seedlings were
highly preserved in containers with peat and soil
modification of the substrate and the starting orga-
no-mineral slow-release fertiliser “Plantacote” with
minimum (2.5 gI'') and maximum (7.5 g1"!) doses.
As in the experiment with spirea, the lowest surviv-
al rate (96%) and safety (88%) of cuttings of Tamarix
tetrandra Pall. ex Bieb. seedlings was under control
(without fertilisation) of the soil modification of the
substrate composition (Fig. 2).

128 153.1 151.7 157'1852 1
=) : . 149.3 .
=+ 140 71 133.4 Control
Z 120.5 .
25 120 109.4 1025 109.8 1044 NPK (5 g/l)
28 100 962 100.2
<= 86.5 Plantacote (2.5 g/1)
g”o% 80
g £ 60 Plantacote (5 g/l)
23 40
% 20 Plantacote (7.5 g/1)
0

I - peat substrate

II - soil substrate III-peatandsoilsubstrate

Figure 2. Height of cuttings of Tamarix tetrandra Pall. ex Bieb. depending on the modification
of the substrate composition and the type and dose of starting fertiliser

Source: compiled by the authors

The studyby R. Madjar et al. on growing Tama-
rix tetrandra plants in a container culture with a de-
crease in the volume in the peat substrate showed
a positive result. In addition to good plant growth
on a substrate of leafy land, forest land, peat, and
compost from crushed grapes in a ratio of 1:1:1:0.5,
it was found that plants in the second year do not
need top dressing. At the end of the growing season,
in September, a decrease in the content of nutrients
in the substrates was observed, which indicates that
the use of the same substrates during the 3rd year
of cultivation in container production of the studied
plants requires top dressing [13].

The survival rate of rooted cuttings of Forsythia
ovate Nakai and their preservation on the soil-based
modification of the composition, on which spiraea
and tamarix seedlings took root and remained worse

than on other substrate options, was the highest. At
the same time, the highest, respectively 95% and
90%, were in containers with soil mixture according
to the option with the introduction of the slow-re-
lease starter fertiliser “Plantacote” at the rate of 5 g
per litre of substrate.

Experimental seedlings of Forsythia ovate Na-
kai, which grew on the first (peat) modification of the
substrate composition on the control (without fertil-
iser) and on the variant with the introduction of “Plan-
tacote” fertiliser 7.5 g per litre of substrate (Fig. 3).

M.Z. Alam et al. developed a fertiliser appli-
cation scheme and irrigation system in container
plant culture of Forsythia x intermedia ‘Spring Glory’,
which increased the morphometric parameters of
the plants under study with minimal water use. Re-
searchersinvestigated the application of slow-release
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fertilisers of various concentrations and irrigation
schemes. It was established that the best growth
of Forsythia was observed when applying fertilisers

with a concentration of 4.7 kg-m-. Plant growth and
development was weaker when the fertiliser concen-
tration increased to 6.0 kg-m™ [12].

39.9
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g 40

© 33.9
Z2E 30 27.7 ras
00— .
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%% f(; 18.215.9
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5

I — peat substrate

II - soil substrate

Control
30 NPK (5¢/1
24.4 ©g/l)

21.8
19.5

17.3 Plantacote (2.5 g/1)

14.9
Plantacote (5 g/1)

Plantacote (7.5 g/1)

[1I - peat and soil substrate

Figure 3. Height of cuttings of Forsythia ovate Nakai depending on the modification
of the substrate composition and types and doses of starter fertiliser

Source: compiled by the authors

According to the latest assessment, the best
condition of cuttings of Spiraea japonica ‘Goldflame’
was observed on the peat and soil modification of the
substrate composition in the variant with a minimum
(2.5 g°'I'Y) dose of the “Plantacote” starter fertiliser. On
the same modification of the substrate composition,
the best condition was observed in Tamarix tetrandra
Pall. ex Bieb. At the same time, the highest index of
the condition of their seedlings was for options with
the starting fertiliser “Plantacote” with the applica-
tion doses recommended by the manufacturer (5 g-1!)
and the maximum (7.5 g-1'!). The revealed fact indi-
cates that despite the low demand of tamarix for soil
fertility, it reacts more actively than other plants to an
increase in the content of nutrients in the substrate.

Unlike the previous two varieties, Forsythia
ovate Nakai seedlings were in better condition on soil
modification of the substrate composition according
to the variant with the “Plantacote” starting fertiliser
at the dose of (5 g-1'!).

The condition of experimental plants, as
studies have shown, correlates with the intensity
of their growth in height. Thus, at the end of the
experiment, the highest height of Spiraea japonica
‘Goldflame’ seedlings (48.5 ¢cm) was in the variant
with the best plant condition — with a minimum
(2.5 g1"') dose of “Plantacote” starter fertiliser on
peat and soil modification of the substrate compo-
sition (Figure 1). At the same time, on modifications
of the substrate composition with a peat component
(options 1 and 3), the lowest height of spiraea seed-
lings was in the variant with the maximum dose of

“Plantacote” starting fertiliser. An explanation of
this fact requires additional research.

A close correlation between the average
height of experimental plants and their condition
was also characteristic of Tamarix tetrandra Pall. ex
Bieb. and Forsythia ovate Nakai cuttings (Fig. 2). The
highest average height of tamarix plants (157.8 cm)
in container culture was, as well as the best condi-
tion of seedlings, on a peat and soil modification
of the substrate composition with the “Plantacote”
starting fertiliser according to the option with the
manufacturer’s recommended application dose
(5 g1'Y). Cuttings of Forsythia ovate Nakai are also
more intensive in the growth of shoots (the average
height of seedlings reached 39.9 cm, (Fig. 3) differed
in the option with the best condition of experimen-
tal plants — in a container culture with an earthen
modification of the substrate composition accord-
ing to the variant with the starter slow-release fer-
tiliser “Plantacote” in the dose recommended by the
manufacturer (5 g-1?).

Similar studies on optimising the level of min-
eral nutrition in container culture when using various
types of fertilisers with controlled release have shown
their effect on the intensity of plant growth and de-
velopment. When optimising the level of nutrition,
it is possible to select a specific dose of fertilisers for
each type or plant varieties, taking into account their
needs [21; 22]. Substrate components have a similar
effect on plant morphometric parameters and condi-
tions. The researchers used five fertiliser application
systems and seven types of substrate. The researchers
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also used slow-release fertilisers and various types
of substrates. The substrate contains three differ-
ent ratios — peat moss:vermiculite:perlite in the ra-
tios 1:1:1, 1:2:3, and 3:1:2. Experiments have shown
that peat-based substrates supplemented with alter-
native components or peat-free substrates can give
better results than peat substrates [23]. These stud-
ies also confirm our results regarding the specific re-
sponse of plants to changes in substrate components.

Conclusions

Considering the identified species-specific reac-
tions of experimental plants, it can be recommend-
ed to use a substrate with a predominance of peat
and soil components in its composition for growing
cuttings of Spiraea japonica ‘Goldflame’ and Tamarix
tetrandra Pall. ex Bieb. in container culture, and a
soil modification of the mixture composition for the
planting material of Forsythia ovate Nakai.

The study has established a number of advan-
tages of using long-acting organo-mineral fertilisers
in container culture as a starting point, in particular,
“Plantacote”. For growing cuttings of experimental
plants, even the minimum (2.5 g-1"!) starting fertil-

iser dose of the slow-release fertiliser “Plantacote” is
more effective than twice the dose (5 g1!) of tradi-
tional “Nitroamofoska”. At the same time, for grow-
ing planting material Tamarix tetrandra Pall. ex Bieb.,
considering its specific reaction to increasing the
dose of the starter fertiliser “Plantacote”, it can be
increased to 5 g-1%.

The findings strongly indicate the presence
of a species-specific reaction of experimental plants
with different demands on soil conditions to the
composition of the substrate and the types and doses
of starting fertiliser used in container culture. They
are the basis for the conclusion that a scientifically
based improvement in the production of ornamen-
tal seedlings in container culture is possible by con-
sidering the species-specific reactions of cultivated
plants to cultivation conditions. This suggests that
the mass production of decorative planting materi-
al with a closed root system should be preceded by
studies to establish species-specific reactions of cul-
tivated plants to cultivation conditions, which are
the basis for optimising the composition of the sub-
strate, the level of mineral nutrition and improving
the efficiency of container culture.
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OnrruMmisanis cKiIazy cyocTpaTy Ta piBHS MiHepaJIbHOTO JKMBJIEHHS SIK OCHOBa
YIOCKOHAJIEHHSI BUPOOHMIITBA IEKOPATUBHUX Ca/PKAHIIIB Y KOHTEITHePHil KyJIbTypi

BikTop MenbxiopoBuu Maypep, AHapii [lerpoBuu ITiHuyk

HaBuasibHO-HayKOBMI1 iHCTUTYT JIiCOBOTO i CaIOBO-MapKOBOTO rOCMOAAPCTBA
HarrioHanbHMIT yHiBepcuTeT 6iopecypciB i MPpUPOIOKOPUCTYBAaHHS YKpaiHU
03041, Byn. l'opixyBaTcbkuit nuisix, 19, m. Kuis, Ykpaina

Anotanis. CyJyacHe cyTTeBe 36i/IbIIeHHST 06CSTiB BUPOIIYBAHHS TEeKOPATUBHMUX CAIKAHIIB Y KOHTEITHEPHilt
KyJIbTypi B [JepeBHMX pO3CaJHMKaX 3yMOBJIEHO HM3KOI BaroMux IiepeBar CaJMBHOTO MaTepiany 3
HETPaBMOBAaHOI0 KOpPEHEBOWO CUCTEMOIO. BopHouac, arpoTeXHOJOTiS BUPOOHMIITBA TaKUX CaJsKaHIIiB
y KOHTelHepHiii KyabTypi 3HAUHO CKJIaJHillla, MOPiBHIHO 3 TpaguuiiHolo. IlepemyciMm, Iie TMOB’A3aHO
3 BUPOILYBAaHHSIM iX B OOMEKEHOMY pO3MipaMM €MHOCTe IPOCTOPi Ta BUKOPUCTAHHSIM IITYYHO
MIPUTOTOBAHOTO cybcTpaTy. MeTol poboTu 6yno MpoBedeHHS 6ioTecTyBaHHS TPbhOX Moambikalliii ckiamy
cybCTpaTy AJis KOHTeTHepHOI KynbTypu Spiraea japonica ‘Goldflame’, Tamarix tetrandra Pall. ex Bieb., Forsythia
ovate Nakai Ta pisHmux mo3 crapToBux mobpus «HiTpoamodocka» Ta «Plantacote». Y po6oTi BuKoOpucTaHi
SIK 3araJlbHOHAYKOBI MeTOOM aHaji3y, CMHTe3y, aKTMBHOIO eKCIIepUMMEHTY, TaK i IPUKIAAHI MeTOAVKU
IOCTiKeHb TakKi sIK 6GiomeTpuuHi, peHOMOTiUHI, IPyHTOBI Ta arpoximiuHi. [JOCTiIKeHHSIMM BCTAHOBJIEHO
HasIBHiCTb BumoceudiyHnx peakiiii JOCTITHUX POCINH, 3 Pi3HOIO BMOATTIMBICTIO 0 I'PYHTOBUX YMOB, Ha
CKIaf, cybcTpaTy Ta BUAM i AO3M CTAapTOBOTO NOOPMBA, IO BUKOPWUCTOBYIOTHCS Y KOHTEMHEPHi KyJIbTypi.
3po6sieHO BMCHOBOK IMOMAO ITiABUINEHHS PEHTAOeIbHOCTI iX BUPONIYBAaHHS BHACTIIOK BUKOPUCTAHHS
OiNbII memeBMX MiCIeBMX KOMITOHEHTIB )il IPUTOTYBAaHHS cyocTpaty. [IpoBemeHi JOCTiIKeHHS TTOKa3aaIn
HM3KY MepeBar BUKOPUCTaHHS B KOHTEITHEePHi KyJIbTypi y IKOCTi CTapTOBOTO OpPraHo-MiHepaabHi Jo6puBa
MPOJIOHTOBaHOi [ii, 30Kpema «Plantacote» mosoio 2,5-5,0 r-1l. I TakoX JaauM 3MOry CTBepKyBaTH, IO
MacoBOMY ITPOAYKYBAaHHIO JE€KOPATMBHOIO CAagMBHOIO MaTepiaJly i3 3aKpUTOK KOPEHEBOIO CHUCTEMOIO
TOBMHHI IlepeayBaT JOCTIIKEHHS 3 BCTAHOBJIEHHS BUoCIelM(piyHMX peakiliii BUPOIYyBaHUX POCIVH Ha
YMOBM KyJIbTMBYBAHHSI, SIKi € OCHOBOIO JIJISI OTITMMIi3allii CK/Iamy cybCcTpaTy Ta piBHS MiHEPAIbHOTO KUBJIEHHST
BUPOIIYBAHUX POCIMH 3 METOI IiABUINEHHS e(eKTUBHOCTI BMPOOHUIITBA MEKOPATUBHMX CAIKAHIIIB Y
KOHTefHepHiii KyabTypi. OTpuMMaHi pe3ynbTaTy 6yIyTh KOPUCHMMM JJIs BUPOOHUKIB CaaMBHOTO MaTepiary
Ta HAYKOBOI CITiIJIbHOTH, SIKi IIPAIIOI0Th Y HATIPSIMi PO3BUTKY KOHTEIHEPHOI KyJIbTYPU JIeKOPATUBHUX POCIVH

KnrouoBi c1oBa: yKOpiHeHHi XXUBLLi, )KUBLEBi cafKaHIli, JeKOpPaTUBHUI CafUBHUI MaTepial i3 3aKpUTOI0
KOPEeHEeBOI0 CUCTEeMOI0, KOMIIOHEHTH CyOCTpaTy, CTapToBe JOOPUBO
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Abstract. Height-diameter (h-d) relationships in forest stands are commonly used in various scientific
and practical forestry applications. Accurate h-d models combined with tree stem volume equations are
recognised to be effective in growing stock volume estimation. The purpose of the study was threefold:
1) development of a set of mathematical models of the h-d relationship in young and middle-aged forest
stands for ten forest-forming species in Ukraine; 2) modelling stem volume in above mentioned forest
stands; 3) comparison of established mathematical models with corresponding ones for premature, mature,
and overmature forest stands. The study was based on permanent and temporal sample plots data (about
600) established in forest stands during 1950s-2020s within the most forested regions of Ukraine (Polissia,
Forest-Steppe, Carpathians). In total, about 10,000 sample trees were measured on the sample plots to
accurately estimate their stem volume outside bark. The h-d models demonstrated very similar relationships
between stem heights and diameters for most of our species except for spruce and firin mountain Carpathian
forests where the steeper h-d curves were obtained. The study revealed that birch and hornbeam tree stems
had the lowest volumes among surveyed species. The results also indicated that tree species tend to have
higher volumes (up to 7% for coniferous, and up 10% for aspen and birch forests) in young and middle-aged
forest sands than in older ones. For the other species, a statistically significant difference between stem
volumes of trees of different ages was not observed. The developed mathematical models can complement
the corresponding models for older groups of forest stands since they revealed an important aspect of
relationships between the key tree stem parameters. These models are also applicable for a more precise
stem volume estimation during thinning operations in the young and middle-aged forests in Ukraine

Keywords: height curve, volume tables, height class, form factor, forecasting

Introduction

Relationships between tree heights and diameters
(h-d) are widely used to determine tree stem volume
in forest stands. Since most volume equations require
measuring both diameter and height of trees [1], h-d
models can be utilized to predict stem heights based
on their diameters. From a practical perspective, h-d
relationships are used to determine average heights
by stem diameter classes which simplifies estima-
tions of growing stock volume. In addition, the h-d

Suggested Citation:

relationships are applied in various stand growth
models [2], in particular, to determine stand heights
based on the corresponding average diameter.

The h-d relationships depend on tree species,
growth conditions of forest stands [3; 4], and do not
remain constant throughout time even in the same
stand [5]. Differences in h-d relationships in even-
aged and uneven-aged forest stands have been also
investigated in the literature [6]. The shape of curves
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characterizing these relationships may change with
age, i.e., have different steepness at different stag-
es of the stand development. Sharma (2016) has re-
vealed differences in h-d relationships for a number
of coniferous tree species in natural forest stands and
planted forests in Ontario, Canada [7].

Various mathematical models of h-d relation-
ships have been tested in the literature. Most of them
were developed to predict heights of individual trees
based on their diameters. To characterize these rela-
tionships, various growth functions [8; 9] and some
other nonlinear equations [10] were used. M. Liu et
al.[11] tested 53 mathematical models and concluded
that nonlinear functions have substantial advantag-
es over linear ones. Such functions were found to be
more flexible in describing various forms of relation-
ship between tree heights and diameters. Addition-
ally, D. Leduc & ]. Goelz, [12] evaluated more than
40 mathematical equations and demonstrated that
the highest accuracy of modelling could be achieved
regardless of the form of the equations using relative
heights and diameters instead of absolute values.

Generally, relationships of biometric param-
eters become more complex in uneven-aged and
multi-layered stands which require more advanced
approaches to characterize h-d relationships. For ex-
ample, machine learning used in multi-layered trop-
ical forest stands showed higher efficiency than par-
ametric modelling methods [13]. Recent studies have
also used mixed-effect models to fit h-d relation-
ships [14]. Such models, in addition to the diameter
of trees, which exhibits a fixed effect on the height
of trees (i.e., thicker trees are systematically taller),
incorporate random-effect factors (forest stand pa-
rameters). Random-effect parameters are believed
to be effective in explaining a random h-d variation
depending on the parameters of a particular stand.
Many recent publications investigated the influence
of density, productivity, and age of stands on the h-d
relationships using mixed effect models [4; 15; 16].

Stem volumes are estimated using mathemat-
ical relationships between volume and other biomet-
ric parameters of stems which can be easily measured
in a field [17]. Since diameters of growing trees can
be measured more easily and with higher accuracy
than height, models of h-d relationships are of great
practical importance. Using such models for certain
ecoregions, so-called local volume tables can be de-
veloped, which utilize only diameter of tree stems
as an independent variable [18]. However, models of
total stem volumes based on diameter and height of
trees are considered to be more flexible [10].

The type of mathematical relationships be-
tween the diameter, height, and volume of stems
can be quite diverse. Commonly, it is characterized
using nonlinear equations [1; 19]. Models of stem
taper are important for determining total and com-
mercial wood volumes [20; 21]. In volume estima-
tion, taper models can be used to predict diameters
at specified heights and then determine the stem
volume using well known formulae (Huber, Smalian,
Newton, etc.) [17]. Additionally, some of taper mod-
els may have compatible volume equations, i.e. ob-
tained via integration of taper equations [22-24]. As
an alternative to these methods, a stem volume can
be considered as a product of the volume of a solid
(cylinder) and form factors. The form factor is the ra-
tio of the stem volume to the cylinder volume which
significantly simplifies estimation of the total stem
volume [17]. This approach of volume modelling re-
lies merely on adequately selected equations to char-
acterize the variability of form factors depending on
the diameter and height of trees [25].

The aim of the study is to develop mathematical
models of tree stems h-d relationships in young and
middle-aged forest stands of the main forest-form-
ing species of Ukraine. Comparison of the results ob-
tained with similar data for premature, mature, and
over-mature stands would reveal main differences
between these age groups of forest stands which rep-
resents the originality of this study.

Materials and Methods
The study is based on research materials collected
in forest stands of Ukraine during 1950s-2020s. To
develop mathematical models, the measurements of
more than 10 thousand trees sampled on about 600
temporary and permanent plots were used. In gen-
eral, the study covers 10 main forest-forming tree
species in Ukraine: pine (Pinus sylvestris L.), spruce
(Picea abies L.), fir (Abies alba L.), oak (Querqus ro-
bur L.), beech (Fagus sylvatica L.), ash (Fraxinus ex-
celsior L.), hornbeam (Carpinus betulus L.), aspen
(Populus tremula L.), birch (Betula pendula Roth.), and
alder (Alnus glutinosa (L.) Gaerth). The sample plots
were distributed among the most forested regions
of Ukraine, i.e., Polissia, Forest-Steppe, and the Car-
pathians [26]. Considering the small size of trees in
young and middle-aged stands, diameters of all trees
on sample plots were measured using 2-cm diameter
classes. To construct height curves, heights of 10-25
trees of dominant species selected from different di-
ameter classes were measured. Average tree heights
of the 2-cm diameter classes were used as a refer-
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ence for sampling trees on the plot. According to the
distribution of diameters and shape of height curve,
10-25 sample trees were selected and cut down on
each plot. Their number was distributed proportion-
ally to the total number of trees within 2-cm diam-
eter classes. Diameters and bark thickness of felled
trees were measured at mid-point of 2-m sections,
then their volumes outside bark were estimated us-
ing the Newton’s sectional formula.

Modelling h-d relationships

Relative values of tree heights and diameters
were used to model the h-d relationships. Such ap-
proach allowed the development of a single math-
ematical model for forest stands of different ages,
growth conditions, productivity levels, etc. The ear-
lier studies [12] demonstrated that modelling h-d
relationships using relative values can provide more
accurate results. Thus, relative heights for all diame-
ter classes at sample plots were calculated using the

equation (1): he=h./h )

where h¢ - relative height for the i-th diameter class;
h, — absolute height for the i-th diameter class, m;
h, .- height for the reference diameter class, m.

The diameter class of 16 cm was used as a ref-
erence based on its prevalence as average diameter
on sampled forest stands. The authors believe that
using the height that corresponds to the average di-
ameter provides a more accurate calculation of rela-
tive heights as h,  values in equation (1) are obtained
with higher precision. The obtained data were sum-
marised for each tree species and the average values
of relative heights were calculated for all diameter
classes observed in the study material. Equations (2-

ref?

4) were used as mathematical models to characterize
the h-d relationships. In particular, for pine, spruce,
oak, beech, and ash, the following equation was used:

)

where a, a,, a, - equation parameters; d - tree stem
diameter, cm.

For fir, aspen, birch, and alder, the relative
height model had the form:

hf=a0+

e— a,
hé=a +a d*,

a;
d+a, .
The following mathematical model was used
for hornbeam:
4)

Predicted relative height values were used
to calculate the absolute heights for each diameter
classes using the reference height h, :

h=h;-h,, (5)

Obtained mathematical models of relative
heights allow predicting the height of trees of differ-
ent levels of productivity and growth conditions. This
paper did not aim at developing the h-d relationships
for stands of different site indices or density, but used
standard stand height classes of the existing vol-
ume tables for the corresponding species [27]. Thus,
23.0 m was taken as the reference height of the I
height class. The reference heights corresponding to
the reference diameter class of 16 cm for other height
classes were calculated using the equation (6):

h,~h,=23.0-2-I,

3

hé=a,-d* -exp(a,- d).

(6)

Height classes indices (/,) of stands in accord-
ance with the officially accepted numbering in forest
industry of Ukraine [27] are provided in Table. 1.

Table 1. Indices and numbering of stand height classes in Ukraine

I P I I

II

111 v \4 Ve Vb

~

-2 -1 0 1

2

3 4 5 6 7

Estimating stem volume

Stem volume was estimated using the equa-
tion (7):

V=g-h-f. (7)
where g - cross-sectional area of stems at a height of
1.3 m above ground level (basal area), m?; f - cylindri-
cal form factor; h — stem height, m.

Based on equation (7), the key methodological
issue in stem volume estimation is modelling rela-
tionships between form factors and other tree stem
parameters (e.g., diameter, height). In this study, a
mathematical model of form factors as a function of
stem diameters and heights f~=y(d, h, ...) was used for

such tree species as pine, spruce, oak, beech, and al-
der. Form factors for the rest of species were predict-
ed based just on stem diameters, i.e. f~y(d,...).

The parameters of mathematical models were
calculated based on the nonlinear least squares (NLS)
regression. In the modelling, several alternative
equations were considered for each species. The fi-
nal model was selected based on a combination of its
simplicity and accuracy. The adequacy of models was
evaluated using the Fisher’s F-statistics and determi-
nation coefficient R? [28]. If several models had a sta-
tistically insignificant difference in accuracy, the pref-
erence was given to equations with fewer parameters.
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Results and Discussion
The parameters of mathematical models (2-4)
of relative heights for young and middle-aged stands

of the main forest-forming tree species of Ukraine
were established in this study (Table 2).

Table 2. Parameters of mathematical models of relative heights depending on stem diameters

No. Tree species Parameters of equations (2-4)
a, a,

1. Pine 3.812 -3.692 -0.0982
2. Spruce -0.635 0.6781 0.3174
3. Fir 2.301 -51.76 23.79
4, Oak 5.252 -5.178 -0.0710
5. Beech 9.514 -9.418 -0.0364
6. Ash 2.021 -2.260 -0.2866
7. Hornbeam 0.288 0.5225 -0.0128
8. Aspen 1.426 -8.982 5.109
9. Birch 1.435 -9.549 5.930
10. Alder 1.587 -14.75 9.137

Figure 1 shows an example of relative height
curves for individual tree species. Among species, the
h-drelationships are distinguished only for spruce and
firgrowing in the mountain forests of the Carpathians.
For the rest of the main forest-forming tree species
in Ukraine, the shapes of relative height curves were

quite similar. The developed models of the tree h-dre-
lationships in tabular form had been published in the
new Forest inventory handbook (Table 2.1-2.10) [27].

Models of tree stem volumes outside bark
for young and middle-aged stands of the main for-
est-formingtree speciesof UkrainearegiveninTable 3.

1.4

1.3 pine
%o 1.2 spruce
E’ 1.1 oak
= 1.0 hornbeam
£ 09 .
E 0.8 fir

0.7 alder

0.6

8 12 16 20 24 28 32 d,cm

Figure 1. The relationships between tree heights and diameters in forest stands of different tree species

Table 3. Mathematical models of tree stem volumes outside bark

No. | Tree species Mathematical model of stem volume outside bark
1. | Pine V ,=(576.5+9059-h227-19.47-d°*1)-d*h-7.854-10°*
2. | Spruce Voo = (5210 + 4300+ h + 25— 10.39- 4°%'1) - d? - h-7.854- 10~
3. | Fir V,, = (588.4 —2.864-d + ;232563) -d? h-7.854-10"8
4. | Oak
5. | Beech
6. | Ash V ,=(435.2+685.2-d"0%%%)-d*-h-7.854-107°
7. | Hornbeam V., =(371.3+1947/(d+4.585)) - d*-h-7.854-10°®
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Table 3, Continued

No. | Tree species Mathematical model of stem volume outside bark
8. | Aspen V ,=(-104.7+700.9 - d0%81) - d*- h- 7.854-107%
9. | Birch V ,=(654.4-40.02 - d***®) - d*- h-7.854-107*
10. | Alder d<16 cm V, =(1677 - d"0%'- h=0-%8%. exp- (0.03624 - h)) - d*- h-7.854-10-%

d>16 cm V, =(398.1+314.3-d-04%%) - d2- h- 7.854- 107

Note: V, - tree stem volume outside bark, m?

The developed models of relative heights (2-4)
and the mathematical models of tree stem volumes
(Table 3) were used to construct volume tables by
height classes for young and middle-aged stands [27;
Table 2.42-2.51]. These tables are used for wood vol-
ume estimation extracted during thinning or salvage
logging in young and middle-aged forests in Ukraine.
In addition, the developed set of models significant-
ly simplifies methods of growing stock volume esti-
mation during sample-based forest inventory, since
there is no need to measure heights of all tally trees
on sample plots. Accordingly, the value of the vari-
able h in the stem volume models (Table 3) can be
estimated using equations (2-6).

As it was noted in earlier publications, the
height curves that characterize the relationship be-
tween the heights and diameters of stems in forest
stands of a certain tree species can be variable and

1.3
1.2
1.1
1.0
0.9
0.8
0.7

0.6
12 16 20 24 28 32 36 40
1.2

1.1
1.0
0.9
0.8
0.7

0.6
12 16 20 24 28 32 36 40 d,cm

Relative height

d,cm

Relative height

depend primarily on age. Accordingly, the shape of
the relative height curves obtained in this study was
compared with the corresponding curves obtained
for older stands [29]. To properly compare the shape
of the curves, relative heights for both groups of
stands were calculated using the common reference
height obtained for diameter class of 24 cm. The rel-
ative height curves in both young and middle-aged,
and premature, mature, and over-mature stands had
similar shape for spruce, fir, and beech which pre-
dominate in the forests of the Ukrainian Carpathi-
ans. The relative height curves among these two age
groups differ most for pine, oak, ash, birch, and as-
pen. Notably, significant differences in tree height
growth of different age groups were noted by many
other studies [7; 30]. As an example, Figure 2 shows
relative height curves for individual tree species in
stands of different ages.

1.2
1.1
1.0
0.9

Relative height

0.8

7
12 16 20 24 28 32 36 40 d,cm
1.2

1.1
1.0
0.9
0.8

0.7
12 16 20 24 28 32 36 40 d,cm

Relative height

young and middle-aged stands

premature, mature, and over-mature stands

Figure 2. Relationships between tree heights and diameters in forest stands of different age groups
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It is well known in forest mensuration that
tree stem volumes of the same size, i.e., diameter and
height, can vary due to differences in their shapes.
Accordingly, there are distinguished tree species in
the forests of Ukraine that have smaller stem taper,
thus larger volumes. Based on the developed mod-
els (Table 3), stems of fir, oak, and aspen in young
and middle-aged stands reach the largest volumes
for fixed values of diameter and height. Hornbeam
and birch are characterized by the smallest volume
of tree stems. Regarding the volume of stems of the
same size in stands of different age groups (young
and middle-aged versus premature, mature, and
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over-mature), systematically higher (5-7%) volumes
are observed in young and middle-aged stands for
coniferous tree species. In some cases, this differ-
ence can surpass even 10%. Similar trends were also
observed for some deciduous tree species of Ukrain-
ian forests, in particular, stem volumes in young and
middle-aged aspen and birch stands are 3-7% higher
than in premature, mature, and over-mature forests.
For other deciduous tree species, there is no system-
atic difference in tree stem volumes of the same size
in different age groups. As an example, Figure 3 com-
pares for selected tree species the volume of tree stems
of typical sizes in forest stands of two age groups.
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Figure 3. Comparison of stem volume in stands of different age groups

A comparison of the developed models of tree
stem volumes in forest stands of Ukraine with data
obtained in other European countries [29], showed
distinct differences for some tree species. Mathemat-
ical models of the volume of tree stems in the forests
of Germany, the Czech Republic, Poland, the Nether-
lands, Belgium, Great Britain, Finland, Norway, and
Sweden were used. Stem volumes in these countries
were modelled directly from the diameter and height
of the stems using nonlinear regression equations,
mainly with power or exponential functions. It was
found that deviations in stem volumes for coniferous

tree species generally do not exceed #5% and only
for the thinnest trees could reach 10% and higher.
Among the tested models, the Swedish volume model
for pine stems is characterized by the lowest differ-
ences (mainly up to £2%) compared to the developed
one in this study. The volume prediction for stems of
spruce trees using various equations is characterized
by nearly equal accuracy, with the exception of the
volume model developed by Finnish scientists. Thus,
the volume of spruce tree stems with heights of more
than 15 m and diameters up to 20 cm in Finland is sys-
tematically lower (10-15%) than in Ukraine, Poland,
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and Sweden. As an example, Figure 4 shows models
of tree stem volumes as a function of diameter using
two fixed values of height of 12 and 18 m for the pre-

dominant tree species in the forests of Ukraine. The
choice of these values is explained by average tree
heights in young and middle-aged forests of Ukraine.
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Figure 4. Comparison of the volume of tree stems as a function of diameter at a constant height

For deciduous tree species, volume curves are
characterized by higher variability compared to co-
nifers species (Fig. 4). Deviations in the stem volume
for trees with diameters less than 16 cm often exceed
10%, and in some cases can reach more than 20%.
However, the differences between developed in this
study and published volume models [1] are not sys-
tematic. The stem volumes in Finland, Sweden, Great
Britain, Belgium, and the Netherlands are systemat-
ically lower only for the thinnest trees (usually less
than 20 cm in diameter) in comparison to the pre-
sented ones in this paper.

A detailed analysis of the developed mathe-
matical models of tree stem volume and comparison
of them with similar models for different European

countries [1] indicates a high variability of volume
estimates. Based on the identified differences in
models for stands of different age groups (Fig. 2 and
Fig. 3), the development of a set of national-scale
mathematical models of stem volumes is reasona-
ble. In Ukraine, two age categories of forest stands
are proposed to consider for which systematic differ-
ences between stem volumes and h-d relationships
were identified: 1) young and middle-aged stands,
and 2) premature, mature, and over-mature stands.
Besides the practical aspect aimed at more ac-
curate assessment of forest resources, the developed
set of models has sufficient scientific importance. For
example, mathematical models of h-d relationships
in forest stands of different ages are widely used in
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forest ecology. This provides an understanding of
tree competition in a stand, which can be used to jus-
tify effective treatment scenarios to increase forest
productivity and sustainability. Stem volume models
along with growth models are important for a reliable
assessment of forest ecosystem functions (e.g., car-
bon sequestration) and forecasting forest vulnerabil-
ity in response to climate change. The practical sig-
nificance of the developed mathematical models is
explained by their utility in wood volume estimation
harvested in young and meddle-aged stands during
thinning or salvage logging.

Conclusions
Accurate estimation of tree stem volumes is es-
sential for addressing current and strategic forest
management challenges. In particular, the differ-
ences in the growth of forest stands of different age
categories should be explicitly explained by rele-
vant mathematical models. This paper presents the

modelling results of h-d relationships in young and
middle-aged forest stands as well as the correspond-
ing stem volume models. The study identified dif-
ferences (up to 10%) between the volumes of trees
of the same size in young and middle-aged forest
stands compared to the older stands. Considering
the differences in h-d relationships for individual
tree species, the developed mathematical models
allow refining the forecast of growing stock volume
in young and middle-aged forest stands of Ukraine.
Besides theoretical significance, the obtained results
have practical applications in evaluation (including
monetary valuation) of log-grade distribution of
harvested wood during thinning operations. The use
of mathematical models of h-d relationships could
also significantly reduce labour costs of fieldwork
operations during the national forest inventory of
Ukraine, while the developed stem volume mod-
els could be used for accurate estimation of sample
plot-level growing stock volumes.
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CriBBigHOIIIEHHSI MiJK BUCOTAMM i JiaMeTpaMu Ta piBHSIHHSI 00’ €My CTOBOYPiB ZiepeB
Y MOJIOTHSIKAX i cepeTHbOBIKOBHMX JIiICOBMX HAaCa)KeHHSIX YKpaiHM!

BikTtop BaneHTnHOBMY MUpOHIOK, BikTOop AgamoBuu CBMHUYK, AHApiit MuxaiiioBua
Binoyc, Cepriit MukonaiioBuu Kammop, Onekcanap MukosnarioBuu JlecHik

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

Anorania. CniBBigHomieHHST BucoT i giamerpiB gnepeB (h-d) y J/icoBuUX HacaIkeHHSIX 3a3Buyait
BUKOPUCTOBYETHCS B Pi3HMX HAYKOBUX i MPAKTUUHMX 3aJayax JiCOBOrO rocrogapcrsa. IIpy mpoMy TOUHI
Mogeti h-d y moegHaHHi 3 piBHSIHHSIMM 00’eMy CTOBOYPiB mepeB e(eKTUBHI B OIliHIIi 06’eMy 3amaciB. Mema
pobomu mongrae B 1) pospo6li cucTeMyu MaTeMaTMUHUX MOAeNel CHiBBiTHOIIEHHS BUCOT i AiameTpiB
y MOJIOJHSIKaX i cepelHbOBIKOBMX [lepeBOCTaHax MJjs HecsSTU JIiCOyTBOPIOBAJbHMUX BUAIB YKpaiHi;
2) MofientoBaHHi 06’€éMy CTOBOYDiB Y 3a3HaUeHUX KATErOPisX JIiCOBUX HACA[KeHb; 3) MOPiBHSIHHI BUSIBIEHUX
3aJIeKHOCTel i3 aHaJOTIiYHMMM JaHUMM [JISI TMPUCTUTAIOUMX, CTUTAMUX 1 IepecTiiiHUX IepeBOCTaHiB.
HocnigskeHHS I'PYHTYBAJIOCS Ha JAHUX MMOCTiMHMX i TMMYacOBMUX MPOOHMUX 1ol (61113bK0 600), 3aKIageHIX
y JicoBUX HacamkeHHSX mpoTsiroM 1950-2020-x pokiB y Hali6iabm JicucTux perioHax Ykpaiuu (ITomices,
Jlicoctem, KapmaTi). 3 MeTOI0 TOUHOI OIIiHKM 06’€éMy CTOBOYPiB y KOpi Ha MPOOGHMX IIomax 6ymo o6MipsiHO
6am3pko 10 Tuc. MomenbHUX mepeB. Mopeni crmiBBigHOImeHHsT h-d Oynu mimiopaHi 3 BMKOPUCTAHHSIM
BiIHOCHMX 3HAUEHb BUCOTU JIepeB Ta aOCOMIOTHUX 3HAUEHb JiaMeTpa, SIKi MPOAeMOHCTPYBAIN dyKe CXOXKe
CITIiBBiIHOIIIEHHS MiK BMCOTOIO Ta JiaMeTPOM JepeB AJIS OilbIIOCTi JepeBHUX BUIIB, 38 BUHSTKOM SIJTMHU
Ta snili B ripcbkux jicax Kaprmart, ne 6yau orpuMadi 6inbin KpyTi KpuBi BUCOT. BcTaHOBIEHO, 1O CTOBOYPU
6epesu Ta rpaba MalOTh HaiMEHIINIT 06’eM cepef, JOCTiIKYBaHUX IePEBHUX BUIiB. Pe3ynbTaT 4OCiIKeHb
TaKOX 3aCBigumiy, 1o CTOBOYPU AE€pPEB, SIK MPABUIIO, MAIOTh GibmInii 06'eM (Ho 7 % I/ XBOWHUX i 1O
10 % mnsa ocviky Ta 6epesn) y MOJOTHSIKAX i cepeIHbOBIKOBMX JIICOBMX HACAMKEHHSX, Hi)X Y lepeBOCTaHax
CTapuioro BiKy. [l iHIIMX AepeBHUX BUIIB aBTOPU HEe BUSIBWIM CTATUCTUYHO 3HAUYIIOI Pi3HUI MiX
o6’emaMu CTOBOYpiB mepeB pisHOro BiKy. Po3po6iieHi MaTeMaTMUHi Momeni MOXXYTb AOTOBHIOBATU
BiAMOBigHI Mozesni OJs CcTapliuX CPYI JIiCOBUX HacalKeHb, OCKUIbKM BOHU PO3KPUJIM BaXKJIMBUIL acIeKT
B3a€MO3B’SI3KiB MiXX K/IIOUOBMMM TaKCALiIHMMM ITOKAa3HMKaMM CTOBOYpIiB AepeB. BoHM TaKOK MOXYTb
3aCTOCOBYBATHUCS [IJISI TOYHIIIOI OI[iHKM 06’€My CTOBOYPiB [lepeB Imig yac pyooK JOMISAY B MOJTOMHSIKAX Ta
cepelHbOBIKOBMX HacaKeHHSIX YKpaiHy 3 MPaKTUIHOI TOYKU 30PY

KiiouoBi ciioBa: KpuBa BUCOT, 06’eMHi Tabnili, po3psiJ BUCOT, BUIOBE UMC/IO0, TPOTHO3YBAHHS

Vol. 13, No. 4, 2022 Ukrainian Journal of Forest and Wood Science 83



Received: 17/09/2022; Revised: 04/12/2022; Accepted: 18/12/2022

UKRAINIAN JOURNAL OF FOREST AND WOOD SCIENCE

Journal homepage: https://forestscience.com.ua/en
Ukrainian Journal of Forest and Wood Science, 13(4), 84-95

UDC 502:630%68:006.44
DOI: 10.31548/forest.13(4).2022.84-95

Integration of Environmental Values into the Management System
of Forestry Enterprises in Accordance with the Requirements
of Forest Certification

Oksana Pavlishchuk’, Pavlo Kravets, Andrii Churilov

Education and Research Institute of Forestry and Landscape-Park Management
National University of Life and Environmental Sciences of Ukraine
03041, 19 Horikhuvatskyi Shliakh Str., Kyiv, Ukraine

Abstract. The relevance of the study is conditioned by the importance of proper application of forest
certification as a tool for responsible forestry. The lack of integrated approaches and formalities in the
implementation of forest certification requirements is unacceptable from the standpoint of the interests
of society and the environment. The purpose of the study is to substantiate the theoretical and practical
foundations of integrating environmental values as one of the requirements for forest certification under
the Forest Stewardship Council, into the management system of forestry enterprises. General and special
methods (analysis, synthesis, generalisation, and comparison), and the regulatory framework for forest
certification and the quality management standard were used for the research. The paper describes the
concept of environmental values in the context of its components. It is proved that system, process-
based, adaptive, and risk-oriented approaches to management are the basis for integrating the concept
of environmental values into the management system of forestry enterprises. It is determined that the
development of processes that cover the requirements of forest certification for environmental values and
their documentary support are elements of the mechanism for integrating environmental values into the
management system. Such processes are related to: identification of environmental values; determination
of the purpose and criteria for making decisions on them; assessment of the impact of economic activities on
them; development and implementation of measures for their conservation, maintenance, and protection;
monitoring of the state and measures. Procedures, monitoring methods, training programmes, standard
accounting and reporting forms are components of documenting these processes. The study results will be
useful for improving the management system of forestry enterprises in accordance with the requirements
of forest certification in terms of planning, organisation, monitoring, and control. The implementation
of the tools and practical steps outlined for this purpose will contribute to the growth of efficiency of
enterprises and their competitiveness in markets, access to which is determined by the requirements for the
sustainability of the origin of forest products
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Introduction

Ensuring responsible forest management in the face
of modern challenges as one of the tasks in the con-
text of the Global Sustainable Development Goals re-
quires effective tools [1]. Forest certification is a mar-
ket-based tool aimed at ensuring environmentally
balanced, cost-effective, and socially oriented forest
management. Protection, maintenance, conserva-
tion of environmental values, avoiding the negative
impact of economic activity on them is one of the
components of the FSC (Forest Stewardship Coun-
cil) principles, criteria, and indicators on which the
FSC national standards are based [2; 3]. In Ukraine,
this is the FSC National Forest Stewardship Standard
of Ukraine (hereinafter — FSC national standard for
Ukraine) [4]. As of October 2022, 95 Ukrainian for-
estry enterprises holding FSC certificates are imple-
menting it in practice [5].

Formality in the practical implementation of
the requirements of the FSC national standard, con-
juncture of management and production decisions,
in contrast to the systematic implementation of re-
quirements, orientation to safety and risk-oriented
approaches, are unacceptable from the standpoint of
achieving the goals of responsible forestry. In terms of
environmental values, the formality of management
approaches can have both short-and long-term con-
sequences that will lead to losses in environmental
quality, deterioration of biodiversity, and a decrease
in the potential of ecosystem services. That is why
proper integration of forest certification standards,
in particular, the FSC national standard for Ukraine,
into the management system of forestry enterprises,
systematic implementation of its requirements, focus
on preventing any negative potential consequences —
all this is evidence of maintaining the values of forest
certification and environmental and social responsi-
bility of forest owners and forest users.

The purpose of the study was to substantiate the
theoretical and practical foundations of integrating
the requirements of FSC certification in terms of en-
vironmental values into the management system of
forestry enterprises.

The objectives of the study were:

- to define the concept of environmental values in
FSC certification requirements;

- to systematise management approaches at for-
estry enterprises as a basis for responsible forestry
management;

- to substantiate the mechanism for integrating
environmental values as requirements of the FSC
certification standard into the management system

of forestry enterprises based on the development of
appropriate management and production processes
and procedural documentation.

The originality of the study consists in improv-
ing approaches to the management of forestry enter-
prises based on a well-founded mechanism for inte-
grating forest certification requirements in terms of
environmental values into the management system.
Such a mechanism defines the requirements of forest
certification not as additional to conventional forest-
ry practices, but as the basis of management at the
enterprise in accordance with the system, process,
adaptive and risk-based approaches on which the
FSC principles, criteria, and indicators of the forest
management system are based.

Literature Review

A number of studies are devoted to the practical im-
plementation of forest certification standards. They
primarily reflect certain aspects of the impact of for-
est certification on the environment and society. For
example, the authors of [6] evaluated the contribu-
tion of forest certification under the FSC scheme to
biodiversity conservation using the example of such
countries as Finland, Sweden, Estonia, and Latvia.
Researchers argue the positive impact of FSC re-
quirements on biodiversity conservation and their
greater directivity in comparison with the national
legislation of countries [6].

Using the example of forests of individu-
al countries of South-Eastern Europe (Bosnia and
Herzegovina, Croatia, Serbia, Slovenia), the authors
of [7] investigated the impact of forest certification
under the FSC scheme on ensuring sustainable man-
agement of state forests. Based on an analysis of
the inconsistencies noted in publicly available cer-
tification assessment reports and a survey of those
responsible for forest certification in forestry enter-
prises, the researchers concluded that forest certifi-
cation has a positive impact on forest management
practices and sustainable forest management, espe-
cially in terms of environmental and social aspects.

An assessment of the economic consequences
of forest certification under the PEFC (Programme
for the Endorsement of Forest Certification) scheme
on the example of Spain is carried out in [8]. Al-
though the researchers have not confirmed the im-
pact of forest certification on improving financial
performance, it is noteworthy to quantify the im-
pact of forest certification on the profitability and
turnover of companies.
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The participation of communities in the man-
agement of FSC-certified and non-certified forest
plantations on the example of Mozambique is con-
sidered in [9]. In general, the results show the im-
portance of forest certification as a market tool for
ensuring responsible forestry management.

P.G. Lemes, J.C. Zanuncio, L.A.G. Jacovine,
C.F. Wilcken, S.A. Lawson assessed the impact of a
number of certification schemes, including FSC, on
the practice of integrated pest protection using the
example of Australia [10]. In particular, they focused
on the requirements for chemical pesticides prohibit-
ed by FSC. The researchers noted the positive impact
of FSC certification on the integrated plant protection
system against pests and emphasised the costs thatac-
company compliance with certification requirements.

The authors of [11] concluded that forest certi-
fication under the FSC scheme has a positive impact
on fauna biodiversity based on a study conducted in
Peru. The researchers made a conclusion based on a
comparison of such effects in reference FSC-certified
sites and those that did not have this status.

The impact of FSC certification on the Italian
forest industry was investigated in [12]. The research-
ers considered such a tool in the context of respon-
sible forest management and traceability of product
origin. For a number of reasons for the introduction
of FSC certification by Italian forest industry enter-
prises, the researchers noted the possibilities of ex-
panding business relations between enterprises with
an increase in product sales volumes in the future.
This allows partially compensating for the operating
costs of enterprises necessary to ensure compliance
with FSC requirements.

A number of studies were devoted to FSC cer-
tification of ecosystem services [13-15]. In particular,
the study [14] explored the capabilities of key stake-
holders of the FSC certification system in terms of
their ability to integrate forest ecosystem services:
the capabilities of auditors for conformity assess-
ment, national partners of FSC - for training activ-
ities, holders of FSC certificates — in terms of their
experience in managing forest ecosystem services.

The paper [13] presents the results of a study
of the demand for FSC certification of forest ecosys-
tem services, considering the benefits and costs of
certification of such services. The authors identified a
number of factors that are important for stimulating
the development of certification of ecosystem servic-
es (for example, price premium, expanding access to
the global market, etc.), and outlined the challenges
that are associated with this.

It is also worth noting the line of research
that concerns the assessment of compliance with
the requirements of forest certification standards.
This area is important for continuous improvement
of farming practices, considering the results of the
assessment [16-18]. In particular, the authors of [16]
determined factors affecting the characteristics of
non-compliancewithFSCrequirementsidentifieddur-
ing the certification audit process. Such a study is im-
portant in terms of improving the effectiveness of FSC
certification procedures and improving their quality.

The study [17] analyses non-compliance with
FSC requirements identified by certification bodies in
the audit process at the level of forestry management
units in Indonesia. The researchers focus on finding
the characteristics of forestry management units
that affected the classes of corrective action requests
and the time required to close them.

The study described in [18] concerns the field of
activity of auditors who assess FSC compliance with
the Brazilian standard. The researchers, among oth-
er things, draw attention to the significant number
of minor non-conformances with the FSC standard
for Brazil found in certified enterprises, especially in
terms of social, legal, and environmental indicators.
The conclusions of the study [18] relate to the areas
of improving the quality of certification in terms of
the process of assessment by certification bodies of
compliance with the requirements of FSC standards,
considering their regulatory framework.

Despite the best practices on forest certifica-
tion, system approaches to the implementation of its
standards based on the establishment of appropri-
ate management and production processes and their
proper support (documentary, organisational, etc.)
require attention.

Materials and Methods
The study was based on general and special meth-
ods. In particular, methods of analysis, synthesis,
generalisation, and comparison were applied to
perform tasks in terms of defining the concept of
environmental values in the requirements of FSC
certification. The system analysis is used to outline
approaches to management at forestry enterprises in
accordance with the principles of responsible forest-
ry. Based on the process approach, the management
and production processes necessary for integrating
environmental values into the management system
of forestry enterprises are substantiated.
Obtaining scientific results required the fol-
lowing sequence of actions:
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- generalisation and systematisation of require-
ments for environmental values as a component of
the FSC national standard for Ukraine [4], which are
reflected both in Principle 6 and in other principles
of the standard in the context of avoiding negative
impact on them, preventing and minimising risks;

- analysis of basic management approaches re-
quired for FSC-certified forestry enterprises (system,
process, adaptive, risk-based) as a theoretical basis
for making decisions on integrating environmental
values into the management system;

- substantiation of the components of the mech-
anism for integrating environmental values into the
management system of forestry enterprises at the
managerial and production levels;

— identification of processes and their documen-
tation on the example of environmental values as an
element of integrating requirements into the man-
agement system of forestry enterprises.

The study was based on the requirements of
the FSC National Forest Stewardship Standard of
Ukraine [4]. The theoretical basis of the international
standard ISO 9001:2015 “Quality Management Sys-
tems” is also used in terms of its process approach,
the PDCA cycle (“Plan-Do-Check-Act”) [19], and
risk-based thinking, which is important for ensuring
a results-based system.

Results

To substantiate the principles of integrating envi-
ronmental values into the management system of
forestry enterprises, first of all, it is necessary to out-
line the essence and content of the concept of such
values. In particular, in the FSC national standard for
Ukraine, environmental values are understood as el-
ements of the biophysical and human environment,
which include: ecosystem functions; biological diver-
sity; water resources; soils; atmosphere; landscape
values (in particular, cultural and spiritual values).
The concept of environmental values implemented
in this standard is aimed at protecting, maintaining,
and conserving all components of such values.

According to the FSC national standard for Ukrai-
ne, the concept of environmental values consists in [4]:

- identifying and assessing environmental values;

— determining and evaluating the impact of eco-
nomic activity on environmental values;

- preventing negative impacts of economic activ-
ity on environmental values, mitigating and correct-
ing the impacts that have occurred.

The concept is implemented at the following
stages: management planning; practical implemen-

tation of the plan in terms of reforestation, use of
forests, their conservation and protection; moni-
toring. The concept covers the processes of analysis,
evaluation, adjustment and adaptation of farming
in accordance with the results obtained (the conse-
quences of implemented decisions) and considering
changing conditions (Fig. 1). The concept of environ-
mental values is based on a risk-based approach and
the precautionary principle in decision-making.

Achieving the goals for elements of environ-
mental values requires appropriate economic meas-
ures both in forests that have operational (commer-
cial) significance, and in relation to specific objects
that have a protected status and are part of the con-
servation areas network of forestry enterprises. In
the context of the concept of environmental values,
such measures will contribute to the maintenance
and conservation of values:

- ensuring sustainable forest use (both in terms of
wood and non-wood forest resources);

- timely restoration of vegetation cover after har-
vestingandtheuseofecologicallywell-adaptedspecies
to the conditions of the site, including native species;

- application of forestry practices that meet for-
est conditions and management goals (for example,
leaving dead and decaying biomass in areas after
harvesting and conserving forest structure).

The conservation areas network includes those
areas for which conservation is the primary or sole
purpose. Such a network is established from repre-
sentative sample areas, conservation zones, protec-
tion areas, connectivity areas, and high conservation
value areas. In addition to the territories that make
up such a network, the FSC national standard for
Ukraine defines approaches to their identification by
enterprise, protection, conservation, management,
and monitoring. At the same time, the standard pro-
vides for the active conservation and maintenance of
the territories that make up the conservation areas
network based on preventive measures within the
framework of economic activities. If necessary, pas-
sive conservation is also applied (in particular, the
prohibition of economic activity), if this is required
either by the protected status of the territory or ob-
ject defined by law, or by the selected regime for the
components of the network in accordance with a cer-
tain purpose in relation to them.

Interaction with stakeholders (informing and
engaging in decision-making) is an integral part of
the concept of environmental values. For example,
stakeholder consultations are seen as a source of the
best available information to identify environmental
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values (e.g. rare and threatened species and their hab-
itats; native ecosystems; high conservation values).
Stakeholder engagement is provided for the process
of developing strategies and measures to maintain
and/or enhance high conservation values and moni-
tor them [20-22]. At the same time, holders of FSC cer-
tificates in accordance with the requirements of the
FSC national standard for Ukraine have obligations

to interact with interested parties within the limits
within which the activities of enterprises affect the
rights of these parties. Thus, interested parties can
express their interests in relation to the activities of
an FSC-certified enterprise and demand compliance
with their legal rights. However, they may not require
the right to grant, modify, or suspend or revoke a
business permit by a certified enterprise [22].

CONCEPT OF ENVIRONMENTAL VALUES
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Figure 1. The concept of environmental values in the FSC National Forest Stewardship Standard of Ukraine

Source: developed by O.P. Pavlishchuk based on [4]

Thus, the above review of the concept of envi-
ronmental values shows that its proper practical im-
plementation requires both appropriate production
practices and management approaches in forestry
enterprises (Figure 2).

In terms of production activities, all its stages
should be guided by the requirements of the FSC na-
tional standard for Ukraine, namely, in the process of
reforestation, care of forest stands, harvesting, and

protection of forests from pests and diseases. The
requirements that need to be guided in production
activities, among other things, relate to preventing
negative impacts on environmental values, ensuring
their conservation and protection. This is especially
relevant for rare and threatened species and their hab-
itats; representative sample areas; native species and
genotypes (as opposed to alien species that may have
invasive impacts); and natural watercourses and other
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water bodies. The standard attaches importance to the
issues of minimising and/or avoiding the use of fer-
tilisers, pesticides, and biological control agents. The
development of infrastructure and the transportation

process should also consider the need to protect and
conserve environmental values. Thus, the practice of
forestry should be consistent with the goals of for-
est management, be responsible and close to nature.

Integrating environmental values into the management system

Documentation of processes

+—

c

g system Environment

g Process development
g assessment

2}

g rocess

g p Environmental values

= as a component

%] .

g adaptive of the management system

g

] Continuous Risk and threat
= risk-oriented monitoring analysis

<

(procedures, methods, standard forms)

Responsible, close-to-nature forest
management practices

Additional special measures for the
conservation, protection, and maintenance of
environmental values

Environmental values
as a component
of management practices

Figure 2. Components of the mechanism for integrating environmental values into the management system

Source: developed by O.P. Pavlishchuk based on [4]

As for the management component, first of all,
the proper implementation in practice of the prin-
ciples, criteria, and indicators of the FSC national
standard for Ukraine requires enterprises to have an
appropriate management system based on system,
process, adaptive, and risk-oriented approaches. The
use of the precautinary principle in decision-making
is a tool to avoid negative impacts on environmental
values during economic activity.

Regarding the theoretical foundations of inte-
grating environmental values into the management
system, it is worth noting first of all the importance
of a system approach in the management of forest-
ry enterprises. According to this approach, forestry
enterprises are considered in the unity of their com-
ponents — factors of the internal environment (goals
and objectives, structure, technologies, resources)
and in relation to the external environment. Interde-
pendence of elements of the enterprise environment
(external and internal), understanding the contribu-
tion of each of them to the characteristic of the whole
and orientation on achieving goals under changing

conditions is the basis of a system approach. Trans-
formation of resources obtained from the external
environment on the basis of appropriate internal
processes is carried out in order to obtain economic,
social and other results of activity.

These theoretical foundations confirm the im-
portance of constant analysis of factors of the external
and internal environment of enterprises in their inter-
relation, assessment of the impact of changes, determi-
nation of potential consequences of strategic, tactical,
and operational decisions to preserve the integrity of
the system and ensure its efficiency and effectiveness.

Integration of environmental values into the
management system requires the use of a process
approach in enterprises, which consists in present-
ing them as an integral system through the prism of
interrelated processes. To achieve the planned result,
it is necessary to define and implement appropriate
processes at the management and production levels
and consider their interaction and resource support.

The process approach is the basis of the inter-
national standard ISO 9001 “Quality Management
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Systems” [19]. PDCA cycle (Plan—Do—Check-Act) — ac-
cording to this standard, is a tool for managing pro-
cesses and the system in general. The implementation
of the process approach requires defining the goals of
the system, developing processes, determining the
necessary resources for obtaining results, identifying,
analysing, and assessing risks. A component of the
process approach is monitoring, analysing and evalu-
ating processes and performance from the standpoint
of the company’s policy and plans. Adjusting plans,
identifying opportunities and ways to improve the fu-
ture, considering the business environment of enter-
prises, is also a component of the process approach in
management. At the same time, the quality result de-
pends on the quality of each process: from collecting
initial information to implementing the plan and eval-
uating its implementation with further adjustments.

A risk-based approach is essential to prevent
undesirable consequences. It is necessary to better
understand the business environment and identify
factors that may have negative impacts on process-
es and the management system in general. This ap-
proach increases the effectiveness of the system by
avoiding potential negative impacts on it.

Integration of a risk-based approach into the
management system is carried out at the stage of
planning and implementing processes to reduce the
negative impact of uncertainty, increase the capa-
bilities of enterprises, and increase the efficiency of
their activities in a dynamic environment.

An adaptive management approach is im-
portant for the proper response to the dynamism of
environmental conditions. A component of this ap-
proach is the analysis and assessment of the compa-
ny’s business environment, its strengths and weak-
nesses, threats and risks. According to the adaptive
approach, the company’s activities, results, and pro-
cesses should be constantly monitored. Based on
the analysis and assessment of the environment and
monitoring, decisions are made on the appropriate
modification of the management system, adjustment
of decisions to achieve the goals set.

The stages of adaptive management are: plan-
ning, implementation of activities, monitoring, eval-
uation and, if necessary, appropriate adjustment of
management plans and practices. The key to adaptive
management is the openness and transparency of the
decision-making process through the participation
of stakeholders at all stages.

Adaptive management is especially important
in the context of climate change, which requires ap-
propriate adaptation both in terms of management

and forest use practices. For example, these ques-
tions are the subject of study by many researchers, in
particular, J. Horl, K. Keller, R. Yousefpour (exploring
adaptive forest management strategies in the con-
text of climate change) [23], ]. Thomas, M. Brunette,
A. Leblois (focusing on the decision-making process
of private forest owners regarding the adaptation of
forestry to climate change) [24].

Thus, the success of the implementation of
FSC principles, criteria and indicators of responsible
forestry in general, depends on the orientation of the
company’s management to the approaches described
above, aimed at establishing a sustainable and viable
system. Successful integration of environmental val-
ues as a requirement of the FSC national standard for
Ukraine into the management system will require its
appropriate modification in terms of processes, pro-
cedures, responsibility, and documentation.

Thus, the components of the mechanism for
integrating environmental values (the element of the
FSC national standard for Ukraine) into the manage-
ment system are:

- establishment of management of forestry enter-
prises based on system, process, adaptive, and risk-
based approaches, which are the basis for making ef-
fective and efficient decisions aimed at the long-term
development of enterprises;

- development of processes covering applicable
requirements for environmental values at the man-
agement and production levels;

- documentation support, in particular, the de-
velopment and implementation of procedures and
methods that determine the sequence of actions, re-
sponsibility, and other components necessary for the
protection, conservation, and maintenance of envi-
ronmental values to be systematically implemented
in the practice of the enterprise.

As for the first component of the mechanism,
it is important to realise that the long-term develop-
ment of forestry enterprises requires their orienta-
tion to ensure environmentally balanced, cost-effec-
tive, and socially useful forestry, considering a wide
range of forest values and their importance in coun-
tering global environmental threats. This requires a
transformation of conventional approaches and an
informal approach to forest management in compli-
ance with applicable legislation, where specific prac-
tical solutions consider economic, environmental,
and social components.

According to the second component of the
above-mentioned mechanism, the implementation
of the concept of environmental values requires the
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introduction of appropriate processes at the man-
agement and production levels of forestry enterpris-
es, which cover, in particular:

1. Identification of elements of environmental
values.

2. Definition of a goal for elements of environ-
mental values, considering the requirements of the
standard for their conservation, protection, mainte-
nance, and/or enhancement.

3. Determination of decision-making criteria for
elements of environmental values that correspond to
the set goal.

4. Assessment of elements of environmental val-
ues (for example, for their vulnerability, sensitivity to
various types of impacts, rarity, etc.).

5. Assessment of the impact of economic activities
on environmental values, identification of threats
and risks to them from anthropogenic, abiotic, and
biotic factors.

6. Development of strategic, tactical, and opera-
tional measures to achieve certain goals regarding
the elements of environmental values with their re-
flection in the company’s plans (implementation of
measures in the planned activities of the enterprise).

7. Implementation of measures to achieve the
goals of elements of environmental values at the
strategic, tactical and operational levels at vari-
ous stages of forestry activities (implementation of
measures in forest management practices).

8. Monitoring the state of elements of environ-
mental values, implementation of strategic, tactical,
and operational measures and their effectiveness in
achieving certain goals.

9. Reviewing, adapting, and adjusting strategic,
tactical, and operational measures to conserve, pro-
tect, maintain, and/or enhance elements of environ-
mental values in accordance with the monitoring
results and considering changing conditions (both at
the planning and business operations stages).

10. Informing and engaging stakeholders in ac-
tivities related to identifying, evaluating, developing
measures and monitoring environmental values (the
process of interaction with stakeholders).

An integral part of the processes of develop-
ing and implementing measures at different levels
regarding environmental values is to prevent neg-
ative impacts of economic activities on them, or to
mitigate or correct those impacts that have already
occurred. In addition, one of these measures should
be to prevent illegal or unauthorised activities (for
example, collecting rare and threatened species,
poaching, etc.).

All the above-mentioned processes actually
complement those that are more general in nature
and are related to appropriate practices for the use of
forests, their regeneration, protection, conservation.
Notably, processes regarding environmental values
relate to both forest and non-forest ecosystems (for
example, the requirements for identifying native eco-
systems, their representative areas and implementing
appropriate measures for them are set out in Princi-
ple 6 of the FSC national standard for Ukraine [4]).

As for documenting the integration of envi-
ronmental values into the management system, the
current practice of forestry enterprises contains only
some of its components. In particular, such compo-
nents include: forest management plan and other
forest management materials; files of forest men-
suration; provisions and protection obligations for
nature reserve fund objects of Ukraine (those locat-
ed on the territory of a forestry enterprise); nature
chronicles for nature conservation agencies, whose
land border on the territory and / or located within
the management unit without removal from the per-
manent user (this applies to national nature parks,
biospheric, nature reserves, etc.). Moreover, docu-
mentary support covers materials of environmental
impact assessment, which is carried out by forestry
enterprises in accordance with the law of Ukraine “On
Environmental Impact Assessment” [25]. However,
this and other industry documentation of forestry
enterprises do not provide proper documentary sup-
port for the integration of environmental values into
the management system in accordance with the re-
quirements of the FSC national standard for Ukraine.
Thus, additional documentation is required, namely:

- the procedure for assessing environmental val-
ues (among other things, it should define the goals
and objectives in this area, regulate the responsibil-
ity of employees, outline the methodology for iden-
tifying and evaluating environmental values with the
necessary level of detail sufficient for further moni-
toring of the impact of activities);

- the procedure for assessing the impact on en-
vironmental values (among the general components,
such as the goal, objectives, should contain the pro-
cedure for employees to assess the impact on values
with the regulation of responsibility of each of them;
appropriate lists of typical economic measures that
may have a potential impact on environmental val-
ues, a description of typical impacts, and measures
aimed at preventing and mitigating them);

- the standard forms necessary to reflect: the list
of values, their characteristics, compiled based on
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desk and field study; the results of assessing the po-
tential impact of economic activity on environmen-
tal values at a reasonable level (forest plot, compart-
ment, etc.) indicating the degree of such impact, and
a description of the necessary measures to avoid or
mitigate it; the results of monitoring the state of en-
vironmental values, the effectiveness of implement-
ed measures for them in accordance with the goals
set; the results of interaction with stakeholders on
issues related to environmental values.

Documenting the integration of environmen-
tal values into the management system also requires
appropriate training programmes that promote the
proper professional competence of employees. The
procedure for the engagement of stakeholders in
planning and monitoring the management activities
of a forestry enterprise is important.

Proper integration of environmental values
into the management system of forestry enterprises
is a testament to their responsibility to society and
the environment, and a guarantee of increasing their
contribution to mitigating global threats. At the same
time, the FSC national standard provides opportuni-
ties for forestry workers to reach their potential in
terms of making decisions about environmental val-
ues, without imposing specific options for action, de-
fining only the framework of permitted and necessary
activities. The systematic practice of implementing
requirements for environmental values makes them
an integral part of responsible management and ev-
idence of commitment to forest certification values.

Discussion

The study results should be considered in the con-
text of existing developments of researchers in the
field of forest certification. Most scientific research in
this area concerns the impact of forest certification
on certain elements of the forest management sys-
tem of enterprises that hold certificates, and related
to the general impact of forest certification on the
environment and society. In particular, the practical
implementation of FSC certification requirements is
considered in the context of economic, environmen-
tal, and social aspects of forest management: biodi-
versity conservation [6; 11], ecosystem services [13-
15], integrated plant protection against pests [10],
ensuring traceability of the forest product supply
chain [12], relationships with stakeholders as partici-
pants in the forest certification system [21; 22].

The positive impact of forest certification on
the competitiveness of forest industry enterprises,
which is demonstrated on the example of Italy [12],

generally allows asserting the possibility of improv-
ing the image of certified enterprises as environmen-
tally and socially responsible organisations, includ-
ing the possibility of expanding their sales markets
for forest products, for which the independent party
has confirmed the constancy of origin. This is an eco-
nomic advantage of forest certification. Positive are
the opportunities for forest certification based on the
relevant requirements of FSC principles, criteria and
indicators [2; 3] to influence the increase of public
awareness about forests and forestry management,
strengthening the engagement of stakeholders in the
planning and monitoring processes at forestry enter-
prises, as discussed in [21; 22]. This is considered by
the researchers as a social component of the practical
implementation of forest certification requirements
for conflict prevention in relation to forests and for-
estry management.

Considering the requirements of the FSC prin-
ciples, criteria, and indicators [2; 3], it is possible to
generalise the environmental benefits of their im-
plementation by enterprises, which include: mainte-
nance and conservation of biodiversity, forest ecosys-
tem services and other elements of the environment,
ensuring the sustainability of forest use, avoiding or
minimising the negative impact on the environmen-
tal values of economic activity. The social benefits of
forest certification, in addition to those mentioned
earlier, also include ensuring compliance with the
legal rights of workers, occupational health and safe-
ty in forestry, and avoiding gender inequality and
discrimination on various grounds. Strengthening
engagement with stakeholders, particularly local
communities, is an element of socially beneficial
management as a goal of forest certification.

Attention in scientific research to the proce-
dures for assessing compliance with the requirements
of forest certification standards, as done in [16-18], is
conditioned by the importance of this component in
the context of ensuring the integrity, openness, and
transparency of the certification system. The context
of these publications emphasises that the assess-
ment of compliance with FSC requirements in the
framework of certification audits, in addition to the
control function, plays an important role in identify-
ing weaknesses in the forest management system and
contributes to the development of specific areas and
actions for improving responsible forestry practices.

Thus, all these areas of scientific research are
important both in general for improving the forest
certification system at the level of its various partic-
ipants (certificate holders, stakeholders, certification
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bodies, national partners of FSC in countries), and for
the proper practical implementation of the require-
ments of FSC principles, criteria, and indicators [2; 3].
However, most studies consider forest certification as
a market tool for responsible forestry in the context
of its external influences on the environmental, eco-
nomic, and social components of the forestry man-
agement system. At the same time, existing studies
focus to a lesser extent on the role of forest certifica-
tion as a tool for improving the management system
of forestry enterprises in terms of processes, proce-
dures, and methods. They should be considered as
components of the internal environment of forestry
enterprises, which strengthen it and contribute to the
production of positive internal and external effects.

This paper, as well as the studies by the
above-mentioned researchers, concerns the possibil-
ities of the positive impact of forest certification un-
der the FSC scheme on the conservation, protection,
and maintenance of environmental values. Howev-
er, in this study, unlike others, forest certification is
considered as the basis of management of forestry
enterprises, considering system, process, adaptive,
risk-oriented approaches and other elements of the
mechanism for integrating its requirements into the
decision-making system. The precautionary princi-
ple in FSC principles, criteria, and indicators [2; 3]
determines the appropriate process of making mana-
gerial and production decisions, taking into account
the possible impacts of economic activity, and es-
timated potential risks for achieving goals. Appro-
priately developed, implemented, and documented
processes for planning and organising the activities
of forestry enterprises, monitoring, evaluation, and
adaptation would contribute to the growth of the
contribution of FSC certified forestry enterprises to
ensure environmentally appropriate, economically
viable and socially beneficial forest management for
present and future generations.

Conclusions
The presented substantiation of the principles of
integrating environmental values into the manage-
ment system of forestry enterprises in accordance
with the requirements of forest certification allows
drawing the following conclusions:

— the concept of environmental values is an in-
tegral part of the FSC principles, criteria, indicators,
and the FSC national standard for Ukraine developed
on their basis; reflecting the environmental com-
ponent of responsible forestry, this concept defines
the necessary areas of activity for the conservation,

protection, and maintenance of various elements of
environmental values both within the framework of
general forest management practices and within the
framework of those special additional measures nec-
essary to achieve their goals;

- the implementation of the concept of environ-
mental valuesinthe context ofits componentstoiden-
tify such values, assess them, determine the potential
impact of economic activity on them and, accordingly,
the development and implementation of measures to
prevent such impacts or mitigate them, conserve and
maintain values, requires appropriate approaches to
both the management system and practical activities;

— the mechanism for integrating environmental
values into the management system is based on such
basic approaches to management as system, process,
adaptive, risk-oriented, which create the basis for
making and implementing effective and effective de-
cisions in management;

— the possibilities of modifying the management
system and forest use practices in terms of inte-
grating environmental values are determined by:
systematic analysis of the external and internal en-
vironments of the enterprise in the relationship of
their factors; flexibility of management and produc-
tion processes developed in accordance with the set
goals; systematic assessment of potential risks and
threats to the implementation of these processes;
constant monitoring of the company’s activities;

—the development of processes in accordance with
the applicable requirements of forest certification for
environmental values at the management and pro-
duction levels, and their documentary support in the
form of procedures, methods, standard forms of ac-
counting and reporting are integral components of
the successful integration of requirements for envi-
ronmental values into the management system and
practice of the enterprise;

— the processes regarding environmental values,
considering the applicable requirements in the FSC
national standard for Ukraine, should reflect the
identification of environmental values, assessment
of the impact on them, development of measures in
accordance with the goals set for their conservation,
maintenance, protection, monitoring their condition
and measures, and adjustment if necessary;

— proper interaction with stakeholders as one of
the processes related to environmental values will
contribute to the balance of environmental, econom-
ic, and social interests, avoiding social tension and
possible conflict situations around issues related to
environmental values.
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The research prospects are further related to the  of applicable country legislation. It is also necessary to

assessment of the requirements of the concept of envi-  substantiate the principles of better integration of the
ronmental values in accordance with the principles, cri-  conceptofenvironmental valuesinto forestry practicesat
teria, and indicators of forest certification in the context  thelevel of specific measures for elements of such values.
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IHTerpyBaHHA HiHHOCTEN JOBKI/IISI B CCTEMY MEHEKMEHTY MiIIPUEMCTB
JIiCOBOIO roCIioZIapCTBa 3riIHO 3 BUMOraMM JIicoBoi ceprudikairii

OxkcaHa IlerpiBHa IlaBrimyk, ITaBno BacunbsoBuu KpaBenb, AHApilt Muxaitnosuu Uypinos

HaBuasbHO-HaYyKOBMIT iHCTUTYT JIiICOBOTO i CaI0BO-NIapKOBOT'0 rOCHOAapCTBa
HarmionanpHMi1 yHiBepcuTeT 6iopecypciB i mpMpomoKopucTyBaHHS YKpaiHu
03041, Byn. l'opixyBaTcbkuit nuisix, 19, m. Kuis, Ykpaina

AHoTanis. AKTyaIbHICTb JOCTiIKeHHS 3yMOBJIEHA BasK/IMBICTIO HAJIEXKHOTO 3aCTOCYBAHHS JIicOBOi cepTudikartii
SIK IHCTPYMEHTY BifIIOBiJaabHOIO JIiCOTOCIONAPIOBaHHS. BilCyTHICTb IHTETPOBAaHMX B CUCTEMY MEHEI)KMEHTY
MigITIPUEMCTB MiIX0AiB Ta GopManbHOCTI y peanisallii BUMOT JIicoBOi cepTudikaliii € HempUtHATHUMM 3 TIOTTISIAY
iHTepeciB cycHiNbCTBA Ta JOBKI/LISL. METOO TOUTIIKEHHS € OOIPYHTYBAHHS TEOPETUUHMX Ta MPAKTUYHMUX 3aCaf,
iHTerpyBaHHSI I[iHHOCTEN MOBKiJLIS, SIK OfHiei 3 BMMOT JIicoBoi ceptudikariii 3a cxemoro JIicoBOi OIMTiKyHCbKO1
pagu (Forest Stewardship Council), B cucTreMy MeHeIKMEHTY ITiZIIPUMEMCTB JIiCOBOTO rocromapcraa. st
IOCTiIKeHHST BUKOPUCTAHI 3aTajibHi Ta crelliaJbHi MeTOAM (aHasi3y, CMHTe3Y, y3araJibHeHHs Ta MOPiBHSIHHS), a
TaKOXK HOPMaTMBHY 6a3y J1icoBoi cepTudikaliii Ta cTaHgapTy MeHeIKMEHTY SIKOCTi. B cTaTTi oxapakTepu30BaHO
KOHIIEIIIiI0 LIIHHOCTE OBKI/UIS y po3pisi ii ckiagoByx. O6rpyHTOBAHO, IO CUCTEMHMIA, TPOLIECHMIA, AT TUBHMIT
Ta PU3MK OPi€EHTOBaHUI MiAXOAM A0 MEHEIKMEHTY € OCHOBOIO iHTerpyBaHHS KOHLeNLil L[iHHOCTel JOBKI/LIs
B CUCTEMY MEHEIKMEHTY ITiJIIPMEMCTB JIiCOBOrO TOCIOAApCTBA. BM3HaueHO, Mo (GOpMYyBaHHS MPOLIECIB, SIKi
OXOIUTIOIOTh BUMOTH JIicOBOi cepTudikallii om0 iHHOCTe! JOBKI/IISA Ta iX JOKYMeHTaJabHe 3a6e3IeueHHs], €
ejleMeHTaMM MeXaHi3My iHTeTpyBaHHS I[iHHOCTel TOBKiJUIS B CUCTeMy MeHel;kMeHTY. Taki mpoliecu MoB’s3aHi
3: imenTudikailiero 1iHHOCTe! AOBKU/UIS; BU3HAUEHHSIM METU Ta KPUTEpPiiB MPUIHSTTS pillleHb O[O0 HUX;
OIiHIOBAHHSIM BIUIMBY Ha HMX T'OCIIONAPCHKOI OisSTTbHOCTI; pO3pO6IEHHSIM Ta BIPOBAIKEHHIM 3aXO[iB IS ixX
30epeskeHHs], MiATPMMaHHS, OXOPOHM; MOHITOPMHIOM CTaHy Ta 3axofiB. [Ipouiemypu, MeTOIMKA MOHITOPUHTY,
HaBYa/IbHi Mporpamu, TMIIOBi (opMu 06s1iKy Ta 3BiTHOCTiI € CK/IaJOBUMMM AOKYMEHTAJIbHOIO 3ab6e3IeueHHs
3a3HAUYEHMX IIpOIeciB. Pe3ynbraTv MOOCTIIKEeHHS OyOyTb KOPUCHUMM ISl YOOCKOHAJIEHHS CUCTEMU
MEeHeIKMEHTY MiIIPUEMCTB JIiCOBOTO TOCIIOAAPCTBA 3TiHO 3 BMMOTraMu JiicoBOi ceptudikanii B yacTuHi
TJITaHYBaHHS, OpraHi3aliii, MOHITOPMHTY Ta KOHTpOJI0. Peastisailis okpecieHux Jjs 1[bOTO iHCTpyMeHTapilo Ta
MPAaKTUYHMX KPOKiB CIIPUSITUMYTD 3POCTAHHIO e(DeKTMBHOCTI ITiATIPUEMCTB Ta iXHili KOHKYPEHTOCITIPOMOYKHOCTI
Ha pMHKaX, JOCTYII 10 SIKUX BM3HAYAIOTh BUMOTI'M IIOA0 CTAJIOCTi MMOXOMKeHHS JIiCOTTPOIYKIIii

KnrouoBi cioBa: enfemenTn cepenosuina, FSC ctaHmapT, OIiHIOBaHHS BiITIOBIIHOCTI, CMCTeMHMI MigXim 10
MeHeKMeHTY, ITPOIeCHMI MiJXi/l 10 MeHe[)KMeHTY, aJlalfTMBHe JIiCOBe TOCI0JapCTBO
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