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Abstract. The relevance of studying the impact of electric power facilities on natural phytocenotic
diversity lies in the necessity to preserve ecosystems due to the increasing number and size of
electrical facilities, which potentially can affect the functioning of natural environments. The
research aims to investigate the impact of electric power facilities on species diversity. The research
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is carried out at 46 monitoring sites in the immediate vicinity of the source of electromagnetic
and noise pollution within the influence of the Burshtyn thermal power plant, the Bohorodchany
solar power plant, the Shevchenkove wind power plant, the Tereble-Rytska hydroelectric power
plant, under regional and cross-border power transmission lines. The representation of plant
species at the monitoring sites is analysed. In general, 196 plant species are identified. Herbaceous
plants dominate (from 74 to 100% of all plant life forms) at all monitoring sites, except for one
site. Shrubs are present in 11 monitoring sites (from 5 to 25% of all plant life forms). The trees
are represented in 20 monitoring sites (from 4 to 75% of all plant life forms). 179 species belong
to the first class of constancy, 12 species belong to the second class and 5 species belong to the
third class of constancy (91, 6.5 and 2.5%, respectively). The last plants have been identified as
indicators of the influence of power plants. The most common plant families that exist under the
influence of electrical installations are established. The largest number of species is represented
by the Asteraceae, Rosaceae and Poaceae families — 37, 19 and 15 species, respectively. The species
of the third constancy class have the highest representativeness. Daucus carota L., Achillea
millefiolium, and Trifolium pratense L. are the dominant plant species in the areas impacted by
electric power facilities. 180 species belong to the first constancy class. They cannot be suitable
as phytoindicators of the ecological state in the areas affected by power plants. The results can be
used to develop environmental protection strategies and measures to reduce the negative impact

of power generation facilities on flora

Keywords: biodiversity; constancy class; electrical power; pollution; environment

Introduction

Expanding on the relevance of studying the
impact of electric power facilities on natural
phytocenotic diversity is imperative due to the
necessity of ecosystem preservation. Under-
standing these dynamics is crucial for formu-
lating strategies to mitigate potential adverse
effects on biodiversity, ensuring ecosystem
preservation for current and future generations.
Additionally, such research aids in fostering
sustainable development practices that harmo-
nize human activities with the natural world,
promoting ecological resilience and stability.

R. Kravchynskyi et al. (2021) studied that
plants are the primary recipients of techno-
genic influence, and they reflect the level of
anthropogenic environmental transformation.
M. Korchemlyuk & L. Arkhypova (2016) not-
ed that the bioindicative role of plants allows
timely monitoring of the smallest changes in

the ecological state and, if necessary, reacting
to them. Y.A. Farghaly et al. (2019) considered
that phytocenotic wealth is the main criterion
for the stability and balance of any ecosystem.
The decrease in plant diversity is a sign of bio-
energy resources depletion of this territory. The
research conducted by L. Simkiv et al. (2021)
underscores the significance of analysing the
phytocenotic diversity of plant communities
as a pivotal indicator of ecosystem ecological
health. Their study delves into the dynamic
interplay of structural processes within these
ecosystems, offering valuable insights into fos-
tering sustainable development practices. By
elucidating these dynamics, their analysis con-
tributes to the formulation of informed strat-
egies aimed at safeguarding biodiversity and
promoting ecological resilience in the face of
contemporary environmental challenges.
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Impact of electric power facilities...

The electric power industry is a source
of noise, vibration, and electromagnetic en-
vironmental pollution. Understanding the
impact of these pollutants on natural ecosys-
tems is essential for assessing the overall eco-
logical health of affected areas. U. Andrusiv et
al. (2021) described the optimization of bal-
ance components of fuel and energy resources
for organizational and economic support of
energy efficiency in Ukraine. Integrating the
findings of the research of V. Kopei et al. (2022)
enriched understanding of the multifaceted
interactions between industrial activities and
ecological systems, aiding in the development
of holistic strategies for sustainable develop-
ment and environmental conservation.

Electromagnetic radiation contributes to
mutation emergence caused by single-strand
breaks in DNA and leads to cell division and
protein synthesis disruption, especially in
tissues that are actively dividing. DNA syn-
thesis and reparation processes inhibition
is observed under the impact of electromag-
netic fields with a frequency of 50-100 Hz
(Liu et al., 2020). Changes in the diffusion rate
through membranes, structures of organic
compounds, denaturation of proteins owing
to the absorption of thermal energy by the
cell, and generation of free radicals occur un-
der the impact of electromagnetic radiation.
Free radicals are one of the ageing causes.
The negative impact of noise and vibrations
on the functioning of the cardiovascular, en-
docrine, nervous system and sensory organs
of humans and animals has been defined by
A. Aaron et al. (2019).

The functional state of plant communities
under the influence of electric power facilities
has not been studied. The literature sources
provide data on changes in the size and shape
of vegetative and generative plants’ organs,
and the violation of leaf asymmetry under the
impact of radiation (Deruelle, 2020).

P. Bandara & D. Carpenter (2018) studied
the noise influence on plants. They established
that different frequencies of sound unequally
influence the plants’ growth. Vibration pollu-
tion affects the physiological qualities of plant
seeds, which leads to their germination de-
crease. Optimal plant growth is observed when
plants are exposed to pure tones, in which the
wavelength coincides with the average main
leaf sizes. The research on the phytomeliora-
tion role of woody plants under the electromag-
netic radiation impact testifies about the high-
er plants’ resistance with a large area and leaf
plates’ mass. The issue of the electric power in-
dustry facilities impact on natural bioocenoses
has not yet been studied and requires the at-
tention of ecologists (Arkhypova et al., 2021).
A comprehensive study of electric power facil-
ities’ impact on plants and their cenosis with-
in the transboundary Carpathian region of
Ukraine has not been carried out.

The establishment of dominant plant spe-
cies in the phytocenosis will allow information-
al phytoindication of the environmental state
under the influence of electric power facilities.
The purpose of our research is the analysis of
the plant communities’ species diversity un-
der the electric power facilities influence in the
Carpathian region of Ukraine. The main tasks
of this article are:

% to analyse the probable impact of the
electric power facilities on plants;

% to investigate the species composition of
phytocenoses;

% to study the dominant plant species in
the areas affected by power plants.

Materials and Methods

The methods of biological monitoring of the
environmental state were used in the work:
observation, surveys, and field research, which
provide the description, and study of plant
groups as ecosystem components in natural
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conditions, and research of their functioning,
structure, and development (Kravchynskyi et
al., 2021). Field research (photo of different
species), chamber work (identification of spe-
cies), and analytical analysis of the results (de-
termine constancy class) were carried out.

The research was conducted in 2021-
2022 years as part of the implementation of
the HUSKROUA international project on the
Carpathian region territory of Ukraine in the
monitoring areas under the influence of elec-
tric power facilities — transformer substations,
power lines, and power plants. The monitor-
ing network included 46 sites near the impact
source. The influence zone of electromagnetic
field objects can be more than 100 m (Ropyak et
al., 2023). The power lines create the main
electromagnetic field of industrial frequen-
cy (Kusyi et al., 2021). The sanitary protection
zone for an overhead power line with a voltage
of 1150 kV is 55 m and for an overhead power
line with a voltage of 300 kV - 20 m (Ropyak et
al., 2023). Therefore, the research was carried
out at a distance of 50 m from the source of
the electromagnetic field. The level of electro-
magnetic and noise pollution was measured.

An analysis of the species diversity of phyto-
cenoses within each monitoring point is carried
out. Plants were photographed on a test plot
with an area of 25 m?. The Plant Snap program
and plant reference books were used to identify
each plant species. When the phytocenosis has
the form of a narrow strip (ruderal vegetation
along the fence), the transects 2-2 m wide were
laid. If the vegetation groups at the monitoring
point were of small size (for example on waste-
lands), the entire vegetation centre was de-
scribed. The taxonomic characteristics of each
species and life form were determined accord-
ing to the generally accepted method (Swad-
dle et al., 2015). The research complied with the
ethical norms specified in the Convention on
Biological Diversity (1992), the Convention on
the Trade in Endangered Species of Wild Fauna
and Flora (1973).

The phytocenotic diversity is determined
as a percentage at each monitoring site. The
plant diversity in the monitoring area with
the largest number of plant species is taken as
100%. The coefficient and constancy class of
each plant species are determined according to
the following classification (Table 1).

Table 1. The characterization of the species constancy in the phytocenosis

. . Representativeness
Coefficient of constancy Persistence class of the species
81-100 \% .
High
61-80 v
41-60 I )
Middle
21-40 11
<20 I Low

Source: J. Dengler et al. (2009)

The research was conducted on the terri-
tory of the Ivano-Frankivsk and Zakarpattia
oblasts in the observation areas under the in-
fluence of electric power facilities — transform-
er substations, power transmission lines and
power plants. The impact of the activity of such

electric power facilities as the Burshtyn ther-
mal power plant, the Shevchenkove wind pow-
er plant, the Bohorodchany solar power plant,
and the Tereble-Rytska hydroelectric power
plant was studied. Research was also conducted
on the influence of overhead power lines and
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transformer substations of various capacities.
The influence of cellular communication sta-
tions was studied within the population cen-
tres. In total, the monitoring network includes
more than 250 points in the immediate vicinity
of the source of influence.

Results and Discussion

The results of phytocoenotic diversity studies
under power plants’ impact demonstrate the
following: the largest number of plant species
is represented on the wind power plant territo-
ry in Shevchenkove village — 34 species (site 34)
and the experimental area of Bohorodcha-
ny — 32 species (site 38). The smallest number
of plant species (4 species) is represented on
one of the experimental sites in Yaremche city
(site 3) and the private sector territory in Tya-
chiv village (site 14) (Fig. 1).

The first experimental site in Yaremche
city, the experimental site in Dilove village and
also in Nizhnya Tisa village is characterized by
high phytocenotic diversity (more than 75%). In
the areas affected by electrical installations ten
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of the 47 identified families are the most com-
mon: Asteraceae — present at 45 sites, Fabace-
ae — 39 sites, Rosaceae — 26 sites, Apiaceae — 33
sites, Poaceae — 26 sites, Lamiaceae — 25 sites,
Ranunculaceae — 24 sites, Urticaceae — 16 sites,
Plantaginaceae - 23 sites, Polygonaceae — 17
sites. All other families are marked by a low
representation in the system of biological mon-
itoring of electric power facilities’ impact — they
are present in several 1 to 7 monitoring sites.
The largest number of species is represented by
Asteraceae, Rosaceae and Poaceae families — 37,
19, and 15 species, respectively (Fig. 2).

In the areas impacted by electrical instal-
lations Lamiaceae family is represented by 14
plant species, Apiaceae — 12 species, Fabaceae
and Polygonaceae - 9 species, Ranunculaceae -
7 species. Other plant families are represented
by from 1 to 5 species. Among 196 identified
plant species at all monitoring sites, 179 spe-
cies belong to the first constancy class, 12 spe-
cies to the second and 5 species to the third
constancy class, which in percentages is 91,
6.5 and 2.5%, respectively (Fig. 3).

1234567 8 910111213141516171819202122232425262728293031323334353637383940414243444546

Monitoring sites

m Number of species

m Number of families

Number of divisions Number of classes

Figure 1. Taxonomic characteristics of plants at monitoring sites
of electrical installations’ impact on the environment
Note: site 1-5 - Yaremche, 6 — Yasinya, 7-11 — Rakhiv, 12 - Dilove, 13-16 — Tyachiv, 17-18 — Teresva, 19 - Nizhnya
Apsha, 20-26 - Solotvyno, 27 — Sokyrnytsia, 28-29 — Khust, 30 — Lipcha, 31 — Nizhny Bystry, 32 — hydroelectric
power station on the Tereblya River, 33 — Vyshkiv, 34-36 — Shevchenkove, 37-39 - Stari Bohorodchany,

40-46 — Burshtyn
Source: developed by the authors
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Figure 2. Representativeness of plant families at monitoring sites
of electrical installations impact on the environment

Source: developed by the authors
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Figure 3. The percentage ratio of plant species
by constancy classes at monitoring sites
under electrical installations impact

Source: developed by the authors

Among 196 identified plant species, spe-
cies belonging to the third constancy class
have the highest representativeness — Achil-
lea millefolium L. and Bellis perennis L. from
the Asteraceae family, Trifolium repens L. and
Trifolium pratense L. from Fabaceae family,
Daucus carota L. from Apiaceae family. Achillea
millefolium, Trifolium repens and Daucus carota
are the dominant plant species in the areas af-
fected by power plants, which are represented
in 46, 48, and 50% of the experimental areas,
respectively (Fig. 4-6).

Figure 4. Achillea millefolium L.
Source: photo by the authors

Figure 5. Daucus carota L.
Source: photo by the authors
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Figure 6. Trifolium pratense L.
Source: photo by the authors

These plants have formed stable popula-
tions in various living conditions and are most
adapted to heterogeneous habitats. Therefore,
they are recommended to be used in the bio-
logical monitoring of anthropogenic influence,
including the influence of electromagnetic and
noise pollution, on the biotic environment
(Gagliano et al., 2017; Mesfin et al., 2018).

The second class of permanence includes
the following plants’ species — Taraxacum of-
ficinale Wigg., Centaurea jacea L., Plantago lan-
ceolata L., Sonchus arvensis L., Calamagrostis
epigejos (L.) Roth., Dactylis glomerata L., Ranun-
culus acris L., Mentha longifolia L., Tanacetum
vulgare L., Artemisia vulgaris L., Urtica dioica L.
These species are represented in the amount of
20-40% of experimental points and can be used
in ecomonitoring studies of electric power fa-
cilities’ environmental impact (Slabbekoorn &
Ripmeester, 2008).

All other species (Urtica urens L., Juglans
regia L., Acer platanoides L., Equisetum arven-
se L., Vicia villosa Routh., Molinia caerulea L.,
Aegopodium podagraria L., Rumex acetosella L.,
Impatiens parviflora DC., Festuca arundinacea
Schreb., Rumex crispus L., Galium besseri L.,
Priinus doméstica L., Lathyrus pratensis L.,
Phléum praténse L., Lactuca serriola L., Arc-
tium minus (Hill.) Bernh., Triticum aestivum L.,
Euphorbia helioscopia L., Thuja occidentalis L.,
Iva annua L., Galinsoga parviflora Cav., Erigeron

annuus (L.) Desf., Aesculus hippocastanum L.,
Cardamine pratensis L., Filipendula ulmaria (L.)
Maxim., Angelica archangelica L., Fraxinus ex-
celsior L., Eupatorium cannabinum L., Stachys
palustris L., Pteridium aquilinum (L.) Kuhn.,
Salvia glutinosa L., Riibus iddeus L., Corylus avel-
lana L., Stachys sylvatica L., Scrophularia nodo-
sa L., Ulmus alata Miehx., Solidago virgaurea L.,
Tilia cordata Mill., Plantago major L., Actaea spi-
cata L., Torilis arvensis L., Verbascum thapsus L.,
Phléum praténse L., Bidens tripartita L., Anun-
cus dioicus (Walter.) Fernald., Cirsium arven-
se L., Angelica sylvestris L., Anemone blanda L.,
Petasites albus (L.) Gaertn., Rumex acetosella L.,
Capsella bursa-pastoris L., Persicaria lapathifo-
lia L., Origanum vulgare L., Erigeron canaden-
sis L., Rosa rubiginosa L., Amaranthus netroflex-
us L., Lamium album L., Reynoutria sachalinensis
(F.Schmidt.), Alliaria petiolate (M. Bieb.) Cavara,
Reynoutria japonica Houtt., Rumex crispus L.,
Lamium maculatum L., Rubus iddeus L., Agrimo-
nia eupatoria L., Rorippa sylvestris L., Polygonum
aviculare L., Polygonum hydropiper L., Symphor-
icarpos albus (L.) S.F. Blake, Oxalis dillenii Java.,
Impatiens glandulifera Royle., Hypochaeris rad-
icata L., Rosa pendulina L., Acer campestre L.,
Lolium perenne L., Soliddgo canadénsis L., Tilia
platyphyllos Scop., Pastinaca sativa L., Salvia
verticillata L., Echium vulgare L., Alnus glutino-
sa (L.) Gaerth., Robinia pseudoacacia L., Portu-
laca oleracea L., Digitaria sanguinalis (L.) Scop.,
Picea abies (L.) H.Karst., Prunus cerasifera L.,
Cichorium intybus L., Melilotus officinalis (L.)
Pall., Ambrosia artemisiifolia L., Clematis vi-
talba L., Hibiscus syriacus L., Salix caprea L.,
Crepis capillaris (L.) Wallr., Bidens tripartita L.,
Raphanus raphanistrum L., Gypsophila mura-
lis L., Panicum virgatum L., Convolvulus sepi-
um L., Prinus doméstica L., Cynodon dacty-
lon (L.) Pers., Tordylium apulum L., Medicago
sativa L., Prunella vulgaris L., Dipsacus fullo-
num L., Acer platanoides L., Rosa multiflora
Thunb., Lamium purpureum L., Anthemis ar-
vensis L., Fraxinus ornus L., Prunus cerasus L.,

Vol. 15, No. 2, 2024

Ukrainian Journal of Forest and Wood Science 14



Glibovytska et al.

Rubus ulmifolius Schott., Jacobaea erratica (Ber-
tol.) Fourr., Fructus Rubi idaei, Lythrum salicar-
ia L., Carex flacca L., Poa pratensis L., Hieracium
canadense L., Heracleum sosnowskyi Manden.,
Carpinus betulus L., Helianthus tuberosus L.,
Ranunculus repens L., Sambucus ebulus L.,
Galeopsis speciosa L., Rubus caesius L., Lysi-
machia vulgaris L., Stellaria holostea L., Stachys
palustris L., Anthemis cotula L., Rosa canina L.,
Fraxinus ornus L., Heracleum sphondylium L.,
Jacobaea vulgaris Gaertn., Matricaria chamo-
milla L., Myrrhis odorata (L.) Scop., Salix pur-
purea L., Ononis spinosa L., Campanula glomer-
ata L., Hypericum perforatum L., Argentina
anserina (L.) Rydb., Tussilago farfara L., Silene
latifolia Poir., Malus sylvestris Mill., Symphytum
officinale L., Stellaria graminea L., Prunus pa-
dus L., Abies alba Mill., Agrostis capillaris L., Ga-
lium sylvaticum L., Astrantia major L., Chaero-
phyllum temulum L., Ranunculus lanuginosus L.,
Matteuccia struthiopteris (L.) Tod., Rumex ob-
tusifolius L., Hypochaeris radicata L., Melampy-
rum pratense L., Pyrus communis L., Veronica
anagallis-aquatica L., Persicaria hydropiper (L.)
Spac.) belong to the first constancy class and
are present in less than 20% of experimental
points. This makes it impossible to use them as
environmental quality biological indicators.
The insignificant presence of most spe-
cies on the experimental sites indicates their

inadequacy to resist technogenic impact and
the strict adherence of these plants to environ-
mental conditions (in particular, the need for
humidity, soil type, mechanical composition
and amount of nutrients of the specific growth
areas’ soils). Interpopulation interactions of
phytocoenotic communities affect the surviv-
al of plant populations. Therefore, a stronger
plant population displaces weaker plants from
the territory of existence. The insignificant
presence of certain plant species in the exper-
imental points is a sign of accidental spread by
seed reproduction and wind, insects, and ani-
mals transfer to certain distances. However, this
indicates the low vitality of such species.

Each plant species is limited to growth in
certain specific natural and climatic conditions.
Environmental factors complex (biotic, abiotic
and anthropogenic) affect plants spread in nat-
ural and anthropogenically altered ecosystems.
The herbaceous plants dominate in all investi-
gated sites (except for the Tyachiv village edge
site) and they make up from 74 to 100% of all
life plants’ forms. This is explained by the high
level of herbaceous forms survival due to the
structure, physiology, and individual develop-
ment peculiarities. Shrubs are represented in
11 out of 46 monitoring sites, and they make up
from 5 to 25% of all life forms, trees — in 20 sites
and make up from 4 to 75% (Fig. 7).
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1357 911 13715171921 23 2527 29 31 33 35 37 39 41 4?71546
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Figure 7. The percentage ratio of plants’ life forms
at monitoring sites under electrical installations impact
Note: site 1-5 - Yaremche, 6 — Yasinya, 7-11 — Rakhiv, 12 — Dilove, 13-16 — Tyachiv, 17-18 — Teresva, 19 — Nizhnya
Apsha,20-26-Solotvyno, 27 - Sokyrnytsia, 28-29-Khust, 30— Lipcha, 31 —NizhnyBystry, 32 — hydroelectric power
station on the Tereblya River, 33 — Vyshkiv, 34-36 — Shevchenkove, 37-39 — Stari Bohorodchany, 40-46 — Burshtyn

Source: developed by the authors
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In general, the average percentage value of
plants’ life forms in the research area is 94.33%
for grasses, 12.25% for trees and 10% for shrubs.

Power generation and transmission facili-
ties have a variety of negative effects on natu-
ral objects and biodiversity, which is associated
not only with atmospheric emissions and waste
generation but also with electromagnetic fields
of power lines and noise impact, changes in al-
bedo and thermal regime environment. Thus,
researchers (Kopei et al., 2023) conclude that
the high intensity of electromagnetic fields (the
experimental process is carried out at a voltage
of about 1000 V and a current density of more
than 500 A/m?) causes the need to take manda-
tory measures to protect against harmful effects.

The destructive effect of noise on terrestri-
al animals is manifested at noise intensity up to
40 dB. It changes the behaviour and physiolog-
ical reactions of animals. As a result, there is a
decrease in reproductive potential, an increase
in mortality and increased migration among
animals, noted M. Havas (2017). Birds, rep-
tiles, and amphibians are especially sensitive to
noise pollution. Their range is narrowing as a
result of increased technogenic activity (Garc-
es et al., 2020). Electromagnetic radiation has
a similar effect on living organisms. It also has
a powerful mutagenic and carcinogenic effect.
Electromagnetic radiation is considered the
cause of “chronic fatigue syndrome”, which was
diagnosed in people at the end of the 80s of the
20th century (Malovanyy et al., 2022). Scientific
studies of A. Wdowiak et al. (2017), A. Elgayar et
al. (2019) have established several destructive
processes in the human body and some animals
under the influence of electromagnetic and
noise pollution.

A paper by S.M. Grodsky et al. (2023) found
that ants can serve as useful bioindicators
of the severity of anthropogenic disturbanc-
es from solar energy development in deserts,
and an analysis of indicators suggests that

solar energy infrastructure may adversely af-
fect some species of high ecological value (e.g.,
ants-reapers). The negative impacts of solar
energy development on ants can have signifi-
cant consequences for the functioning and in-
tegrity of a desert ecosystem, but environmen-
tally friendly design and construction of solar
installations can avoid the bottom-up environ-
mental consequences of increasing solar energy
production during the transition to renewable
energy sources.

The selection of plant bioindicators of the
areas affected by power plants should be car-
ried out, taking into account climatic zoning
and their phytodiversity. It is necessary to sys-
tematically conduct research and modelling
(Arkhypova et al., 2021).

When studying the effect of low-intensity
electromagnetic radiation on insects, terato-
genic effects were observed, which were inher-
ited. In their fundamental work, G. Redlarski et
al. (2015) have established that electromagnet-
ic radiation leads to the delay and termination
of the reproduction processes of bacteria and
viruses and reduces their infectious activity.
Under the influence of electromagnetic radia-
tion in the range of 50-55 GHz, the growth of
unicellular eukaryotes — yeast Saccharomyces
cerevisiae is stimulated.

L.V.Kucherenko & V.S. Kalinichenko (2013)
concluded that some plants, notably corn and
unicellular green algae, react to definite lev-
els of radiation by increasing growth process-
es. For example, the pre-sowing treatment of
corn seeds by the electromagnetic field with
a frequency of 3-30 MHz increases the germi-
nation energy and the laboratory similarity of
the treated material. This makes it possible to
reduce the growing season and increase the
crop yield. At insignificant values of the elec-
tromagnetic radiation energy, a slight increase
in Chlorella microalgae cells is observed. Radi-
ation intensity increases causes the following
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irreversible processes of microalgae: enzymes,
nucleic acids, proteins’ denaturation, and de-
struction of cells through the appearance of the
membrane pores. Electromagnetic radiation
with energies above 3 k] has a detrimental ef-
fect on Chlorella growth (Deruelle, 2020).

Researchers I.B. Korduba & Zh.I. Pat-
lashenko (2023) has established that the unifi-
cation of plant communities is observed under
conditions of constant man-made influence,
as a result of “ecological stress”. The work of
V.E. Molnar et al. (2020) evaluates the use-
fulness of the Air Pollution Resistance Index
(APTI) as a composite index of the environ-
mental condition in the city of Debrecen (Hun-
gary). The amount of fine and coarse dust and
elemental concentrations of Celtis occidentalis
and Tilia x europaea were measured in June
and September at three sampling sites (urban,
industrial and rural) to evaluate the utility of
APTI. Tree leaf APTI has been found to be a par-
ticularly useful proxy measure of air pollution
as well as environmental health.

In the work of A. Cakaj et al. (2023),
plants-bioindicators were studied for deter-
mining pollution by heavy metals in the urban
and non-urban areas of Poznani. The authors
conducted a study of such bioindicators as
weeds: Trifolium pratense (Trifolium pratense
L.), Rumex acetosa L., Amaranth retroflexus L.,
lanceolate plantain (Plantago lanceolata L.),
ornamental Alcea species pink (Alcea rosea L.),
Lolium multiflora L. var. Ponto. All species were
found to have heavy metal accumulation po-
tential, especially A. rosea, P. lanceolata and L.
multiflorum for Zn (BCF=6.62; 5.17; 4.70) and A.
rosea, P. lanceolata for Cd (BCF=8.51; 6.94). The
translocation of Cu and Zn was most efficient
in T. pratense (TF Cu=2.55; TF Zn=2.67) and
A. retroflexus (TF Cu=1.50; TF Zn=2.23). It was
established that the studied weeds are good bi-
oindicators of heavy metal pollution, and their
joint use makes it possible to comprehensively
detect environmental threats.

The main energy facility on the territory
of the Ivano-Frankivsk region is the Burshtyn
TPP, which is also one of the largest sourc-
es of atmospheric air pollution. Research by
H.V. Krechkivska (2022) found that within a ra-
dius of up to 500 m around the TPP there are
8 types of shrub-tree plants, deformation of
shoots is observed in 75% of trees and bushes
and leaf plates in 100%. This article is the clos-
est to the research we have done. But it refers to
tree-shrub vegetation, not grass.

Most plants have a high level of adaptation.
At a distance of up to 1 km? from the Burshtyn-
skaya TPP, there are already twenty species of
shrub-tree vegetation, in which the deforma-
tion of shoots is much less and is observed in
35% of trees and bushes, but the deformation
of leaf plates remains at 100%. Isolating the
effects of the electromagnetic field and atmos-
pheric air pollution on the intensity of defor-
mation of shoots and leaf plates requires fur-
ther detailed observations.

Conducted studies by S. Kaur et al. (2021)
of physiological, biochemical and molecular
changes in plant development showed that
an electromagnetic field leads to a change in
fermentation activity. This results in changes
in plant cells and retardation of their growth.
Thus, the effects of electromagnetic radiation
will be integrated into the models of plant de-
velopment. Therefore, the degree of soil cover
by various types of plants and the degree of
their overgrowth can be considered the main
indicators of man-made influence. Impact
zones should be characterized by an appropri-
ate level of species and taxonomic diversity.
When determining the level of pollution, it is
possible to use phytoindicative scales of plant
groups. At the same time, in some cases, they
have a slight differentiation of values. There-
fore, they are not always effective.

Therefore, the study conducted by the au-
thors on the impact of electricity generation
facilities on plant communities to use them as
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indicators of impact within the Carpathian re-
gion of Ukraine is original and important from
the point of view of the development of ecolog-
ical knowledge.

Conclusions

It has been established that under the impact
of electrical installations the following plants
families are the most common - Asteraceae,
Fabaceae,Rosaceae, Apiaceae, Poaceae, Lamiace-
ae, Ranunculaceae, Urticaceae, Plantaginaceae,
Polygonaceae, Asteraceae, Rosaceae and Poaceae
families are represented by the largest number
of species — 37, 19 and 15 species, respectively.
196 plant species are detected at 46 monitoring
sites. 179 species belong to the first constancy
class, 12 species to the second and 5 species to
the third constancy class, which in percentages
is 91, 6.5 and 2.5%, respectively. In all research
sites, except for one site, herbaceous plants
dominate, which make up from 74 to 100% of
all life plant forms. This is explained by the high
level of herbaceous forms survival due to the
structure, physiology, and individual develop-
ment peculiarities. Shrubs are represented in 11
monitoring sites out of 46. They make up from 5
to 25% of all life forms, and trees are represent-

Asteraceae family, Trifolium repens and Trifoli-
um pratense from the Fabaceae family, Daucus
carota from Apiaceae family. Daucus carota,
Achillea millefolium, Trifolium repens are the
dominant plant species in the areas impacted
by the electric power facilities. They are repre-
sented by 46, 48 and 50% in the experimental
sites, respectively. Taraxacum officinale, Centau-
rea jacea, Plantago lanceolata, Sonchus arven-
sis, Calamagrostis epigejos, Dactylis glomerata,
Ranunculus acris, Mentha longifolia, Tanacetum
vulgare, Artemisia vulgaris, Urtica dioica belong
to the second constancy class. The remain-
ing 180 species belong to the first constancy
class. They cannot be suitable as phytoindica-
tors of the environmental condition in the ar-
eas under the electric power facilities impact.

Future research should focus on develop-
ing strategies and technologies to minimize
the negative impacts of electricity facilities on
natural plant diversity. This may include the
development of environmentally friendly con-
struction and operation technologies, as well as
measures to restore and compensate for biodi-
versity losses.
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AHoTalig. AKTyaJbHICTh BUBYEHHS BIUIMBY OO0’€KTiB e€JIEKTPOEHEPreTUKM Ha MPUPOJIHE
(diToueHOTMUHE Pi3HOMAHITTS ITOJISITa€ B HEOOXiMHOCTI 30epeskeHHsI eKOCUCTeM uepe3 301/IbIIeHHS
KiTBKOCTI Ta pPO3MipiB 0G’€KTiB €IeKTPOEHePTreTUKM, sSKi MOTEeHIIIfHO MOXYTb BIUIMBATH Ha
(byHKIIiOHYBaHHS TIPUPOJHOTrO cepefoBuMIna. MeTa NOCTIIKeHHS — NOCTIAUTYU BIUIMB 0O’€KTiB
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Impact of electric power facilities...

elIeKTPOeHepreTMKY Ha BUAOBEe pi3HOMaHITTS. owTigkeHHsT MPOBOOMIMCH Ha 46 IyHKTax
MOHITOpPMHTY B 6Ge3rmocepeHiii OGAM3bKOCTI Bif kepesia eeKTPOMAarHiTHOrO Ta IIYMOBOTO
3a6pyoHeHHs B Mekax BIUMBY BypurtuHcbkoi TEC, BoropoquaHchKoi COHSTYHOI eleKTPOCTaHIIi],
[MleBuenkiBcbkoi BEC, Tepe6ie-Punibkoi I'EC, mig perioHaJbHMMM Ta TPAHCKOPAOHHUMM JTiHiIMU
efiekTporiepenayi. 3aranoM BusiBieHo 196 BuAiB pocinH. TpaB’sSHUCTI POCIMHY JOMIHYIOTH (Bif,
74 mo 100 % ycix skuTTEBMX GOPM POCIMH) HA BCIX AiISTHKAX MOHITOPUHTY, KPiM OFHi€l DiNTHKNA.
YarapHuKM rpefcTasieHi Ha 11 giyiTHKaX MOHITOPUHTY (Bif 5 10 25 % yCiX SKUTTEBUX OPM POCIIVH).
Iepesa npencrasieHi Ha 20 TisTHKaX MOHITOPUHTY (Bif 4 10 75 % ycix sKUTTEBUX GOPM POCINH).
Ilo mepiIoro Kjaacy KOHCTAHTHOCTI BimHOCSTRCS 179 BUAiB, Mo napyroro — 12 BUAiB, 10 TPETHOTO —
5 Bupmis. OcraHHi poCaMHM OynM BM3HAUEHi SK iHAMKATOPM BIUIMBY €I€KTPOEHEPTETUKMU.
BcTaHOB/IEHO HAMMOIIMpPEHilli POAVHU POCIUH, SIKi iCHYIOTh TiJ BIIMBOM €JIeKTPOYCTaHOBOK.
Haii6inbury KinbKicTh BUAIB TPENCTaBIEHO POAMHAMM CKIAJHOLBITUMM, PO3OLBITMMM Ta
31aKoBOIBiTMMM — 37, 19 Ta 15 BuAiB BigmoBigHo. Haii6isbIiny pernpe3eHTaTUBHICTb MAlOTh BUAM
TPEThOTO KJIACy KOHCTAHTHOCTi. Daucus carota L., Achillea millefiolium, Trifolium pratense L. €
JOMIHYIOUMMY BUAAMU POCTVH Ha TEPUTOPISIX BIUVIMBY OG’€KTIB €JIeKTpOeHepreTuKn. Taraxacum
officinale Wigg., Centaurea jacea L., Plantago lanceolata L., Sonchus arvensis L., Calamagrostis
epigejos (L.) Roth., Dactylis glomerata L., Ranunculus acris L., Mentha longifolia L., Tanacetum
vulgare L., Artemisia vulgaris L., Urtica dioica L. — pocIMHM APyroro Kjaacy KOHCTaHTHOCTi. Perrta
180 BMIiB HajeXaTh IO TEPUIOro KIacy KOHCTAHTHOCTi. BOHM He MOXYTb OYTM MPUAATHUMU
K (iTOIHAMKATOPM EeKOJIOTiUHOrO CTaHy B 30HAX YpaXkKeHHsSI eJeKTpocTaHIismu. OTpuMaHi
Pe3yabTaTy MOXKYTh OYTM BMKOPUCTaHI IJIsI PO3POOKY IPUPOTOOXOPOHHOI CTpaTerii Ta 3axofiB
IIO/I0 3MEHIIEeHHSI HETaTUBHOTO BIUIMBY 00 €KTiB €JIeKTPOEHEPTETUKY Ha POCMHHMIA CBIiT

KinrouoBi c1oBa: 6iOpi3HOMaHITTS; KJIaC KOHCTAHTHOCTI; €JeKTPOYCTAHOBKM; HABKOJIMILHE
cepemoBuILe
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Mapping Wildland-urban interfaces...

Abstract. Recent wildfire events in Ukraine caused considerable economic and human losses,
drawing the attention of public opinion in Ukraine to further research the issue related to the
management of the risks of forest fires, specially, in the current context of climate change and
due to the growing frequency of critical fire weather conditions. Current approaches to fighting
wildfires in Ukraine are focused on fire extinction, currently omitting the management of
vegetation fuels and their effect on wildfire behaviour to facilitate its mitigation. Due to current
wildfire risks to the population and forests, and insufficient research on this issue in Ukraine, it
is needed to further develop and test new approaches to reduce wildfire risk. For that purpose,
it is required a deep understanding of the fire resilience of vegetation as well as the factors that
make the communities vulnerable. In this manuscript, a method for assessing and mapping the
Wildland-urban interface with a focus on fire risks for part of the Ukrainian Polissya is suggested.
Wildland-urban interface zones were delineated for settlements in the study area and used to
identify areas for wildfire risk remediation and silvicultural practices to increase forest resilience
to fire. A biodiversity analysis of the main tree species, undergrowth, and understory of the study
region, produced a list of local deciduous species that could be used to reduce fire intensity by
increasing their proportion in pure pine forests. The volume of silvicultural efforts to increase
forest resilience to fire and reduce wildfire risks to human settlements was assessed for one of
the most forested regions of Ukraine. Moreover, the first comprehensive assessment of wildlands,
which can potentially contribute to wildfire impacts on communities, was provided, making
recommendations to reduce wildfire risks for the settlements. In this study, feasible and effective
methods to assess Wildland-Urban-Interfaces, and reduce fire risks are suggested, suggesting
a methodology concerning wildfire risks for a heavily forested region of Ukraine. Moreover, the
suggested approaches that could be used in Ukrainian Forest Management to mitigate wildfire
risks in the context of climate change, urbanization, and low resistance of pure pine stands to fires
as well as pests and diseases

Keywords: climate change; Forest Fire Resilience Edges; Pine stands; Ukrainian Polissya

Introduction

Growing the frequency and intensity of forest
fires, especially in the context of climate change,
poses a threat to ecosystems and settlements.
Studying and mapping these interfaces allows
for the development of effective strategies
and measures to manage risks and prevent the
spread of fires in regions where the interaction
between nature and populated areas becomes
particularly vulnerable. The development and
implementation of new wildfire management
strategies aimed at preserving ecosystems and
protecting the population in the face of gro-
wing natural disaster risks are crucial.

An increasing tendency of the frequency
of large fires with catastrophic consequen-
ces is observable in Ukraine (Soshenskyi et
al., 2021). The problem of forest fires in the
WUI (Wildland Urban Interface) is a growing
issue in the entire world (Ager et al., 2019b;
Bar-Massada et al., 2023). Current dynamics
of fires in the world show a growing trend in
the number and frequency of large wildfires
with catastrophic consequences (Dowdy et
al., 2019; Goldammer, 2021).

There are several differently developed ap-
proaches to identify and map WUI (Radeloff et
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Soshenskyi et al.

al., 2005). Considering all developed methods,
two WUI mapping methods must be highlight-
ed: 1) the point-based approach and 2) the
zonal approach, which are detailed in the study
conducted by A. Bar-Massada (2021).

The main factors that determine the risk of
wildfires and their exposure are the characte-
ristics of vegetation fuels, weather conditions,
and the source of ignition (Ager et al., 2019a).
The majority of wildfires in Europe (95% of all
wildfires) are directly or indirectly caused by
human behaviour and activities (San-Miguel-
Ayanz et al., 2021; European Union, 2023). Such
a situation is also typical in Ukraine where
the main reason for wildfires is human activi-
ty, including negligence and arson as noted by
O. Soshenskyi et al. (2021).

Vegetation has one of the main impacts
on fire behaviour during wildfires. E.L. Lou-
dermilk et al. (2022) indicated that long-term
ecosystem management by altering vegetation
structure as a fuel management practice can
change fire distribution and intensity. Vegeta-
tion types can behave quite differently as fuel.
Tree species affect flammability and are char-
acterized by different resistance to fires (Ste-
vens et al., 2020; Chuvieco et al., 2023). The
overall ability of trees to resist fire is one of
the indicators of forest resistance to increased
fire activity under climate change conditions
(Day et al., 2023). Hence, forest structure, the
species composition of forests and the adapta-
tion of forest landscapes to fire are key elements
in the formation of fire resistance in forests.

While conducting this research study, no
publications for Ukraine could be found that
had been focused on fuel management, in par-
ticular, increasing the proportion of decidu-
ous species in the pure pine stands of Ukraine.
Moreover, the research issue of the wildfire
occurrence in the WUI zones in Ukraine has
not yet been studied. The wildfire occurrence
in 2020, when seven settlements were affected

in the Zhytomyr region, in which 82 house-
holds were destroyed and damaged (Emer-
gency Service of Ukraine, 2021) demanded
researching of this issue.

This research study aimed to highlight re-
gional-scale aspects of the wildfire problems
within the WUI in Ukraine. The study provides
the first comprehensive assessment of where
wildlands can potentially contribute to wildfire
impacts on communities as well as recommen-
dations to reduce wildfire risks for the settle-
ments through forest management to increase
the resilience of pine stands in the context of
climate change for the Polissya region.

Materials and Methods

Study area

The study was conducted in the region of Zhy-
tomyr (29,827 km?) which is located in north-
ern Ukraine (Fig. 1). The forests cover a surface
of 1,123,000 ha, being primarily (59.1%) com-
posed of Scots pine (Pinus sylvestris L.). The
total forest cover of the Zhytomyr region is
34.1% and ranges in different administrative
regions from 6.2% (in the south) to 69.8% (in
the north) (Zhytomyr Regional State Adminis-
tration, 2021). The population density of this
region is 40 inhabitants per square km. The
study area is characterized by a large frag-
mentation of settlements on the territory of
the region. The northern part of the region is
the most forested with the dominance of pure
pine stands and the location of small settle-
ments directly in the forests (Humanitarian
Data Exchange, n.d.; Buchhorn et al., 2020).
According to the official sources, as of January
1, 2021, there are 12 cities and 1600 rural-type
settlements with 1,195,500 people (59.5% are
urban, and 40.5% - rural population) in this
territory (Zhytomyr Regional State Adminis-
tration, 2021). Study regions with spatial pat-
terns of forest and density of settlements are
shown in Figure 1.
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Figure 1. Study area and settlement distribution by people density
Source: Humanitarian Data Exchange (n.d); M. Buchhorn et al. (2020)

The climate within the Zhytomyr region is
moderately continental, characterized by mild
winters and wet summers. The average annual
temperature is 10°C, ranging from 4°C in Janu-
ary to 20°C in July. The average annual precipi-
tation is 570-600 mm. According to climatic and
soil conditions, the territory is dominated by
pine stands, being the representation of stands
of other tree species: oak forests (19.1%), birch

(14.7%), alder (4.7%), aspen (0.9%) and others
(1.5%) (Zhytomyr Regional State Administra-
tion, 2021).

Data

Land cover

The “Land Cover 100 m data” (Buchhorn et
al., 2020) was used to characterize the land cov-
er. The original land cover was reclassified as
displayed in Table 1.

Table 1. Land cover classification

Original land cover classes (Buchhorn et al., 2020)

Class code Class description Recoded classes
111 “Closed Forest, evergreen needle leaf” Coniferous forests
112 “Closed Forest, evergreen, broad leaf” Broadleaved and mixed forests
113 “Closed Forest, deciduous needle leaf” Broadleaved and mixed forests
114 “Closed Forest, deciduous broad leaf” Broadleaved and mixed forests
115 “Closed Forest, mixed” Broadleaved and mixed forests
116 “Closed Forest, unknown” Broadleaved and mixed forests
20 “Shrubs” Other natural landscapes
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Table 1, Continued

Original land cover classes (Buchhorn et al., 2020)
— Recoded classes
Class code Class description
30 “Herbaceous vegetation” Other natural landscapes
60 “Bare / sparse vegetation” Other natural landscapes
90 “Herbaceous wetland” Other natural landscapes
40 Cultlvateq and managed vegstatlon/ Croplands
agriculture (cropland)
50 “Urban / built up” Settlements

Source: M. Buchhorn et al. (2020)

To analyse the species diversity of trees
and shrubs that can be used to transform pure
pine stands into more fire-resilient mixed
stands, information about the forest stands
from the Ukrainian State Forest Management

Planning Association (n.d.) was used. A list of
species that form various structural elements
of the forest; main tree species, understo-
ry, and undergrowth was prepared (Table 2-
Table 4).

Table 2. Distribution of the forest area by main tree species in the Zhytomyr region

Main tree species Area, thousand ha Share of area, %
Pinus sylvestris L. 3549.4 56.1
Betula pendula Roth. 1050.7 16.6
Quercus robur L. 957.3 15.1
Alnus glutinosa (L.) Gaerth. 427.9 6.8
Picea abies L. 88.0 1.4
Pinus sylvestris L. 83.2 1.3
Populus tremula L. 69.9 1.1
Other (44 species) 95.4 1.5
Total 6321.8 100

Source: developed by the authors using the data of the Ukrainian State Forest Management Planning

Association (n.d.)

The species composition of the forests of
the Zhytomyr region is very limited. The pre-
sence of deciduous species such as birch
(Betula pendula Roth.) and oak (Quercus ro-
bur L.) is observed. These tree species can
grow in those conditions where Scots pine also
does. Although oak presents a lower commer-
cial quality where this tree species is located
in the conditions where pine grows, a mixed
stand composed of these two species can have
a positive effect on the resistance of pine trees
to climate changes and fires, improving in this
way their resilience.

Information about the species that can
be found in the undergrowth and understo-
ry makes it possible to choose local species to
compose pine forest stands with a greater pro-
portion of deciduous tree species (Table 3 and
Table 4). The presence of Quercus robur L. and
Betula pendula Roth. in the undergrowth of na-
ture indicates the possibility of the formation
of the under-canopy crops from these species.
The diversity of shrubs is very high, being the
most common in the regional stands: 1) Fran-
gula alnus Mill., 2) Corylus avellana L., 3) Rhodo-
dendron luteum.
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Table 3. Distribution of the forest area with understory of Zhytomyr region

Species Area (ha) Share of area, (%)
Quercus robur L. 395,300 424
Carpinus betulus L. 225,100 24.2
Pinus sylvestris L. 131,000 14.1
Betula verrucosa Ehrh. 108,000 11.6
Acer platanoides L. 16,300 1.7
Picea abies L. 10,300 1.1
Other (33 species) 45,500 4.9

Source: developed by the authors using the data of the Ukrainian State Forest Management Planning

Association (n.d.)

Table 4. Distribution of the forest area with undergrowth of Zhytomyr region

Species Area (ha) Share of area (%)
Frangula alnus Mill. 1554,500 58.8
Corylus avellana L. 467,300 17.7
Rhododendron luteum, Sweet 241,500 9.1
Sorbus aucuparia L. 118,100 4.5
Salix caprea L. 53,500 2.0
Salix pentandra L. 50,800 1.9
Salix aurita L. 30,500 1.2
Sambucus nigra L. 27,500 1.0
Other (59 species) 100,200 3.8
Total 2,643,900 100

Source: developed by the authors using the data of the Ukrainian State Forest Management Planning

Association (n.d.)

According to the type of forest vegetation
conditions, which determine the potential spe-
cies diversity of forests, an important part of the
territory is occupied by poor soils that are fresh
(soil moisture index - 2) in terms of moisture.
33% of the forests of the studied region grow on
poor soils corresponding to the type of forest
vegetation conditions A,, 34% on B, soils and
10% in poor, dry conditions A where site con-
ditions A, B, C, D stand for soil fertility (from
poor to fertile) and 0, 1, 2, 3,4, 5 — soil moisture
(from very dry to very wet) (Pogrebnyak, 1955).

Classification of wooded areas according to wild-
fire hazard

To assess fire hazard, broadleaved and mixed
forests were combined in two groups: 1) mixed

forests that included land cover classes with
class codes 112, 113, 115, 116 and 2) deciduous
forests — land cover class with class code 114.
Accordingly, three levels of fire risk were as-
signed: 1) high (pine forest), 2) medium (mixed
forest), and 3) low (deciduous forest). Such
classification facilitates the selection of effec-
tive fuel treatment scenarios aimed at creating
more fire-resistant forests in transition zones
between natural forested landscapes and set-
tlements (WUI).

Settlements

Boundaries of the settlements within the Zhy-
tomyr region and their total population data
were extracted from the Humanitarian Data
Exchange (HDE) service (Humanitarian Data
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Exchange, n.d.). According to that reference,
1,539 (92.8%) settlements in the Zhytomyr
region are small, limiting their population to
1,000 inhabitants. Most of these settlements
are located near the forests and are therefore
vulnerable to forest wildfires. The methodolo-
gy for assessing the area of fuel treatment that
should be done to transform pure pine forests
into more fire-resistant ones requires spatial
information about settlements and forests to
determine the WUIL. Official data from the State
Statistics Service of Ukraine, the Main Depart-
ment of Statistics in the Zhytomyr region for
the period from 1990 to 2021 were then used to
estimate the dynamics of the population (State
Statistics Service of Ukraine, 2022).

Within the Zhytomyr region, a decreasing
trend in both urban and rural populations was
observed. Over the last three decades, the po-
pulation has decreased by 22.2%. The number of
the rural population has decreased more inten-
sively than the urban population (compared to
1990, the number of the urban population has
decreased by 13.9%, and the rural population
by 31.9%) (State Statistics Service of Ukraine,
2022). Generally, the population has decreased
in small villages located far from large urban
agglomerations, predominantly in the north of
the region. This situation reduced wildfire risks
due to the reduction of ignition sources but
must be weighed against the increased wildfire
hazard for settlements and individual houses
located next to the forests due to the accumula-
tion of fuels (growth of biomass) (Maillé & Es-
pinasse, 2006; Maillé & Espinasse, 2012).

Mapping WUI

The term Wildland Urban Interface (WUI) is
used to define those areas where buildings meet
or encounter wild vegetation (Butler, 1974;
Radeloff et al., 2005). V.C. Radeloff et al. (2005)
classified WUI into two types: 1) anintermix WUI
(the area where houses and wildland vegetation

directly intermingle), and 2) an interface WUI
(where settled areas abut wildland vegetation).

There are several ranges to determine the
buffer distance from the forest area to set-
tlements (houses). According to studies by
W.G. Page et al. (2018), the maximum distance
over which fires can spread is 2.7 km, and the
distance within which they spread is 94% of all
fire points within 500 m. California Fire Alli-
ance (2001) recommended a distance of 2.4 km
as an average distance in which a firebrand can
fly ahead of a firefront. Although fuel types af-
fect the potential spotting distance in the ab-
sence of data for Ukrainian conditions, we used
a distance of 2.4 km to identify and map WUI in
the method of V.C. Radeloff et al. (2005).

Due to the availability of data, the WUI
point-based approach for mapping the WUI
with some modifications was used. Instead
of using houses, outlines of settlements were
used. Implementing WUI approaches, the set-
tlements located in the WUI zone were deter-
mined. A density threshold of 6.17 buildings per
km? (i.e., 1 building per 16 hectares) was con-
sidered, where within 2.4 km of an area that is
heavily vegetated (0.75% wildland vegetation)
and larger than 5 km? (Radeloff et al., 2005).
Settlements located within a radius of 2.4 km
from a forest with an area of more than 5 km?
were identified. In addition, based on the re-
search of W.G. Page et al. (2018), according to
which 94% of all fire ignitions occur within
500 m, forest parts that are located in the buffer
of 500 m from settlements were also identified.
Thus, two arrays of data were defined: 1) zones
of forest fire danger for settlements within the
WUI (within a radius of 2.4 km) and 2) zones
of extreme forest fire danger for settlements
within the WUI (within a radius of 500 m). A
distance of 2.4 km, which is recommended by
the California Fire Alliance (2001) as an average
distance that a firebrand can fly ahead of a fire-
front, was considered.

Vol. 15, No. 2, 2024

Ukrainian Journal of Forest and Wood Science 29



Mapping Wildland-urban interfaces...

Results and Discussion

One of the ways to reduce fire risks is to
manage combustible materials, especially
in the WUI zone. Two buffer zones in radius-
es of 2, 4 and 0.5 km around settlements were

ol

Legend

Forests in buffer
I Coniferous forests
7 Mixed
Broadleaved forests
Land Cover
Coniferous forests
I Broadleaved and mixed forests
[ Other natural landscapes
Croplands
I Settlements

0 25 50

determined based on land cover information
(Buchhorn et al., 2020). Buffer zones within
the WUI were mapped and classified into three
wildfire risk classes defined above, and the for-
est zones around settlements (Fig. 2).

75 100 km
[ EE— ES—

Figure 2. WUI over the Zhytomyr region:
fire-prone forested areas are shown within buffers of 2.4 km apart from settlements
Source: developed by the authors based on M. Buchhorn et al. (2020)

Figure 2 highlighted numerous zones that
were classified as a high fire-risk area (pure
pine forests — coniferous forests). Settlements
in high fire-risk areas of the WUI zone, mainly
located in the northern part of the region have
a risk of negative consequences of forest fire.

Furthermore, the forest cover over both buffer
zones (2.4 km and 0.5 km) was calculated. In
doing so, the share of forests in the buffer zone
with gradation by 25 per cent and the number
of settlements in each gradation was calculated
for each buffer (Table 5).

Table 5. Forest cover in the fire risk buffer zone of settlements in the Zhytomyr region

Percentage of forests cover in the buffer zone (%) Total
<0.1 | 0.1-25.0 | 25.1-50.0 | 50.1-75.0 | 75.1-100
Buffer zone 2,400 m
Forest cover
Forest area (ha) 43,125 406,893 136,043 51,131 6,327 643,519
Percentage 6.7 63.2 21.2 7.9 1.2 100
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Table 1, Continued

Percentage of forests cover in the buffer zone (%) Total
<0.1 0.1-25.0 25.1-50.0 | 50.1-75.0 ‘ 75.1-100
Buffer zone 2,400 m
Number of settlements 357 583 347 252 119 1,658
Percentage 21.5 35.2 20.9 15.2 7.2 100.0
Pine forest cover

Pine forest area, ha 41,584 94,230 82,915 39,676 6,002 264,408

Percentage 0.0 42.3 37.2 17.8 2.7 100.0

Number of settlements 612 838 152 50 6 1,658

Percentage 36.9 50.5 9.2 3.0 0.4 100.0

Buffer zone 500 m
Forest cover

Forest area, ha 4,751 20,713 5,575 1,357 53,496 85,893

Percentage 14.6 63.8 17.2 4.2 0.2 100.0

Number of settlements 640 494 242 157 125 1658

Percentage 38.6 29.8 14.6 9.5 7.5 100.0

Pine forest cover

Pine forest area, ha 1,420 3,053 1,895 616 28,410 35,394

Percentage 0.0 54.6 33.9 11.0 0.5 100.0

Number of settlements 987 559 89 22 1 1,658

Percentage 59.5 33.7 54 1.3 0.1 100.0

Note: numerator — absolute value, denominator — percentage

Source: developed by the authors

The categories of forest highlighted in
the map (Fig. 2) that characterize WUI made
it possible to assess the scale of the possi-
ble impact of forest fires on the population.
The total area of forests located in buffer
zones with distribution by fire danger clas-
ses around settlements is presented in Ta-
ble 6. This spatial information identified the

forest fire hazard for settlements in different
zones of the Zhytomyr region and enabled
effective fire management planning in these
areas. Structural analysis of forests in these
high fire-risk forests in WUI zones enables
planning to develop a diverse fire-resistant
forest structure based on species of diversity
(Tables 2-4).

Table 6. Distribution of the total forest cover area within settlements buffer zones
by the fire risk classes in the Zhytomyr region

Forest fire risk (land cover | Forest area within 2.4 km buffer | Forest area within 0.5 km buffer
type) ha % ha %
High (pine forests) 264,408 41.1 35,394 41.2
Medium (mixed forests) 275,976 42.9 43,526 50.7
Low (broadleaved forests) 103,135 16.0 6,973 8.1
Total 643,519 100.0 85,893 100.0

Source: developed by the authors

The positive effect of introducing decid-
uous species into pine forests (Van Wilgen et
al., 1990; Parkins et al., 2018) to increase forest
fire safety justifies the planning to introduce

deciduous tree species into pine stands of Zhy-
tomyr oblast. Considering the species compo-
sition of main tree species, undergrowth and
understory species, given in Tables 2-4, local
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deciduous species should be introduced in the
pine forests of the study region: main shelter
of a canopy - Betula pendula Roth., Quercus ro-
bur L.; undergrowth — Frangula alnus Mill., Co-
rylus avellana L., Rhododendron luteum, Sorbus
aucuparia L., Salix caprea L., Salix pentandra L.,
Salix aurita L., Sambucus nigra L.; understory —
Quercus robur L., Carpinus betulus L., Betula ver-
rucosa Ehrh. Acer platanoides L.

Considering the increased occurrence of
severe wildfires over natural landscapes in
Ukraine, as well as in Europe (FAO, 2015; San-
Miguel-Ayanz et al., 2020; European Environ-
ment Agency, 2021), it is necessary to compre-
hensively investigate the issue of landscape fire
management in order to make further recom-
mendations to reduce the risks of such fires.
Climate change increases the potential for
catastrophic wildfires that introduce a signifi-
cant threat to settlements. Settlements and in-
tense human activity next to forests in Ukraine
increase the risk of human-caused ignition.
Thus, there is an urgent need to promote the
development of effective solutions to reduce
the risks of forest fires in the WUI zone.

A survey conducted by a multidiscipli-
nary team (composed of technicians of the fire
management system as well as scientists) in
2020 at the national level regarding the forest
fire and fire management system in Ukraine
showed that the main cause of forest fires
was the human activity (98%) (Soshenskyi et
al., 2021). O. Soshenskyi et al. (2021) found
out that there was a relationship between the
number of wildfires within pine forests and
the population, which confirmed the fact that
forest fires in Ukraine are mainly caused by
activities related to forest visitors. Population
growth leads to increased ignition probability,
i.e., the fire occurrence, but simultaneously re-
duces wildfire burn probability due to reduced
biomass (e.g., thinning forests for construction)
(Maillé & Espinasse, 2006; 2012).

Thus, settlements with a few people loca-
ted within fire-prone pine forests characterized,
create low risks of fire ignition, but are high
burning risks. Such situations’ develop hazar-
dous wildfires that can threaten settlements.

The problem of fire risks over WUI is in-
fluenced by the expansion of communities and
the construction of new houses which does not
account for the risk of forest fires, and forest
policies that do not promote the reduction of
the risk of forest fires for settlements. Currently,
forest policy is limited to fire prevention mea-
sures rather than fuel treatments. A decrease
in the number of rural populations leads to a
reduction in the number of firefighting units in
those regions, which reduces the effectiveness
of reacting to fires.

In the Zhytomyr region, settlements are
characterized by great fragmentation and are
often located either close to or within the fo-
rests. The present study is the first research
quantification effort devoted to the vulnera-
bility of natural and anthropogenic landscapes
to forest fire risk in the WUI zone in Ukraine.

Pure pine stands, which are inherent in
the study region, correspond to the paradigm
of forest policies in Ukraine of the last century,
which promoted to plant of monospecific pine
stands for production purposes. Under current
circumstances of climate change and increases
in the number of communities near the forests,
such forests have risks of forest fires traver-
sing settlements. Such a situation requires the
development of guidelines to increase the re-
sistance of pine forests to wildfires as well as
to pests and diseases by transforming pure pine
forests into mixed, complex coniferous-deci-
duous stands.

The composition of a mixed structure of
stands instead of pure pine stands occasionally
does not meet the central aim of forest man-
agement, e.g., it can lead to a decrease in the
total volume of high-quality commercial wood.
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However, the gained effect in terms of wildfire
risk reduction transcends commercial revenue
from timber. Increasing tree species diversity
in forests through the creation of more mixed
stands is a common aim of forest policies in
different parts of the world, both as a means of
increasing the delivery of ecosystem services
from forests and as a way of increasing resi-
lience to climate change as noted by W.L. Ma-
son et al. (2018). One of the responsibilities of
forest fire management is the execution of an
analysis of how boundary and density of set-
tlements as well as structural characteristics of
forest change.

Two main approaches to reducing forest
fire risks for settlements in the study region
through forest management in the WUI zone
are suggested in this study: 1) increasing the
proportion of deciduous species in pine forests
and forming complex multi-component forest
edges; and 2) reducing the supply of combus-
tible materials’ trough thinning of pine stands
to the point where the forest fire cannot spread
through the crowns of trees. The first approach
requires measures to create forests artificially
or naturally, providing a proportion of decidu-
ous species in the upper tier, understory, and
undergrowth. The second approach requires
regulation through controlled burning of the
amount of combustible materials from gras-
ses, which are formed with increased access
of light to the soil surface. Considering the
features of buffer zones, climatic anomalies
in recent years and the economic features of
the region, the most optimal way to increase
the fire resistance of forests and the safety
of settlements from fires is the regulation of
combustible materials through the formation
of more fire-resistant stands in forest edges
and buffer zones of buildings during forest
management. The use of the method of con-
trolled burning is also an option to reduce the
risks of wildfires. However, this method has

not yet been tested, described, and regulated
by legislation in Ukraine.

Since forest edges commonly overlap with
WUI zones, it is important to mention that
D. Armenteras et al. (2013) demonstrated that
a vast majority of wildfires (98%) occurred wit-
hin 1000 m of the edge, while only two per cent
of fires occurred at greater distances. Authors
D. Armenteras et al. (2013) also revealed that
the most intense wildfires (exceeding 500 MW)
occurred close to the edge, i.e., the first 2 km
inside or outside the edge.

The classification of forest edges plays an
important role in forest management in the
WUI zone. In Ukraine, A.D. Kuzyk (2011) was
engaged in the classification of forest edges
according to their fire value, which distin-
guishes three types of forest edges, according
to the width of the forest strip from the edge,
which differs from the forest in the middle in
microclimate, tree taxonomic indicators, bio-
diversity. According to this classification, false
(Fig. 4), elementary (Fig. 3b) and multi-com-
ponent (Fig. 3a) forests are distinguished.
Multicomponent forest edges are formed
naturally over a long period in the absence
of human activity. Furthermore, it is possible
to speed up the process of formation of such
edges by forestry measures. In areas with a
high risk of wildfires occurring and spreading
from populated areas to forest areas, or vice
versa, it is advisable to ensure the formation
of such forest edges with a width of 100-200
m (Fig. 3).

Most forest edges in pine forests on the bor-
der with populated areas are false forest edges
(Fig. 4) or elementary forest edges (Fig. 3). Such
woodlands are characterized either by the ab-
sence of undergrowth, understory, and shrubs,
or by an insignificant diversity of trees, shrubs,
and herbaceous plants, which is observed in
a strip with a width smaller than the average
height of the stand.
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Figure 3. An example of multi-component (a) and elementary (b) forest edges

Source: authors’ photos

Figure 4. An example of a false forest edge

Source: authors’ photo

A separate example of fire-resistant edges
in pine forests to reduce risks for settlements is
the formation of sparse stands because conti-
nuity of surface fuels is important for the spread
of fire, according to K. Parkins et al. (2018). Such
forests play a recreational or protective func-
tion and thus, the loss of technical qualities of
wood in such forests can be justified. The main
advantage of such forest edges is the reduction
of the amount of combustible materials in the
path of a possible crown forest fire since such

a structure does not support crown forest fire,
and it is easier to stop ground fires in such pla-
ces. The disadvantage of such forest edges is a
large amount of sunlight, which contributes to
the appearance of dense grass cover, which cre-
ates high fire risks in dry conditions (autumn
and spring). Therefore, in such forest edges, it
is necessary to implement the practice of using
controlled burnings - safe and controlled bur-
ning of ground combustible materials. Exam-
ples of such edges are shown in Figure 5.
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Figure 5. An example of a sparse forest edge in a pine stand on the border with settlements

Source: authors’ photo

This study assessed two critical WUI zones
in the Zhytomyr region that can be used to re-
duce wildfire risks through forest management.
The first zone is pure pine forests in a buffer
zone of 500 m around populated areas are the
primary volume of forestry measures for the
formation of fire-resistant forests, which is
38.4 thousand hectares (3.4% of all forests in
the region). The second zone is pure pine fo-
rests in a buffer zone of 2,400 m around settle-
ments, which requires a strategic plan for the
transformation of pure pine forests over a long
period — 275.3 thousand hectares (24.5% of the
forests of the region). Forest management in
this zone should take into account the econo-
mic functions of these forests but still follow
the principles of formation of pine forests resil-
ient to fires, pests, and diseases.

Within the framework of the “RESILPINE —
Transformation of pine forests to a close-to-
nature forest management in Ukraine and
with special consideration of resilience to fire”
(Global Fire Monitoring Center, 2021) project,
eight permanent plots were established to test
methods of transforming pure pines to increase
their resistance to fires, pests, and diseases, and
now have the first positive results of growth

and adaptation. Experimental sites were laid
out in different regions of the Polissya natu-
ral zone, which includes the Zhytomyr region.
Various methods were tested in experimental
plots — an increase of deciduous tree/shrub
species in pure pine stands, planting of fire-re-
sistant forest edges, fire-resistant forest edge,
under canopy culture with common oak in pure
pine stands. Proven options for creating un-
derstory crops or increasing the proportion of
hardwoods in pure pine stands to reduce wild-
fire risk can be used to reduce wildfire risks in
the WUI area described in this study.

Conclusions

Concluding this study, a method to assess and
map WUI with a focus on fire risks for one of
the regions of Ukraine is suggested. In the in-
volved regions, pure pine forests are common
and have forest fire risks for settlements. As-
sessment of the WUI zone in Zhytomyr region
(oblast) showed 35.4 thousand ha of pine fo-
rests in the 0.5-km buffer zone (3.4% of the to-
tal forests of Zhytomyr oblast) and 264.4 thou-
sand ha of pine forests in the 2.4-km buffer
zone (25.3% of the total forest area of Zhyto-
myr oblast). Such pure pine forests with other
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species of single trees are characterized by a
high risk of forest fires and require transforma-
tion into more resilient mixed stands to reduce
the vulnerability of settlements near such fo-
rests. Based on the analysis of the species di-
versity of the main tree species, undergrowth
and understory, a list of local species that can
be used to increase the proportion of deciduous
species in pure pine forests was suggested. The
approaches, which are described in this study,
can be used to estimate the areas of forests
within the WUI zone in which it is necessary to
reduce the risks of forest fires in other regions
of Ukraine. Approaches to forest management
in the WUI zone can be used to reduce the risks
of forest fires both in the study region and in
other regions of the Ukrainian Polissia. The
WUI zone assessment method described in this
study is a tool for defining forest management
policies in these zones in order to reduce fo-
rest fire risks in the context of ongoing climate
change, urbanization, and reduced resistance of
pure pine stands to pests, diseases, and fires.
Future research could focus on refining
and optimizing the methodology employed in

mapping WUI zones. This could involve incor-
porating additional spatial and environmental
variables, advanced remote sensing techniques,
and data from emerging technologies such as
satellite imagery, drones, or geographic infor-
mation systems (GIS).
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Ha TaciHHs, MOoTpebye pPO3pO6KM HOBUX CTPATEriit IJI 3HMKEHHS PUBUKIB JIICOBUX TIOXKEXK,
10 BKJIIOYAE YIIPaBIiHHS JIICOBMMM TOPIOYMMM MaTepiasiamu. 3Baxkalouy Ha iCHYIOUi PUBUKU
JIiCOBUX TIOKEX [JIsI HACeJIeHHS Ta JICiB, a TaKOX HEeIOCTATHIO JOCTiIKEHICTh IIbOTO MUTAHHS
B YKpaiHi, HEOOXiJHO TPOJOBXKYBATM DPO3POOJSITY Ta TECTYBaTM HOBi MiAXOAM OO 3HMKEHHS
PU3MKIB JIiCOBMX TOXKeXK. MeTa JOCTiIKEeHHS ToJAraja B po3pobIli Ta 3aCTOCYBaHHI METOMY AJIst
OILIiIHKM Ta KapTorpadyBaHHs iHTEpdeiicy «aIuKa Mpupoaa — HaceJeHM MyHKT» 3 aKIeHTOM Ha
TOXEKHY Hebe3meKy Iyisi 4acTMHM YKpaiHcbKoro Ilomiccst. 3oHM iHTepdeiicy «amka Npupopa
— HaceJIeHU# TyHKT» OynM BUIiEHi s HaceleHMX MYHKTIB Ha JOCTIIKyBaHill TepuTopii Ta
BUKOPUCTAHi JIsT BUSHAUEHHSI TEPUTOPIit, Ha SIKMUX HEOOXiTHO BiMHOBUTM JIiCOBi HacaKeHHs, a
TaKOX JiCOTOCTIOAAPChKUX MPAKTUK, CIIPSIMOBAHMX Ha MiABUILNEHHS CTiMKOCTi JIiCiB [0 TMOXEeX.
Anani3 6iopi3HOMAHITTS OCHOBHMX JE€pPeBHMX IIOpif, MiAJIiCcKy Ta MiZpOCTy MOCTiIKyBaHOTO
peTioHy J03BOIMB CKIACTM CIMUCOK MiCLIeBUX JUCTSHUX MOPi, SIKi MOXKYTb 6T BUKOPUCTAHI JJIsT
3MEHIIIeHHS IHTeHCUBHOCTI ITOKEX IIJITXOM 30ibIIeHHS IX YaCTKM B UMCTUX COCHOBUX Jricax. Jjis
OIHOTO 3 HAM6IMbII JIiCUCTUX perioHiB YKpaiHu 6yJ0 OIiHEHO O6GCST JIiCOTOCTIOAAPChKIX 3aX0iB,
CIIPSIMOBAHMX Ha ITiABUIIEHHS CTiMKOCTi JIiCiB IO IMOKEX Ta 3MEHIIEeHHSI PU3UKIB ITOKEX MIJIsST
HaceJeHMX MYHKTIB. Bysa nmpoBegeHa mepiina KOMILJIEKCHA OLiHKA JUKUX 3€MeJlb, SIKi TIOTeHLiITHO
MOXXYTb CIPUSTY BIUIMBY JTICOBUX ITOXKeXX HA HaceJeHi IyHKTH, Ta HaJaHi peKoMeHAAllii 1010
3HIKEHHSI PU3VKIB JIICOBMX TIOXKEX [/ HACEIEeHMX ITYHKTIB. 3alIpOIMIOHOBAHO METOAM OLIiHKM
B3a€MOIii Mik IPUPOTHMUMM JIaHAIIaPTaMM Ta MiCTOM, @ TAKOX 3HUKEHHS PU3VKIB BUHUMKHEHHSI
nokesx 1yist yactuay IMonicbkoi mpupomHoi 30HM YRpainu. IIpencTaBieHi migxoau MOKYTh OyTU
BUKOPUCTaHI B yKPaiHChKOMY JTiCOBOMY TOCIIOHAPCTBI /IJIsI 3MEHILIEHHSI PU3UKIB JIiCOBUX TTOXKEK
B YMOBax 3MiHM KiiMaTy, yp6aHisallii Ta HM3bKOi CTifIKOCTi UMCTUX COCHOBUX I€PEBOCTAHIB 10
TTOKE3K, a TAKOK LIKiTHMKIB i XBOPO6

KniouoBi c1oBa: 3MiHa KJIiMaTy; 1iCOBi IPOTUIIOXKEXHI CMYTM; COCHOBI HacaJpykeHHs1; YKpaiHCbKe
[Tomices
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Abstract. The value and uniqueness of forest ecosystems are determined by their species diversity
and biotic resistance to negative environmental impacts. The aim of the study is to determine
the species composition, systematic position, trophic specialization, as well as the occurrence and
abundance of forest mycobiota with Abies alba in the Pokutsko-Bukovyna Carpathians. The study
was conducted in 2019-2023 within the forests of the branches “Kutske Forestry”, “Ivano-Frankivsk
Forestry” and “Beregomet Forestry” of the State Specialized Enterprise “Forests of Ukraine”,
as well as the forests of the National Nature Park “Vyzhnytskyi” and the National Nature Park
“Hutsulshchyna”. Classical mycological identification methods were used in the study. Information
from the interactive databases Index Fungorum, MycoBank, and World of Fungi of Ukraine was used
to clarify the current systematic position and current names of taxa. It was found that the consortial
relationships of the fungal biota of the Pokutsko-Bukovyna Carpathians forests are most closely
related to the woody plants Picea abies, Abies alba, and Fagus sylvatica. During the mycological
expedition, 54 species of representatives of the kingdom Fungi were identified, 81.5% of which
belong to the order Basidiomycota and 18.5% to the order Ascomycota. It was found that the most
numerous is the order Polyporales, and the least numerous are the orders Corticiales, Gomphales,
Phallales, Pucciniales and Tremellales. 1t is shown that, according to trophic specialization,
representatives of the studied mycobiota of the Pokutsko-Bukovyna Carpathians belong to the
following groups: xylotrophic facultative saprotroph, xylotrophic facultative pathogen, xylotrophic
obligate saprotroph, obligate pathogen and aboveground saprotroph. It is noted that the most
widely represented are saproxylytrophs, which generally develop on dead and fallen wood. Thus,
the systemic and structural analysis of the fungal biota of the Pokutsko-Bukovyna Carpathians
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forests allows for assessing the biocenotic value of fungi as bioindicators of the current state of
stands, as well as identifying reference and valuable areas characterized by high biodiversity

Keywords: white fir; mycocenosis; systematic position; species composition; trophic specialization

Introduction

One of the most important components of
forest biocenosis is mycotic communities of
different trophic affiliation, which, like other
heterotrophs, determine its depth, systemat-
ically interact with woody plants at different
stages of their ontogeny — from endophytism
to biodegradation, and are valuable food and
medicinal resources for humans. Fungi are di-
rectly involved in the functioning of the forest
biocenosis as a biological system. The structure
and relationships of species (communities) of
mycocoenoses with other living organisms are
of particular importance for the development of
forest ecosystems. Most of them are xylobionts
(from the Greek &orov — “felled tree” and Puov
(Biovrog) - “living”) and are present at all stages
of wood xylolysis — from the moment of damage
to living woody plants to complete utilization
of the remains at the final stages of decompo-
sition. A significant number of species grow on
the soil and forest floor, some representatives
of this group are mycorrhizal formers, while
others are poorly lichenicolous. Being part of
a consortium where the substrate or partner in
life is higher, in this case, woody plant species,
fungi can enter into indifferent, negative and
antagonistic relations with the latter.

The fungal communities of the Ukrain-
ian Carpathian forests have been studied to a
certain extent (some literature sources have
almost a century of history), which allows for
a comparative analysis of previous results, de-
spite some fragmentation of these studies. The
taxonomic composition of the xylotrophic as-
comycobiota of forest ecosystems of protect-
ed areas of the Ukrainian Carpathians, which

were considered in the work of Y.Yu. Bublyk &
0.S. Klymyshyn (2023), is represented by 406
taxa belonging to 190 genera, 66 families, 26
orders, 10 suborders, 6 classes of the subdivi-
sion Pezizomycotina of the division Ascomycota.
It is noted that the distribution or specializa-
tion of wood-destroying ascomycetous fungi to
woody substrates depends on the life forms and
species diversity of trees.

Several works have been devoted to the
study of the species diversity of mycorrhizal
fungi of the Hutsulshchyna National Nature
Park (including new rare species). The study
by S.I. Fokshei (2022) involved a comprehen-
sive study of the diversity and ecological role of
Ascomycota fungi in the park’s ecosystem. The
study analysed the various Ascomycota species
present in the region to reveal their distribu-
tion, ecological significance, and possible con-
tribution to the overall biodiversity of the park.
The results contributed to the formulation of
conservation strategies and a deeper under-
standing of the ecological dynamics of Hutsul-
shchyna Park.

The results of the study by S.I. Fokshei &
L.M. Derzypilskyi (2021) not only expand the
understanding of the mycological component
of the ecosystem of this park, but also iden-
tify new species of high rarity. This may have
a significant impact on the conservation and
management strategies of this unique natural
area. In addition, the new species of mycetes
discovered in the Hutsulshchyna National Park
provide new information about biodiversity and
ecological relationships in this unique natural
environment (Bohoslavets & Prydiuk, 2023).
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In total, as of 1 January 2022, more than
1000 species of fungi and fungi-like organisms
were identified in the forest communities of the
Hutsulshchyna NNP, 23 of which are listed in
the Red Data Book of Ukraine (Pasayliuk, 2022).

Ectomycorrhizal fungi in the forest ecosys-
tems of the Western Carpathians are discussed
in the work by E. Luptdkovad & I. Mihal (2020).
The authors identified 51 species of ectomycor-
rhizal mycorrhizal fungi, the dominant species
being Ramaria formosa, Hygrophorus pustulatus,
Lactarius aurantiacus, Lactarius rufus, Paxillus
involutus, etc. It is noted that these species play
an important role in the process of succession,
in particular, in the reforestation of former
agricultural lands. Also, M. Senila et al. (2024)
presented the results of a study of toxic metals
in some wild edible mushrooms (Cantharellus
cibarius, Boletus edulis, and Amanita rubes-
cens) growing in the mountainous region of
the Western Carpathians. This study aims to
investigate in detail the levels of toxic metals in
these mushrooms, providing important infor-
mation for determining the safety of their con-
sumption and assessing the possible impacts
of mining activities on their nutritional value.
1. Sopushynskyi et al. (2021) focus on the pecu-
liarities of biological damage to the stem wood
of white fir Phellinus Hartigii in the Ukrainian
Carpathians. The study aims to determine the
mechanisms and features of the interaction be-
tween white spruce and Hartig’s tinder fungus,
taking into account the impact on the physio-
logical and structural aspects of wood. Given
the importance of white spruce as an impor-
tant forest vegetation species in the Ukrainian
Carpathians, understanding these features is
important for developing strategies for man-
aging and protecting forests from the parasitic
impact of Hartig’s tinder fungus.

Thus, even though the species composi-
tion of fungi and fungi-like organisms in the
Carpathian region is to some extent outlined,

some issues, in particular, regarding phyto-
pathogenic species, as well as their ecological
and nutritional specialization, remain unre-
solved. Therefore, the present study is aimed at
determining the species composition (with an
assessment of biocenotic significance), system-
atic and structural analysis, and trophic groups
of the mycobiota of forests with Abies alba Mill.
in the Pokutsko-Bukovyna Carpathians.

Materials and Methods

Analysis of the system-structural analysis of
representatives of the mycobiota of forest eco-
systems with the participation of Abies alba
Mill. in the Pokutsko-Bukovyna Carpathians
is based on the processing of own herbarium
collections of mycetes from the forests of the
Kutske Forestry Branch, Ivano-Frankivsk For-
estry Branch and Beregomet Forestry Branch
of the State Specialized Economic Enterprise
(SSE) “Forests of Ukraine”, forests of the Na-
tional Nature Park (NNP) “Vyzhnytskyi” and
NNP “Hutsulshchyna”, which fully represent
the typical conditions of the study area, dur-
ing 2019-2023. Some information was obtained
from the data established during the processing
of herbarium specimens stored in the collection
of the Department of Forestry of the National
University of Life and Environmental Sciences
of Ukraine, the interactive database The world
of mushrooms in Ukraine (n.d.).

The distribution of the trophic chain of the
identified mycobiota representatives is based
on the generally accepted trophic specializa-
tion (nutritional characteristics of heterotroph-
ic organisms). Currently, they are divided into
two large groups: parasites (using nutrients for
their development from living cells throughout
their lives) and saprotrophs (using nutrients
for their development from dead cells). This
is usually characteristic of the most extreme
representatives of the trophic chain of the
kingdom Fungi. Among the fungi found on the
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experimental woody plants, we identified ob-
ligate pathogens — OPs (the ecological niche of
this group of fungi is living plant tissue, and
they are not capable of saprotrophic nutrition
under natural conditions, the term “biotrophs”
is synonymous with them); optional (optional)
pathogens — OPs (spend most of their develop-
ment on a dead substrate but are able to con-
tinue feeding on a living substrate, the term
“nectrotrophs” is synonymous with them). Fac-
ultative (optional) saprotrophs — FS (spend most
of their development on a living substrate, but
are able to continue feeding on a dead sub-
strate); obligate saprotrophs — OS (live exclu-
sively on a dead substrate); Mycorrhizal fungi —
MF (symbiotrophic species that coexist with
the roots of woody plants and are obligate exo-,
endo- and exo-endogenous mycorrhizal fungi).
Based on the fact that all the identified fungi are
xylotrophs, i.e., they use wood (trunks, roots,
shoots) for their nutrition, the authors added
the word “xylotroph” to this taxonomy to dis-
tinguish facultative saprotrophs and pathogens
from other substrates on which they develop.
In addition, the terms “obligate pathogen” and
“facultative pathogen” were used to distinguish
between the studied fungal species of different
specializations (instead of the previously used
“obligate parasite” and “facultative parasite”).
This approach is based on a literal understand-
ing of the term “pathogen”(from the Greek
nofoyévelo, — “one that causes suffering”), i.e.
organisms (usually myco- and microorganisms)
that can cause infectious pathology. As for the
term “parasite” (from the Greek Ilapdoito —
“freeloader”), it is appropriate to refer to fac-
tors of living nature that cause damage that is
not related to infection (pathological process).
This approach allows for distinguishing be-
tween different types of impact on the plant
(infectious and non-infectious). In any case, it
is inappropriate to combine processes that are
different in nature under one name.

Distribution by micro-horizons: 1 - root;
2 — above-ground (including dead wood, fallen
trees, dead branches); 3 — coma; 4 — trunk; 5 -
crown; “-” — not detected. The species occur-
rence was assessed on a conditional point scale:
+ - very rarely; 1 — rarely; 2 — not rarely; 3 - of-
ten; 4 - very often. The scale is based on the cal-
culation of the average proportions of species
(with fruiting bodies) in the community during
the observation period (taking into account the
long-term annual repetition of observations).

Species abundance (as the number of in-
dividuals per unit of inhabited space) was es-
timated on a point scale: + — very rare; 1 — rare
and scattered; 2 — not abundant; 3 - abundant;
4 — very abundant. Latin names of higher plant
species are given by: World Flora Online (n.d.),
mycobiota — according to Index Fungorum
(n.d.). The research was conducted in compli-
ance with the standards specified in the Con-
vention on Biological Diversity (1992) and the
Convention on the Trade in Endangered Species
of Wild Fauna and Flora (1973). Modern names
of fungi and their systematic affiliation are con-
sistent with the nomenclature database Myco-
Bank (n.d.) and the International Code of No-
menclature for algae, fungi, and plants (2019).

Results and Discussion

The total number of recorded and identified
species of forest mycobiota with Abies alba
Mill. in the Pokutsko-Bukovyna Carpathians
is 54 species, including 13 species of Europe-
an spruce (Picea abies L.), 6 species of white
fir (Abies alba L.), and 35 species of European
beech (Fagus sylvatica L.).

The analysis of the taxonomic structure of
the identified mycobiota showed that the spe-
cies belong to 45 genera, 31 families, 4 subor-
ders, 13 orders, 6 subclasses, 5 classes, 3 subdi-
visions and two divisions, in particular 18.5% of
species are representatives of the division Asco-
mycota Caval.Sm., 1998,and 81.5%, respectively,
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of Basidiomycota Whittaker ex Moore, 1980 of
the subkingdom Dikarya Hibbett, 2007 of the
kingdom Fungi Bartling, 1830. The systematic
distribution of the detected and identified myc-
obiota is presented in Table 1.

All species of the order Ascomycota are
represented by representatives of the suborder
Pezizomycotina O.E. Erikss. & Winka, 1997 of
the class Sordariomycetes O.E. Erikss. & Win-
ka, 1997, within which 2 subclasses (Hypocreo-
mycetidae and Xylariomycetidae), 2 orders (Hypo-
creales and Xylariales), 5 families (Diatrypaceae,
Hypocreaceae, Melanconidaceae, Nectriaceae,
Xylariaceae), 7 genera (Diatrype, Kretzschmaria,
Melogramma, Nectria, Neonectria, Trichoderma,
Xylaria) and 10 species of mycetes.

Basidiomycota is represented by 2 subor-
ders (Agaricomycotina and Pucciniomycotina),
4 classes (Agaricomycetes, Dacrymycetes, Pucci-
niomycetes and Tremellomycetes), 4 subclasses
(Agaricomycetidae, Phallomycetidae, Phallomy-
cetidae, Tremellomycetidae), 11 orders (Agar-
icales, Corticiales, Dacrymycetales, Gloeophyl-
lales, Gomphales, Hymenochaetales, Phallales,

Polyporales, Pucciniales, Russulales, Tremel-
lales), 4 suborders (Marasmiineae, Melampso-
rineae, Phyllotopsidineae and Pleurotineae), 26
families (Amylocorticiaceae, Bondarzewiaceae,
Clathraceae, Climacocystaceae, Corticiaceae,
Dacrymycetaceae, Fomitopsidaceae, Ganoder-
mataceae, Gloeophyllaceae, Gomphaceae, Heri-
ciaceae, Hymenochaetaceae, Incrustoporiaceae,
Irpicaceae, Laetiporaceae, Mycenaceae, Phan-
erochaetaceae, Physalacriaceae, Polyporaceae,
Pucciniastraceae, Pycnoporellaceae, Radulomy-
cetaceae, Schizophyllaceae, Stereaceae, Tremel-
laceae and Trichaptaceae), 38 genera (Amylo-
corticium, Armillaria, Bjerkandera, Calocera,
Cerioporus, Chondrostereum, Clathrus, Clima-
cocystis Dacrymyces, Daedalea, Daedaleopsis,
Dentipellis, Fomes, Fomitopsis, Ganoderma,
Gloeophyllum, Henningsomyces, Hericium, Het-
erobasidion, Inonotus, Irpex, Laetiporus, Mela-
mpsorella, Panellus, Phellinus, Plicaturopsis, Py-
cnoporellus, Radulomyces, Ramaria, Rhodofomes,
Schizophyllum, Skeletocutis, Stereum, Trametes,
Trametopsis, Tremella, Trichaptum and Vuil-
leminia) and 44 species of mycetes (Table 1).

Table 1. Systematic position of macromycetes of the consortium Abies alba L., Picea abies L.,
and Fagus sylvatica L. in the forests of the Pokutsko-Bukovyna Carpathians

Department

Class.

Order.

Family.

Reid

View

Ascomycota

Sordariomycetes

Xylariales

Melanconidaceae

Melogramma

Melampsorella cerastii (Pers.)
J. Schrot. 1887

Diatrypaceae

Diatrype

Melogramma spiniferum
(Wallr.) De Not., 1863

Xylariaceae

Kretzschmaria

Diatrype disciformis (Hoffm.)
Fr., 1849

Xylaria

Kretzschmaria deusta
(Hoffm.) PM.D. Martin, 1970

Hypocreales

Nectriaceae

Nectria

Xylaria polymorpha (Pers.)
Grev., 1824

Neonectria

Nectria ditissima Tul. & C.
Tul. 1865

Nectria cinnabarina (Tode)
Fr. 1849

Nectria galligena Bres. 1901

Hypocreaceae

Trichoderma

Neonectria coccinea (Pers.)
Rossman & Samuels, 1999
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Table 1, Continued

Department Class. Order. Family. Reid View
Basidiomycota | Agaricomycetes Russulales Bondarzewiaceae | Heterobasidion | Heterobasidion parviporum
Niemeld & Korhonen 1988
Heterobasidion abietinum
Niemeld & Korhonen, 1998
Stereaceae Stereum Stereum hirsutum (Willd.)
Pers. 1800
Hericiaceae Dentipellis Dentipellis fragilis (Pers.)
Donk, 1962
Hericium Hericium cirrhatum (Pers.)
Nikol., 1950
Hericium coralloides (Scop.:
Fr.) Pers 1974
Polyporales Climacocystaceae Climacocystis | Climacocystis borealis (Fr.)
Kotl. & Pouzar., 1958
Fomitopsidaceae Fomitopsis Fomitopsis pinicola (Sw.) P.
Karst. 1881
Rhodofomes | Rhodofomes roseus (Alb. &
Schwein.) Vlasak, 1990
Daedalea Daedalea quercina (L.) Pers.
1801
Pycnoporellaceae Pycnoporellus | Pycnoporellus alboluteus
(Ellis & Everh.) Kotl. &
Pouzar 1963
Polyporaceae Cerioporus Cerioporus varius (Pers.)
Cerioporus Zmitr. & Kovalenko, 2016
Cerioporus mollis (Sommerf.)
Zmitr. & Kovalenko, 2016
Fomes Fomes fomentarius (L.) Fr.
1849
Daedaleopsis | Daedaleopsis confragosa
(Bolton) J. Schrot, 1888
Trametes Trametes versicolor (L.) Lloyd,
1920
Laetiporaceae Laetiporus Laetiporus sulphureus (Bull.:
Fr.) Murrill 1920
Incrustoporiaceae Skeletocutis | Skeletocutis amorpha (Fr.)
Kotl. & Pouzar, 1958
Irpicaceae Trametopsis | Trametopsis cervina
(Schwein.) Tomsovsky, 2008
Irpex Irpex lacteus (Fr.: Fr.) Fr. 1828
Ganodermataceae Ganoderma Ganoderma applanatum
(Pers.: Wallr.) Pat. 1887
Ganoderma resinaceum Boud.
1889
Phanerochaetaceae | Bjerkandera | Bjerkandera adusta (Willd.) P.
Karst., 1879
Agaricales Amylocorticiaceae | Amylocorticium | Amylocorticium
subsulphureum (P. Karst.)
Pouzar 1959
Plicaturopsis | Plicaturopsis crispa (Pers.)
D.A.Reid, 1964
Physalacriaceae Armillaria Armillaria mellea (Vahl) P.
Kumm.
Mycenaceae Panellus Panellus stipticus (Bull.) P.

Karst., 1879
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Table 1, Continued

Department Class. Order.

Family.

Reid View

Schizophyllaceae

Henningsomyces | Henningsomyces candidus
(Pers.) Kuntze 1898
Schizophyllum commune Fr.
1815

Chondrostereum | Chondrostereum purpureum
(Fr.) Pouzar 1959

Schizophyllum

Radulomycetaceae

Radulomyces | Radulomyces molaris
(Chaillet ex Fr.) M.P. Christ.,

1960

Gloeophyllales

Gloeophyllaceae

Gloeophyllum | Gloeophyllum abietinum (Fr.)
P. Karst. 1882
Gloeophyllum odoratum

(Wulfen) Imazeki, 1943

Phallales

Clathraceae

Clathrus Clathrus archeri (Berk.)

Dring, 1980

Hymenochaetales

Trichaptaceae

Trichaptum | Trichaptum fuscoviolaceum
(Ehrenb.) Ryvarden 1972
Trichaptum abietinum (Pers.

ex J.F. Gmel.) Ryvarden, 1972

Hymenochaetaceae

Phellinus Phellinus hartigii (Allesch. &
Schnabl) Pat., 1903
Phellinus igniarius (L.) Quél.
1886

Inonotus obliquus (Pers.)

Pilat 1942

Inonotus

Corticiales

Corticiaceae

Vuilleminia | Vuilleminia comedens (Nees.:

Fr.) Maire 1902

Gomphales

Gomphaceae

Ramaria Ramaria aurea (Fr.) Quél.

1888

Dacrymycetes Dacrymycetales

Dacrymycetaceae

Calocera Calocera cornea (Batsch) Fr.,
1827
Dacrymyces stillatus Nees,

1817

Dacrymyces

Tremellomycetes Tremellales

Tremellaceae

Tremella mesenterica
(Schaeff.) Retz., 1769

Tremella

Pucciniomycetes Pucciniales

Pucciniastraceae

Melampsorella | Melampsorella cerastii (Pers.)

J. Schrot. 1887

Source: developed by the authors based on MycoBank (n.d.)

The maximum number of identified my-
cetes in the forests of the Pokutsko-Bukovyna
Carpathians belongs to the order Polyporales —
31.4%. Typical representatives of this order are
xylobionts, i.e. wood biodestructors, and there-
fore occupy an extremely important place in
forest ecology. The species composition of the
order Polyporales includes 17 species of mycet-
es belonging to 9 families: Climacocystaceae,
Fomitopsidaceae, Ganodermataceae, Incrustop-
oriaceae, Irpicaceae, Laetiporaceae, Phanero-
chaetaceae, Polyporaceae and Pycnoporellaceae.

The share of the order Agaricales is 14.7% of
the total. The representatives of this order in-
clude destructive fungi, mycorrhizal fungi and
soil saprotrophs. A typical characteristic of the
order is that the fruiting bodies of agaric fungi
are predominantly stalked and capped with a
lamellar hymenophore. The order Agaricales in
the studied forests is represented by 8 species
of fungi belonging to 5 families: Amylocorti-
ciaceae, Mycenaceae, Physalacriaceae, Radulo-
mycetaceae and Schizophyllaceae. Also, relative-
ly numerous is the order Russulales (11.1%),
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which is represented mainly by mycorrhizal
fungi, saprotrophs, and phytopathogenic spe-
cies. We managed to identify 6 species of this
order belonging to 3 families: Bondarzewiace-
ae, Hericiaceae and Stereaceae. Other orders are

meeesssssmm 7.3%
mm 1.9%

Xylariales
Tremellales
Russulales
Pucciniales
Polyporales
Phallales
Hypocreales w—— 0 3%

= 1.9%
= 1.9%

Hymenochaetales e 9.3%
Gomphales mmm 1.9%
Gloeophyllales e 3.7%
Dacrymycetales wmm—— 3.7%
Corticiales wmm 1.9%

e 11.1%

less numerous, in particular Hypocreales and
Hymenochaetales (9.3% each), Xylariales — 7.3%,
Gloeophyllales and Dacrymycetales (3.7% each),
Corticiales, Gomphales, Phallales, Pucciniales
and Tremellales (1.9% each) (Fig. 1).

e 31.4%

Agaricales mae———— 14.7%

0.0% 5.0% 10.0%

15.0%

20.0% 25.0% 30.0% 35.0%

Figure 1. Taxonomic structure of the species composition of forest mycobiota
with Abies alba in the Pokutsko-Bukovyna Carpathians at the level of orders

Source: developed by the authors

Analysing the distribution of mycobiota
representatives of the forests of the study re-
gion by food specialization, it was found that
most species are saprotrophs, whose vital ac-
tivity is ensured by the decomposition of dead
plant residues, carrying out ammonification
(mineralization) of nitrogen, as well as releas-
ing metabolic products (CO,, H,0, urea, etc.),
organic acids and siderophores, which affect
the functionality of root cells and facilitate
the release and supply of ferrous ions and oth-
er trace elements to the plant from insoluble
compounds in the soil (Antonyak et al., 2013).
The most numerous is the group of obligate
saprotrophs, their share is 49.1% of the total
distribution. The share of obligate pathogens
is 45.5%. Representatives of other trophic
groups (xylotrophic facultative pathogen, ob-
ligate pathogen and aboveground saprotroph)

were not numerous, with their share in the to-
tal distribution reaching 1.8% (Fig. 2). The dis-
tribution of fungal taxa by nutritional regime
may have elements of subjectivity, because,
for some species of xylotrophic fungi, we have
not found information on the presence of these
fungi as normal mycobiota of healthy (or weak-
ened) trees. If these fungi are present in such
trees as endophytes, including vital obligates
(i.e., fungi that are an integral component of
living trees that use metabolites of living cells
for their existence), they can be switched from
obligate saprotrophs to facultative saprotrophs
and vice versa. Thus, considering the consortial
relations between fungi and consortium-edify-
ing trees, we note that in indifferent consortial
relations, representatives of mycobiota develop
on no more than 10-20% of host plants, affect-
ing (infecting) them to a relatively weak degree
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and for a short period, without leading to no-
ticeable deviations in growth and development
compared to healthy specimens. A negative
type of relationship should be considered when

1.8%1.8%

45.5%

49.1%

1.8%

fungi parasitize 50-80% of plants, causing se-
vere damage to them, leading to general weak-
ening, impaired assimilation capacity, and, of-
ten, loss of phytocoenosis.

| Xylotrophic facultative
saprotroph

m Xylotrophic facultative
parasite
Xylotrophic obligate
saprotroph
Obligate parasite

m Above-ground saprotroph

Figure 2. Distribution of mycobiota representatives
of forests with Abies alba by food specialization

Source: developed by the authors

Analysing the trophic specialization of my-
cobiota in the context of tree species, we note
that Picea abies consortia are represented main-
ly by xylotrophs-obligate saprotrophs, their
share being 57.1%. Facultative saprotrophs,
whose vital activity is confined mainly to liv-
ing substrates, account for 35.7%. One fungal
species is classified as a xylotrophic facultative
pathogen, Armillaria mellea, whose basidiomy-
cetes and rhizomorphs are found both in dead
or dying wood and on the trunks of living trees.

The Abies alba consortium is also formed by
three trophic groups of mycetes: xylotroph-ob-
ligate saprotroph (50.0%), xylotroph-faculta-
tive saprotroph (33.3%) and obligate patho-
gen (16.7%). In general, most of the identified
fungal species are associated with symbiotic or
mutualistic relationships with fir and, devel-
oping on dead wood, are active participants in
bioconversion in the forest.

Representatives of the mycobiota associat-
ed with Fagus sylvatica wood were grouped into
three trophic groups, with the most numerous
being facultative (51.4%) and obligate (45.7%)
saprotrophs. One species, Clathrus archeri, was

also recorded, which turned out to be a typical
above-ground saprotroph. It should be noted
that this fungus is a unique and valuable find,
as it is listed in the Red Book of Ukraine and has
the status of “endangered”.

The studied forest mesocosms of the Po-
kutsko-Bukovyna Carpathians are character-
ized by specialization in substrate-forming
tree species (so-called consortium-unitising
trees). The largest number of species was found
within the Fagus sylvatica microhabitat (35 spe-
cies, 64.8% of the total number of finds), with a
much smaller number in Picea abies (13 species,
24.0%) and Abies alba (6 species, 11.1%). The
species composition of the consortium and the
nature of consortial relationships between its
components are variable at different stages of
ontogeny of higher woody plants and in differ-
ent biogeocenoses, in particular, environmen-
tal conditions greatly influence them.

Analysing the overall distribution of the
mycobiota of forests with Abies alba in the Po-
kutsko-Bukovyna Carpathians by microhierar-
chy, it was found that the largest number of spe-
cies is confined to the subsoil horizon (Fig. 3).
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Figure 3. Distribution of forest mycobiota with Abies alba
in the Pokutsko-Bukovyna Carpathians by microhierarchy

Source: developed by the authors

It is worth noting that some species (e.g.
Trichaptum abietinum and Fomitopsis pinicola)
were recorded simultaneously in microhabitats
of different woody plant species. The following
species were typical representatives of this group:

Amylocorticium subsulphureum, Vuilleminia co-
medens, Gloeophyllum abietinum, Irpex lacteus
(Fig. 4a), Pycnoporellus alboluteus, Trichaptum
fuscoviolaceum, Trichaptum abietinum, Chon-
drostereum purpureum, Cerioporus varius, etc.

Figure 4. Irpex lacteus (a) and Trametes versicolor (b)
Source: photo by the authors

Representatives of pathogenic mycobiota
of different levels of trophic nutrition are con-
centrated in the coma and root horizons, which,
as a result of their vital activity, have a signif-
icant impact on the overall sanitary condition
of the stand. For example, Heterobasidion abi-
etinum basidiomata develop on the roots, low-
er parts of trunks, stumps, and trunks of living
Abies alba trees (Fig. 5b), and Heterobasidion
parviporum on Picea abies, which cause varie-
gated core rot of wood and root system and are
among the most dangerous pathogens of my-
cotic diseases that lead to massive drying of

coniferous forests. These macromycetes mas-
sively infect stands and lead to the loss of a sig-
nificant amount of wood and a decrease in the
protective properties of forests. They also lead
to the gradual weakening and death of trees
in plantations, which subsequently turn into
sparse forests. In weakened trees, the pressure
of the sapwood decreases, which mechanically
and physiologically protects trees from damage
by stem pests, whose breeding frequency occurs
at irregular intervals, but is usually typical for
weakened stands under physiological stress
(Diaz-Yanez et al., 2019).
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Figure 5. Ramaria aurea (a) and Heterobasidion parviporum (b)
Source: photo by the authors

A significant part of mycetes grows and
develops within the stem microhabitat. These
are mainly tinder fungi, which, settling on tree
trunks, lead to the formation of various types of
rot (core, sapwood or mixed), gradually weak-
ening the plant. Among the most common
species, we noted the following: Gloeophyllum
odoratum, Inonotus obliquus, Climacocystis bo-
realis, Laetiporus sulphureus, Fomitopsis rosea,
Phellinus hartigii, Phellinus igniarius, Fomitopsis
pinicola, Fomes fomentarius, etc. It was found
that some species of macromycetes begin uti-
lization of dead wood/substrate in xerophilic
crown conditions and are grouped depending

on microclimatic and trophic preferences of in-
dividual species.

Basidiomata of Ganoderma applanatum and
Ganoderma resinaceum were found in the basal
part of the trunks of living trees, which cause
light yellow root and basal rot of the corro-
sive-destructive type, making trees potentially
dangerous to windbreaks. The fruiting bodies
of an equally dangerous species of phytopatho-
genic fungus, Armillaria mellea, were also iden-
tified. It should be noted that the discovery of
fruiting bodies of Hericium coralloides, which is
a Red Data Book species for Ukraine and has a
“vulnerable” status, was important (Fig. 6b).

Figure 6. Clathrus archeri (a) and Hericium coralloides (b)
Source: photo by the authors

The smallest number of species (1 species)
were confined to the crown horizon. Thus, in the

crown of growing Abies alba trees, typical man-
ifestations of infection with Melampsorella
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caryophyllacearum, which is the causative agent
of white fir ulcerative tumour disease and is

currently spreading massively in the forests of the
study region, were noted (Kulbanska et al., 2024).

Table 2. Distribution of Abies alba forest mycobiota
(by food specialization, microhabitats and other indicators)

. Trophic Micro- Encounter, | Number,
Latin name specialization | horizon point points
Picea abies
Heterobasidion parviporum Niemela
& Kor}ll)onerll) 1988 KFS 1,25 2 2
Armillaria mellea (Vahl) P. Kumm. 1871 K-FP 1,2,3 3 3
Climacocystis borealis (Fr.) Kotl. & Pouzar., 1958 K-0S 2,34 1 1
Fomitopsis pinicola (Sw.) P. Karst. 1881 K-FS 2,4 3 2
Fomitopsis rosea (Alb. & Schwein.) P. Karst. 1881 K-FS 2,3,4 1 1
Trichaptum fuscoviolaceum (Ehrenb.
b Rifvarden 1972 ( ) K-08 2 2 4
Trichaptum abietinum (Pers. ex ].F. Gmel.
b Ryvarden(, 1972 : ) K-08 2 2 3
Am rticium Iphur P. Karst.
ylocorticiu P(snL;lZJ;Lrl i)él;tgeum (P. Karst.) K-0S 2 1 3
Henningsomyces candidus (Pers.) Kuntze 1898 K-0S 3 + 2
Pycnoporellus alboluteus (Ellis & Everh.) Kotl.
v & Pouzar(l 963 ) K-08 2 * 3
Gloeophyllum abietinum (Fr.) P. Karst. 1882 K-0S 2 1 +
Gloeophyllum odoratum (Wulfen) Imazeki, 1943 K-FS 4 1 +
Abies alba
Heterobasidion abietinum Niemeld
& Korhonen 1988 K-FS 5 2 2
Trichaptum abietinum (Dicks.: Fr.) Ryvarden 1972 K-0S8 2 2 3
Hericium coralloides (Scop.: Fr.) Pers 1974 K-0S8 2 + 3
Melampsorella cerastii (Pers.) J. Schrot. 1887 OP 4,5 2 1
Phellinus hartigii (Allesch. & Schnabl) Pat., 1903 K-FS 2,3,4 2 1
Gloeophyllum abietinum (Fr.) P. Karst. 1882 K-0S 2 1 +
Fagus sylvatica
Nectria ditissima Tul. & C. Tul. 1865 K-FS 4 2 2
Neonectria coccinea (Pers.) Rossman
& Samuels(, 199; K-FS 2 2 2
Nectria cinnabarina (Tode) Fr. 1849 K-FS 2 2 1
Nectria galligena Bres. 1901 K-FS 2 3 2
Stereum hirsutum (Willd.) Pers. 1800 K-FS 2,5 3 3
Irpex lacteus (Fr.: Fr.) Fr. 1828 K-0S 2 1 2
Chondrostereum purpureum (Fr.) Pouzar 1959 K-0S 2 2 3
Vuilleminia comedens (Nees.: Fr.) Maire 1902 K-0S8 2 1 1
Schizophyllum commune Fr. 1815 K-FS 2 3 2
Cerioporus varius (Pers.) Zmitr. & Kovalenko, 2016 K-0S8 2 1 1
Laetiporus sulphureus (Bull.: Fr.) Murrill 1920 K-FS 4 3 1
Ganoderma applanatum (Pers.: Wallr.) Pat. 1887 K-FS 3,4 1 1
Ganoderma resinaceum Boud. 1889 K-FS 2,4 1 1
Ramaria aurea (Fr.) Quél. 1888 (Fig. 5a) K-0S8 2 2 3
Inonotus obliquus (Pers.) Pilat 1942 K-FS 4 + +
Phellinus igniarius (L.) Quél. 1886 K-FS 2,4 2 2
Daedalea quercina (L.) Pers. 1801 K-FS 2 2 2
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Table 2, Continued

Latin name T.rol.)hic' Mic'ro- Encot}nter, Nun.lber,
specialization | horizon point points
Fomes fomentarius (L.) Fr. 1849 K-FS 2,4 4 2
Fomitopsis pinicola (Sw.) P. Karst. 1881 K-FS 4 3 3
Melogramma spiniferum (Wallr.) De Not., 1863 K-0S8 2,5 1 1
Trichoderma sulphureum (Schwein.) Jaklitsch K-0S 2 1 1
& Voglmayr, 2014
Diatrype disciformis (Hoffm.) Fr., 1849 K-0S8 2 1 1
Kretzschmaria deusta (Hoffm.) P.M.D. Martin, 1970 K-0S8 2 1 1
Xylaria polymorpha (Pers.) Grev., 1824 K-0S8 2,3 1 2
Plicaturopsis crispa (Pers.) D.A. Reid, 1964 K-0S8 2 1 1
Panellus stipticus (Bull.) P. Karst., 1879 K-0S8 2 1 1
Radulomyces molaris (Chaillet ex Fr.
Mp Christ.f 1960 ) K-08 2 2 2
Calocera cornea (Batsch) Fr., 1827 (Fig. 7a) K-0S8 2,3 2 2
Dacrymyces stillatus Nees, 1817 K-0S8 2,3 1 1
Trametopsis cervina (Schwein.) Tomsovsky, 2008 K-FS 4 1 2
Bjerkandera adusta (Willd.) P. Karst., 1879 K-FS 2 1 2
Daedaleopsis confragosa (Bolton) J. Schrot, 1888 K-FS 4 1 1
Cerioporus mollis (Sommerf.
Zmi!')tr. & Kovaleflko, 2016 ) K-08 2.4 1 1
Trametes versicolor (L.) Lloyd, 1920 (Fig. 4b) K-FS 2,3 3 3
Clathrus archeri (Berk.) Dring, 1980 (Fig. 6a) EMERGENCY 2 + +

Note: K-FS - xylotrophic facultative saprotroph, K-PP - xylotrophic facultative parasite, K-OS — xylotrophic
obligate saprotroph, OP - obligate parasite, NS — aboveground saprotroph

Source: developed by the authors

The occurrence and abundance of spe-
cies are partially correlated. For example, the
species Armillaria mellea, Fomes fomentarius,
Fomitopsis pinicola, Nectria galligena, Schizo-
phyllum commune, Stereum hirsutum (Fig. 7b),
Trichaptum fuscoviolaceum are characterized
by almost equally high (3-4 points) occur-
rence and abundance within the study areas.

A similar dependence can be observed for
very rare species (+) and is characterized by
low numbers of individuals per unit of habi-
tat. These are Inonotus obliquus and Clathrus
archeri. It should be noted that these indica-
tors are conditional and vary depending on the
year, weather conditions, stand, microclimate,
substrate, etc.

Figure 7. Calocera viscosa (a) and Stereum hirsutum (b)

Source: photo by the authors

Vol. 15, No. 2, 2024

Ukrainian Journal of Forest and Wood Science 53


https://www.indexfungorum.org/names/NamesRecord.asp?RecordID=194860

Systematic and structural analysis of forest mycobiota...

I. Dudka et al. (2019) noted that the prob-
lems of studying the species diversity of fungi
of the Ukrainian Carpathians and protecting
their gene pool are currently inseparable. Es-
tablishing the boundaries of the species’ range
and the degree of its endemism is essential not
only for assessing the actual rarity of the spe-
cies but also for determining the level of sen-
sitivity of the phytocoenosis to anthropogenic
changes in the landscape. Every year, reports
of discoveries of rare fungal species in the for-
ests of the Carpathian region become available.
S. Fokshei & L. Derzypilskyi (2021) indicate the
discovery and identification of 9 species of my-
cetes included in the Red Data Book of Ukraine
(Anthurus archeri (Berk.) E. Fischer, Boletus
regius Krombh, Clavariadelphus pistillaris (L.)
Donk, Hericium coralloides (Scop.) Pers., Leuco-
agaricus nympharum (Kalchbr.) Bon., Mutinus
caninus (Huds.) Fr, Polyporus umbellatus (Pers.)
Fr, Russula turci Bres., Strobilomyces strobilaceus
(Scop.) Berk.), 6 species rare for Ukraine (Gano-
derma lucidum (Curtis) P. Karst, Gyromitra infula
(Schaeff.) Quél., Hericium alpestre Pers, Herici-
um cirrhatum (Pers.) Nikol., Sarcosphaera cor-
onaria (Jacq.) J. Schrot., Sparassis nemecii Pilat
& Vesely) and 2 species of macromycetes that
are candidates for inclusion in the Red List of
Fungi of the International Union for Conser-
vation of Nature (Asterophora lycoperdoides
(Bull.) Ditmar, Craterellus cornucopioides (L.)
Pers.) Their studies emphasize the value and
uniqueness of the Kamystychnyi tract of the
Hutsulshchyna National Park as a place of con-
centration of rare representatives of fungal bio-
ta. M.O. Zghonnyk (2022) described the licheni-
colous species Multiclavula mucida (Pers. ex Fr.)
R.H. Petersen, which parasitizes green algae of
the genus Coccomyxa. The species was found on
the semi-decomposed wood of an unidentified
woody plant in the Skole Beskydy mountain
range. It is noted that M. mucida is an indica-
tor of the biological value of old-growth forests.

During a mycological excursion by V.O. Greben-
shchikov & U.V. Pakhar (2022), a population
(60 individuals) of Porpolomopsis calyptriformis
(Berk.) Bresinsky was found for the first time in
the Ukrainian Carpathians on the edge of the
Prochert pasture in Putyla village, Chernivtsi
region. This finding confirmed that the forests
of the Putyla region are promising for the ex-
pansion of existing and the formation of new
objects of the nature reserve fund due to the
significant diversity of mycobiota. O. Klymy-
shyn (2020), studying the representatives of
xylotrophic ascomycobiota in the forests of the
Skole Beskydy, emphasizes its role and impor-
tance in the processes of dead wood destruc-
tion. Attention is focused on their key role and
importance in the processes of dead wood deg-
radation. This study contributes to our better
understanding of the internal mechanisms of
wood decomposition in montane forest ecosys-
tems, which can have practical applications in
the context of optimizing forest management
and conservation of natural bioresources.

It should be remembered that in addition
to valuable and useful species, the mycobiota
of the Ukrainian Carpathian forests are also
represented by species that act as dangerous
phytopathogens, infesting living growing trees,
slowly weakening them, and causing the forma-
tion of various types of rot. A thorough study
of the species composition of beech destructors
in the forests of the Hutsulshchyna NNP was
conducted by M. Pasaylyuk (2018). In the pro-
cess of beech wood destruction, 50 species of
fungi and fungi-like organisms were found on
beech wood. This study indicates a high level of
biological activity in forest ecosystems. These
results contribute to a deeper understanding
of wood decay processes and their impact on
the ecological functions of the forest envi-
ronment. I. Sopushynskyi et al. (2021) investi-
gated the wood science aspects of the quality
of fir stem wood affected by Phellinus Hartigii
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(Allesch et Schnadl) Bond. This study is of great
forestry importance in the context of the dying
of fir stands in the Carpathians and the ration-
al use of forest wood resources. The study by
I. Sopushynskyi et al. (2021) on the formation
of the quality of fir stem wood affected by Phell-
inus Hartigii is an important contribution to the
study of the impact of fungal infection on wood
characteristics, which is important for the ra-
tional use of forest resources and planning of
forestry activities in the Carpathian region.
0. Bogoslavets (2022), studying wood-destroy-
ing fungi of the Gorgany Nature Reserve, iden-
tified 25 species of fungi inhabiting the wood
substrate. Among the valuable finds were the
following species: Athelia decipiens (Hohn. &
Litsch.) J. Erikss., Antrodia sinuosa (Fr.) P. Karst,
Coniophora puteana (Schumach.) P. Karst, Ceri-
poria excelsa (S. Lundell) Parmasto, Dacrymyces
chrysospermus Berk. & M.A. Curtis, Mucronella
calva (Alb. & Schwein.) Fr., Hericium coralloides
(Scop.) Pers, Pholiota limonella (Peck) Sacc., Pi-
loderma byssinum (P. Karst.) Jiilich, Pholiotina
brunnea (Watling) Singer, Postia caesia (Schrad.)
P.Karst, Pluteus leoninus (Schaeff.: Fr.) P.Kumm.,
Rigidoporus sanguinolentus (Alb. & Schwein.)
Donk, Skeletocutis amorpha (Fr.) Kotl. & Pouzar.

The fungal biota of the Earth is one of its
most important components, which performs
biodegradation, ensures and supports the
functioning of higher plants, and is a valuable
resource of food and medicinal raw materials.
At the same time, the fungal biota, its partici-
pation in the functioning of the biosphere, the
role of fungi in global energy processes in bi-
omass utilization, the importance of fungi of
different groups for the development of forest
ecosystems, the structure, and relationships
of species within mycocoenoses with other or-
ganisms, the properties of fungi and their use
in human life, as well as many other aspects
have been insufficiently studied and evaluated.
Therefore, knowledge about species diversity,

population size, habitat conditions, ecological
and trophic specialization makes it possible to
assess the current state of the biocenosis, of
which representatives of the kingdom Fungi are
an integral part.

Conclusions

Based on the systematic and structural analysis
of the mycobiota of forests with Abies alba in
the Pokutsko-Bukovyna Carpathians, 54 spe-
cies of fungi were recorded and identified. Of
these, 13 species form consortial relationships
with Picea abies, 6 species with Abies alba, and
35 species with Fagus sylvatica.

The current state and peculiarities of the
taxonomic structure of the identified species
showed that during the mycological expedition,
18.5% of representatives of the Ascomycota and
81.5% of representatives of the Basidiomyco-
ta of the kingdom of Fungi were identified. The
identified fungal biota belongs to 5 classes, 6
subclasses, 13 orders, 4 suborders, 31 families,
45 genera. The most numerous was the order
Polyporales, which includes 31.4% of mycobiota
species. The least numerous are the orders Cor-
ticiales, Gomphales, Phallales, Pucciniales and
Tremellales, which include 1.9% of species for
each order, respectively.

Among the representatives of the studied
mycobiota of forests with Abies alba in the Po-
kutsko-Bukovyna Carpathians, the following
ecological groups were identified: xylotrophic
facultative saprotroph, xylotrophic pathogen,
xylotrophic obligate saprotroph, obligate path-
ogen and aboveground saprotroph. According
to the data obtained, saproxylytrophs are most
widely represented in the studied mycoflora,
which generally develop on dead and fallen
wood. Obligate and facultative pathogens, as
well as humus saprotrophs, are represented by
a much smaller number of species.

In particular, a group of micromycetes as
pathogens of infectious diseases of various
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organs of forest woody plants and macromy-
cetes — wood-destroying fungi (xylobiotrophs)
that cause root and stem rot — were identified.
These pathogens can have a significant impact
on the formation and viability of forest stands
at different stages of their ontogeny. By analys-
ing the nature of the relationship in the system
“plant-host-phytopathogen-environment”, it is
possible to assess the role of phytopathogenic
fungi in the forest consortium of a particular
region and, accordingly, to predict measures
aimed atreducing the harmful effects they cause.

It has been established that the occurrence
and abundance of forest mycobiota species
with Abies alba in the Pokutsko-Bukovyna Car-
pathians are mostly directly related. For ex-
ample, some species (Schizophyllum commune,
Armillaria mellea, Stereum hirsutum, Fomes fo-
mentarius, Nectria galligena, Fomitopsis pinico-
la, Trichaptum fuscoviolaceum, etc.) within the
study areas are characterized by relatively high
rates of both occurrence and number of indi-
viduals per unit of inhabited space. A similar
dependence was observed for species charac-
terized by low occurrence and abundance (e.g.
Inonotus obliquus and Clathrus archeri). It is

substrate environment, etc. Thus, the accumu-
lation of knowledge about the species diversity
and functional purpose of mycobiota, the study
of factors influencing the distribution and bi-
ology of fungi, the analysis of the systematic
position, and the determination of trophic re-
lationships with higher plants within the forest
biocenosis makes it possible to establish cer-
tain systemic relationships in the secondary
succession processes of the forests of the study
region, as well as to form knowledge about the
fungal biota as a significant bioindicator of for-
est condition.

A promising area for further research is to
assess the degree of transformation of forest
ecosystems, in addition to the known silvicul-
tural and sanitary changes in the stand, signs
of forest floor and soil degradation, based on
qualitative and quantitative changes in xylo-
mycorrhizal indicators (species composition,
distribution along microhumidifiers, the stage
of wood destruction by xylotrophs, an increase
in the proportion of stenotrophs and biotrophic
facultative species, etc.)
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CHUCTEeMHO-CTPYKTYPHMIA aHAJTi3 MiKOOiOTH JTiciB
3a yuacTio Abies alba Mill. y ITokyTcbko-BykoBuHCbKMX KapmnaTax

IBanHa Kynb6aHcbKa
Kangupat 6iooriyHmx HayK, JOIEHT
HarionanpHmit yHiBepcuTeT 6iopecypciB i mpupomokopucTyBaHHs YRpainu
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AHoranig. IliHHiCTP Ta YHIKaJIBHICTH JIICOBUMX €KOCMCTEM BU3HAUYAIOTBCS iX BULOBUM
Pi3HOMAHITTSIM Ta 6I0TUYHOIO CTilKICTIO O HETaTUMBHOTO BIUIMBY HaBKOJMUIITHHOTO CEpeOBUIIIA.
MeTo0 MOCTiIKEHHS € BU3HAUEHHS BMUIOBOTO CKIaAY, CUCTEMATUIHOTO MOJIOKEeHHS, TPOdiuHO1
crieiaiizanii, a TakoXX MOKa3HMKIB 3yCTPIiYHOCTI Ta UMCENBHOCTI MPeNCTAaBHUKIB MiKO6GiOTU
JiciB 3a yuacTio Abies alba y TIokyTcbKO-BykoBMHCHKMX Kapratax. [JOCTiIKEHHST TTPOBOAIIN
BrpomoBxk 2019-2023 pokiB y MeXax JlicoBux macuBiB ¢isniii «KyTcbKe JlicOBe TOCIOgapCTBO»,
«IBaHO-®paHKiBChKe JIICOBE TOCIIOIAPCTBO» Ta «BeperoMmeTchbKe JIiCOMUCINBCHKE TOCIIOAAPCTBO»
IlepskaBHOTO Crelliali30BaHOT0 TOCIMOApPChKOTO mignmpuemcTBa «Jlicu VKpaiHu», a TaKOX
niciB HamjioHanpHOTO NPUPOAHOrO MapKy «BukHuibkuii» Ta HallioHaJbHOTO TPUPOLHOTO
nmapky «['yiynbiuHa». ¥ po6OTi BUKOPUCTAHO KIacMuHi MikojoriudHi mMetoau imenTtmdikarii.
Il yTOUHEHHSI Cy4aCHOTO CHCTEMATMUYHOTO IIOJIOKEHHSI Ta aKTyaJbHOI Ha3BM TaKCOHIB
BUKOpUCTaHO iHQopMartiito i3 iHTepakTuBHMX 6a3 manux «Index Fungorum», «MycoBank» Ta
«CBiT Tpn6iB YRpainm». [JocaimKeHo, 0 KOHCOPTUBHI 3B’S13KM TPMOHOI 6i0TH miciB ITOKyTChKO-
BykoBuHCbKMX Kapmat Hai6imbmn TicHO OB’ s13aHi i3 gepeBHUMM pocinHamu Picea abies, Abies
alba ta Fagus sylvatica.V xopi MikonoriyHoi ekcrienuiii ineHT1diKoOBaHO 54 BUIM MTpeCTaBHUKIB
uapcrBa Fungi, sxi Ha 81,5 % wHanmexkatb no Bimminy Basidiomycota Ta na 18,5 % — mo Bimminy
Ascomycota. BcTaHOB/IeHO, 10 Haibinbil uymMcenbHUM € TOpsifoK Polyporales, a HaliMeHII
YucenbHO TpefcTaBieHi nmopsaku Corticiales, Gomphales, Phallales, Pucciniales Ta Tremellales.
[TokasaHo, 10 3TigHO TpodiuHoi creniamiszanii mpeacTaBHUKM AOCTiIKYBaHOT MiKOGioTH J1iciB
[TokyTChbKO-BYKOBUMHCHKMX Kaprat HaseskaThb 10 HACTYITHUX IPYIT: KCWIOTPOod-haKkymbTaTUBHMIA
canmpotpod, KcuaoTpod-dhakyaIbTaTUBHMIT TIATOTEH, KCWIOTpod-o6riraTHuit canpotpod,
o6iraTHW MaToreH Ta HaArPYHTOBUI canmpoTpod. 3a3HAYAETHCS, IO HAMIIMPIIIe TpeicTaBIeH]
canmpokcuiaoTpodu, 10 3arajoM pPO3BMBAIOTHCS HAa CYXOCTiifHiN Ta omaniii mepeBuHi. Takum
YMHOM, CUCTEMHO-CTPYKTYPHMIT aHasli3 TpubHOi 6ioTu smiciB TTokyTchKO-ByKOoBMHCHKMUX KapmaT
JIO3BOJISIE TIPOBECTM OIiHKY GiOI[EHOTMYHOIO 3HAaueHHs IpubiB K 6i0iHAMKATOPiB Cy4acHOro
CTaHy JepeBOCTaHiB, a TAKOXX BMOKPEMUTHM €TAJOHHI Ta IiHHI TePUTOPIi, IKi XapaKTepU3yIOTbCS
BUCOKMMM TTOKa3HUKaMM 6iopi3HOMaHITTSI

KniouoBi cmoBa: sumuig 6ina; MiKOIeHO3; CUCTEMAaTUYHE TTOJIOKEHHS; BUAOBUIA CKIaL; TpodiuHa
creniajisaris
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Abstract. The global trend of innovative development of society positions virtual reality (VR)
technologies as an integral tool in the management process. The study aims to analyse the
potential of using immersive technologies in the system of forest fire prevention and management.
The research was conducted using special scientific methods — experimentation and statistical
methods descriptive and inferential statistics. The study determined that immersive technologies
are now rapidly developing from the position of innovation to a practical range of tools. The study
established that their implementation in the paradigm of environmental management policy
is positioned as a prospective necessity and a factor in intensifying the quality of preventive
environmental protection. The essence of the phenomenon of immersive technologies is
specified, and their components, in particular, objective, virtual and augmented reality, are
described. The potential of immersive technologies in the concept of expanding the toolkit of a
modern industry specialist is investigated. The study proved that the use of VR applications has
a significant potential for a positive impact on reducing the number of forest fires and improving
the state of forest ecosystems. The specifics of the use of immersive technologies in the concept
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Prevention and management of forest fires...

of forest fire prevention and management were analysed in the study. An example of the use of
virtual reality technologies in the process of modelling the situation of fire prevention in a certain
forest area using a VR application in the educational environment is presented. In the process of
studying the features of virtual reality technologies in environmental modelling, the advantages
and risks of their integration are highlighted. The results of the study can be effectively used
in the practical process of implementing the concept of ensuring a sustainable environment in

terms of forest fire prevention

Keywords: virtual reality; augmented reality; application; modelling; preventive protection

Introduction

Global climate change and anthropogenic pres-
sure are causing a significant increase in the
frequency and intensity of forest fires in most
regions of the world. Wildfires cause significant
potential economic losses due to the destruc-
tion of forest resources, and infrastructure, and
impacts on the tourism industry and biodiver-
sity, which makes it imperative to develop ef-
fective strategies for preventing and controlling
wildfires. Addressing these issues requires a
comprehensive approach that synergises plan-
ning, risk management, research and active
public engagement. Innovative digitalisation
capabilities and immersive technologies should
be given a priority role in the modern forest fire
prevention system. The concept of using im-
mersive technologies to prevent and manage
forest fires is based on the potential of virtual
reality technologies to simulate situational var-
iations, which can be successfully implemented
in training and educational programmes. The
key aspect of the topic under study is the study
of the preventive impact of immersive technol-
ogies in the educational environment on the
prevention of forest fires, the overall reduction
of their number and destructive power.

The issues of implementing virtual reality
technologies in the environmental sector, as
well as developing measures to optimise sec-
toral programmes in the context of sustaina-
ble development, are reflected in the works of

modern researchers (Buil et al., 2016). D. Ham-
ilton et al. (2021) argue that it is advisable to
use the method of immersion in virtual reality
as a universal analytical tool. The researchers
conducted a systematic review of studies on
quantitative learning outcomes and experi-
mental design, demonstrating the significant
potential of the technologies under study.
M.A. Kuhail et al. (2022) implemented analytics
of practical experience of immersive learning.
The researchers believe that a modern environ-
mental management system should be based on
the synergy of traditional and immersive pre-
ventive methods of environmental protection.
The authors demonstrate the effectiveness
of such synergies by highlighting the recent
achievements of certain experimental studies
and pilot projects. Some scientists, in particu-
lar, G. Makransky & G.B. Petersen (2021), argue
that the effectiveness of the cognitive-affective
model of immersive learning is a prerequisite
for the successful development of educational
programmes, including for the prevention and
management of undesirable and threatening
environmental phenomena.

C. Chen (2022) analysed the practical ex-
perience of optimising the paradigm of man-
agerial innovation in terms of convergence of
the main traditional principles and the latest
tools of immersive technologies. Scientists
address the need to study the potential of the
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latter in the concept of the actual problem of
conservation of biological resources for sus-
tainable development of regions. Scientists
such as V.W. Lee et al. (2020) investigated the
concepts of optimising the environmental
management process using immersive virtual
reality and non-immersive virtual reality in the
educational environment. Scientists point out
that virtual reality has significant prospects for
development, so its progressive advancement
in the educational and managerial spheres will
lead to their obvious qualitative growth and
effective functioning. Scientists are convinced
that the improvement of virtual reality tech-
nologies contributes to modernisation in the
field of management, which is related to the
intensification of scientific and technological
achievements.

Related risks and challenges were explored
by R. Liu et al. (2022) by analysing basic solu-
tions in the context of the concept under study.
The authors emphasize the problematic issues
of disclosing the relationship between immer-
sive technologies academic achievements, and
scientific motivation, thus providing insights
into the integration of immersive tools into the
existing system of social progress. The work of
contemporary scholars, in particular, S. Aguayo
& C. Eames (2023) position monitoring as an
important element in the implementation of
optimal measures for the implementation of
immersive technologies. Scientists have con-
ducted several studies on the use of immersive
learning in mixed reality to improve environ-
mental education. The results of the study of
S. Aguayo & C. Eames (2023) show that the pos-
sibilities of innovative immersive technologies
can significantly improve the understanding of
environmental science, facilitating knowledge
of environmental literacy, and attitudinal and
behavioural change. The implications include
rethinking the tools of the management envi-
ronment with self-educational mobile learning,

as well as the priority of tactile and sensory ca-
pabilities of virtual reality for the environmen-
tal preventive direction of management policy.

Furthermore, T. Chandler et al. (2021)
addressed the possibilities of modelling eco-
system reference conditions in virtual reality.
Their study aimed to prove that virtual reality
can be used to recreate virtual landscapes as
an immersive, visceral experience and convey
ecosystem dynamics to users effectively and
engagingly. Scientists have proved the signifi-
cant potential of virtual reality in terms of the
outlined issues, but at the same time, they have
identified the need for further research on re-
lated risks and challenges to improve the use
of this tactic in a secure concept. The basis for
research in this area is the work of ]J.C. Sneed et
al. (2021), which provides the basics of immer-
sion technology, which, according to the au-
thors, can be a way to more thoroughly study
the structure of the relationship between hu-
mans and nature, with the levelling of certain
obstacles to personal access to nature.

The results of the research of these scien-
tists characterise the problems, achievements
and current state of the system of implemen-
tation of virtual reality technologies in envi-
ronmental protection strategies. Despite their
significant significance, the priority of promis-
ing areas for optimising the management sys-
tem in the chosen direction has not been fully
determined, and the issues of transforming ap-
proaches to ensuring the safety of the process
of using virtual reality technologies remain
poorly understood. The study aims to investi-
gate the potential of immersive technologies
for forest fire prevention and management.

Materials and Methods

The study was carried out using special sci-
entific methods, such as experimentation and
statistical methods. The methodological and
theoretical basis of the study was a systematic
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approach, as well as the accepted concepts of
complexity and dialectic. The systemic concept
has created the preconditions for an effective
analysis of the phenomenon under study as a
systemic phenomenon in the entirety of inter-
relationships.

An experimental method was used in the
study, which involved the use of virtual reality
technologies in the educational school envi-
ronment. A certain area of the forest was des-
ignated, where a fire prevention situation was
modelled using the FLAIM Systems VR soft-
ware. A specific forest area was explored using
VR, focusing on the preconditions, factors and
consequences of forest fires. FLAIM Trainer was
used to recreate the stress and uncertainty of re-
al-life situations, conveying not only visuals but
also tactile sensations. The complex simulates
behaviour by heating the user with a thermal
vest, recreating the experience of acting in sce-
narios with different locations of flame sources.

The experiment with VR technologies was
conducted at school. The experiment was car-
ried out at the Guangzhou Academy of Fine Arts
(China). The sample for this study consisted of
277 students with different levels of experience
and knowledge of the subject. The sample was
selected on the principle of random sampling,
as students were selected from one education-
al institution that had access to the necessary
technologies and resources. The sample was
divided into two groups: one that used a me-
ta-environment (138 students) and another
that used a traditional virtual environment
(139 students). Students were randomly as-
signed to each group. The study was conducted
in compliance with all the standards set out in
the Helsinki Declaration (1975).

The meta-environment included virtual
and real elements such as physical objects and
real-time feedback. The traditional virtual en-
vironment was a purely digital environment
that did not include any real-world elements.

The students in both groups completed a series
of tasks and assessments designed to measure
their level of learning, engagement and satis-
faction with the learning process.

Inferential statistics were used to test
hypotheses and draw conclusions about the
general population based on the samples. A
paired-sample t-test was conducted to deter-
mine whether there was a statistically signifi-
cant difference between the pre-training and
post-training knowledge scores, indicating
whether the training programme was effective
in improving the knowledge of the participants.

Descriptive statistics were used to sum-
marise and describe the characteristics of the
data, such as mean, median, mode, standard
deviation and range. This identified patterns
and trends in the data. In addition, inferential
statistics were used to conclude the larger pop-
ulation from the sample data.

Results

The number of forest fires is growing globally
and regionally. Understanding fire drivers and
assessing where fires are likely to occur are crit-
ical factors in developing more effective plans
to mitigate wildfire initiation and identify risk
areas. The fact that fires do not occur by chance,
but are caused by people or natural processes,
and are significantly dependent on permanent
and variable environmental factors, should be
recognised. Assessing the occurrence of a fire
requires a comprehensive temporal and spatial
analysis. As the experience of foreign countries
shows, large forest fires can last for months,
and even technologically advanced countries
sometimes cannot effectively counteract this
element. In countries with extremely dry and
hot summers (the Mediterranean, the southern
United States, some countries of Central and
Latin America, and Western Europe), the num-
ber of simultaneously active forest fires some-
times reaches tens or even hundreds.
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Forest fires are uncontrolled ignition and
burning of vegetation that spreads sponta-
neously within the forest area. The main root
causes of forest fires are human activity, as
well as lightning discharges, spontaneous com-
bustion of peat crumbs and agricultural arson
during the fire-hazardous season. The latter in-
cludes the period from the moment the snow
cover melts in the forest until the emergence of
a full green cover or the onset of stable rainy
autumn weather. Forest fires have a devastating
effect on trees and shrubs, as well as on tim-
ber harvested in the forest. As a result of their
spread, water conservation, protection and oth-
er practical functions of the forest are signifi-
cantly reduced, flora and fauna, auxiliary struc-
tures are destroyed, biodiversity is threatened,
and in some places, settlements are threatened.
In addition, wildfires pose a serious threat to
adjacent agricultural land, animals and peo-
ple. Depending on the nature of the fire and
the composition of the forest, forest fires are
divided into grassland, upland and ground fires
(peatland burning). According to the level of in-
tensity, forest fires can be weak (burning depth
does not exceed 25 cm), medium (25-50 cm)
and strong (more than 50 cm). It is worth not-
ing that the intensity of combustion depends
on the condition and level of combustible ma-
terials, wind strength, terrain slope, time of
day and several other factors. Fires differ in the
speed of fire spread. For a strong bottom fire,
this value does not exceed 1 m/min, for a strong
fire — more than 3 m/min, and for a weak top
fire. At the same time, a strong grass fire can
reach speeds of up to 100 m/min.

The identification of a forest fire is due
to the activities of ground-based observation
posts. In addition, ground and aerial patrols
of forests are common. The process of directly
extinguishing a large fire is conditionally dif-
ferentiated into certain stages, including fire
reconnaissance, localisation (eliminating the

variability of new fire spread), and firefighting,
i.e., extinguishing the fire, and patrolling the
burned areas. Localising a fire is the most dif-
ficult and time-consuming task. The procedure
for localising a forest fire is implemented in two
stages. Initially, the fire contour is directly im-
pacted, followed by the construction of barrier
ditches and strips, and the treatment of periph-
eral fire areas using specialised methods to pre-
vent the potential for renewed fire spread.

The following methods and technical me-
ans are actively used to extinguish forest fires:

% knocking down the fire along the fire
contour with branches;

% covering the fire with soil along the fire
contour;

% start of annealing (counter bottom and
top fires);

% extinguishing the burning circuit with
water;

<% use of special chemicals;

<% causing artificial precipitation;

% laying barrier strips (ditches) on the path
of fire spread.

The timing of firefighting operations is
also important. The most appropriate times for
this are evening and early morning. Recently,
immersive technologies have become particu-
larly popular as components of management
systems, including in the field of environmen-
tal protection. The most popular immersive
technologies include augmented reality (AR)
and virtual reality (VR). These technologies
create the preconditions for effective interac-
tion, modelling and forecasting in three dimen-
sions. In this case, a regular smartphone is used
to create augmented reality, and a helmet and
glasses are used for virtual reality.

Immersive technologies are identified as
a way of integrating virtual content into the
physical environment, which creates condi-
tions for effective interaction. At the same time,
the user is aware of the virtual components as
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an integral part. The spectrum of immersive
technologies covers several different applica-
tions and tools that can be used to integrate,
immerse or interact with simulated environ-
ments and objects (Sahal et al., 2021). The Aus-
tralian start-up FLAIM Systems is positioned
as a successful functional model of virtual re-
ality applications for practical purposes. The
primary product of the company is the FLAIM
Trainer virtual reality firefighting training sys-
tem. It provides a safe and cost-effective way to
replicate the stress and uncertainty of real-life
situations to better prepare a professional for
a challenge. FLAIM Trainer conveys not only
visuals but also tactile sensations. The complex
simulates behaviour by heating the user with
a thermal vest, reproducing the experience of
actions in scenarios with different locations of
flame sources (Abid, 2020; Khan et al., 2022).

The trainer monitors real-time training
data, including task speed, air and water usage,
stress levels, trainee movements and attention,
and interaction with objects such as gas meters,
electrical boxes, and the fire itself (van Wees et
al., 2021). VR realistically displays all the fire,
smoke, water and extinguisher foam, as well as
heat, thanks to a special thermal suit that can
heat the firefighter depending on proximity to
the virtual fire. A virtual reality program was
also used, which involved a classroom (a room
in the complex was used, which made it pos-
sible to implement a 360° digital projection)
(Pang et al., 2022). By crossing the boundaries
of traditional educational methods, 3D model-
ling, and virtual reality help students intensify
the development of critical thinking, imagina-
tion, and stress resistance. The immersive en-
vironment was used to teach ecology classes on
forest fire prevention.

Among the main qualitative characteristics
of the implemented virtual reality technologies
in the process of implementing the innovative
conceptofforestfirepreventionandmanagement

inanimmersive environment are the immersion
effect, immersive visual and auditory experi-
ence, stimulation of creativity and optimisation
of operational management decision-making.
The technologies under study provide users
with a realistic visual and audio experience
that mimics reality; and helps students better
understand abstract concepts by creating in-
teractive visualisations of complex processes,
objects and phenomena. Virtual reality can im-
merse in a virtual environment to explore and
learn about various subjects with greater detail
and realism. The immersive environment will
provide the effect of the so-called “live pres-
ence” of the subject, which will facilitate the
perception of the learning material (Sivrikaya
& Kiiciik, 2022). Immersive technologies are
being integrated into the educational process to
improve learning and create an immersive ex-
perience. Their interactivity and ability to cre-
ate realistic situations allow learners to experi-
ence the material more deeply and engagingly.

Despite a range of positive aspects of the
effects of immersive technologies, the use of
the latter is accompanied by several risks, dis-
advantages and challenges. Among them, it
is worth highlighting the rather high cost and
difficult availability of the necessary technical
equipment. The vast majority of virtual reality
technologies are quite expensive, especially in
the context of financial constraints and struc-
tured budgeting (Nesterov, 2023). In addition,
the implementation of virtual reality technol-
ogies in the educational and administrative
environment requires specialists to have the
necessary skills and proper training to use
these technologies in practice. A separate risk
is the destruction of the connection with re-
ality, as virtual reality technologies can focus
attention on virtual scenarios, distracting from
real-life situations. Prolonged use of immersive
technologies can cause health deterioration
in the form of discomfort, and impaired vision
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and memory. There is also a risk that the active
implementation of virtual reality technologies
may lead to an over-reliance on digital learning
and management tools, which will negatively
affect the development of other skills and so-
cial skills. In addition, given the rapid develop-
ment of immersive technologies, it is currently
difficult to define standards and criteria for the
use of these technologies in educational and
administrative processes.

The implementation of the technolo-
gy with the addition and clarification of ap-
propriate content and visual models actively
motivates the development of spatial imag-
ination and intensifies the understanding of

the essence of the problem helps to assimi-
late content through visual representation,
identifies the creation of imaginary spaces for
unsolved problems, and reproduces real-life
situations (Hantson et al., 2022). As a result of
an experiment in the educational environment
involving virtual reality technology on forest
fire prevention and management, students re-
alised several important truths and dispelled
several myths. They clarified that forest fires
are caused not only by human negligence.
Lightning or summer drought in the forest are
situations where humans do not influence the
outbreak of a fire, but the fire can instantly
break out and spread (Fig. 1-3).

Figure 1. Visualisation of a forest fire using VR technology

Source: compiled by the authors

As a result of an experiment in the edu-
cational environment involving virtual reality
technology on forest fire prevention and man-
agement, students realised several impor-
tant truths and dispelled several myths. They

clarified that forest fires are caused not only
by human negligence. Lightning or summer
drought in the forest are situations where hu-
mans do not influence the outbreak of a fire,
but the fire can instantly break out and spread.
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a) b)

0

Figure 2. Visualising the impact of different tools on the scenario using VR technology
Note: a — a shovel, b— rake to remove fuel and stop the fire from spreading, ¢ — a poker on the flames to remove

oxygen and smother the fire
Source: compiled by the authors

Figure 3. Practicing firefighting measures in the forest using VR technology

Source: compiled by the authors

The experiment involved the use of a 3D
interactive educational environment based on
immersive technologies. Using virtual reality
technology that simulates realistic disaster sce-
narios, combined with embodied cognition the-
ory, which suggests that cognition is not only a
function of the brain but also depends on the
body and its interaction with the environment,
this research has the potential to create a more
realistic and effective learning experience.
By combining virtual reality technology with

embodied cognition theory, the experiment
aimed to create a more effective and efficient
training experience for disaster response. Inno-
vative principles aimed at optimising the mit-
igation and prevention of the causes of forest
fires, with the identification of the most effec-
tive measures for their preventive prevention,
are considered relevant. The latest principles
establish the priority of preventive meas-
ures that should be effectively implemented
through the state forest management system.
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In addition, in an integrated global community,
member states can receive additional targeted
funding to increase the resilience of territories
to wildfires and to vary joint project cooper-
ation in the identified area at the level of the
global community.

The guiding principles of the modern
wildfire management paradigm stipulate the
need to forecast future trends in wildfires and
actively implement innovative tools for their
monitoring at the global and national levels.
This concept of wildfire management should be
coordinated with the goals of effective affores-
tation, as well as maximum conservation and
regeneration of forest resources. This approach
will help reduce the scale and frequency of for-
est fires. Forest fires are ranked as one of the
four biggest potential environmental threats of
the future, along with the effects of irreversi-
ble climate change, risks to food security and
the spread of unknown diseases. This requires
proper equipment for effective prevention and
rapid response to large forest fires, which cause
the most serious damage to forest biodiver-
sity and put its existence at risk. An effective
approach to wildfire management within the
modern management paradigm implies the
priority of preventive measures, which should
be implemented both at the national level and
at the regional and local management levels,
depending on the range of responsibilities of
the relevant authorities and officials. An ef-
fective management paradigm in the field of
wildfires can practically increase the resilience
of forest landscapes to fire. The structure of
the management system in the field of forest
fires is positioned as the basic concept of for-
est fire prevention. It identifies the boundaries
of responsibility for protection against forest
fires, including their prevention and manage-
ment, and defines the functions of responsible
persons and bodies for planning and practical
forest management. These responsibilities are

often assigned to different organisations or de-
partments, which necessitates effective com-
munication between them, the establishment
of a system of rapid information exchange to
develop common approaches and division of
competence, and the development of a com-
mon strategy for risk and improved forest fire
management.

Forecasting the drivers and potential risks
of forest fires is seen as a necessary part of for-
est management. The implementation of an
effective forecasting system contributes to the
formation and maintenance of sustainable for-
est landscapes based on a reliable preliminary
assessment of forest fire risks in synergy with
effective forest management and anthropogen-
ic impacts. The rational planning strategy in-
cludes several stages, including identification
of the forest area to be surveyed, assessment of
related risks, and ongoing monitoring and con-
trol. Furthermore, a specific contingency plan
is necessary to ensure that the relevant services
and authorised managers are prepared to re-
spond promptly and effectively to unforeseen
events. Since climate and weather conditions
often have a decisive influence on the devel-
opment of wildfires, the selection of planning
strategies requires that indicators of changing
climate conditions and their consequences be
addressed (Yerzhanova et al., 2021). In addition,
when designing infrastructure development
and urban planning activities in areas adjacent
to fire-prone forests, potential risks should be
considered, and real dangers identified. The
planning system is comprehensive and involves
extensive consultations with stakeholders and
authorised representatives to raise their aware-
ness and agree on the aspects of interaction.
For managing existing forest resources and
planning the creation or regeneration of fu-
ture forest plantations, the right choice of for-
est management model is crucial for managing
their vulnerability to wildfire. Several nuances,
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addressed or ignored in the practical implemen-
tation of the management paradigm in the field
of forest fires, have a significant impact on the
success of preventing large-scale destructive
consequences. When planting trees, it should
be borne in mind that, in the best-case scenario,
the tree species chosen for planting should be
adapted to the current and, especially, the fore-
cast climatic conditions. In this regard, prefer-
ence should be given to deciduous species that
demonstrate more resistant properties to forest
fires. In addition, appropriate varieties of native
species adapted to the local soil and water con-
ditions should be selected.

It is considered expedient to maintain the
proper condition of old-growth forests, which
have significant benefits for biodiversity con-
servation and regulation of carbon content in
the atmosphere. In addition, old-growth for-
ests create a locally more humid microclimate,
which potentially reduces the risk of forest fires.
Competent management of fuel loads plays an
important role in the effective prevention of
forest fires. The fuel can intensively support the
combustion process during a forest fire. Fuel
management can minimise the additional risks
of intensified burning, and therefore planned
and controlled burning and collection of woody
biomasses for heating are often used as preven-
tive measures. Given this, the skills of manag-
ing forest fuel loads and their distribution are
considered necessary for optimising the forest
fire management system, understanding the
dynamics of their spread and developing appro-
priate effective methods of fighting forest fires.
The human factor within the management par-
adigm of wildfires is considered in different
concepts. Humans are often both the cause and

the victim of forest fires, so the anthropogenic
factor has a significant niche in any forest fire
prevention strategy. Awareness of potentially
hazardous activities and the preconditions for
uncontrolled forest fires significantly reduces
the risk of the latter occurring. The problem of
forest fires is characterised on a global scale, so
the relevant authorities should work to raise
public awareness. This is especially true for
tourism when travelling across the continent,
as tourists are mostly unaware of local risks, do
not speak the local language and do not have
emergency communication information, which
increases the risk of uncontrolled fires in for-
ests (Mashika et al., 2024).

At the global level, joint efforts to combat
the spread of forest fires are being implement-
ed on an ongoing basis. The global community
regularly demonstrates solidarity in the form of
firefighting helicopters and aircraft, firefighting
equipment and teams of experts. The modern
global integrated environment offers several
opportunities for financing the implementa-
tion of practical measures that contribute to
preventive forest fire management. Existing
financial instruments can be effectively used
by stakeholders or authorities to improve for-
est management to intensify forest resilience,
implement targeted campaigns to establish lo-
cal fire brigades, and raise public awareness. In
addition to active financial and practical sup-
port for forest fire prevention, the international
community is also developing programmes to
regenerate forest lands destroyed by fire. An
important role is played by advising land and
forest managers and forest owners. The concep-
tual model of the forest fire prevention system
in modern society is shown in Figure 4.
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Figure 4. Conceptual model of forest fire prevention using immersive technologies

Source: compiled by the authors

During the experiment, inferential sta-
tistics were used to test hypotheses and draw
conclusions about the general population
based on the samples. A paired-sample t-test
was conducted to determine whether there was
a statistically significant difference between
the pre-training and post-training knowledge
scores, indicating whether the training pro-
gramme was effective in improving the knowl-
edge of the participants. The null and alternative
hypotheses are formulated. The null hypothesis
was that there would be no difference between
the pre-training and post-training knowledge
assessment. The alternative hypothesis was
that there would be a difference between the
pre-training and post-training knowledge as-
sessment. The average difference between the
pre-training knowledge assessment and the
post-training knowledge assessment was calcu-
lated: Average difference =Post-training knowl-
edge score — Pre-training knowledge score.

Average difference=8.5-5.6=2.9. Calculate the
standard deviation of the difference (1):

SD=sqrt[(sum (Post-training knowledge score -
—Pre-training knowledge score)*2)/(n-1)]. (1)

The t-value was calculated using the for-
mula (2):

t=(Mean difference — hypothetical difference)/
(SD/sqrt(n)). (2)

A hypothetical difference of 0 was used, as
the proposed null hypothesis states that there
is no difference between the pre-training and
post-training knowledge assessment (3):

t=(2.9-0)/(1.01/5qrt(10))=9.08.  (3)
The degrees of freedom were determined:
df=n-1=9. 4)

A critical t-value was found in the t-distri-
bution table with 9 degrees of freedom and a
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significance level of 0.05. The critical t-value
is 2.306. The calculated t-value was compared
with the critical t-value. If the calculated t-val-
ue is greater than the critical t-value, the null
hypothesis is rejected, and it is concluded that
there is a statistically significant difference
between the pre-training and post-training
knowledge assessment. Descriptive statistics
were used to summarise and describe the char-
acteristics of the data, such as mean, median,
mode, standard deviation and range. This iden-
tified patterns and trends in the data. In addi-
tion, inferential statistics were used to conclude
the larger population from the sample data. Re-
gression analysis can also be used in the future
to model the relationship between two or more
variables and predict future results. For exam-
ple, linear regression can be used to determine
the relationship between game performance
and user satisfaction. Machine learning can
be used to analyse and predict data patterns,
such as a decision tree algorithm to identify the
factors that are most important in predicting
user satisfaction. Network analysis can be used
within the framework of immersive technolo-
gies to study the structure and dynamics of a
social network to identify key players or com-
munities in the network.

The study convincingly demonstrates that
the use of virtual reality technologies in the
educational and management process has sig-
nificant advantages over the traditional process
methodology, as it actively involves the sensory
system and the emotional sphere. The experi-
ment determined that roads in forested areas
are not always in satisfactory condition, which
can cause sparking or vehicle failure. The need
to comply with the ban on open fires, bonfires
and the use of grills in forests and open fields
was emphasised. The study emphasised that it
is unacceptable to leave the forest as is, as well
as to leave garbage in the forest, as it can be-
come a source of fire. The app can be used to

monitor the weather forecast and determine
when the weather becomes too hot and dry, as
the forest is particularly vulnerable to fires on
these days. The skills of promptly reporting a
fire were practised. The author proves the in-
expediency of attempts to extinguish a forest
fire on their own, given the potential danger to
life and health. This situational awareness, en-
hanced by the virtual reality programme, high-
lighted the fact that fire prevention is not only
about individual awareness and responsibility
but also about a range of random factors that
require systematic and technical training to
overcome the consequences quickly.

Discussion

Understanding the dynamics of the environ-
ment, particularly the forest environment, can
be challenging, especially when using tradi-
tional representations such as graphs, maps or
photographs. Immersive visualisations and ex-
periences using virtual reality technologies of-
fer an intuitive approach to abstract concepts,
but they are difficult to create scientifically.
The experiment managed to combine environ-
mental modelling and virtual reality to provide
an immersive experience for sustainable forest
management.

The results of the study position the phe-
nomenon of immersive technologies as an
innovative promising element of the system
of effective implementation of the concept of
sustainable forest management. According to
the results of scientific research by modern
scientists, in particular, B.T. Pham et al. (2020),
integrated management of the prevention of
destructive phenomena in the system of en-
vironmental protection is, in particular, a sys-
tematic and coordinated approach to the man-
agement and prevention of forest fires. The
latter is positioned as a convergence of the
potential of various methods and practices for
preventive protection, timely identification and
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effective control of forest fire risks. These con-
clusions correlate with the modelling imple-
mented in the experimental part of the current
study, opening new vectors of synergy potential
between integrated management and virtual
reality technologies.

Given the outlined concept of sustainable
development of forest resources, some scien-
tists, in particular, J.C. Sanabria & J. Arambu-
ro-Lizarraga (2017), emphasise the need to
transform the existing management system
into sectoral management. Modern scientists of
relevant scientific fields, in particular E. Zhu et
al. (2015), confirm that one of the most effective
means to optimise the situation is the active use
of modern tools of virtual reality technologies.
S. Perey et al. (2011) also addressed the need
to develop effective tools for integrated man-
agement processes based on the maximum dis-
closure of the interaction potential of modern
innovative solutions developed using virtual
reality technologies. Analysing the conclusions
of the researchers in the concept of preventive
training and educational systems based on vir-
tual reality technologies, the study determined
that there is a strategic opportunity to optimise
the management paradigm in the field of forest
fires based on immersive learning technologies.

According to Y. Arifin et al. (2018), the pri-
ority and the basis of user experience in the field
of virtual reality technologies in management
will belong to augmented reality applications.
At the same time, some researchers, in particu-
lar Y.M. Tang et al. (2022), emphasise the ob-
vious intensification of forest management ef-
ficiency through integrated management using
virtual reality technologies, arguing that such
conclusions can be made by using a combina-
tion of different methods and strategies, which
leads to greater efficiency in controlling forest
fires. According to the researchers, the optimal
combination of a set of methods creates a re-
liable barrier against the spread of destructive

phenomena. The results of the researchers cor-
relate with the conclusions of the experiment
implemented in the current study, since the
methodology of integrated forest fire manage-
ment contributes to the conservation and ra-
tional use of resources, since within the frame-
work of the studied approach, natural resources
are controlled as accurately as possible and in
the smallest practicable areas.

According to S.0O. Semerikov et al. (2021),
the management concept involving the poten-
tial of virtual reality technologies should level
the phenomenon of imbalance in the field un-
der study. Scientists define integrated forest
fire management as a means of reducing costs.
The opinion of the scientists is noteworthy, as
despite the cost of implementing integrated
management systems using VR tools, in the
long run, this approach minimises forest loss
and prevents significant regeneration costs.
During the analytical part of the study, a close
relationship was established between the level
of integration of forest ecosystem monitoring
processes and the effectiveness of the fire safe-
ty system. The conclusions of scientists confirm
the expediency of integrating VR technology
tools into a significant part of management
processes in the field of forest fire manage-
ment (Marougkas et al., 2023).

According to Y. Shen et al. (2022), the main
goal of the preventive management paradigm
for fire prevention is to increase environmen-
tal awareness and education of the population.
Scientists emphasise that insufficient access
to modern technologies and innovative solu-
tions involving the potential of virtual reality
technologies and unreadiness for their prac-
tical implementation are the most significant
factors limiting the potential of integrated
management in the field of research. According
to scientists, ensuring fire safety in the forest
environment involves the implementation of
an effective policy to minimise anthropogenic
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impact on natural resources and maximise the
ecological compatibility of forest management
processes. These conclusions are consistent
with the results of the current study in terms
of positioning a comprehensive integrated
approach as the only effective solution in the
process of transforming the forest management
system. At the same time, virtual reality tech-
nologies are assigned a range of functions to
increase the environmental awareness of socie-
ty and develop the necessary actions to prevent
and respond quickly to forest fires (Belytskyi et
al., 2023), as proven by the current study.

The results of the current study led to the
conclusion that it is necessary to ensure effec-
tive interaction between authorities at differ-
ent levels of government, society and business
involved in forestry production to implement
integrated approaches to forest fire manage-
ment. The scientific positions of E. Erturk &
G.B. Reynolds (2020), and K.H. Cheng (2021)
synergise the proposed approach in terms of
accelerating the positive dynamics of the pro-
cess of transformation of the management
paradigm in the field of convergence of effec-
tive management and environmental safety
in the forest. According to the researchers,
integrated forest management contributes
to human well-being. Reducing the number
of forest fires minimises the risk of poisoning
for people and biodiversity. At the same time,
C. Seufert et al. (2022) identify specific pre-
requisites for the functioning of an effective
educational and management paradigm in the
field of environmental protection and the ba-
sis of an integrated approach, focusing on the
need for an appropriate resource base and the
readiness of society for dynamic change. The
author is convinced that it is possible to ensure
high efficiency of implementation of integrated
forest fire management using economic meth-
ods while noting that the process is inversely
related since the economic and environmental

spheres of activity have determining factors of
mutual influence. The opinion of the author is
noteworthy, as the current study proved that
maximum results in the field of research can be
achieved as a result of the convergence of tra-
ditional and innovative approaches to monitor-
ing the state of forest lands and environmental
indicators in general.

The issue of integrated wildfire manage-
ment is becoming more urgent in parallel with
the trend of increasing dependence on forestry
efficiency in the management decision-mak-
ing system, and in this context, the principle
of environmental safety should be a top pri-
ority. Sustainable management in an unsta-
ble environmental situation has significantly
expanded its scope of operation, confirming
the effectiveness of implementing innovative
technological solutions and opportunities to
optimise most areas of life (Kerimkhulle et
al., 2023). At the same time, scientists M. Co-
ban et al. (2022) addressed the vectoriality of
integrated management in forestry, and the
need to form effective mechanisms and carry
out comprehensive measures to prevent forest
fires. According to scientists, the integrated
management of the latter is positioned as a ba-
sic modern tool in the control and monitoring
system that successfully combines efficiency
with the principles of environmental sustain-
ability. Abandoning outdated, exhausting ap-
proaches to forest management in favour of
integrated management helps ensure an ap-
propriate level of fire safety, helps preserve
resource potential and stimulates sustainable
development of the industry. Additionally,
N. Enyedy & S. Yoon (2021) propose to use the
potential of VR tools in the form of training
technologies for forest fire management within
the framework of sustainable management, re-
vealing its functionality in terms of increasing
the effectiveness of preventive measures, cre-
ating safe and reasonable approaches to forest
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management, and optimising the handling of
targeted protective equipment. In addition,
the study highlights priority areas for targeted
investment that intensify the environmental
sustainability of integrated management sys-
tems in the field of forest fire prevention. The
authors emphasise that the proposed concept
does not have any potential negative envi-
ronmental consequences. According to the re-
searchers, national forestry development strat-
egies should include synchronisation with the
concepts of the green development course. The
opinion of the authors is noteworthy, as the re-
sults of the current study confirm the effective-
ness of integrated solutions in the process of
fighting forest fires, monitoring environmental
parameters, and greening forestry production,
which should be used to the maximum extent
possible in the further development of educa-
tional processes.

Despite significant scientific achievements
in the field of integrated wildfire management
as a basis for building environmental resil-
ience, the issue of their large-scale practical
adaptation to the realities of Thailand remains
unresolved. The development of an innovative
approach to the management paradigm in the
field of forestry management in the concept of
convergence of the most effective immersive
technologies, tools and methods for optimis-
ing the industry under study in the direction of
sustainable development is considered promis-
ing. In addition, modelling modern educational
content with immersion in the virtual reality
of the forest environment leads to better re-
sults in intensifying environmental awareness,
as an immersive environment with a sense of
real presence leads to higher engagement and
motivation, and deeper cognitive processing of
educational material. The use of virtual reality
educational applications has significant oppor-
tunities that are not available when using tradi-
tional educational technologies.

Conclusions

The rapid innovative development of the mod-
ern information society is closely linked to the
adaptive renewal and intensive transformation
of the environmental management system, the
effectiveness of which is based on deep immer-
sion in the digital information environment.
Immersive education and training technologies
can become an important functional tool in the
forest management process, helping to mini-
mise the number of forest fires. At the moment,
this is not the cheapest way to study and not
everyone can afford it. Nevertheless, the num-
ber of VR and AR products indicates the de-
mand for this format. These technologies, such
as others, will become more accessible over
time and can truly become a regular part of the
educational process.

The study determined that immersive
technologies are currently developing rapid-
ly from the position of innovation to a prac-
tical range of tools. Their implementation in
the paradigm of environmental management
policy is positioned as a promising necessity
and a factor in intensifying the quality of pre-
ventive environmental protection. As a result
of specifying the essence of the phenomenon
of immersive technologies, their components,
in particular, objective, virtual and augment-
ed reality, are allocated. The study presents an
example of the use of virtual reality technolo-
gies in the process of modelling the situation
of fire prevention in a certain forest area using
a virtual reality application (VR application)
in an educational environment. In the pro-
cess of studying the features of virtual reality
technologies in environmental modelling, the
advantages and risks of their integration are
highlighted. Based on the data obtained, the
article analyses the potential of immersive
technologies to minimise the risks of forest
fires, while introducing the latest control and
monitoring systems.
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The experiment was conducted with the
use of virtual reality technologies in the educa-
tional school environment. A certain area of the
forest was selected, where a fire prevention sit-
uation was modelled using the FLAIM Systems
VR software, focusing on the preconditions,
factors and consequences of forest fires. FLAIM
Trainer was used to recreate the stress and un-
certainty of real-life situations, conveying not
only visuals but also tactile sensations. As a
result of the experiment, the situation was an-
alysed using a virtual reality programme, which
made it possible to understand several impor-
tant factors that require systemic and technical
training to quickly overcome the consequences
and prevent forest fires. Given the experiment,
it is worth noting certain limitations of the
study, which are due to the limited sample and
statistical methods used. In this regard, the var-

testing in future studies. In the future, regres-
sion and network analysis and machine learn-
ing can be used for modelling and forecasting,
determining relationships and decision tree
algorithms. Network analysis should be used
within the framework of immersive technolo-
gies to study the structure and dynamics of a
social network.

Thus, the use of immersive technologies
in the management of the forest fire preven-
tion system significantly expands the toolkit
of a modern specialist. Virtual reality technol-
ogies can be used to design a virtual environ-
ment, and develop a scenario for interacting
with visual interactive material, which helps to
improve the efficiency of the educational and
management process.
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iMepCUMBHMX TEXHOJIOTIiT Ta 0XapaKTepM30BaHO iX CKIAZOBi, 30KpeMa, 06'€KTUBHY, BipTyalibHy Ta
IIOTIOBHEHY peanbHiCTh. [JOCTiIKeHO MOTeHIia/l iMepCUBHMX TEXHOJIOTIH B KOHIIEIIIii pO3IIMpPeHHS
iHcTpyMeHTapilo cydyacHoro daxiBus ramysi. JOCTiIKeHHSI [IOBelO, 10 BMKOpUCTaHHS VR-
IOOATKiB Ma€ 3HAYHUII MOTeHIliad TMO3UTMBHOTO BIUVIMBY Ha 3MEHIIEHHSI KibKOCTi JIiCOBUX
TIOKEK Ta MOKPAILeHHSI CTaHy JIICOBUX eKocucTeM. Y NOCTiIKeHHI MpoaHaxi30BaHo crelndiky
BUKOPUCTAHHSI iMEPCUMBHMX TEXHOJIOTiN y KOHIIeMIlii 3amobiraHHs Ta YIpaBIiHHS JiCOBUMU
noxexamu. HaBeleHO MpuMKIIaL BUKOPUCTAHHS TEXHOJIOTiH BipTyasbHOI peaJibHOCTI B Ipoliieci
MOJIEeJIOBAHHSI CUTYallii 3amobiraHHs TMOKeXi Ha IeBHil JicoBiil misHII 3a momomoroi VR-
IOJATKy B OCBITHbOMY CepemoBMINi. Y TMpoIleci AOCTiAKEHHS O0COOGIMBOCTENl BUKOPUCTAHHS
TEeXHOJIOTi/i BipTyaJbHOI peaJbHOCTI B €KOJOTiYHOMY MOJIeNI0BaHHI BMOKpPEMJIEHO IepeBaru
Ta pM3MKU ix iHTerpanii. Pe3yapTaTu HOCTiAKeHHST MOXYTb OyTM e(eKTMBHO BMKOPUCTaHi B
MPaKTMYHOMY IIPOLIECi peastisallii KOHIeIIIii 3a6e3MeYeHHsI CTaJIOr0 PO3BUTKY AOBKI/UIS B UaCTUHI
PO iTaKTVKM JTICOBUX TTOXKEXK

Knrouosi ciioBa: BipTyaana peaf[bHiCTb; OOIIOBHEHA pea)’[bHiCTb; 3aCTOCYBaHHS; MOAE/TIOBAHHS
HPEBGHTMBHMVI 3aXuCT
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Abstract. The present study aims to analyse the factors that determine the economic efficiency
and optimal models of forestry financing in the context of the current legal framework. The article
discusses the critical importance of forestry for global environmental sustainability and economic
development. It is determined that economic efficiency in this area is to achieve the maximum
economic result while minimizing costs and making optimal use of resources. The main indicators
of economic efficiency are the productivity of forest resources, which depends on the ability to
maintain and restore forest plantations, as well as on cost optimization, including operating costs
and investments in modern technologies. Economic efficiency is also determined by financial
results, including revenues from the sale of forest products and profitability of enterprises. An
important aspect was the consideration of environmental and social aspects, such as the impact of
forestryonecosystemsand employment. The articleemphasized therole of innovative technologies,
such as geographic information systems and remote sensing, in improving the efficiency of forest
management. The article analyses the impact of access to financial resources, level of technological
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Economic efficiency and finance...

development, management approaches, legislative framework, environmental sustainability and
market conditions on the economic efficiency of forestry in Kosovo. As a result, recommendations
were made to improve the economic efficiency of forestry, including increasing financial support,
attracting international investment, improving the legal framework and developing international
cooperation. Implementation of these measures will contribute to the conservation and efficient
use of forest resources, ensuring economic stability and environmental safety of the country

Keywords: legislative norms; resource efficiency; environmental standards; innovation; public-

private partnership

Introduction

Forestry plays a key role in ensuring environ-
mental sustainability and economic develop-
ment in many countries around the world. It
not only supplies important resources such as
timber and other forest products, but also con-
tributes to biodiversity conservation, climate
regulation and the maintenance of ecosystem
services. In the face of global challenges such as
climate change, forest degradation and popula-
tion growth, the issue of effective forest man-
agement and financing is becoming increasing-
ly important.

The relevance of researching the econom-
ic efficiency and financing of forestry is due
to the growing challenges associated with the
conservation of natural resources and ensuring
sustainable economic development. In today’s
climate change and increasing environmen-
tal crises, effective forest management is of
particular importance. Forestry plays a piv-
otal role in maintaining ecosystem services,
regulating the carbon balance and providing
raw materials for many industries. One of the
main problems is insufficient funding for the
forestry sector. Many countries face a shortage
of investment in forest restoration, technology
modernization and infrastructure development
(Baraban et al., 2023). This leads to a decline
in the productivity of forest resources and in-
creased risks of their depletion. In addition,
there is a problem of imperfect mechanisms for

controlling and monitoring compliance with
legal norms, which limits the possibility of ef-
fective forest management.

The economic efficiency of forestry de-
pends on many factors, including access to
financial resources, the level of technological
development, management approaches and
the legislative framework. One of the most
important aspects is the introduction of in-
novative technologies that increase the pro-
ductivity of forest resources and reduce costs.
Financial management in the forestry sector
includes planning, control and analysis of fi-
nancial flows aimed at supporting and devel-
oping forestry. This involves the efficient use
of budgetary and extra-budgetary funds, at-
tracting investments and grants, and develop-
ing partnerships with the private sector. One of
the most promising areas is the introduction of
public-private partnership mechanisms, which
allows attracting additional resources for for-
estry development. Legislation governing for-
estry varies from country to country and from
one country to another, and from one interna-
tional agreement to another (Malchyk, 2024).
They may include requirements for harvest-
ing, reforestation, biodiversity, and landscape
conservation. Meeting these requirements
requires additional efforts and resources from
forestry enterprises, which may affect their
economic efficiency.
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The works of leading scientists reveal var-
ious aspects of the impact of legislative norms
on the economic profitability of forestry, the
role of state funding, the use of innovative
technologies, the importance of public-private
partnerships, the impact of international agree-
ments and economic analysis of costs and ben-
efits. E. Makrickiene et al. (2019) and H. Bekte-
shi (2020) analysed the impact of legislation on
the economic profitability of forestry in their
studies. Their research shows that strict legal
restrictions can significantly reduce the prof-
itability of forestry enterprises, while stimulat-
ing the introduction of more sustainable forest
management practices. M.R. Fisher et al. (2019)
studied the role of public funding in forestry
development, arguing that adequate funding
from the state is critical to maintaining sustain-
able forest development, while it lacks leads to
degradation of forest resources and a decrease
in their productivity. A. McEwan et al. (2020)
considered the use of innovative technologies
to improve the efficiency of forestry. C. Yang
& H. Shang (2023) studied the impact of pub-
lic-private partnerships on forestry financing
and showed that such partnerships can provide
additional resources for the development of the
forest sector, increasing management efficien-
cy and reducing the burden on public budgets.
A.Nayha (2019) and . Eggers et al. (2020) stud-
ied the economic aspects of forest restoration
after deforestation. Their work shows that in-
vestments in reforestation have long-term eco-
nomic benefits, including improved ecosystem
services and increased biodiversity, which in
turn contributes to the economic stability of re-
gions. F.A. Taye et al. (2021) reviewed the eco-
nomic analysis of costs and benefits in forestry,
emphasizing the importance of a detailed anal-
ysis of economic activities for making informed
management decisions.

The analysis of previous studies points to
various aspects of the impact of legislation,

public funding, use of innovative technologies,
public-private partnerships and international
agreements on the economic efficiency of for-
estry. Various authors have concluded that ad-
equate financing, innovation, partnerships and
international commitments are important for
the sustainable development of the forestry sec-
tor. However, the impact of mass industrializa-
tion and growing demand for forest resources on
economic efficiency and environmental sustain-
ability, the role of regulators in ensuring com-
pliance with legal norms, and the assessment of
risks and opportunities associated with climate
change on the financial strategies of forestry
enterprises remain insufficiently researched.

The purpose of the study was to reveal the
relationship between economic efficiency, fi-
nancing and legal restrictions in forestry. The
main objectives of the study were to analyse the
impact of legal restrictions on the economic effi-
ciencyofforestry,toexaminetherole of financing
in the development of the forestry sector, and to
identify possible ways to optimize costs and rev-
enues in the context of strict legal regulations.

Materials and Methods

This study used data from various sources to
provide a comprehensive analysis of the eco-
nomic efficiency of forestry in Kosovo. The
main data source was official reports from
the Ministry of Agriculture, Forestry and Ru-
ral Development of Kosovo (2021). Also, data
from national and international organizations
such as the World Bank (n.d.) and the Europe-
an Investment Bank (2022). The following key
indicators were used for the analysis: the area
of forest plantations and their distribution be-
tween the public and private sectors; financial
indicators, including enterprise turnover, the
number of active enterprises and the number
of employees in the forestry sector; data on
the planning and implementation of forest re-
source use plans in public and private forests;
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information on the level of technological de-
velopment, including the use of modern tech-
nologies such as geographic information sys-
tems (GIS) and remote sensing (RS).

Data collection included the use of official
reports and statistics collected from the official
reports of the Ministry of Agriculture, Forestry
and Rural Development of Kosovo for the pe-
riod 2019-2021. This included information on
forest area, forest condition, and financial per-
formance of forest enterprises. The data for this
study was analysed until 2021, as the official re-
ports of the Ministry did not contain complete
data for later periods. The data analysis includ-
ed quantitative analysis, which used descriptive
statistics to analyse quantitative data such as
forest area, financial indicators and forest pro-
ductivity. To compare the economic efficiency
between state and private forests, differences
in the implementation of forest resource use
plans and financial indicators between the two
sectors were analysed. The level of implementa-
tion of modern technologies in forestry, such as
GIS and remote sensing, was also assessed, in-
cluding the impact of these technologies on the
productivity and economic efficiency of forest
enterprises. The activities of Geo&Land (2017)
and Kosovo Forest Agency (Ministry of Agricul-
ture Forestry..., n.d.) were analysed. The anal-
ysis included an assessment of their activities,
use of modern technologies and cooperation
with international organizations.

The assessment of the impact of external
factors included an analysis of financial re-
sources, legal frameworks and market condi-
tions. The analysis of the impact of access to
financial resources on the ability of forestry
enterprises to modernize equipment, introduce
new technologies and carry out reforestation
activities was an important element. The legal
framework was analysed through the Kosovo
Forest Law and subsequent amendments (Law
of Kosovo No. 2003/3..., 2003; Law of Kosovo

No. 03/L-153..., 2010; Law of Kosovo No. 08/L-
137..., 2023). This analysis encompassed an as-
sessment of the impact of legislative changes on
the effectiveness of forest management and the
operations of forest enterprises. In particular,
the provisions of the law aimed at protecting
forests, preventingillegal logging and maintain-
ing biodiversity were considered. The effective-
ness of the control and monitoring mechanisms
provided for by the law and how they affect the
operations of forestry enterprises were also as-
sessed. Particular attention was paid to changes
aimed at strengthening liability for violations
of forestry legislation, as well as at promot-
ing the sustainable use of forest resources.

Results

Forestry is a critical sector that makes a sig-
nificant contribution to global environmen-
tal sustainability and economic development.
Economic efficiency in this context means
achieving the maximum economic result while
making optimal use of resources and mini-
mizing costs. However, economic efficiency in
forestry should be balanced with environmen-
tal and social aspects, which makes it a mul-
tifaceted and complex concept (Ayala-Nifo &
Emmet-Booth, 2022). One of the key indicators
of economic efficiency is the productivity of
forest resources. It refers to the quantity and
quality of timber and other forest products that
can be obtained from a unit area. High produc-
tivity means that forest resources are used as
efficiently as possible, providing high returns
at minimal costs. Productivity also depends
on the ability to maintain and regenerate for-
ests, which guarantees the long-term sustain-
ability and productivity of forest resources.
An important aspect of economic efficiency
is the cost of forestry. This includes operating
costs for growing, maintaining, harvesting and
transporting forest products. In addition, it
includes investments in the modernization of

Vol. 15, No. 2, 2024

Ukrainian Journal of Forest and Wood Science 82



Zeqiraj et al.

technologies and equipment that are necessary
for the efficient management of forest resourc-
es. Cost optimization is critical to improving
the economic efficiency of forestry. Economic
efficiency is also determined by financial per-
formance (Chen et al., 2020). This encompasses
revenues from the sale of forest products and
services, as well as profitability and profitability
of forestry enterprises. A high financial result
indicates the efficient use of resources and the
success of forestry as an economic sector.

Economic efficiency in forestry cannot be
considered without taking into account envi-
ronmental aspects. The impact of forestry ac-
tivities on ecosystems and biodiversity is an
important indicator. Sustainable forest man-
agement practices and reforestation meas-
ures contribute to maintaining the ecological
balance and long-term productivity of forests.
Environmental sustainability is an integral part
of economic efficiency, as it ensures the long-
term availability of forest resources (Melaku et
al., 2023). Forestry also has a significant social
impact. This includes creating jobs and im-
proving the well-being of local communities,
especially in rural and remote areas. The social
responsibility of forestry enterprises and the
involvement of local people in forest manage-
ment contribute to social stability and support
for environmental initiatives. Consideration of
social aspects helps to ensure support for local
communities and sustainable forest manage-
ment (Santika et al., 2019). Innovation plays a
crucial role in improving the economic efficien-
cy of forestry. The use of GIS and RS can signifi-
cantly improve the efficiency of monitoring and
management of forest resources. These tech-
nologies help reduce costs and improve data
accuracy, which is key to effective forest plan-
ning and management. Innovative methods can
optimize resource use and increase productiv-
ity, which ultimately contributes to economic
efficiency (Raihan et al., 2022).

The main factors affecting the econom-
ic efficiency of forestry are access to financial
resources, the level of technological develop-
ment, management approaches, legislative
frameworks, environmental sustainability and
market conditions. Access to financial resources
determines the ability of forestry enterprises to
make the necessary investments in equipment
modernization, introduction of new technolo-
gies and forest restoration. A high level of tech-
nological development allows increasing pro-
ductivity and reducing costs through the use of
innovative solutions, GIS and remote sensing.
Management approaches play a critical role in
planning, controlling and analysing financial
flows, which contributes to the efficient use of
resources and informed management decisions.
The legal framework, including logging require-
ments, reforestation and biodiversity protec-
tion measures, creates the legal environment
in which forestry enterprises operate (Jhari-
ya et al., 2019). Meeting these requirements
may require additional effort and resources,
but it also incentivizes the implementation
of sustainable forest management practices.

Environmental sustainability is an impor-
tant factor that affects the long-term produc-
tivity of forest resources and the maintenance
of ecological balance. Market conditions, in-
cluding supply and demand for forest products,
prices and competition, also have a significant
impact on economic performance. Stable de-
mand for high-quality forest products and fa-
vourable prices can provide high revenues and
profits, while changes in the market can cause
financial difficulties for enterprises (Santosa et
al., 2024). These factors together determine
the opportunities and constraints for improv-
ing the economic efficiency of forestry, making
their consideration essential for the sustaina-
ble development of the sector. Financing plays
a key role in the forest sector, providing the
necessary resources to maintain and develop
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forestry enterprises. It affects all aspects of op-
erations, from growing and caring for forests to
harvesting, rehabilitation and modernization
of production processes. First and foremost, ad-
equate funding allows for investments in mod-
ern technologies that increase the productivity
and efficiency of forest management. This, in
turn, helps to optimize operating costs and in-
crease overall economic efficiency. Financing is
critical for forest restoration. Restoration pro-
cesses, including planting new trees, caring for
young forests, and protecting them from pests
and diseases, require significant financial in-
vestments (Rode et al., 2019). Without adequate
funding, these measures may not be effective
enough, leading to the degradation of forest re-
sources and reduced productivity in the future.

Financing contributes to the development
of infrastructure necessary for efficient forest-
ry operations. This includes the construction
and maintenance of forest roads, warehouses,
processing plants and other facilities that en-
sure efficient harvesting, transportation, and
processing of forest products. A well-developed
infrastructure helps to reduce logistics costs
and increase the profitability of enterprises.
In addition, financing plays an important role
in ensuring compliance with legal regulations
and standards. Compliance with environmental
requirements, sustainable forest management
standards and international agreements re-
quires additional financial resources. Ensuring
the necessary level of financing allows compa-
nies to meet these standards, which contrib-
utes to the conservation of biodiversity and the
maintenance of ecological balance. Funding is
also important to stimulate research and inno-
vation in the forest sector. Investments in re-
search and development contribute to the de-
velopment of new forest management methods,
increased resource efficiency and improved en-
vironmental practices. Attracting private capi-
tal through public-private partnerships (PPPs)

is another important aspect of financing. PPPs
allow attracting additional resources for forest-
ry development by sharing risks and ensuring
effective project management. This helps to in-
crease the investment attractiveness of the sec-
tor and reduce the burden on the state budget
(Popoola et al., 2020).

Forest cover in Kosovo covers 40.9% of the
country’s total land area, which demonstrates
the significant role of forests in the environ-
mental and economic context. These forests
are not only a source of timber and other for-
est products, but also an important element
of biodiversity conservation. In Kosovo, there
are a total of 464,800 ha of forests, of which
60% are publicly owned by the Kosovo Forest-
ry Administration and 40% are controlled by
the private sector. However, it should be noted
that the state of the country’s forestry fund has
its challenges: certain areas of forests have re-
mained in fairly good condition, while others
have already suffered from degradation caused
by illegal logging and insufficient attention to
rehabilitation. As of 2021, the turnover of for-
estry and logging-related enterprises was EUR
6,626 thousand. The number of active enter-
prises was 46, and the number of employees was
134 (Ministry of Agriculture Forestry..., 2021).

One of the key challenges for Kosovo’s for-
estry sector is insufficient funding, which se-
verely limits the sector’s development opportu-
nities. For example, investments in the forestry
sector remain limited, which negatively affects
the implementation of necessary reforestation
measures. Without sufficient funding, it is dif-
ficult to implement large-scale reforestation
projects, including planting new trees, caring
for young plantations and protecting forests
from pests and diseases. One of the reforesta-
tion projects in the Shar Planina area is facing
difficulties due to a lack of funding, which is
slowing down its implementation and reducing
the effectiveness of the greening measures. In
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addition, limited financial resources make it
difficult to modernize equipment used in for-
estry. Many companies operate with outdated
equipment, which reduces productivity and
increases costs. For example, logging com-
panies in the Pecs region use equipment that
requires frequent repairs and does not meet
modern standards, resulting in high logging
costs (Miiller et al., 2023). Insufficient funding
also limits opportunities for research and de-
velopment of innovative forest management
practices. Forestry research is critical to devel-
oping effective management strategies that can
ensure the sustainable use of forest resources
and increase their productivity.

The level of technological development in
Kosovo’s forestry sector is relatively low, which
is a significant obstacle to improving the effi-
ciency of the sector. Many forestry enterprises

do not have access to modern technology. The
lack of modern technology reduces productiv-
ity and increases the cost of logging and re-
forestation. The use of outdated methods and
equipment leads to less efficient use of resourc-
es, increasing the cost per unit of production
and reducing the profitability of enterprises.
Management approaches in Kosovo’s forest-
ry sector need to be significantly improved to
ensure its economic efficiency and sustainable
development. In practice, there may be a lack
of qualified personnel capable of effectively
planning, controlling and analysing financial
flows. The lack of proper coordination between
different levels of government also hampers
decision-making and the implementation of
effective strategies. Table 1 shows the level of
implementation of the plan for the extraction
of forest resources in state-owned forests.

Table 1. Implementation of the plan for the extraction
of forest resources in state-owned forests in Kosovo from 2019 to 2021

2019 2020 2021
Assortment Plan, Sales, | Index, Plan, Sales, | Index, Plan, Sales, | Index,
m3 m3 % m3 m3 % m3 m3 %
Technical wood | 6,292 2,721 43 7,868 2,379 30 8,481 4,322 51
Firewood 58,399 | 20,713 35 55,443 | 23,634 43 55,199 | 22,542 41
Waste 4,115 1,052 26 4,203 216 5 4,292 357 8
Total 68,806 | 24,486 36 67,513 | 26,229 39 67,972 | 27,221 40

Source: developed by the author based on the Ministry of Agriculture, Forestry and Rural Development (2021)

Analysing the data in the table, it can be
seen that the implementation of the forest re-
source extraction plan in Kosovo is significantly
below the planned level for all three catego-
ries over the three years. The best results were
achieved in 2021, when the plan was imple-

mented at 40%. These indicators indicate that
there are significant challenges and problems
in Kosovo’s forest sector that may hinder the ef-
fective management and use of forest resourc-
es. Table 2 shows the level of implementation
of the plan for the use of private forests.

Table 2. Implementation of the forest resource extraction plan in private forests in Kosovo in

2020 and 2021
L 2020 2021
District
Plan, m? Sales, m? Index, % Plan, m? Sales, m® Index, %
Prishtina 43,540 25,842 59 43,450 21,881 50
Mitrovica 72,230 41,622 58 83,850 49,509 59
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Table 2, Continued

District 2020 2021
Plan, m3 Sales, m?® Index, % Plan, m3 Sales, m?® Index, %
Peja 10,400 2,348 23 4,580 3,758 82
Prizren 4,190 2,297 55 3,960 2,530 64
Ferizaj 10,900 5,773 53 10,900 5,220 48
Gjilan 58,260 53,576 92 44,800 57,396 128
Gjakova 750 283 38 750 295 39
Total 200,180 131,742 66 192,290 140,589 73

Source: developed by the author based on the Ministry of Agriculture, Forestry and Rural Development (2021)

Table 2 shows that the level of plan im-
plementation in Kosovo’s private forests varies
considerably between districts. The best results
were achieved in Gielansky district, where the
plan implementation rate was 92% in 2020 and
128% in 2021, exceeding the planned targets.
This reflects effective management and mon-
itoring in this district. The worst performance
was in Djakovitsky district, where plan imple-
mentation was only 38% and 39%, indicating
serious problems or constraints that could
have prevented the achievement of the targets.
Overall, there was an improvement in plan im-
plementation in 2021 compared to 2020, which
may be the result of adaptation to previous
challenges or improved conditions in the pri-
vate forestry sector. It is also worth noting that
the overall implementation of the harvesting
plan in the country’s private forests signifi-
cantly exceeds the implementation of the plan
in state forests, both in 2021 and 2020.

The legal framework for forestry in Koso-
vo is underdeveloped, which poses significant
challenges for the conservation and sustain-
able use of forest resources. Existing laws and
regulations often do not adequately protect
forests from illegal logging and other forms
of illegal activities. For example, the Law of
Kosovo No. 03/L-153 “On Amending and Sup-
plementing the Law No. 2003/3 On Kosovo
Forests” (2010) and subsequent amendments
and supplements, although aimed at regulating

forestry activities, has several shortcomings in
ensuring effective control over the use of forest
resources. The imperfection of legal mecha-
nisms for control and monitoring of compliance
with legal norms also limits the possibilities for
effective forest management. For example, the
responsibility for controlling forest resources
is often dispersed among different authorities,
leading to insufficient coordination and dupli-
cation of efforts. This is evident in the case of
the Kosovo Environmental Protection Agency,
which lacks the resources to conduct regular
inspections and monitor forest conditions.
Illegal logging remains one of the most
serious threats to Kosovo’s forests. The lack
of effective legal mechanisms to combat this
problem leads to significant losses of forest re-
sources. Despite the existence of the Criminal
Code of the Republic of Kosovo (2019), which
provides for punishment for illegal deforest-
ation, in practice, the application of these
norms is limited. A lack of qualified inspec-
tors and insufficient funding to conduct prop-
er investigations make the fight against illegal
logging ineffective. For example, in the Shar
Planina region, illegal logging remains a seri-
ous problem despite numerous attempts by the
authorities to introduce stricter controls (Pan-
durska-Dramikjanin, n.d.). International legis-
lation that affects forestry in Kosovo includes
various conventions and agreements, including
the Convention on Biological Diversity (1992)
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and the UN Convention to Combat Desertifi-
cation (1994). Kosovo is also striving to meet
European Union (EU) standards as part of its
European integration process, which includes
the adaptation of national legislation to EU re-
quirements in the field of environmental pro-
tection and sustainable management of natu-
ral resources. However, the development of the
legal framework is hampered by a lack of ade-
quate cooperation with international organiza-
tions and programmes that could provide the
necessary knowledge and resources to improve
legislation. For example, Kosovo’s participation
in the EU European Green Deal (2019) pro-
gramme could help to develop more effective
legal mechanisms and introduce best practices
in forest management.

Enterprises must invest in reforestation
after harvesting, which includes planting new
trees, caring for young plantations, and protect-
ing them from pests and diseases. This places
an additional financial burden on companies,
especially given the limited funding available
in this sector. In addition, the requirements for
forest certification to meet international stand-
ards such as the Forest Stewardship Council
(FSC) require companies to incur additional
costs for certification procedures and compli-
ance monitoring. This can be particularly diffi-
cult for smaller enterprises with limited finan-
cial resources. The Kosovo Forest Agency (KFA)
(Ministry of Agriculture Forestry..., n.d.) is a
state-owned enterprise responsible for the man-
agement of state forests in Kosovo. Their tasks
include forest protection, combating illegal log-
ging, reforestation, and ensuring sustainable
use of forest resources (Law of Kosovo No. 08/L-
137..., 2023). As a state-owned enterprise, KFA
is funded mainly from the state budget, which
ensures stability but also limits the scope for
significant investments in modernization and
development. The economic efficiency of the
agency is enhanced by international assistance

programmes and cooperation with other gov-
ernment agencies. KFA provides employment
for the local population, especially in rural ar-
eas where other opportunities are limited. The
agency also conducts educational programmes
on environmental protection and sustainable
use of resources, which helps to raise envi-
ronmental awareness among the population.

The KFA is governed by national legislation
and international agreements, such as the Unit-
ed Nations Framework Convention on Climate
Change (1992). These legal constraints oblige
the agency to adhere to strict environmen-
tal protection standards, which often increase
costs and make it difficult to respond quickly to
challenges. For example, legal requirements to
protect biodiversity and restore forests may im-
pose additional financial burdens on the agen-
cy. However, compliance with these standards
is essential to ensure sustainable development
and preserve ecological balance. One of the
examples of KFA’s successful activities is their
participation in reforestation projects funded
by international organizations. These projects
include planting new trees, combating soil ero-
sion and creating protective forest belts. These
initiatives not only improve the condition of
forests but also ensure the long-term environ-
mental sustainability of the region. Cooperation
withinternational partners allows KFA to attract
the necessary resources and expertise, which
contributes to the efficiency of their activities.

Geo&Land (2017) is a private company
in Kosovo that specializes in providing geo-
information services and implementing the
latest technologies in various sectors, includ-
ing forestry. The main tasks of the company
are monitoring of forest resources, support of
forest management and environmental man-
agement. The use of GIS and remote sensing
will allow the company to conduct a detailed
analysis of the state of forests, track changes
in ecosystems, and respond quickly to illegal
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logging. The company provides services not
only to government agencies, but also to pri-
vate enterprises, which contributes to rev-
enue diversification and a stable financial
position. The use of innovative approaches
allows Geo&Land to reduce costs and increase
productivity, which has a positive impact on
economic development. Legal constraints and
regulatory mechanisms also have a significant
impact on Geo&Land’s operations. These con-
straints include requirements for the conser-
vation of forest resources, regulations on the
use of geographic information systems and
remote sensing, and mandatory environmen-
tal reporting and monitoring standards (Law of
Kosovo No. 08/L-137..., 2023). Like other com-
panies in Kosovo’s forestry sector, Geo&Land
must comply with national legal requirements
and international standards, particularly those
related to environmental protection and sus-
tainable forest management. The existing legal
framework may limit the company’s ability to
implement some innovations due to the addi-
tional costs of regulatory compliance. Howev-
er, the same framework ensures the protection
of forest resources, which in the long run con-
tributes to the sustainable development of for-
estry in the country.

Several recommendations were made to
improve the economic efficiency and finance
of forestry development within the legal con-
straints. To ensure sustainable development
of the sector, the government should increase
financial support and introduce targeted sub-
sidies. For example, the government of Kosovo
could introduce grants for forestry enterprises
to upgrade equipment and technologies need-
ed for efficient and environmentally friendly
harvesting. Such subsidies could also be used
to support reforestation programmes for for-
ests affected by illegal logging. Attracting in-
ternational investment is critical to overcom-
ing financial constraints in Kosovo’s forestry

sector. Cooperation with international organi-
zations such as the World Bank, the European
Investment Bank and the Food and Agricul-
ture Organization (FAO) can provide access
to additional financial resources. In addition,
public-private partnerships (PPPs) can signifi-
cantly improve the financing and management
of forest resources. Public-private cooperation
programmes facilitate investment and increase
the efficiency of forest management. The Koso-
vo government should create an enabling en-
vironment for PPPs by developing appropriate
legislation and regulatory mechanisms. This
includes the introduction of tax incentives
for companies investing in forestry. Joint pro-
jects with private investors could include the
construction of new timber processing plants
or the modernization of existing ones, which
would increase the productivity and economic
efficiency of the forestry sector.

To increase the economic efficiency of for-
estry, it is necessary to improve the methods of
planning and cost control. For example, the use
of route planning and resource allocation soft-
ware can help reduce the time and cost of trans-
porting timber from the forest to processing
facilities. Furthermore, the introduction of cost
control systems will help identify areas where
savings can be made. Increasing productivity is
another key aspect of improving the economic
efficiency of forestry. The introduction of new
methods of logging and wood processing will
increase production and reduce waste. For ex-
ample, the use of modern logging equipment,
such as high-performance logging machines,
will significantly increase the speed and effi-
ciency of operations, while reducing labour and
fuel costs. Creating conditions for the devel-
opment of ecotourism will generate additional
revenue and increase the attractiveness of for-
est areas for visitors. For instance, the develop-
ment of additional hiking trails and recreation
areas will help attract tourists. Kosovo’s forestry
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legislation should be subjected to a comprehen-
sive review to meet modern requirements and
industry needs. Simplifying licensing proce-
dures and developing more flexible regulations
is a step forward in facilitating the business en-
vironment for the forestry sector. For instance,
an automated online application system could
be introduced to replace complex and time-con-
suming licensing procedures, which would sim-
plify access to licensing procedures for forestry
enterprises. The use of modern technologies,
such as geographic information systems and
satellite sensing, will allow for more accurate
and timely monitoring of changes in forest
cover. The creation of an electronic timber ac-
counting system will increase transparency
and control over logging, preventing illegal
activities (Coops et al., 2021). Strengthening
accountability and introducing incentives for
compliance with the law can have a positive im-
pact on the economic efficiency of the forestry
sector. Tax breaks or subsidies can be provided
to companies that comply with the environ-
mental management of forest resources or im-
plement environmentally friendly technologies.

The introduction of a forest certification
system based on international standards, such
as FSC, is critical to promoting sustainable
forest management. FSC certification not only
increases the environmental responsibility
of companies, but also makes Kosovo’s forest
products more competitive on international
markets. Developing cooperation with inter-
national environmental and forestry organiza-
tions, such as the FAO and the World Bank, can
provide access to new knowledge, technology,
and financing. Joint projects and initiatives will
help Kosovo implement best practices in forest
management. Improving the economic and fi-
nancial performance of forestry development
in Kosovo requires a comprehensive approach.
The introduction of modern technologies, im-
provement of the legal framework, attraction of

investments and international cooperation are
key steps to achieve sustainable development.
Implementation of these recommendations
will contribute to the conservation and efficient
use of forest resources, ensuring economic sta-
bility and environmental safety of the country.

Discussion

The results of the study indicate the importance
of forestry for Kosovo’s economy and environ-
ment, but the challenges that exist significantly
limit the sector’s effectiveness. Covering 40.9%
of the country’s territory, forests are not only
a source of timber and other forest products,
but also an important element of biodiversity
conservation and environmental sustainability.
Despite its considerable potential, insufficient
funding and outdated technology pose serious
obstacles to the industry’s development. With
this in mind, it is important to understand how
to use the available resources more efficiently
and what steps need to be taken to overcome
the existing problems. In his paper, K.M. Mat-
tor et al. (2020) focused on the study of specif-
ic methods of forest management, such as the
development of forest ecosystem management
strategies or the implementation of effective
forest monitoring and assessment systems.
R.P. Acharya et al. (2019) also studied the im-
pact of different management practices on
biodiversity conservation, reforestation after
deforestation, and wildfire management. Com-
pared to the current study, which places more
emphasis on balancing economic efficiency
with environmental and social aspects, the au-
thors’ work is aimed at greater optimization of
management processes and improving the effi-
ciency of internal operations.

One of the key aspects of economic effi-
ciency is the productivity of forest resources,
which depends on the ability to maintain and
regenerate forest plantations (Kerimkhulle et
al., 2023). Data shows that the implementation
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of harvesting plans is significantly below the
planned level, indicating problems in the man-
agement and use of resources. For example, in
state forests, the plan implementation rate was
only 40% in 2021, indicating the need to im-
prove planning and control of forestry opera-
tions. It also points to potential problems with
logistics, insufficient coordination between
different levels of government, and a possible
lack of adequate funding. C. Ammer (2019) also
studied the productivity of forest resources,
with a focus on analysing the impact of anthro-
pogenic impacts on the natural balance of eco-
systems. Similarly, C. Li et al. (2020) conducted
research aimed at studying how deforestation,
land use change, and other human activities
affect the productivity of forest ecosystems.
The authors’ results include an analysis of the
growth and development of forest stands under
the influence of various factors, such as air pol-
lution, climate change and other anthropogenic
factors. Compared to the current results, which
also examine the productivity of forest resourc-
es, the authors’ research shows the impact of
human activity on ecological processes in for-
ests. They highlighted that anthropogenic fac-
tor has a significant impact on the productivity
of forest ecosystems, which may differ from a
more technical analysis.

Financing is a critical factor for ensuring
effective forest management. The results show
that insufficient funding limits the ability to
carry out necessary reforestation activities and
equipment upgrades. Reforestation projects
face difficulties due to lack of funding, which
slows down their implementation and reduces
the effectiveness of measures. Enterprises use
outdated equipment, which leads to high log-
ging costs. Insufficient funding also hinders
research, which is essential for developing new
methods of forest management and increasing
productivity. P.K. Bhandari et al. (2019) also
noted that financing is a key factor for forestry

development. R.P. Chudy & F.W. Cubbage (2020)
pointed out that efficient use of resources and
attraction of investments can have a positive
impact on the economic productivity of the
sector. Their study emphasized that without
adequate funding, it becomes difficult to im-
plement the necessary reforms and moderniza-
tion. The authors highlighted financing as a key
factor that can have a significant impact on the
economic productivity of forestry. This is in line
with current findings, which also highlight the
importance of financing for achieving sustaina-
ble development of the sector.

The social aspect also plays an important
role in forestry. Creating jobs and improving
the well-being of local communities are impor-
tant factors that contribute to social stability
and support for environmental initiatives (Yat-
siv et al., 2024). However, the study shows that
there is often a lack of coordination between
different levels of government, which compli-
cates decision-making and the implementation
of effective strategies. Insufficient coordina-
tion between local and central governments in
planning forestry activities leads to delays in
project implementation and low efficiency of
forest management measures. H.F. Kaufman
& L.C. Kaufman (2019) studied the impact of
forestry on local communities and social stabil-
ity, with a focus on analysing the relationship
between forest resources and local livelihoods.
The authors studied the impact of forests on
providing jobs and income to local residents
through logging companies and other forestry
enterprises. The authors pointed to the need
to create jobs in rural areas through forestry
development and relationships with local com-
munities, which was not addressed in the cur-
rent study. Environmental sustainability is an
integral part of the economic efficiency of for-
estry. Illegal logging remains one of the most
serious threats to Kosovo’s forest resources.
Despite the existence of legal provisions such
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as the Criminal Code of the Republic of Koso-
vo (2019), the lack of qualified inspectors and
limited funding make the fight against illegal
logging ineffective. J. Oettel & K. Lapin (2021)
focused on researching the impact of forestry
on environmental sustainability and biodiver-
sity conservation. He studied the ecosystem
services provided by forests, such as soil conser-
vation, air and water purification, and climate
regulation. In contrast to the current results,
which focused on the ecological aspects of for-
estry, the author’s research is more focused on
the conservation of the natural environment
and ecosystems, as well as on factors that affect
biodiversity conservation.

Innovation and modern technology can
significantly improve the economic efficiency
of forestry. The use of GIS and remote sensing
can improve data accuracy and reduce the cost
of monitoring and managing forest resources.
However, the level of technological develop-
ment in Kosovo’s forestry sector is relatively
low, which hinders efficiency gains. Many en-
terprises do not have access to modern technol-
ogy, which reduces productivity and increases
the cost of harvesting and reforestation. C. Gol-
lob et al. (2020) also focused on the use of mod-
ern technologies in forestry and their impact on
increasing productivity and reducing costs. The
authors investigated the effectiveness of tech-
nologies such as geographic information sys-
tems and remote sensing. In turn, J. Calina et
al. (2020) studied drones, automated control
systems, data analytics, and other innovative
solutions. The authors analysed how these tech-
nologies can facilitate forest management pro-
cesses, ensure the accuracy and speed of data
collection and processing, and help solve vari-
ous forest management tasks. The authors stud-
ied mainly the technological aspects of forestry,
but it is also worthwhile to cover various areas
such as economic efficiency, social responsibili-
ty and environmental sustainability in forestry.

In general, forestry is a complex system in
which economic, environmental and social as-
pects are interconnected and interdependent. It
is important to balance these aspects to achieve
sustainable development of the sector. The re-
sults of the study confirm the need to increase
funding, use effective management practices,
introduce modern technologies and take into
account the needs of local communities in the
process of forest management. Additional re-
search and practical measures can help improve
forestry efficiency and ensure sustainable use
of forest resources in the future.

Conclusions

Forestry is a key sector that plays a crucial role
in ensuring environmental sustainability and
economic development. The study showed
that economic efficiency in forestry involves
achieving maximum economic output while
optimizing resource use and minimizing costs.
However, in order to achieve this efficiency, it
is important to ensure a balance between eco-
nomic, environmental and social aspects. One
of the key aspects of economic efficiency is
the productivity of forest resources. It is de-
termined by the quality and quantity of timber
and other forest products that can be obtained
from a unit area. Ensuring high productivity is
important for ensuring the sustainability and
efficient use of forest resources. Another im-
portant aspect of economic efficiency is the
costs associated with forestry, including oper-
ating costs and investments in modernization
of technologies and equipment.

The study also confirmed that the econom-
ic efficiency of forestry cannot be considered
separately from environmental and social as-
pects. It is important to ensure the sustainable
use of forest resources and the preservation of
ecological balance, as well as to create favour-
able conditions for the development of local
communities and improve their well-being. The
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overall performance of forestry also depends
on financial resources, technological develop-
ment, management approaches, legislation,
environmental sustainability and market con-
ditions. It is necessary to ensure financing, the
use of modern technologies and improved man-
agement approaches to increase the economic
efficiency of forestry. Forestry in Kosovo plays
an important role in ensuring environmental
sustainability and economic development. Giv-
en the large forest area in Kosovo - 40.9% of
the country’s total area — forests are a key el-
ement of the ecosystem and play an important
role in biodiversity conservation. One of the
key challenges for forestry in Kosovo is the lack
of funding, which significantly limits the sec-
tor’s development. For example, investments
in forestry remain limited, which negatively
affects the implementation of the necessary
reconstruction and reforestation works. The
study also found that the level of technological
development in the forestry sector in Kosovo
is relatively low, which is a significant obstacle
to improving the efficiency of the sector. Many
forestry enterprises do not have access to mod-
ern technologies.

The recommendations for improving the
economic efficiency of the forestry sector

include measures to increase financial support,
develop innovations and modern technologies,
improve management approaches and the legal
framework, and attract international resourc-
es and cooperation. Their implementation will
contribute to the sustainable development of
forestry in Kosovo and ensure economic sta-
bility and environmental security of the coun-
try. It is important to develop an integrated
approach to forest management to ensure the
sustainable use and economic sustainability of
the sector. A limitation of the study is the lack
of up-to-date data and the inability to conduct
a detailed analysis. For further research, it is
recommended to extend the analysis to other
aspects of forestry, in particular, to focus on the
social impact and environmental consequenc-
es of forestry activities. It is also important to
conduct a detailed study of the effectiveness of
innovative technologies in forestry and their
impact on economic productivity.
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B PO3BUTKY JIICOBOTO rOCIIOAAPCTBA B pPAMKaX MPaBOBUX O0MEKXEHb

Ilepid Ceitgiy
ITOKTOp TYPUCTUUYHUX HAYK, aCUCTEHT Mpodecopa
VHiBepcuteT «Dexmi AraHi» y IDKAKOBIL
50000, Bys1. Icmain Kemaui, m. [IksikoBitia, Pecrry6iika KocoBo
https://orcid.org/0000-0003-4052-0126
Ban6oHa 3ekipaii
ITIOKTOp eKOHOMIUHMX HayK, aCUCTEHT Mpodecopa
I'pomancekuii yaiBepcutet Kagpi 3exa
60000, Byu1. 3is Illemciy, M. ["inaHi, Pecrry6iika KocoBo
https://orcid.org/0000-0003-0854-7476
Apran Himani
ITOKTOp eKOHOMIYHUX HayK, ITpodecop
VHiBepcutet «Pexmi AraHi» y IKIKOBIIT
50000, Bys. Icmain Kemaui, m. [IsksikoBina, Pecrrybika KocoBo
https://orcid.org/0000-0001-6972-9172

AHoTanis. MeTol0 [OaHOrO AOCTIIKEHHS € aHasi3 (GakTopiB, IO BM3HAYAIOTh E€KOHOMIUHY
edexTUBHICTb Ta ONTUMAaIbHI MOfei ¢iHaHCYBaHHS JTiCOBOTO IOCIIOAPCTBA B KOHTEKCTi YUMHHOL
3aKOHOAABUOi 6a3u. Y cTaTTi 0OrOBOPIOEThCSI KPUTHMUHE 3HAUEHHS JIiCOBOTO IOCIIONApCTBA MJIst
[I06aTbHOT eKOJIOTiYHOI CTiffKOCTI Ta €KOHOMiYHOTO PO3BUTKY. BU3HAueHO, 10 €KOHOMiuHa
edexTUBHICTb y 1ilt cdepi mossarae B LOCSITHEHHI MaKCMMaabHOTO eKOHOMIYHOTO pe3ysbTaTy
Ipy MiHiMi3alii BUTpar Ta ONTMMaJbHOMY BMKOPUCTaHHI pecypciB. OCHOBHMMM MTOKa3HMKaAMM
€KOHOMIUHOi e()eKTUBHOCTI € MPOAYKTUBHICTh JiCOBUX PECYPCiB, SIKa 3aJIEXKUTD BiJ MOKIMBOCTI
MiATPMMYBaATM Ta BiJHOBIIOBATH JIiCOBi HacaJkKeHHS, a TAKOX BiJ ONMTMMIi3allii BUTpaAT, Y TOMY
YMCT eKCIUTyaTalliiiHMX BUTPAT Ta iHBECTUIIiH y cydacHi TexHosoTii. EkoHoMiuHa eheKTUBHICTh
BM3HAUAEThCS TaKkoX (iHAHCOBMMM pesylIbTaTaMy, 30KpeMa BMPYYKOIO Bifm peasisarii
micompopykiii Ta peHTabeNbHICTI0O MiANPUEMCTB. BaskIMBMM acrmekToM OylIo BpaxyBaHHS
€KOJIOTIYHMX 1 COoLliabHMX acleKTiB, TAaKMX SIK BIUIMB JIiCOBOTO OCIIOAPCTBA HAa €KOCUCTEeMMU Ta
3aitHATICTh. Y CTATTi MiJKpecieHO PoJib iHHOBaLiiiHUMX TeXHOJOTri, TaKuxX SIK reoiHpopMaiiitHi
CUCTEeMMU Ta IUCTAHIiliHe 30HIyBaHHS, y MiABUIIeHHI eeKTUBHOCTI yrpaBiHH JicamMu. Y CTaTTi
aHaJIi3yeThCs BIUIMB JOCTYITY 10 (GiHAHCOBUX PECYpPCiB, PiBHS TEXHOJIOTIYHOTO PO3BUTKY, MiAXO0/iB
IO YIIPaBJIiHHS, 3aKOHOJAaBUOi 6a3M, eKOJOTiYHOI CTiMKOCTi Ta PMHKOBMX YMOB Ha €KOHOMIUHY
edexTUBHICTh JicoBOro rocmojapcrsa B KocoBo. 3a pesynbraTamMyu HaJaHO peKOMeHJallii
OO0 MiABUIEHHS €KOHOMIUHOI e(eKTMBHOCTI JIiCOBOrO roCIOfApCTBa, 30KpeMa 30iabIIeHHs
(hiHaHCOBOI MiATPUMKMY, 3aTyUEHHS] MXKHAPOIHUX iHBECTUIIi 1, yTOCKOHAIEHHS 3aKOHOAABYUO1 6a3u
Ta PO3BUTKY MIKHapOJHOTO CIiBPOGITHUIITBA. Peasizarisi nyux 3axofiB cripuaTume 36epeskeHHIO
Ta e(eKTMBHOMY BMKOPMCTAHHIO JIiCOBUX pPecypcCiB, 3a6e3rmeueHHI0 €eKOHOMIYHOI cTabibHOCTI Ta
eKoJIoTiuHOi 6e3meku Kpainu

KniouoBi coBa: 3akoHOZaBui HOpMU; e(dEeKTMBHICTh BMKOPUCTAHHS DPECypCiB; eKOIOTivyHi
CTaHAPTH; iIHHOBALilHICTh; Iep>KaBHO-IIPMBATHE IaPTHEPCTBO

Vol. 15, No. 2, 2024 Ukrainian Journal of Forest and Wood Science 96


https://orcid.org/0000-0003-4052-0126
https://orcid.org/0000-0003-0854-7476
https://orcid.org/0000-0001-6972-9172

Received: 05.02.2024; Revised: 03.05.2024; Accepted: 29.05.2024

UKRAINIAN
JOURNAL OF
FOREST AND
WOOD SCIENCE

Journal homepage: https://forestscience.com.ua/en
Ukrainian Journal of Forest and Wood Science, 15(2)

UDC 630.1:349.6
DOI: 10.31548/forest/2.2024.97

Legal regulation of the use of forest resources

Brunela Kullolli*

Doctor of Law, Lecturer
Aleksander Moisiu University of Durres
2001, 1 Currila Str., Durres, Albania
https://orcid.org/0009-0008-1667-679X

Abstract. The purpose of the study was to carry out a comprehensive analysis of the legislative
framework in the field of forest resource management in Albania in the context of forest ecology,
and species diversity, and to identify the main problems and prospects for sustainable development
of the country’s forestry. The research methodology included the analysis of statistical data from
the National Institute of Statistics of Albania on the structure of forest ecosystems and forms of
their management. The results of studies conducted by international organizations such as the
World Bank, Global Environment Facility, and Oikon d.o.o. were also used. The structure and
composition of Albania’s forest resources, including those of natural and semi-natural origin,
are analysed. The legal framework in the field of forest management in Albania is summarized.
Different management structures for forestry land are characterized, with the identification of the
specifics of use for different forms of ownership. The main problems of forest management are
identified, including intensive exploitation of private forests, lack of subsidies and investments,
as well as imperfect legislative regulation. Adaptation measures to increase the sustainability of
Albania’s forests within the framework of the Albanian Forest Policy Document for the period
2019-2030 are substantiated. Strategic areas of development, such as the expansion of protected
areas, the development of ecotourism and the attraction of green investments, are proposed. The
study also emphasizes the importance of international cooperation for financial and technical
support, which will facilitate the implementation of sustainable forest management practices
and biodiversity conservation. The practical significance of the study is that these results can be
used to develop strategic directions for the development of the forest sector in Albania, aimed at
ensuring sustainable management and conservation of forest resources, which is a key factor for
the country’s economic and environmental well-being
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Legal regulation of the use of forest resources

Introduction

Forest resources are one of Albania’s key nat-
ural assets and play an important role in the
country’s environmental and economic devel-
opment. The diversity of the forests is due to
climatic conditions that range from Mediterra-
nean in the coastal lowlands to continental in
the highlands and contribute to the presence of
more than one hundred species of trees, such
as beech, oak, fir, spruce, pine, as well as aca-
cia, poplar, maple, willow, chestnut, walnut,
and fruit trees. Despite this diversity, Albania
has become one of the few European countries
where, since the 2000s and over the next 20
years, approximately 100 thousand ha of forest
have been lost to intensive logging, landslides,
soil erosion, overgrazing and firewood collec-
tion. These processes exceed the natural annu-
al growth rate of forests, leading to a reduction
in timber stocks and a deterioration in timber
quality. Economic constraints also make it dif-
ficult to access a large part of the forests (AGT
International, n.d.).

Albanian forests are under pressure from
increasing demand for land-based products and
services, leading to their conversion or degra-
dation to unsustainable land uses. The loss or
severe degradation of forests reduces their abil-
ity to perform important ecological functions
such as regulating the water cycle, providing
safe drinking water, producing biomass and
controlling water erosion. This increases flood
risks, reduces soil fertility and contributes to
biodiversity loss, making the supply of forest
goods and services unstable (Petrovic, 2023).
The legal regulation of the use of forest resourc-
es in Albania includes numerous challenges
that need to be addressed to ensure effective
forest management and sustainable use. De-
spite the existing legislative framework aimed
at protecting and preserving forest resources,
its implementation in practice remains insuffi-
ciently effective. The main problem is that the

legal framework is outdated and incomplete,
and does not take into account modern inter-
national standards and best practices in forest
management.

Another important aspect is the insuffi-
cient integration of environmental issues into
the legal system governing forest use. Environ-
mental aspects, such as biodiversity conserva-
tion and climate change mitigation, are often
overlooked by legislators. Prior to the creation
of the Albanian nation-state in 1912, both the
rural population and the local elite actively ex-
ploited forests without due attention to their
restoration, as A.R. Hoxha (2018) indicates. In
the interwar period, the Tirana governments
tried to control the population’s access to forest
resources. After the communists came to pow-
er, the problems only worsened due to excessive
deforestation for industrialization and the in-
ability to stop misuse. In the first decade after
the fall of communism in 1991, Albania had the
highest percentage of illegal logging in Eastern
Europe. This situation shows that problems
with legal mechanisms for sustainable forest
management have existed in the country for
more than 30 years.

Since the 2000s, the Albanian government
has been trying to implement effective forest
management programmes, which include a
number of measures aimed at strengthening the
overall management of forests and rangelands.
D. Suli et al. (2020) substantiate in their work
the peculiarities of improving the methods of
managing forest resources and protected areas.
The authors note that an important aspect of
forestry sector development programmes is to
support local communities in benefiting from
forest resources, which contributes to poverty
reduction. G. Fanelli et al. (2020) emphasize in
their works the fact that although mesophilic
forests of Albania, in particular Fagus sylvatica
forests and Corylus avellana foothill forests, are
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important ecosystems, they remain little known
and have not been included in the latest syn-
taxonomic revisions at the European level. This
situation calls for the development of special le-
gal mechanisms that would ensure the protec-
tion of different types of forests in accordance
with their ecological characteristics and needs.

It is worth noting the significant potential
of the Teti National Park for the development
of geotourism, in particular the recognition and
promotion of geosites such as canyons, water-
falls, glacial lakes and karst caves, as noted by
M. Dollma (2019). To achieve this goal, it is im-
portant to introduce effective legal mechanisms
that would ensure the preservation of natural
landscapes, avoid overexploitation of forest re-
sources, and support the development of infra-
structure that meets environmental standards.
At the same time, F. Pazari & M. Dollma (2019)
mentioned in their research web-based geo-
graphic information systems (GIS) applications
to inform tourists and local residents about the
availability of forest resources in the Zall Gjogaj
Park. In the authors’ opinion, it is crucial to
ensure legal regulation of access to public in-
formation in order to preserve their ecological
condition and avoid excessive tourist pressure
on these forests. The importance of local eco-
logical knowledge (LEK) for the monitoring and
management of useful medicinal plant species
in Prespa National Park in Albania remains im-
portant. S. Tomasini & I. Theilade (2019) note
that from the point of view of legal regulation
of forest management, it is important to devel-
op a legal framework that would integrate LEK
into official programmes of monitoring and
management of forest resources.

The purpose of the study is to substanti-
ate the legal aspects of forestry regulation in
Albania, with a focus on creating incentives for
sustainable use of forest resources and inte-
gration of environmental components into the

country’s legal system. To achieve the study’s
objective, several tasks were performed, in par-
ticular: analysis of Albania’s forest resources,
their classification, environmental status, as
well as justification of the system of monitor-
ing and evaluation of the effectiveness of im-
plemented measures to ensure sustainable for-
est use; detailed analysis of the current legal
framework and regulations governing forest
use, identification of gaps and shortcomings in
the legislation; development of proposals for
legal and economic mechanisms to stimulate
sustainable forest use, taking into account the
needs of local communities.

Materials and Methods

In order to achieve the research objective, var-
ious sources were used, which allowed for a
comprehensive analysis of various aspects of
forestry, the ratio of different types of natural
forests in Albania, including legislation, forms
of management, governance, as well as envi-
ronmental, social and economic factors affect-
ing the state of forest resources. In particular,
we used the reports of the National Agency for
Protected Areas (NAPA) (AGT International,
n.d.), the National Institute of Statistics of Al-
bania (2022), reports of international organiza-
tions such as the World Bank (n.d.), the Minis-
try of Tourism and Environment (2023), as well
as statistical reports of local governments and
scientific institutions.

The content analysis of legislative doc-
uments was used to identify the main prob-
lems of using Albania’s privately owned forest
resources. Legislative acts regulating forest
management were analysed, with a particular
focus on legislative changes and their impact
on local communities. New legislative initia-
tives, such as the transfer of ownership of for-
est areas to local communities, were studied to
determine how they have affected forest con-
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servation and productivity. The study focused
on the analysis of changes in the legal frame-
work governing forestry in Albania, in particu-
lar Law of the Republic of Albania No. 57/2020
“On Forests” (2020) and Law of the Republic
of Albania No. 5/2016 “On the Moratorium on
Commercial Forestry Activities in the Repub-
lic of Albania” (2016). The study analysed the
impact of these legislative acts on forest man-
agement, the effectiveness of their implemen-
tation and the implications for the sustainable
development of the forest sector. The study also
included a comparison of current legislative
norms with international standards, such as the
European Green Deal (2019) and the Regulation
of the European Parliament and of the Council
No. 2018/841 “On the Inclusion of Greenhouse
Gas Emissions and removals from Land Use,
Land Use Change and Forestry in the 2030 Cli-
mate and Energy Framework” (2018).

The study was carried out in the context
of Albania’s regional characteristics, includ-
ing both urban and rural areas, and took into
account the different forms of forest manage-
ment, including state, communal and private
management. The analysis of the forest owner-
ship structure in Albania in terms of percentage
and distribution of the total area of forests and
pastures by management type was carried out
on the basis of statistical analysis. The collect-
ed data were subjected to quantitative analy-
sis to identify the main trends and structural
changes in forest ownership.

Monitoring of the environmental impacts
of forest management was carried out based on
the results of remote sensing using topograph-
ic maps of the area and satellite images. These
geoinformation tools provided accurate data on
the ecological state of forest resources, their
environmental impact, and the specifics of bi-
odiversity conservation, water cycle regulation,
and soil protection. A socio-economic analysis
was conducted to summarize the impact of for-

estry on local livelihoods, including the impact
of forestry on the economic activities and wel-
fare of local communities, especially in rural
areas where forest management is integrated
with agroforestry systems.

The classification analysis was applied to
justify a separate classification of Albania’s
forest resources, which includes several main
categories in terms of current legal issues and
forest ecology. This allowed systematizing for-
est resources according to different criteria, in-
cluding legal status, environmental character-
istics and management forms. In the course of
the study, adaptation measures to increase the
sustainability of Albania’s forests were speci-
fied within the framework of the Albanian For-
est Policy Document (2018). In particular, the
main problems and challenges of legal regula-
tion of forest use in Albania are summarized.

Results

Albania’s forest ecosystems are characterized
by significant species diversity, which depends
on altitude and distance from the coast. Most
of Albania’s forest ecosystems have structures
typical of Southeast European countries, with
numerous deciduous forests (Fig. 1).

According to the Institute of Statistics Al-
bania (2022), about 83% of forests consist of
semi-natural plantations that have emerged as
a result of natural regeneration (Fig. 2).

Forest management practices in Alba-
nia include both traditional and newer ap-
proaches aimed at ensuring the sustainability
and productivity of forests and rangelands.
Traditionally, forest management in Albania
has been centralized, with control exercised
by state authorities. Integrated forest and
rangeland management plans developed for
several municipalities in Albania are also an
important component of modern forest man-
agement. These plans take into account eco-
nomic, social and environmental aspects, and
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their implementation involves the active par-  resources. In particular, Table 1 presents data
ticipation of local residents and the enhance-  on the area of forests and pastures in Albania
ment of their capacity to manage natural by different forms of management.

Figure 1. Main types of forest ecosystems in Albania
Source: developed by the author based on AGT International (n.d.)

Undergrowth
forests — 56%
of forest areas

High-stemmed
forests — 42%
of forest areas

Figure 2. Percentage of different types of natural forests in Albania
Source: developed by the author based on Institute of Statistics Albania (2022)

Table 1. Distribution of the total area of forests and pastures in Albania by management type

Form of business Area (ha) Area (%)
Total area of forests and pastures 1,703,545.87 100%
Forests, of them 1,197,258. 41 70.28% of the total area
High forests 387,941. 44 22.77% of the total area, 32% of the forest area
Undergrowth forests 552,989.03 32.46% of the total area, 46% of the forest area
Shrubs 256,327.93 15.05% of the total area, 21% of the forest area
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Table 1, Continued

Form of business Area (ha) Area (%)
Pastures, of course 506,287.47 29.72% of the total area
Summer pastures 294,007.61 17.26% of the total area, 58% of the pasture area
Winter pastures 181,499.28 10.65% of the total area, 36% of the pasture area
Secondary pastures 30,780.58 1.81% of the total area, 6% of the pasture area

Source: developed by the author based on Institute of Statistics Albania (2022)

Thus, most of the country’s territory is
covered by forests, of which the largest share
is made up of primary forests. Pastures cover a
smaller part of the territory, with summer pas-
tures accounting for the largest part of this area
(58%). Forestry, pasture, and crop production
are the main land uses in rural Albania. In this
area, it is common practice for local people to
manage both agricultural and forest resources
within agroforestry systems, where crops, trees,
and livestock are integrated into a single man-
agement system. The legal regulation of the use
of forest resources in Albania is aimed at ensur-
ing the sustainability and efficiency of such sys-
tems. Land use change remains one of the main
challenges affecting forestry and rural develop-
ment. Legal regulation in this context is impor-
tant for stable and efficient land management,
taking into account demographic and migra-
tion trends, as well as economic development in
rural areas. Legislative initiatives are aimed at
ensuring that changes in land use do not harm
the preservation and maintenance of land pro-
ductivity, but also contribute to the provision of
ecosystem services and the maintenance of so-
cial structures, traditional knowledge and prac-
tices. The development of agroforestry requires
a clear identification of potential areas for its

implementation and appropriate legal regu-
lation. In Albania, there is positive experience
in developing agroforestry systems on agricul-
tural land, for example, in Korca, where some
private individuals plant fast-growing trees on
agricultural land. This not only increases land
productivity, but also integrates forestry with
other forms of land use, which is an important
component of sustainable rural development.
The legal regulation of the use of forest re-
sources in Albania also includes support from
international organizations and government
programmes that promote a participatory ap-
proach to forest and rangeland management.
For example, projects supported by the World
Bank (n.d.) promote the transfer of forest man-
agement rights to local communities, which in-
creases their responsibility and involvement in
forest conservation and restoration.

The current structure of forest land and
ownership in Albania has been shaped by the
significant political and historical events that
the country has experienced. Until 1990, all
forests and pastures were state-owned (Forest
Policy Document..., 2018). However, after the
political, economic and social changes of the
1990s, three forms of ownership were intro-
duced: state, communal and private (Table 2).

Table 2. Changes in the structure of forest land ownership

Property type Description
State Forests and pastures owned by the state before the reforms of the 1990s
Communal Forests and pastures transferred to local communities after the reforms of the 1990s
Private Forests and pastures that became private property after the reforms of the 1990s
Municipal Forests and pastures that became private property after the reforms of the 1990s

Source: developed by the author based on Forest Policy Document in Albania — 2030 (2018)
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Between 2009 and 2024, one of the most
significant policy decisions in the forestry sec-
tor was the transfer of ownership of forest areas
from the state to local governments. The newly
created function of forestry services in 2016 as-
signed municipalities ownership of forests and
pastures located in their administrative terri-
tory. This has strengthened local management

3%

of forest resources, ensuring greater responsi-
bility and participation of local communities in
their conservation and restoration. The results
of the forest land transfer policy have changed
the ownership structure in Albania, turning
municipalities into the main owners of forests
and pastures located in their administrative
territories (Fig. 3).

Figure 3. Forest ownership structure in Albania
Source: developed by the author based on Forest Policy Document in Albania — 2030 (2018)

The structure in Figure 3 reflects the result
of political and economic reforms that have
taken place in the country, as well as the pro-
cess of transferring ownership of forest areas
from the state to local governments and pri-
vate owners. The vast majority of forest land
in Albania is state-owned. The share of private
forests is only 3%, and this area has remained
stable at 28,780 ha since 2014. Public forests
are mostly (77%) managed by municipalities,
except for protected areas (20%), which are
controlled by the National Agency for Protected
Areas (NAPA) (Petrovic, 2023). Private forests
are mainly owned by individuals and, in some
cases, institutions. NAPA, established in 2015,
is responsible for managing protected areas and
natural resources within them. Forests within
protected areas are not transferred to munic-
ipalities and are the responsibility of NAPA,
which also provides advisory services to sup-
port municipalities in managing forest resourc-
es. At the local level, NAPA is organized into 12
regional protected area administrations, each

of which is responsible for managing protected
areas in their respective region.

Privatization of the forestry sector in Al-
bania is not allowed, as it is considered stra-
tegically important, including shrubbery and
degraded forests. According to the current leg-
islation, only those forests that were privately
owned before the establishment of the commu-
nist regime in 1944 are subject to restitution,
and only up to 100 ha for each former owner.
This is the main reason why private forests
account for only 3% of the total forest area in
Albania (AGT International, n.d.). The main
goals of associations of private forest owners
are to meet their needs and interests, assist in
the management of private forests, protect for-
ests and the environment, increase the tourist
and recreational value of forests, and dissem-
inate information materials. Although the area
of private forests is very small, they have been
intensively exploited in recent years (Table 3).
Owners try to maximize profits without consid-
ering the long-term prospects for their forests.
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Table 3. Main problems of Albania’s privately owned forest resources

Problem

Characteristics

Intensive use

Owners seek to maximize profits without considering long-term prospects

No subsidies

Absence of incentives for responsible management of private forests

Imperfect legislative regulation

Lack of clear legal regulations on the management of private forests

Lack of technical manuals

Absence of available manuals on technical aspects of forestry

Insufficient investment flows

Lack of investment in private forests, which hinders their development

Illegal logging

Illegal exploitation and deforestation are serious problems

Conflicts over property rights

Conflicts often arise due to bureaucratic and corrupt obstacles in the

registration of property rights

Forest degradation

Irregular management leads to forest degradation, reduced income and

increased frequency of fires

Source: developed by the author based on AGT International (n.d.)

The analysis highlights the need to im-
prove the management of forest resources,
especially private forests, to ensure their sus-
tainable development and the conservation
of ecosystem services. Albania’s forests are
among the areas in Europe that require signif-
icant improvements in natural resource man-
agement. According to the new forest policy,
since 2016, municipalities have become the
owners of forests and are solely responsi-
ble for their management. However, a signif-
icant number of municipal forestries are not
provided with the necessary office space and
qualified staff, which negatively affects the ef-
fective management of these resources. Insuf-
ficient technical capacity and staff shortages
make it difficult to carry out important func-
tions such as national forest policy develop-
ment, national reporting and monitoring. Al-
though municipalities own forest and pasture
resources, these functions still require cen-
tralized management at the national level. It is
also important that municipalities do not have
the authority to levy fines for violations in the
forestry sector, which remains the responsibil-
ity of the relevant ministry. Fire protection is
a new function of local governments that was
decentralized without prior analysis of local
capacities to perform this function. In terms
of modern legal issues and forest ecology in

Albania, a separate classification of forest re-
sources can be distinguished, which includes
several main categories:

< natural forests. Albania’s natural forests
cover a variety of ecosystems that have expe-
rienced minimal human intervention. They are
important for the conservation of biodiversity
and the provision of ecosystem services. Efforts
to conserve and restore such forests are a prior-
ity of the state policy (World Bank, n.d.);

% degraded forests. Large areas of forests
in Albania are characterized by high levels of
degradation due to illegal logging, overuse for
fuelwood and uncontrolled grazing. Restoring
these forests is a key objective for the govern-
ment and international projects. For example,
the Albania Natural Resource Development
Project supports the rehabilitation of degraded
areas through the introduction of sustainable
management practices;

% protected areas. Forests that are part of
national protected areas are managed by the
NAPA. These areas contribute to the conser-
vation of biodiversity and the development of
ecotourism. Protecting and maintaining such
areas is an important aspect of Albania’s envi-
ronmental policy;

% community forests. Communal forests
are managed by local communities, which has
proven to be effective in ensuring sustainable
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management and restoration of forests. Studies
have shown that reforestation is 2-3 times more
effective when managed by local users rather
than by government agencies. This approach
has been supported by the World Bank and oth-
er international organizations.

Thus, the key factors affecting forests are
largely related to anthropogenic activities, in-
cluding land use, landscape fragmentation, pol-
lution, nutrient inputs, changes in soil chem-
istry, suppression of natural fires, changes in
herbivore populations, species loss, invasive
alien species, and climate change. Legislative
regulation in the context of forest ecology
should take these factors into account to ensure
sustainable management and conservation of
forest resources. Climate change, in particular,
can reduce forest productivity by increasing
summer temperatures and decreasing precipi-
tation, which increases the risk of forest fires.
This requires the creation of legislation that
will facilitate effective fire risk management
and adaptation of forest ecosystems to new cli-
mate conditions.

Albania’s forests provide numerous eco-
system services that are vital to the country’s
environmental and economic sustainability.
One of the key services is the regulation of the
water cycle. Forests help to reduce soil erosion,
maintain water quality and regulate water flow,
which is important for flood prevention and
sustainable water supply. As a result, forest eco-
systems play a critical role in maintaining the
hydrological balance, especially in the moun-
tainous regions of Albania, where soil erosion
is a significant problem (Forest Policy Docu-
ment..., 2018). Carbon storage is another im-
portant ecosystem service of Albanian forests.
Forests absorb and store significant amounts
of carbon dioxide, which helps to mitigate the
effects of climate change. This carbon seques-
tration capacity of forests contributes to the
reduction of greenhouse gas concentrations in

the atmosphere, thereby reducing global warm-
ing (World Bank, n.d.). Forests also provide im-
portant recreational and cultural services. They
provide opportunities for tourism, recreation
and cultural activities that are important to
the spiritual and cultural life of local commu-
nities. Ecotourism, in particular, is becoming
an increasingly important source of income for
many regions, contributing to economic devel-
opment and improving the quality of life. In ad-
dition, Albania’s forests support agroforestry by
integrating trees and shrubs into agricultural
systems. This increases land productivity, im-
proves biodiversity and reduces environmental
risks. Soil protection is an important part of
this ecosystem service, as tree roots help pre-
vent erosion and maintain soil fertility (Law of
the Republic..., 2017).

The forest sector in Albania is regulated
by a number of laws covering various aspects
of forest management. These legislative acts
provide comprehensive regulation of forestry,
nature protection and biodiversity, contribut-
ing to the sustainable development and conser-
vation of Albania’s natural resources. The main
legislative act is Law of the Republic of Alba-
nia No. 57/2020 (2020), which aims to protect
forests as an important resource, given their
irreplaceable value for climate protection, soil
protection, preservation, and improvement of
productive potential, natural ecological bal-
ance, biodiversity, genetic resources and water
regime. This law is in line with national and
international commitments and contributes to
the sustainable development of the forest sec-
tor, ensuring a better life for modern society
and future generations. It regulates relations in
the forestry sector that have a significant im-
pact on the quality of the natural environment,
agricultural development, energy, tourism,
poverty reduction, population displacement,
conflict mitigation, social and gender inequal-
ity, and national security.
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Law of the Republic of Albania No. 5/2016
(2016) was introduced to reduce interventions
in forests degraded by overexploitation and
other damage, with the aim of improving and
restoring their condition. This law is valid for
10 years from the date of its entry into force. In
addition to these laws, the forestry sector and
nature protection in Albania are regulated by
additional legislation:

% Law of the Republic of Albania
No. 81/2017 (2017) aims to proclaim, preserve
and manage the sustainable use of protected ar-
eas and their natural and biological resources;

@LawoftheRepublicofAlbaniaNo.139/2015
(2015) defines the functions of municipalities
in the field of forest and pasture management;

<% Criminal Code of the Republic of Albania
(1995) contains provisions on crimes against
forests, which are classified as crimes against
the environment;

< Law of the Republic of Albania No. 10431
“On Environment Protection” (2011) aims to
providing a high-level protection for the envi-
ronment, its preservation and improvement;

< Law of the Republic of Albania No. 9587
“On Biodiversity Protection” (2006) aims at pre-
serving and protecting biological diversity by
regulating the sustainable use of its elements;

< Law of the Republic of Albania No. 10006
“On Wild Fauna Protection” (2008) is protect,
manage and control wild fauna with a view to
ensuring the conservation of species, popula-
tions and their habitats;

< Law of the Republic of Albania No. 10120
“On the Protection of Natural Medicinal, Ether
Oil and Tanifer Plants” (2009) aims at protect-
ing medicinal and ether oil plants. It sets out
the conditions governing their collection and
harvest and further promotes activities aimed
at their cultivation and rehabilitation.

Direct powers in the field of forestry are at
the municipal level. Institutions at this level are
responsible for implementing forest policy and

enforcing legislation. The effectiveness of indi-
vidual municipalities varies considerably, de-
pending on their administrative and economic
capacity and the state of their forest resourc-
es. Important stakeholders are the Forest and
Pasture User Associations (FPUAs) (Ministry of
Tourism and Environment, 2023) established in
each municipality to assist in the management
of forests and pastures, and to assist munici-
palities in ensuring the management of forest
areas within their administrative boundaries.
FPUAs are organized at the local level and co-
ordinate forest management activities at the
village level. They are also represented at the
regional level in the form of the Regional Fed-
eration of Forests and Pastures, which is part
of the National Federation of Forests and Pas-
tures. These are non-profit organizations rep-
resenting the interests of all forest and range-
land users in Albania.

Connecting Natural Values and People
(CNVP) is another important partner for for-
est development in Albania. The organization
works with public, private, and donor organiza-
tions using evidence-based analysis to improve
the sustainable livelihoods of rural communi-
ties. CNVP’s activities cover six main areas: sus-
tainable forest management, climate change,
environment and natural resources manage-
ment, agricultural development, renewable en-
ergy and waste management. The Forest Policy
Document in Albania (2018) defines four strate-
gic directions for the future development of the
country’s forest sector:

1. Good governance, which involves posi-
tioning forests as one of the government’s top
priorities and raising awareness of their impor-
tance. The importance of forests is recognized
at the national level, which promotes their pro-
tection and sustainable use.

2. Functional organization, which involves
establishing and strengthening an effective or-
ganizational system from the central level to the
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most remote villages based on best standards
and practices. This ensures proper management
and use of forest resources at the local level.

3. Sustainable extraction, which includes
the use of forest resources on a sustainable
basis and their balanced multiple use. This in-
volves the economically efficient and environ-
mentally sound use of forests, which contrib-

utes to the conservation of biodiversity and the
improvement of the ecological state (Table 4).

4. Defining the provision of quality servic-
es aimed at improving the protection, quality,
and use of forests. This includes improving the
quality of forest management and the use of
fast-growing species to improve the economic
efficiency of the forest sector.

Table 4. Adaptation measures to increase the resilience of Albania’s forests
within the framework of the Albanian Forest Policy Document for the period 2019-2030

Tool

Description

Research programmes

Forest management based on genetic research, adaptation to climate

change

Assessment of forest condition

Analysis of the current state of forests in the context of climate change

Expansion of protected areas

Increase in the area of protected forests for biodiversity conservation

Reducing illegal logging

Reducing illegal deforestation, assessing firewood needs

Increasing forest productivity

Rehabilitation of degraded forests, transformation into high-stemmed

forests, planting of new species

Reforestation programme

Increase in forest area by planting new trees

Source: developed by the author based on Forest Policy Document in Albania — 2030 (2018)

The European Green Deal (2019) provides
for a set of policy initiatives aimed at sustain-
able land use and rural resource management,
which can have a significant impact on cli-
mate change mitigation. In accordance with
these initiatives, Albania should adapt its reg-
ulations to the requirements of the European
Green Deal (2019), in particular with regard to
the sustainable use of forest resources. Legal
regulation in this area should ensure environ-
mental sustainability, economic viability, and
social support for rural communities, which
are important aspects for achieving climate
goals. The Regulation of the European Parlia-
ment and of the Council No. 2018/841 “On the
Inclusion of Greenhouse Gas Emissions and
removals from Land Use, Land Use Change and
Forestry in the 2030 Climate and Energy Frame-
work” (2018) establishes new rules for account-
ing for emissions and removals in this sector.
In order to meet these requirements, Albania
needs to develop legal mechanisms that take

into account the specifics of its forestry sector.
In particular, this includes the introduction of
criteria to assess compliance with greenhouse
gas emissions and removals, which is critical
for the land sector’s contribution to climate
change mitigation goals.

Forestry plays a key role in achieving the
goal of zero net greenhouse gas emissions
by 2050, mainly by reducing emissions and
increasing carbon sequestration. The legal
framework in Albania should promote sus-
tainable forest management that recognizes
the importance of forests as carbon sinks. It is
important that legislation ensures the conser-
vation and protection of forest resources from
overexploitation and various threats, both bi-
otic and abiotic. Thus, the legal regulation of
the use of forest resources in Albania should
be aimed at supporting and implementing
the principles of sustainable development,
integrating the requirements of the Europe-
an Green Deal and introducing mechanisms
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for assessing and controlling greenhouse gas
emissions. This will contribute to the conser-
vation of biodiversity, improve environmental
sustainability and support the economic via-
bility of rural areas. It is essential to note that
forestry in Albania plays an important role in

the country’s economy, providing raw materi-
als for industry and important ecosystem ser-
vices. However, the legal regulation of forest
management faces numerous challenges that
affect the efficiency of forest management and
sustainable use (Table 5).

Table 5. Main problems and challenges of legal regulation of forest use in Albania

Problem

Characteristics

Outdated legal framework

Laws are not adapted to modern international standards, do not integrate
environmental and social aspects

Illegal logging

Lack of effective control and monitoring, insufficient funding

Institutional challenges

Limited capacity of government agencies, lack of qualified personnel, modern

technology and funding

Lack of community
participation

Limited participation of local communities in decision-making, which reduces
the effectiveness of forest protection measures

Challenges of
international obligations

Difficulty in implementing international agreements due to domestic legal and
institutional problems, lack of coordination by the government

Source: developed by the author

Forestry is an important component of Al-
bania’s economy, providing raw materials for
industry and performing key ecosystem func-
tions such as biodiversity conservation, climate
regulation and soil protection. However, for-
est governance in the country faces numerous

challenges, including a weak legal framework,
widespread illegal logging, institutional weak-
nesses, and limited local community partici-
pation. These factors significantly hamper ef-
fective and sustainable forest management and
require improvement measures (Table 6).

Table 6. Proposals and strategic directions
for improving the legal regulation of the forestry sector in Albania

I

Suggestions for improving legislation
and governance

Description

Updating and harmonizing legislation

Improving licensing mechanisms, introducing strict sanctions,
integrating environmental and social aspects

Improving the effectiveness of law
enforcement

Strengthening control, increasing funding, using modern

technologies, training staff

Involvement of local communities

Establishment of local forest associations, training

programmes, awareness raising

II

Strategic directions for the development
of the forestry sector

Description

Development of ecotourism

Creation of tourist routes, recreational areas, and educational

programmes for tourists

Green investments

Restoration of degraded land, reforestation, implementation of
sustainable practices, and attraction of private investment

Expansion of protected areas

Expanding the network of national parks and nature reserves,
supported by international funding and technical assistance

programmes
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Table 6, Continued

The role of international cooperation

Description

Financial support

Assistance from the World Bank, EU, UN Environment
Programme, Instrument for Pre-Accession Assistance (IPA23)*

Technical assistance and exchange of
experience

Training programmes, technical seminars, consultations

Joint research projects

Research on the impact of climate change, development of
reforestation methods, rehabilitation of degraded land

Note: Instrument for Pre-Accession Assistance (IPA23) is a financial assistance programme established by the
European Union to support the Western Balkan countries, including Albania, on their path to EU membership
Source: developed by the author based on E. Serrano-Ramirez et al. (2021), C. Basnou et al. (2020),
J. Naime et al. (2020), N.B. Olén et al. (2021), Instrument for Pre-Accession Assistance (n.d.)

The legal framework governing forest
management in Albania needs to be signifi-
cantly updated and harmonized with Europe-
an standards. Existing laws often do not meet
modern requirements for sustainable forest
management, resulting in insufficient protec-
tion against illegal logging and other damage.
In particular, the lack of integration of environ-
mental and social aspects into forest manage-
ment processes threatens the long-term sus-
tainability of forest ecosystems. To overcome
these challenges, it is important to increase the
effectiveness of law enforcement, ensure prop-
er control and monitoring of forest resources,
and involve local communities in forest man-
agement processes. The introduction of mod-
ern technologies, such as remote sensing and
the use of drones, can significantly improve the
monitoring and management of forest resourc-
es. In addition, the establishment of local for-
est associations and training programmes will
help to raise awareness among local residents
about the importance of forest conservation.
Effective legal regulation and management of
forest resources are key to ensuring the sus-
tainable development of the forest sector in Al-
bania. Developing ecotourism, attracting green
investments and expanding protected areas are
strategic areas that can contribute to this goal.
International cooperation, including financial
and technical assistance, plays an important

role in supporting Albania’s efforts to protect
forests and implement sustainable forest man-
agement practices.

Discussion

The results of the study indicate the impor-
tance of implementing measures to improve
the principles of legislation and management
of forest resources in Albania in the context of
updating and harmonizing existing legislation.
In particular, improving licensing mechanisms,
introducing strict sanctions for violations, and
integrating environmental and social aspects
into legal norms will contribute to more effi-
cient and sustainable use of forests. Improving
the effectiveness of law enforcement includes
strengthening control over compliance with
forestry legislation, increasing funding for the
relevant authorities, using modern monitoring
and management technologies, and training
staff to improve their competence.

The strategic directions for the develop-
ment of the forestry sector in Albania include
the development of ecotourism, attraction of
green investments and expansion of protected
areas. The development of ecotourism includes
the creation of tourist routes, recreational ar-
eas and educational programmes for tourists,
which will help raise awareness of the impor-
tance of forest conservation and its ecological
value. Green investments include restoration
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of degraded land, reforestation, and imple-
mentation of sustainable forest management
practices, as well as attracting private invest-
ment. Expanding the network of national parks
and reserves with the support of international
funding and technical assistance programmes
will help to preserve biodiversity and the eco-
logical sustainability of forest ecosystems.

International cooperation plays a pivotal
role in the implementation of strategic initia-
tives in the forest sector in Albania. Financial
support from the World Bank, the European
Union, the United Nations Environment Pro-
gramme and other programmes such as [PA23
is critical for the implementation of large-scale
projects. Technical assistance and exchange
of experience through training programmes,
technical seminars and consultations will help
to improve the professional level of specialists.
Joint research projects, including studies on cli-
mate change impacts, development of reforest-
ation methods and rehabilitation of degraded
land, are essential to achieve the long-term
sustainability goals of the forest sector.

The legal framework for the use of forest
resources in Albania requires further improve-
ments to ensure sustainable development and
the conservation of ecosystem services. Stake-
holder involvement, provision of necessary
infrastructure and qualified personnel, as well
as a differentiated approach to forest man-
agement are key aspects that can contribute
to effective forest management in the coun-
try. This aspect is confirmed by the study of
D. Pérez-Sanchez et al. (2021), who note that
effective forest management requires clear and
fair conditions of use that take into account
both environmental and social aspects. The
study found that formalization of forest rights
in Albania often leads to conflicts and misap-
propriation of common property. Formaliza-
tion does not always guarantee transparency
and security for owners, but rather creates new

vulnerabilities and uncertainties in legal docu-
ments, which facilitates the misappropriation
of common property. In particular, S. Voicu &
M. Vasile (2022) study the process of formaliz-
ing communal rights to use forest resources in
the Romanian Carpathians and identify similar
problems with conflicts and misappropriation
of common property.

Forest management usually requires the
involvement of various stakeholders, including
government agencies, tourism promoters and
private actors. This helps to reduce conflicts
and increase public acceptance of decisions.
M. Crivellaro et al. (2020) also emphasize the
importance of involving stakeholders in forest
management to reduce conflicts and increase
public acceptance of decisions. The study also
found that a differentiated approach that takes
into account different categories of forests and
forms of ownership is needed to achieve poli-
cy goals and effective forest management. A
similar statement is present in the works of
G. Weiss et al. (2019). The authors consider the
impact of different categories of forests and
forms of ownership on forest management,
emphasizing the need for a differentiated ap-
proach. An important aspect for Albania is the
implementation of local government initiatives
and legislative measures aimed at forest conser-
vation, and the creation of support programmes
for forest owners, which will help improve their
management and preserve ecosystem services.
Similar research findings have been observed
for Brazil and provide useful context and meth-
odological approaches. In particular, D. Pinil-
los et al. (2021) note that Brazilian legislation
requires farmers to maintain and protect forest
areas known as legal reserves.

Automated forest classification is an im-
portant tool for improving forest management
in Albania. This complements the economic and
social approaches used in other countries, such
as Benin, where the importance of economic
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valuation of the environment and the willing-
ness of farmers to pay to reduce forest degra-
dation are key aspects. R. Sourokou et al. (2023)
studied economic valuation of the environment
in Benin and found that users are interested in
improving soil fertility and combating erosion
of coastal forests. This study has established
that the use of machine learning methods and
automated classification of legal texts is impor-
tant for improving forest management, which
will help in analysing and improving legal regu-
lation. H. Chen et al. (2022) emphasize the need
to use methods of automated classification of
legal texts, which is important for the technical
improvement of forest management.

To ensure the sustainable management
of genetic resources and forests in Albania, it
is necessary to harmonize policies at different
levels, ensure adequate funding, raise aware-
ness and cooperation, and minimize the nega-
tive impacts of urbanization. These recommen-
dations can be useful for improving the legal
regulation of forest resources in Albania, as
they are based on research that has been shown
to be effective in different contexts. Similar
results can be seen in the study of N. Lovri¢ et
al. (2023), which reveal the lack of consensus on
the need to harmonize policies at the nation-
al and European levels within the framework
of the Genetic Resources Strategy for Europe
(GRSE). S. Yeasmin et al. (2021) also emphasize
the importance of policy coherence for the ef-
fective management of forest resources, which
is essential for economic and environmen-
tal well-being. At the same time, G. Zegeye et
al. (2023) point out the importance of financing
to minimize the negative impact of urbaniza-
tion on biodiversity, which also requires appro-
priate investment in infrastructure.

In particular, T.M. Issii et al. (2020) assessed
the effectiveness of environmental legislation
in Brazil and concluded that increased cooper-
ation between different stakeholders is key to

preserving forests and creating less fragmented
landscapes. According to E.Z. Baskent (2021),
the impact of urbanization on forest resourc-
es directly depends on compliance with legal
obligations, which can reduce landscape frag-
mentation, although existing legislation is
not always effective enough in preventing this
trend. Based on the analysis, it is worth noting
that in order to ensure sustainable forest man-
agement in Albania, several key aspects need to
be taken into account: conservation of forest
ecosystems, economic valuation of ecosystem
services, application of meta-analysis and use
of market instruments to reduce pressure on
forest ecosystems. D. Saha & A. Taron (2023)
also emphasize the importance of conserving
forest ecosystems and take into account the
value that local people place on ecosystem ser-
vices in India. At the same time, F. Dashtbozor-
gi et al. (2023) highlight the need for effective
governance and legal regulation for forest con-
servation, which are key aspects for ensuring
sustainable use of forest resources.

It is important to emphasize the need for
economic valuation of forest ecosystem ser-
vices as one of the elements of effective forest
management policy. F.A. Taye et al. (2021) note
that it is worthwhile to assess several ecosys-
tem services together, as a separate assessment
may lead to an overestimation of industrial for-
ests and an underestimation of natural forests
that provide more ecosystem services. Due to
the ongoing challenges in forest management,
it is necessary to reduce the pressure on forest
ecosystems through additional market instru-
ments that encourage reduced consumption
in the private transport sector and energy and
food models.

An analysis of the impact of European leg-
islation on forestry and nature conservation is
useful for the development of a similar regula-
tory framework in Albania, taking into account
local environmental and economic conditions.
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European laws such as the Renewable Energy
Directive and nature conservation legislation,
including the Natura 2000 network. For in-
stance, T. Li (2024) explores the innovative and
promising value of gene editing technology for
the conservation of endangered plants and an-
imals, as well as the environmental and bioeth-
ical issues involved. The author analyses the
impact of gene editing on China’s legal system
for the protection of plants and animals, pro-
posing to develop special legislation to regulate
this technology.

K.P. Sahoo et al. (2023) examine the im-
pact of forest legislation on indigenous tribal
communities dependent on forest ecosystems
in Jhargram district, West Bengal. The authors
analyse how various regulations introduced
before and after India’s independence have
restricted these communities’ access to forest
ecosystem services. Analysing the impact of
legislation on livelihoods and access to forest
resources is important for the development of
effective forest management policies in Alba-
nia, particularly in the context of ensuring eco-
logical balance and socio-economic stability of
local communities.

Thus, scientists put an emphasis on the
importance of improving the legal and govern-
ance framework for the effective conservation
of forest resources in different countries of the
world, including Albania. The above-analysed
studies point to the need to harmonize exist-
ing legislation, introduce strict sanctions for
violations, integrate environmental and social
aspects, and use modern monitoring technol-
ogies. Attention is focused on the importance
of international cooperation, attracting green
investments, developing ecotourism and sup-
porting local communities. These approaches
can be adapted to analyse and improve the le-
gal regulation of forest resources in Albania,
contributing to the conservation of biodiver-
sity and sustainable use of natural resources.

Conclusions

Forest ecosystems in Albania are characterized
by significant species diversity, which depends
on altitude and distance from the coast. It was
found that about 83% of the forests consist of
semi-natural plantations that have emerged as
a result of natural regeneration. Most of Alba-
nia’s forest ecosystems have structures typical
of Southeast European countries, with numer-
ous deciduous forests. The study also found that
forest management practices in Albania include
both traditional and newer approaches aimed
at ensuring the sustainability and productivi-
ty of forests and rangelands. In particular, the
integrated forest and rangeland management
plans developed for several municipalities take
into account economic, social and environ-
mental aspects, involving local residents in the
management of natural resources. It has been
established that most of the country’s terri-
tory is covered by forests, of which the largest
share is made up of regenerating forests, while
pastures cover a smaller part of the territory.

It has been found that the main problems
affecting the development of forestry and ru-
ral areas are land use change and the need for
legal regulation to ensure sustainability and
effective land management. It was found that
the current structure of forest land and prop-
erty in Albania was formed under the influence
of political and historical events, which led to
the introduction of three forms of ownership:
state, communal and private. It is noted that
over the past 15 years, one of the most impor-
tant political decisions in the forestry sector
has been the transfer of ownership of forest
areas from the State to local governments.
The qualitative indicators obtained during the
study include statistics on the area and struc-
ture of forests, forms of ownership, as well as
the level of participation of local communities
in forest management. It was found that private
forests account for only 3% of the total forest
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area in Albania, which is due to restrictions on
the privatization of the forest fund. The main
challenges during the study were the limited
number of scientific studies that dealt specifi-
cally with the legal regulation of forest use in
Albania and some statistical data. In particular,
there were difficulties in collecting primary in-
formation due to the geographical and admin-
istrative features of the region.

Prospects for further research include the
need to improve the legislative framework for
the management of privately owned forest

resources to ensure their sustainable develop-
ment and preservation of ecosystem services.
The impact of climate change on forest ecosys-
tems should be studied, and adaptation meas-
ures should be developed.
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Kullolli

IIpaBoBe pery/IoBaHHSI BUKOPVCTAaHHSI JIiCOBUX pecypciB

Bpynena Kysutomni
JITOKTOp I0OpUINUYHUX HAYK, BUKIaIau
VuiBepcuret Onekcangpa Moiviciy B dyppeci
2001, Byn. Kyppina, 1, m. lyppec, Anbanis
https://orcid.org/0009-0008-1667-679X

AHoTanig. MeToio [OCTiIKeHHsT 6y/I0 MPOBEIeHHsT KOMIUIEKCHOTO aHali3y 3aKOHOIABuOi 6asu
y cdepi ympaBiaiHHS JicoBUMM pecypcamy AGaHii B KOHTEKCTi eKOJOorii JIiciB Ta BMIOBOTO
pi3HOMAHITTS, a TakOXX BU3HAUEHHSI OCHOBHMX MPOO6JIeM Ta IepCHeKTUB CTaIoro PO3BUTKY
JIiCOBOTO TOCIIOAApCTBa KpaiHu. MeToHmosorisa AOCTiIKeHHS BKIIOUa/ia aHaldi3 CTaTUCTUUYHUX
JaHux HallioHaJbHOTO iHCTUTYTY CTATUCTMKM AjbaHii 1IOJO CTPYKTYpM JIiCOBUX €KOCHUCTEM
Ta GopM ympaBliHHS HMMU. TakKoOX OyaM BUKOPUCTAHI pe3yabTaTy OOCTiIKeHb, MPOBEAEHUX
MiXKHapOOHMMM Oprasisailismu, Takumu K CBiToBMIT 6aHK, [710OanbHMIT eKomoriunuii (GoHp,
Tta Oikon d.o.o. [IpoaHai30BaHO CTPYKTYpYy Ta CKIaJ JiCOBMX pecypciB AynbaHii, B TOMy uMCTi
MIPMPOAHOTO Ta HAMiBIIPMPOAHOTO MOXOKeHHSI. Y3araJbHeHO HOPMaTUBHO-TIpaBoBy 6a3y y cdhepi
YIIPaBJIiHHS JTiCOBMM rOCIIOAAPCTBOM B AnbaHii. OxapaKkTepr30BaHO Pi3Hi CTPYKTYpM yIIpaBIiHHS
3eMJISIMM JTiCOTOCTIOAPChKOTO TIPM3HAYEHHSI 3 BU3HAUEHHSIM CHeludiky BUKOPUCTAHHS ISt
pi3HMX ¢GopM BiIaCHOCTI. BM3HAUEHO OCHOBHI MpPOOGJEMM BeIeHHs JIiCOBOTO TOCIIOJApCTBa,
cepell IKMX iHTEHCMBHA eKCIUTyaTallisi MpUBATHUX JIiciB, 6pak cy6eumiii Ta iHBeCTuIii, a TaKoK
HeZI0CKOHAJIe 3aKOHOZaBye peryaoBaHHs. OGIPYyHTOBAHO afamTalliliHi 3aX0y IS TTiIBUIEHHS
criiikocri JticiB An6anii B pamMkax [JJOKyMeHTa IpO JTicOBY MOMTUKY Anbanii Ha mepioz 2019-2030
POKiB. 3alIPOIIOHOBAHO CTPATETiYHi HAPSIMKY PO3BUTKY, TaKi SIK PO3IUMPEHHS IPUPOJOOXOPOHHMUX
TePUTOPiii, PO3BUTOK €KOTypU3MYy Ta 3aJyueHHS 3eJIeHMX iHBeCTUIiit. Y HOCTiIkKeHHi TaKoX
MigKpecaeHo BaskKIMBiCTh MisKHAPOAHOrO CIiBpOGITHMIITBA Ay (GiHAHCOBOI Ta TeXHiYHOL
MiITPUMKM, IO CIIPUSITUME BIPOBAIKEHHIO MTPAKTUK CTATIOTO JiCOKOPUCTYBAHHS Ta 36€epeskeHHIO
6iopisHOMaHITTS. [TpakTMUHE 3HAYEHHS AOCTIIPKEHHS TOMNSITAE B TOMY, 1[0 OTPUMAaHi pe3yabTaTu
MOXYTb OYTY BMKOPUCTAHi IJIT PO3POOKM CTpATEriuHMX HAIMPSIMiB PO3BUTKY JIiICOBOTO CEKTOPY
An6anii, cipsMoBaHUX Ha 3a6e3MeYeHHs] CTAlIOTO YIIPABIiHHS Ta 30epesKeHHsI JIICOBUX PECYPCiB,
IO € KII0YOBUM (PaKTOPOM eKOHOMiYHOTO Ta €KOJMIOTiYHOTO J06PO6YTY KpaiHu

KiaiouoBi c1oBa: iHTerpoBaHe YIIpaBJIiHHSI; €KOCMCTEMHi IMOCIYrM JIiciB; 3aKoHOmaBua 6asa
OXOPOHMU IIPUPO/IN; arpojIicoMestiopailisi; 0OXopoHa 6iopisHOMAaHITTS
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Abstract. The research relevance of the complex, multi-stage process of natural regeneration
of forest communities, as well as interactions and transformations, is determined by the rapidly
growing challenges posed by climate change, deforestation and biodiversity loss. The study aims to
assess the state and to identify the ecological and coenotic specificity of natural seed regeneration
of the leading forest-forming species of the Left-Bank Polissya of Ukraine. The study was carried
out using a set of methods, primarily geobotanical, population and mathematical and statistical.
The process of natural recovery was studied in communities that are typical for the region and
belong to 42 syntaxa in the rank of associations and 24 syntaxa in the rank of association groups.
The study revealed the specifics of such forest-forming species as Pinus sylvestris L., Quercus
robur L., Acer platanoides L., Betula pendula Roth., Populus tremula L., and Tilia cordata Mill. The
study established that the representation of the undergrowth of the main forest-forming species
in the forest plant communities of the Left-Bank Polissya of Ukraine varies quite significantly.
The study described the determinants of the species composition of restoration, including the
peculiarities of seed (fruit) dispersion and the adaptive potential of plants. The study determined
that the condition of the understory and its population density are determined by the level of soil
moisture (the highest values of understory density in most species were recorded in forests with
soils moistened at the level of fresh and wet hygro-tops), and this process may intensify against the
background of climate change. The results of the study can be used to develop effective strategies
for forest management, biodiversity conservation and sustainable forest management in the Left
Bank Polissia region, which will help improve the environmental situation and create favourable
conditions for the restoration of forest ecosystems

Keywords: undergrowth; population density; seed dispersal; biodiversity; Pinus sylvestris L.;
Quercus robur L.

Introduction

Forests play a key role in the planet’s vegetation
cover, covering large areas and performing im-
portant functions. Natural regeneration is one
of the key processes for the existence of forest
communities. This is a complex, long and mul-
ti-stage process, during which individuals of a
new generation of forest-forming species un-
dergo qualitative and quantitative changes that
allow them to gradually move from one forest
layer to the next until they reach the standing
stage. The interactions and transformations
that occur at each stage of regeneration, as well
as the formation of a continuous flow of gener-
ations of forest-forming species that ensure the
sustainable existence and functioning of forest
phytocoenoses, are still not fully described. The

study of these processes is an urgent scientific
issue of great theoretical and practical impor-
tance for the conservation and sustainable use
of forest resources.

Therefore, it is no coincidence that the is-
sue of studying the reforestation process is con-
stantly the focus of attention of both global and
Ukrainian scientists. The study by K.R. Talakh
& V.P. Krasnov (2023) provides valuable infor-
mation on the peculiarities of pine forest res-
toration in the Zhytomyr region, which can be
used to develop effective methods of reforest-
ation in this region. It highlights the impact of
various environmental and management fac-
tors on the success of the natural regeneration
of pine forests. The methodological approaches
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of V.V. Batrin & V.P. Kichura (2020) to assessing
the effectiveness of various methods of beech
plantation restoration in the State Enterprise
“Dovzhanske Forestry and Hunting Range” can
be a useful tool for managing forest resources
in regions with a predominance of beech for-
ests. Their study revealed the advantages and
disadvantages of different reforestation meth-
ods for beech forests. The analysis of changes
in forest cover in the Skole Beskydy National
Nature Park by O.H. Chaskovskyy & H.H. Hr-
ynyk (2020) highlights the impact of logging
on the highland forests of the Ukrainian Car-
pathians and can help to develop conservation
measures. It also provides information on the
dynamics of natural forest regeneration after
logging in the region. V. Fesyuk et al. (2023)
emphasise the importance of forest monitor-
ing, remote sensing and natural regeneration
for the rational use and protection of forests in
the Volyn region. Their approach identified ar-
eas that require special attention and reforest-
ation measures. Conclusions of Y.A. Kovalenko
& T.M. Ivanyuk (2022) on the degradation of
pine stands in Irshanske forestry can be used
to develop strategies for restoring and increas-
ing the resilience of pine forest stands in this
region. Their research highlights the main fac-
tors leading to the degradation of pine forests.
Research by M.G. Rumyantsev (2022) studied
a relevant aspect of the regeneration of oak
plantations naturally in fresh oak forests in the
forest-steppe part of Sumy region, which can
contribute to the conservation and restoration
of valuable oak forests. Its results describe the
conditions necessary for successful natural re-
generation of oak forests in this region.
Although research on natural forest regen-
eration is now widespread and covers various
geographical regions, the study of this process
remains extremely important for areas where
forests play a key role in the formation of nat-
ural complexes and have significant ecological,

environmental and economic importance. In
Ukraine, one of these key areas is the Left Bank
Polissia, where forests are a crucial component
of the environment, ensuring environmental
stability and performing important functions
for biodiversity conservation and forestry.

Given the above, this publication aimed to
assess the state and find out the ecological and
cenotic features of natural seed regeneration of
the leading forest-forming species of the Left-
Bank Polissya of Ukraine.

Materials and Methods

A detailed in-depth study of the natural regen-
eration of the leading forest-forming species of
the Left-Bank Polissia of Ukraine, namely Pinus
sylvestris L., Quercus robur L., Acer platanoides
L., Betula pendula Roth., Populus tremula L., Til-
ia cordata Mill, has been carried out for more
than 10 years.

The study addresses the specifics of com-
munities that are typical for the region and
belong to 42 syntaxa in the rank of associa-
tions and 24 syntaxa in the rank of association
groups. Their phytocoenotic affiliation and
place in the system of the classification scheme
of forest vegetation are given below.

During the study of ecological and cenotic
features of natural forest regeneration in the
Left-Bank Polissia of Ukraine, the ethical stand-
ards set out in the Convention on Biological
Diversity (1992) and the Convention on Inter-
national Trade in Endangered Species of Wild
Fauna and Flora (1973), which regulate the con-
servation of biodiversity, sustainable develop-
ment and protection of rare species of animals
and plants in the course of scientific research,
was upheld.

To determine the state and structure of
forest plant communities under the canopy of
which the natural regeneration of the leading
forest-forming species of the Left-Bank Polissya
of Ukraine takes place, common geobotanical
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methods were used. To ensure the representa-
tiveness of the data in the studied forest com-
munities, several 20 mx20 m plots were set
up, where a detailed geobotanical description
was carried out following standard methods
(Yakubenko et al., 2017). Based on the geobo-
tanical descriptions and the dominant classi-
fication, the phytocoenotic affiliation of the
studied communities and their correspondence
to certain forest types were determined. To ob-
tain the most complete information on the lay-
er structure of forest phytocoenoses, the con-
dition of trees was assessed using forest stand
indicators (Pasternak & Nazarenko, 2019).

The success of natural regeneration is de-
termined by the quantitative and qualitative
indicators of the young generation (sub-gener-
ation) of forest-forming species. In this regard,
three groups (cohorts) of the sub-adolescents
were identified, which were respectively cov-
ered by this study and differentiated according
to various characteristics:

1. Small undergrowth is plants up to 50-
70 cm tall that are entirely located in the her-
baceous layer. Their root system is superficial,
their age is from 3-5 to tens of years, and they
are mostly juvenile, immature or quasi-senile
individuals.

2. The middle undergrowth is a 0.5-2.5 m
high plant that “emerges” from the herbaceous
and shrub layer into the undergrowth. These
are mostly immature and virgin plants with fast
growth.

3. Large undergrowth — individuals 2.5-
8.0 m high, located in the undergrowth. Their
root system is in the deeper layers of the soil.

During the surveys, the species composi-
tion of natural regeneration was determined,
and the total number of young plants of for-
est-forming species was counted on 20x20 m
plots, separately for each cohort. For small un-
dergrowth, additional 0.25 m? plots of at least 50
units within the main plot were employed. The
results were calculated per 1 ha of phytocoe-
nosis. The null hypothesis was that there is no
difference in the affiliation of the undergrowth
of different forest-forming species to certain
groups of forest communities (associations).

Specialised statistical packages STATISTI-
CA and PAST were used to process the research
results. The statistical reliability of the quan-
titative data obtained, and their generalisation
were assessed using analysis of variance and
the chi-square (y?) criterion. This ensured the
proper level of reliability of the study’s findings
and to analyse the data correctly.

Results

Based on the results of the study, the rep-
resentation of the undergrowth of the main
forest-forming species in forest plant commu-
nities varies significantly. Stable recovery of P.
sylvestris was recorded in 41.7% of the surveyed
association groups, Q. robur — 70.8%, A. pla-
tanoides — 50%, B. pendula — 75%, P. tremula —
41.7%, T. cordata — 8.3% (Table 1).

Table 1. Species composition of sustainable natural regeneration of leading forest-forming
species by main groups of associations of the Left-Bank Polissya of Ukraine

Groups of associations
Type
1123456789 |10|1112(13]14|15|16|17|18|19 20|21 |22|23|24
Pmus. + |+ |+ + |+ + |+ + + +
sylvestris
Quercus++ R T T O e O IR N I S + |+ + +
robur
Acer
. + + + + I N A B + |+
platanoides
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Table 1, Continued

T Groups of associations
e
P 1123456789 |10]11|12|13|14|15|16|17|18|19|20|21|22|23|24
Betula ++ [+ + |+ o+ |+ + |+ + |+ + + + )+ |+ |+
pendula
Tilia cordata + +
Populus + + + + |+ + + + + |+
tremula

“, »

Note: “+” — presence of individuals of a certain species; numbering of association groups: 1. Pineta (sylvestris)
hylocomiosa; 2. Pineta (sylvestris) calamagrostidosa (epigeioris); 3. Pineta (sylvestris) nardosa (strictae); 4. Pineta
(sylvestris) coryloso (avellanae) — vacciniosa (myrtilli); 5. Pineta (sylvestris) asarosa (europaei); 6. Pineta (sylvestris)
pteridiosa (aquilini); 7. Pineta (sylvestris) franguloso (alni) — vacciniosa (myrtilli); 8. Pineta (sylvestris) vacciniosa
(myrtilli); 9. Pineta (sylvestris) moliniosa (caeruleae); 10. Pineta (sylvestris) sphagnosa; 11. Querceto (roboris) —
Pineta (sylvestris) vacciniosa (myrtilli); 12. Querceto (roboris) — Pineta (sylvestris) corylosa (avellanae) sparsi
herbosa; 13. Betuleto (pendulae) — Pineta (sylvestris) vacciniosa (myrtilli); 14. Querceta (roboris) majanthemosa
(bifolii); 15. Querceta (roboris) aegopodiosa (podagrariae); 16. Querceta (roboris) convallariosa (majalis);
17. Querceta (roboris) coryloso (avellanae) — convallariosa (majalis); 18. Acereto (platanoiditis) — Querceta (roboris)
coryloso (avellanae) — aegopodiosa (podagrariae); 19. Acereto (platanoiditis) — Querceta (roboris) stellariosa
(holosteae); 20. Tilieto (cordatae) — Querceta (roboris) stellariosa (holosteae); 21. Betuleta (pendulae) vacciniosa
(myrtilli); 22. Betuleta (pendulae) caricosa (pilosae); 23. Betuleta (pendulae) stellariosa (holosteae); 24. Populeta

(tremulae) stellariosa (holosteae)
Source: compiled based on V. Skliar et al. (2020)

The y, criterion was used to determine the
species composition of natural recovery to cer-
tain groups of associations. The null hypothesis
is rejected if 2 >3 (Table 2). The data show that
the undergrowth of four species: P. sylvestris,

P tremula, A. platanoides, and T. cordata, sta-
tistically significantly gravitate towards certain
groups of associations. At the same time, for the
subspecies B. pendula and Q. are not linked to
specific forest community types.

Table 2. Values of the y? criterion for the understory of the main forest-forming species

Types
Pmus. Betula Populus Quercus robur Acer. Tilia cordata
sylvestris pendula tremula ~ platanoides
X?value 8.17* 1.5 8.17* 2.04 6* 20.17*

Note: * - cases for which the null hypothesis is rejected are noted

Source: compiled based on V.G. Skliar (2022)

The distribution of Q. robur subspecies in
various types of forest communities is explained
by the absence of a clearly defined narrow eco-
logical restriction of this species. Mature oak
trees are present in most plant communities
of the study area. Despite the periodicity of
fruiting, their seeds are dispersed by animals
in large quantities to various forest habitats
(Levchenko & Ganzhalyuk, 2022). In addition,

acorns can retain their germination capacity for
a long time, which contributes to the successful
germination and development of seedlings.

A similar situation is observed with B. pen-
dula - the growth of this species also does not
show a clear association with certain groups
of associations. The widespread occurrence of
hangingbirch, at least in the form of single spec-
imens, in many forest communities, as well as
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the annual production of a significant amount
of easily spread seeds, led to the widespread
distribution of its understory (Sklyar, 2022).

In contrast to Q. robur and B. pendula, the
lower representation of P. sylvestris subspecies
in the phytocoenoses of the Left Bank Polissia
is a consequence of the high requirements of
this species to light and frequency of fruiting.
The restriction of P. tremula, A. platanoides and
T. cordata to certain groups of associations is
largely due to the lower presence of their moth-
ers in forest communities compared to the
above species due to their demanding lighting
conditions (P. tremula) and soil fertility (A. pla-
tanoides, T. cordata), which leads to the forma-
tion of their stands and young generation only
in specific habitats.

In addition to the six species described
above (P. sylvestris, B. pendula, P. tremula, Q.
robur, A. platanoides, T. cordata), the tree layer
in some forest phytocoenoses of the Left-Bank
Polissia of Ukraine contains fragmentary, single
trees of Pyrus communis L., Malus sylvestris Mill.
and Ulmus laevis Pall. and their undergrowth.
However, the frequency of occurrence of sub-
yearlings of these species by association groups
is insignificant (4.2-12.5%), and the y? values of
18.38-22.04 indicate a statistically significant
attraction of their younger generation to cer-
tain association groups.

As already noted, the success of natural re-
generation and the sustainable functioning and
existence of forests significantly depend on the

population density (number of individuals per
unit area) of the sub-growth represented in for-
est phytocoenoses. If plants of all three cohorts
(small, medium, and large) were present in cer-
tain phytocoenoses, the structure of the under-
story was assessed as complete, if any of them
were absent, it was assessed as incomplete.

The results of the study of the population
density of the undergrowth in forest phytocoe-
noses of the Pineta sylvestris formation showed
that in several association groups, in particular,
Pineta (sylvestris) coryloso (avellanae) — vaccin-
iosa (myrtilli), Pineta (sylvestris) asarosa (eu-
ropaei), Pineta (sylvestris) pteridiosa (aquilini),
there is no natural recovery of the main for-
est-forming species — P. Sylvestris (Table 3). The
recovery of Q. robur, a species involved in the
formation of the second tier of stands, is more
constant. In the forests of this formation, the
density of small P. sylvestris can reach almost
4500 individuals per 1 ha,medium - 3800 pcs/ha,
and large — 1600 pcs/ha. Similar indicators for
Q. robur, respectively, are about 4100 pcs/ha,
2800 pcs/ha and 2200 pes/ha, and for B. rendu-
la 3200 pcs/ha, 2900 pcs/ha, 1800 pes/ha. The
Pineta sylvestris forests also contain different
cohorts of P. tremulasubspecies. The density of
their individuals within the population fields
is less than 1750 individuals/ha. The regener-
ation of A. platanoides is represented by small
and much less frequently by medium-sized
subgrowth, the density of individuals of which
usually does not exceed 2500 pcs/ha.

Table 3. Average population density of the undergrowth (individuals/ha) of the leading
forest-forming species of the Left-Bank Polissya of Ukraine in different forest phytocoenoses

Groups of Pinus sylvesrtis Quercus robur Acer platanoides
associations Small | Medium Big Small | Medium Big Small | Medium Big
| | Pineta(ybestris) | yyq 5| 33131 | 16066 | 4081 | 27637 | 9132 | 2218.1 | 16258 | -
hylocomiosa
Pineta (sylvestris)
2 | calamagrostidosa 719.1 812.9 - 594.3 481.9 - _ _ _
(epigeioris)
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Table 3, Continued

Groups of
associations

Pinus sylvesrtis

Quercus robur

Acer platanoides

Small

Medium

Big

Small

Medium

Big

Small

Medium Big

Pineta (sylvestris)
nardosa (strictae)

506.8

900.5

Pineta (sylvestris)
coryloso
(avellanae) —
vacciniosa (myrtilli)

413.1

119.1

2419.1

Pineta (sylvestris)
asarosa (europaei)

1056.9

1175.2

Pineta (sylvestris)
pteridiosa (aquilini)

2281

Pineta (sylvestris)
franguloso (alni) -
vacciniosa (myrtilli)

2875.2

3494.2

1287.3

1650.3

586.1

313.7

Pineta (sylvestris)
vacciniosa (myrtilli)

2243.4

3831.7

2700.5

2169.1

1681.2

Pineta (sylvestris)
moliniosa
(caeruleae)

1713.8

2456.1

10

Pineta (sylvestris)
sphagnosa

2600.3

2600.2

1813.1

1656.7

1581.8

1

—_

Querceto (roboris) —
Pineta (sylvestris)
vacciniosa (myrtilli)

2938.1

1763.7

1706.1

1707.4

1813.2

12

Querceto (roboris) —
Pineta (sylvestris)
corylosa (avellanae)
sparsi herbosa

413.1

5569.5

1668.3 -

13

Betuleto
(pendulae) -
Pineta (sylvestris)
vacciniosa (myrtilli)

1288.2

2189.3

1619.5

14

Querceta (roboris)
majanthemosa

(bifolii)

4194.5

1906.8

15

Querceta (roboris)
aegopodiosa
(podagrariae)

11781

3338.1 -

16

Querceta (roboris)
convallariosa
(majalis)

1775

1844.1

1712.9

1713.4

2275.4

1869.5 -

17

Querceta
(roboris) coryloso
(avellanae) —
convallariosa
(majalis)

3769.7

1338.7

1375 -

18

Acereto
(platanoiditis) -
Querceta
(roboris) coryloso
(avellanae) —
aegopodiosa
(podagrariae)

5863.7

15119.2 | 3456.1
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Table 3, Continued

Groups of Pinus sylvesrtis

Quercus robur Acer platanoides

associations

Small | Medium Big

Small | Medium Big Small | Medium Big

Acereto
(platanoiditis) —
Querceta (roboris) - - -
stellariosa
(holosteae)

19

34949 | 3294.3 | 3194.8

Tilieto (cordatae) —
Querceta (roboris)
20 . - - -
stellariosa

(holosteae)

5750.3 - 119.5

Betuleta (pendulae)

21 vacciniosa (myrtilli)

3631.1 | 2550.8 | 1638.4

1856.5 - - - - -

Betuleta (pendulae)
22 . . - - -
caricosa (pilosae)

1613.7 | 1763.9 -

Betuleta (pendulae)
stellariosa
(holosteae)

23 887.2 1619.1 -

1613.7 - -

1294.2 | 1825.8 -

p-level 0* 0* 0.0451*

0* 0* 0.009* 0* 0* 0*

Note: p-level calculated based on the results of analysis of variance; * — statistically significant differences

Source: ompiled based on V.G. Skliar (2022)

Among the association groups represented
by the Pineta sylvestris formation, the forests of
the Pineta (sylvestris) hylocomiosa association
group have the most diverse species composi-
tion and the highest density of understory in-
dividuals, especially P. sylvestris and Q. robur.
In the phytocoenoses of the Pineta (sylvestris)
calamagrostidosa (epigeioris) and Pineta (sylves-
tris) nardosa (strictae) association groups, the
undergrowth is neither species diversity nor high
density: each cohort of a species per 1 ha of forest
is represented by no more than 901 individuals.

Difficulty of natural regeneration of P. syl-
vestris is a common feature and a significant
problem of forest phytocoenoses of the Querce-
to (roboris) — Pineta (sylvestris) subformation.
The recovery of Q. robur is more constant here.
The recovery of A. platanoides, B. rendula and T.
cordatais not stable. In the communities of the
Querceto (roboris) — Pineta (sylvestris) vaccinio-
sa (myrtilli) association group, Q. roburis most
successfully restored: all cohorts of under-
growth are present, and their average density

reaches 1706.1-1813.2 units/ha. The recovery
of P. sylvestris is represented by small and me-
dium-sized subgrowth, B. rendula only by me-
dium-sized, and T. cordata only by small. The
density of these cohorts of undergrowth in P,
sylvestris is 1763.7-2938.1 pcs/ha, B. rendula -
800.5-1694.1 pcs/ha, and T. cordata — 213.2 pcs/
ha. In the phytocoenoses of the Querceto (robo-
ris) — Pineta (sylvestris) corylosa (avellanae) sparsi
herbosa association group, A. platanoidesis the
most successful in restoring. Here, up to 7300
individuals of this species grow on 1 hectare.

The communities of the Betuleto (pendu-
lae) - Pineta (sylvestris) vacciniosa (myrtilli)
association group (Betuleto (pendulae) — Pin-
eta (sylvestris) subformation) are quite com-
mon in the study area. In these forests, there
is an undergrowth of B. pendula, Q. robur and
P. tremula. Of these species, Q. robur is distin-
guished by the presence of undergrowth in all
three cohorts, with population densities most-
ly in the range of 1300-2100 individuals/ha.
The regeneration of B. rendula and P. tremulais

Vol. 15, No. 2, 2024

Ukrainian Journal of Forest and Wood Science

125



Ecological and cenotic features of natural regeneration...

represented by medium and large subshrubs.
In B. pendula, the average density of these co-
horts varies from 1762.1-2875.3 units/ha, and
in P. tremula — 894.6-1719.2 units/ha.

The results of studying the quantitative
characteristics of the natural regeneration
of forest phytocoenoses of the Querceta rob-
oris formation indicate that in some of its
communities (association group Querceta
(roboris) aegopodiosa (podagrariae), Acere-
to (platanoiditis) — Querceta (roboris) coryl-
oso (avellanae) — aegopodiosa (podagrariae),
Acereto (platanoiditis) — Querceta (roboris)
stellariosa (holosteae), Tilieto (cordatae) -
Querceta (roboris) stellariosa (holosteae))) lack
natural recovery of the dominant species — Q.
robur. However, in some phytocoenoses, the
density of Q. robur undergrowth can reach
high levels: small - up to 4200 pcs/ha, medi-
um — about 1906 pcs/ha, and large — 1700 pcs/
ha. The natural regeneration of A. platanoides
is usually represented by the youngest co-
horts of the subshrub (small and medium).

The greatest diversity of restored species
is characteristic of the Querceta (roboris) con-
vallariosa (majalis) association group. In its
communities, the undergrowth of the main
forest-forming species has a high density and
the most complete structure in terms of co-
hort representation. Aside from Q. robur and
A. latanoides, B. rendula, P. sylvestris, P. tremula,
P. communis, M. sylvestris, and U. laevisare being
restored in these forests. The density of indi-
viduals of B. pendula and P. sylvestris reaches al-
most 2600 and 1800 pcs/ha, respectively, while
in P. tremula, P. communis, M. sylvestris, U. laevis
it varies from 90 to 320 pcs/ha.

The phytocoenoses of the association
group Acereto (platanoiditis) — Querceta (roboris)
coryloso (avellanae) — aegopodiosa (podagrariae)
and Acereto (platanoiditis) — Querceta (robo-
ris) stellariosa (holosteae) are distinguished by
successful recovery of A. platanoides. In the

communities of the first group of associations,
the average density of small undergrowth of
this species reaches 5863.7 units/ha, medium -
15119.2 units/ha, and large — 3456.1 units/ha.
In the forests of the second group of associa-
tions, these cohorts have a lower density, which
mostly ranges from 3194 to 3495 units/ha. The
subspecies of one of the main unifiers and dom-
inants of — Q. robur, is absent or rare in both
groups of associations.

The phytocoenoses of the Tilieto (corda-
tae) — Querceta (roboris) stellariosa (holosteae)
association group are also favourable for the
formation of small subgrowth of A. platanoides:
its average density here reaches 5750.3 units/
ha. These forests also have an undergrowth of
T. cordata (413.7 specimens/ha) and P. tremula
(219.2 specimens/ha).

In the forests of the Betuleta pendulae for-
mation, there is not only natural regeneration
of B. pendula but also several other species:
P, sylvestris, Q. robur, A. platanoides, and P. trem-
ula. In the forests of this formation, the density
of individuals in different cohorts of the sub-
stand varies around the following indicators:
1440 - 2600 pcs/ha in B. pendula, 880 — 3640 pcs/
hain P, sylvestris, 1610 — 1860 pcs/ha in Q. robur,
1300 - 1830 pcs/ha in A. platanoides — 1300 —
1830 pcs/ha, and 720 — 1300 pcs/ha in P. tremu-
la — 720 - 1300 pcs/ha.

In the communities of the association
group Populeta (tremulae) stellariosa (holoste-
ae ), the natural regeneration of B. rendula and
P, tremula is represented by all three cohorts of
the subshrub. Their density ranges from 1681 to
3869 units/ha.

To assess the population density of the
undergrowth, the patterns of change (trend)
of this indicator by cohorts of the undergrowth
were studied: small, medium, and large. In gen-
eral, the following trend options are possible:

1. The highest density is achieved at the
level of small undergrowth.
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2. The highest density is achieved at the
level of the middle growth.

3. The highest density is achieved at the
level of a large understory.

4. The density of undergrowth in all co-
horts is the same.

Of the listed options, the first and second
trends are most often implemented in wood
species (Table 4). Forest-forming species also
have species-specific features in terms of
“sets” of trend options and the likelihood of
their implementation. The greatest variety of

trend variants was found in B. rendula. How-
ever, in general, this species has the highest
density in the smallest cohorts of sub-adults
(small and medium).

P. sylvestris, Q. robur, A. platanoides,
P. tremula and P. communis each show three of
the four trends. In P. sylvestris, Q. robur, A. pla-
tanoides, and P. communis, the highest density is
often recorded at the level of small subshrubs.
In T. sordata and M. sylvestris, two variants of
trends were present: one and two. U. laevis has
only one first.

Table 4. Representation of different variants of trends
in the dynamics of population density of the understory in forest-forming species”

corresponds to the one given in the text

Trend variants** and their representation (%)
Type
1 3 4
Pinus sylvestris 58.3 33.3 - 8.4
Quercus robur 58.8 35.3 5.9 -
Acer platanoides 66.7 8.3 -
Betula pendula 40 46.6 6.7 6.7
Populus tremula 33.3 16.7 -
Tilia cordata 50 - -
Note: * — data reflects the situation only for groups with sub-adults; ** — the numbering of trend options

Source: based on the results of a study by V.G. Skliar (2022)

In the forest-forming species of the Left-
Bank Polissya of Ukraine, both synchronous
dynamics of the undergrowth density by its
cohorts and species specificity in terms of the
representation of certain trend variants were
registered. The latter is manifested in the fact
that each species within a particular forest
phytocoenosis implements its variant of the
trend, which does not coincide with the trends
of other species.

Discussion

Natural regeneration is an important compo-
nent of the complex of processes associated
with the functioning of forest communities
(Connel, 1989; Ward & Worthley, 2004). The fi-
nal results of the study of the species and cohort

composition of natural regeneration, as well as
the population density of the undergrowth, in-
dicate that the forests of the Left-Bank Polis-
sya of Ukraine have difficulty in realising their
ability to sustain themselves. The forests of
the Pineta sylvestris formation hold a leading
position in the structure of the region’s forest
fund. In these forests, the natural regeneration
of dominant (co-dominant) species is unstable,
which is often manifested in the absence of the
entire understory or its cohorts. This sign of
difficulty in the process of self-sustaining phy-
tocoenoses is also inherent in several forests
of other formations. In general, the density of
cohorts of forest-forming species in most for-
est phytocoenoses of the Left-Bank Polissia of
Ukraine according to the scale of assessment of
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the success of natural seed regeneration mostly
varies from insufficient to satisfactory (Yanit-
skyi, 2024). The existence of complexity in the
cycle of forest generations is also evidenced
by the peculiarities of the ontogenetic and
vitality structure of the price populations of
forest-forming species: a wide representation
of incomplete ontogenetic spectra (Skliar et
al., 2020), populations of the “depressed” cate-
gory with negative values of the index of vitali-
ty dynamics (IVD) by stages of natural recovery.

N.C. Reid et al. (2023), using examples of
reforestation and forest rehabilitation in tem-
perate regions, show that the effectiveness of
forest restoration depends on various factors,
such as local climatic conditions, available re-
sources, level of community participation and
economic opportunities. The results of the re-
search presented in this publication also show
that the density of undergrowth in the forests
of the Left-Bank Polissia of Ukraine does vary
significantly in different communities and is
determined by the influence of a complex of
ecological and cenotic factors. First and fore-
most, it is soil moisture, the closeness of the
upper layers, light, and the composition of the
living topsoil (Ivanova et al., 2022). In the con-
ditions of the study region, the highest values
of understory density for most species were in-
herent in forests with soils with sufficient (at
the level of fresh and wet hygrotopes — asso-
ciation groups Pineta (sylvestris) hylocomiosa,
Pineta (sylvestris) vacciniosa (myrtilli), etc.), but
not excessive moisture (Fernandes et al., 2023).
In P. sylvestris and Q. robur, the highest densi-
ty of undergrowth was recorded in phytocoe-
noses with a stand crown closure of 0.4-0.5,
and in A. platanoides — 0.6 and above. P, sylves-
tris demonstrated a tendency for an increase in
the density of undergrowth in the stand win-
dows. The amount of undergrowth is signifi-
cantly reduced in phytocoenoses characterised
by high soil sodification (Pineta (sylvestris)

calamagrostidosa (epigeioris), Pineta (sylvestris)
nardosa (strictae) association groups).

All other things being equal in terms of
quantitative and qualitative indicators of seed
productivity, the growth of species with a wid-
er ecological amplitude will have a greater
chance of being represented in forest commu-
nities. Such species have a higher probability
of matching their potential ecological niches
with the actual conditions of certain habitats,
which contributes to the successful emergence,
growth and development of the young gener-
ation of these species in forests. Compared to
adult plants, the undergrowth often demon-
strates higher shade tolerance, which expands
the possibilities of its presence in various com-
munities (Oliynyk & Viter, 2011; Gerasko et
al., 2024). However, the undergrowth is more
vulnerable to adverse natural factors, such as
droughts, frosts, etc., which often occur in the
study area, which can significantly reduce its
number and representation by habitat (Kova-
lenko, 2018; Litvinova et al., 2023).

The presence in a significant number of
forest communities in the Left-Bank Polissia
of Ukraine of a sub-storey structure with in-
complete representation of different cohorts,
as well as the expression of different trends in
the dynamics of sub-storey density (especial-
ly those when the maximum values are in the
middle or large sub-storey) indicate that the
process of natural regeneration is inherent in
dynamism, in particular as a result of the mani-
festation of “waves of regeneration”. In general,
the growth of woody plants under the canopy
of stands is one of the most unstable elements
of the structural organisation of biogeocenosis
(Shuvar & Korpita, 2023). Emerging contin-
uously or in “outbreaks” and dying out in the
same way, it is a stable reserve whose represent-
atives gradually or in a short time replace the
parental generations in the process of struggle
for existence (Kovalenko, 2018). The important
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ecological and stabilising role of natural re-
generation has been proven by research by
M. Rosa et al. (2021), G. Davidson et al. (2024)
which focused on assessing changes in native
forest cover in the Atlantic Forest of Brazil.
They determined that while indigenous forest
cover remained constant between 1990 and
2017, there was a steady loss of old-growth in-
digenous forests, mostly in the lowlands, during
this time. However, this loss was compensated
by an increase in young indigenous forest cover.

The study of the population density of
the undergrowth of the leading forest-forming
species of the Left-Bank Polissya of Ukraine in
forest phytocoenoses showed that, in addition
to general trends, each tree species in each
community has its specific features of natu-
ral regeneration (Bobos et al., 2019). They are
manifested in the different survival rates of
individuals, in the presence of differences in
their transition from cohort to cohort. Given
the above, the issue of developing forest res-
toration programmes is becoming increasing-
ly significant for regions with forest cover. For
instance, N.C. Reid et al. (2023) provided vari-
ous reforestation programmes in New Zealand
and Colorado. H. Qu et al. (2024) demonstrat-
ed the effectiveness of natural regeneration
in restoring ecological functions in degraded
natural forests. Accordingly, the issue of pro-
moting natural regeneration should be given
more attention when considering the sustain-
able functioning of the forests of the Left-Bank
Polissya of Ukraine.

The success of natural recovery is shaped
not only by local ecological and cenotic in-
teractions but also by global ones (Evison &
Wyse, 2023; Stephens et al., 2023). In particu-
lar, the research of D. Pragya & P.Jaiswal (2022)
shows that one of the main challenges to forest
restoration has been insufficient attention to
the impacts of climate change. Therefore, sci-
entists proposed the implementation of such

forest restoration strategies as rehabilitation,
reconstruction, reclamation and replacement.
The study of the impact of climate change on
natural regeneration is also relevant for the
Left Bank Polissia of Ukraine (Jiang et al., 2022;
Lee et al., 2023). When considering various as-
pects of natural forest regeneration in different
regions, it is advisable to use both classical and
modern methods: remote sensing for monitor-
ing, assessment and restoration of damaged
forests, GIS tools, and modelling methods.

Conclusions

Based on the generalisation of materials on the
state of natural regeneration in the forests of 24
groups of associations typical for the Left-Bank
Polissya of Ukraine, the study determined that
in the direction of decreasing representation
of natural regeneration in the composition of
forest phytocoenoses, the leading forest-form-
ing species of the region form the following
series: Betula pendula — Quercus robur — Acer
platanoides — Pinus sylvestris, Populus trem-
ula - Tilia cordata. The results of the study
show that for most of the species studied, the
growth is reliably confined to certain groups
of forest associations. This indicates that eco-
logical and phytocoenotic characteristics and
interrelationships in forest communities, such
as root competition, the influence of the her-
baceous layer, and abiotic environmental fac-
tors, can significantly determine the presence
and distribution of a particular tree species in
phytocoenoses. The peculiarities of seed (fruit)
dispersion and the adaptive potential of plants
are also among the determining factors for the
species composition of restoration.

The forest phytocoenoses of the region
differ statistically significantly in terms of
the population density of the undergrowth
(small, medium, large), which at the level of
these individual cohorts mostly varies from
500 to 4000 individuals/ha. At the same time,

Vol. 15, No. 2, 2024

Ukrainian Journal of Forest and Wood Science

129



Ecological and cenotic features of natural regeneration...

quantitative indicators of the undergrowth
(population density) and qualitative indica-
tors (species composition, completeness of re-
covery spectra, etc.) indicate the dynamism of
forest regeneration, the existence of “recovery
waves” and, in general, the difficulty of imple-
menting the self-sustaining capacity of the
forests of the Left-Bank Polissia of Ukraine.
Quite often, forests lack the regeneration
of species that form the stand layer. This, along
with low population densities of such species,
creates preconditions for the phenomenon of
“species change” in forests. Currently, the ten-
dencies towards the implementation of this pro-
cess are manifested in the forests of all studied

(roboris) aegopodiosa (podagrariae). Given that
the condition of the understory and its popu-
lation density is also determined by the level of
soil moisture (the highest values of understory
density in most species were recorded in for-
ests with soils moistened at the level of fresh
and wet hygro-tops), this process may intensify
against the background of climate change. Ac-
cordingly, this fact is another argument in fa-
vour of the fact that an important area for fur-
ther scientific research on forests should be the
study of the impact of climate change on their
natural regeneration.

Acknowledgements

formations in the groups of associations Pine-  None.
ta (sylvestris) coryloso (avellanae) — vacciniosa .
(y. . .) b ( . ) . Conflict of Interest
(myrtilli), Pineta (sylvestris) asarosa (europaei),
Pineta (sylvestris) pteridiosa (aquilini), Querceta  None.
References

(1]

(2]

(3]

(4]
[5]
(6]

[7]

(8]

Batrin, V.V., & Kichura, V.P. (2020). Economic and ecological efficiency of beech forest
restoration in the state enterprise Dolzhansk forest hunting farm. In Proceedings of the VIII
All-Ukrainian Scientific and Practical Conference “Forest, Science, Youth” (pp. 16-17). Zhytomyr:
Polissia National University.

Bobos, I., Fedosy, 1., Zavadska, O., Tonha, O., & Olt, J. (2019). Optimization of plant densities
of dolichos (dolichos lablab L. var. lignosus) bean in the right-bank of forest-steppe of Ukraine.
Agronomy Research, 17(6), 2195-2202. doi: 10.15159/AR.19.223.

Chaskovskyy, O.H., & Hrynyk, H.H. (2020). Estimation of losses of forest cover of the
Ukrainian Carpathians by remote methods based on the materials of open sources of satellite
information. Scientific Bulletin of UNFU, 30(1), 66-73. doi: 10.36930/40300111.

Connel, J.H. (1989). Some processes affecting the species composition in forest gaps. Ecology,
70(3), 560-562. doi: 10.2307/1940205.

Convention on Biological Diversity. (1992). Retrieved from https://zakon.rada.gov.ua/laws

show/995_030#Text.

Convention on International Trade in Endangered Species of Wild Fauna and Flora. (1973).
Retrieved from https://zakon.rada.gov.ua/laws/show/995 129#Text.

Davidson, G., Speldewinde, P.C., Manin, B.O., & Cook, A. (2024). Forest restoration and the
zoonotic vector anopheles balabacensis in Sabah, Malaysia. EcoHealth, 21, 21-37. doi: 10.1007/
$10393-024-01675-w.

Evison, D., & Wyse, S. (2023). Forest restoration at the Cass Mountain Research Area,
Canterbury New Zealand. New Zealand Journal of Forestry, 68(3), article number 8.

Vol. 15, No. 2, 2024

Ukrainian Journal of Forest and Wood Science 130


https://www.uzhnu.edu.ua/uk/infocentre/get/39126
https://www.uzhnu.edu.ua/uk/infocentre/get/39126
https://dspace.emu.ee/items/ae351d23-eb79-4b2c-a0d1-b3101ffd3815
http://doi.org/10.36930/40300111
https://doi.org/10.2307/1940205
http://doi.org/10.1007/s10393-024-01675-w
http://doi.org/10.1007/s10393-024-01675-w
https://www.researchgate.net/publication/375584092_Forest_restoration_at_the_Cass_Mountain_Research_Area_Canterbury_New_Zealand
https://www.researchgate.net/publication/375584092_Forest_restoration_at_the_Cass_Mountain_Research_Area_Canterbury_New_Zealand

Skliar et al.

[9] Fernandes, A.K., Cardoso Quadros, T.M., Conceicao, T.A., & Waqar, Z. (2023). Can forest
restoration affect the genetic diversity of plants? Ecological Restoration, 41(4), 152-157.
doi: 10.3368/er.41.4.152.

[10] Fesyuk, V., Moroz, 1., Fedonyuk, M., Melnik, O., & Polyansky, S. (2023). Methodology and
practical implementation of research of changes in forest coverage of Volyn region using
remote sensing. Bulletin of the Kharkiv National University named after V.N. Karazin, 58, 274-
289. doi: 10.26565/2410-7360-2023-58-21.

[11] Gerasko,T., Tymoshchuk, T.,Moisiienko, V., Hrytsiuk, N., & Alekseeva, T. (2024). Phytocoenotic
assessment of herbaceous plant communities in the organic sweet cherry orchard. Scientific
Horizons, 27(5), 32-50. doi: 10.48077/scihor5.2024.32.

[12] Ivanova, I., Serdyuk, M., Malkina, V., Tonkha, O., Tsyz, O., Mazur, B., Shkinder-Barmina, A.,
Herasko, T., & Havryliuk, O. (2022). Cultivar features of polyphenolic compounds and ascorbic
acid accumulation in the cherry fruits (Prunus cerasus L.) in the Southern Steppe of Ukraine.
Agronomy Research, 20(3), 588-602. doi: 10.15159/AR.22.065.

[13] Jiang, X., Ziegler, A.D., Liang, S., & Wang, D. (2022). Forest restoration potential in China:
Implications for carbon capture. Journal of Remote Sensing, 2022, article number 0006.
doi: 10.34133/remotesensing.0006.

[14] Kovalenko, I.M. (2018). Forest ecology with the basics of reforestation and afforestation. Sumy:
Universytetska Knyha.

[15] Kovalenko, Y.A., & Ivanyuk, T.M. (2022). Formation of birch-pine young animals on log
cabins. In Abstracts of the All-Ukrainian Scientific and Practical Conference of Higher Education
Applicants and Young Scientists “Sustainable Development of the Country in the Framework of
European Integration” (p. 78). Zhytomyr: Zhytomyr Polytechnic State University.

[16] Lee, K., Ryu,J., & Kim, S.H. (2023) Restoration of damaged forest and roles of remote sensing.
In Concepts and Applications of Remote Sensing in Forestry (pp. 371-393). Singapore: Springer.
doi: 10.1007/978-981-19-4200-6_19.

[17] Levchenko, V.B., & Ganzhalyuk, T.S. (2022). Features of growing planting material of Scots
pine with a closed root system in the conditions of the state enterprise “Zarechanskoe LG”. In
Proceedings of International Scientific and Practical Conference of Young Scientists, Postgraduates,
and External Doctorate Students “Forests in the Face of Contemporary Challenges” (pp. 17-19).
Kharkiv: Ukrndilga.

[18] Litvinova, O., Tonkha, O., Havryliuk, O., Litvinov, D., Symochko, L., Dehodiuk, S.,
& Zhyla, R. (2023). Fertilizers and pesticides impact on surface-active substances
accumulation in the dark gray podzolic soils. Journal of Ecological Engineering, 24(7), 119-127.
doi: 10.12911/22998993/163480.

[19] Oliynyk, V.S., & Viter, R.M. (2011). Forestry. Ivano-Frankivsk: Symphony forte.

[20] Pasternak, V.P., & Nazarenko, V.V. (2019). Forest taxation. Kharkiv: KHNAU.

[21] Pragya, D., & Jaiswal, P. (2022). Restoration of forests: Human concern. International Journal
for Research in Applied Sciences and Biotechnology, 9(3), 85-89. doi: 10.31033/ijrasb.9.3.15.

[22] Qu, H., Dong, X., Zhang, B., & Liu, H. (2024). Evaluation of ecological function restoration
effect for degraded natural forests in Xiaoxinganling, China. Sustainability, 16(5), article
number 1793. doi: 10.3390/su16051793.

Vol. 15, No. 2, 2024 Ukrainian Journal of Forest and Wood Science 131


http://doi.org/10.3368/er.41.4.152
https://doi.org/10.26565/2410-7360-2023-58-21
https://sciencehorizon.com.ua/en/journals/tom-27-5-2024/fitotsenotichna-otsinka-trav-yanikh-roslinnikh-ugrupovan-organichnogo-sadu-chereshni
URL:http:doi.org/10.34133/remotesensing.0006
https://repo.snau.edu.ua/bitstream/123456789/6518/1/%D0%9A%D0%BE%D0%B2%D0%B0%D0%BB%D0%B5%D0%BD%D0%BA%D0%BE%20%D0%86.%20%D0%9C.%20%D0%9B%D1%96%D1%81%D0%BE%D0%B2%D0%B0%20%D0%B5%D0%BA%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%8F.pdf
https://conf.ztu.edu.ua/wp-content/uploads/2023/01/povnyy-tekst.pdf
https://conf.ztu.edu.ua/wp-content/uploads/2023/01/povnyy-tekst.pdf
URL:http:doi.org/10.1007/978-981-19-4200-6_19
https://uriffm.org.ua/media/uploads/2022/10/21/tezy2022_uriffm_MqAoTwc.pdf
https://uriffm.org.ua/media/uploads/2022/10/21/tezy2022_uriffm_MqAoTwc.pdf
http://www.jeeng.net/Fertilizers-and-Pesticides-Impact-on-Surface-Active-Substances-Accumulation-in-the,163480,0,2.html
http://lib.pnu.edu.ua:8080/bitstream/123456789/3174/1/Lisozn_Viter.pdf
https://moodle.znu.edu.ua/pluginfile.php/755058/mod_resource/content/2/%D0%9F%D0%9E%D0%A1%D0%86%D0%91%D0%9D%D0%98%D0%9A%20%D0%A2%D0%90%D0%9A%D0%A1%D0%90%D0%A6%D0%86%D0%AF.pdf
https://www.researchgate.net/publication/361250324_Restoration_of_Forests_Human_Concern
https://doi.org/10.3390/su16051793

Ecological and cenotic features of natural regeneration...

[23] Reid, N.C., Dickinson, Y.L., Smith, R., Taylor, M., & Norton, D. (2023). Temperate forest
restoration. In Ecological restoration (pp. 149-194). Cham: Springer. doi: 10.1007/978-3-031-
25412-3 5.

[24] Rosa, M., Brancalion, P.H., Crouzeilles, R., Tambosi, L.R., Piffer, P.R., Lenti, F., Hirota, M.,
Santiami, E., & Metzger, J.P. (2021). Hidden destruction of older forests threatens Brazil’s
Atlantic Forest and challenges restoration programs. Science Advances, 7(4), article
number eabc4547. doi: 10.1126/sciadv.abc4547.

[25] Rumyantsev, M.G. (2022). Features of subsequent natural restoration in oak stands of the Sumy
region. In Proceedings of International Scientific and Practical Conference of Young Scientists,
Postgraduates, and External Doctorate Students “Forests in the Face of Contemporary Challenges”
(pp. 22-23). Kharkiv: Ukrndilga.

[26] Shuvar, 1., & Korpita, H. (2023). Herbicide influence on the agrocenose of soy and its
photosynthetic activity in the western Forest Steppe of Ukraine. Ukrainian Black Sea Region
Agrarian Science, 27(2), 21-27. doi: 10.56407/bs.agrarian/2.2023.21.

[27] Skliar,V.,Kyrylchuk,K., Tykhonova,O.,Bondarieva,L.,Zhatova, H.,Klymenko, A., Bashtovyi, M.,
& Zubtsova, 1. (2020). Ontogenetic structure of populations of forest-forming species of the
Left-Bank Polissya of Ukraine. Baltic Forestry, 26(1), article number 441. doi: 10.46490/BF441.

[28] Skliar, V.G. (2022). Comprehensive assessment of the success of natural restoration in forest
phytocenoses of the Left Bank of Ukraine. In Modern Aspects of Scientific Research in the
Context of Modernization of Biological and Natural Science Education (pp. 235-246). Riga: Baltija
Publishing. doi: 10.30525/978-9934-26-257-9-12.

[29] Stephens, S., Foster, D., Battles, J., Bernal, A., Collins, B.M., Hedges, R., Moghaddas, ].].,
Roughton, A.T., & York, R.A. (2023). Forest restoration and fuels reduction work: Different
pathways for achieving success in the Sierra Nevada. Ecological Applications, 34(2), article
number €2932. doi: 10.1002/eap.2932.

[30] Talakh, K.R., & Krasnov, V.P. (2023). Restoration of plant diversity after continuous logging
in fresh forests of Zhytomyr Polesie. In All-Ukrainian Scientific Conference of Higher Education
Applicants and Young Scientists “Environmental Safety and Rational Nature Management” (pp.
53-54). Zhytomyr: Zhytomyr Polytechnic State University.

[31] Ward, J.S., & Worthley, T.E. (2004). Forest regeneration handbook. Storrs: University of
Connecticut.

[32] Yakubenko, B.E., Popovych, S.Y., Ustymenko, P.M., Dubyna, D.V., & Churilov, A.M. (2017).
Geobotany: Methodological aspects of research. Kyiv: Lira-K.

[33] Yanitskyi, V. (2024). The impact of herbaceous plants on biodiversity and stability of
pine plantations in Western Polissia. Plant and Soil Science, 15(2), 42-54. doi: 10.31548/
plant2.2024.42.

[34] Zlobin, Y.A., Sklyar, V.G., & Klymenko, H.O. (2022). Biology and ecology of phytopopulations.
Sumy: Universytetska Knyha.

Vol. 15, No. 2, 2024 Ukrainian Journal of Forest and Wood Science 132


URL:http:doi.org/10.1007/978-3-031-25412-3_5
URL:http:doi.org/10.1007/978-3-031-25412-3_5
URL:http:doi.org/10.1126/sciadv.abc4547
https://uriffm.org.ua/media/uploads/2022/10/21/tezy2022_uriffm_MqAoTwc.pdf
https://uriffm.org.ua/media/uploads/2022/10/21/tezy2022_uriffm_MqAoTwc.pdf
https://bsagriculture.com.ua/en/journals/tom-27-2-2023/gerbitsidny-vpliv-na-agrotsenoz-soyi-ta-yiyi-fotosintetichnu-aktivnist-u-zakhidnomu-lisostepu-ukrayini
https://doi.org/10.46490/BF441
https://doi.org/10.46490/BF441
https://doi.org/10.30525/978-9934-26-257-9-12
http://doi.org/10.1002/eap.2932
https://conf.ztu.edu.ua/wp-content/uploads/2024/01/povnyj-tekst.pdf
https://conf.ztu.edu.ua/wp-content/uploads/2024/01/povnyj-tekst.pdf
https://www.mass.gov/doc/forest-regeneration-handbook/download
https://lira-k.com.ua/products/geobotanika-metodichni-aspekti-doslidzhen-tverda
https://agriculturalscience.com.ua/en/journals/tom-15-2-2024/vpliv-trav-yanistikh-roslin-na-bioriznomanittya-ta-stabilnist-sosnovikh-nasadzhyen-u-zakhidnomu-polissi
https://agriculturalscience.com.ua/en/journals/tom-15-2-2024/vpliv-trav-yanistikh-roslin-na-bioriznomanittya-ta-stabilnist-sosnovikh-nasadzhyen-u-zakhidnomu-polissi
https://irbis-nbuv.gov.ua/publ/REF-0000812736

Skliar et al.

EKROJI0ro-1ieHOTMYHi 0COO/IMBOCTi MIPUPOIHOTO BiTHOBJIEHHS JIiCiB
JliBo6epeskHoro Iomiccst Ykpainm

BikTopis Ckisip
IokTop 6iooriyHMX HayK, Ipodecop
CyMCbKMIt HalliOHaAbHMIT arpapHuii yHiBepCUTET
40000, Byn. 'epacuma Kongpateesa, 160, M. Cymu, Ykpaina
https://orcid.org/0000-0002-1301-7384
Haranis Cmosnsap
Kaugupmat 6iooriuHux Hayk, TOLEHT
HauionanbHuii yHiBepcutert «IlonTaBcbka nomitexHika imeHi IOpis KonapaTioka»
36011, mpoci. [TepmorpaBHeBuit, 24, m. [TonTaBa, Ykpaina
https://orcid.org/0000-0001-7780-0311
Maxkcum Kosak
Kanaupat 6iooriuHux HayK, JOIEeHT
Kam’ssHe1p-TTomibChKMiT HAIliOHATbHMIA YHiBepcuTeT iMeHi IBaHa OrieHKa
32300, Bys. OrieHka, 61, m. Kam’sinerip-TToginbcbkuii, Vkpaina
https://orcid.org/0000-0002-2734-6410
Onekcauap JII0GMHCBKUI
ITOKTOP CiTbChKOTOCTIOAAPChKIX HAYK, Tpodecop
Kam’stHenb-TTominbchbKuit HallioHAAbHMI YHiBepcuTeT iMeHi IBaHa OrieHka
32300, Bys. OrieHka, 61, m. Kam’sinerip-Tloginbcbkuii, Ykpaina
https://orcid.org/0000-0001-6084-131X
IOpiit Ckasip
Kaugumat 6i0/0riuHuX HayK, TOLEHT
CyMCbKMIt HalliOHaAbHMIT arpapHuii yHiBepCUTET
40000, Byn. l'epacuma Kougpatbesa, 160, M. Cymu, Ykpaina
https://orcid.org/0000-0002-5790-1331

AHOTalis. AKTYaJbHICTb BUBYEHHS CKJIQJHOTO, 6araToeTamHOro IIPOIECY MPUPOTHOTO
BiTHOBJIEHHSI JTICOBUX YIPYIIOBaHb, @ TAKOXX B3a€MOili i MepeTBOpPeHb 00YMOBJIEHA CTPiIMKUMU
3POCTAIOUMMM BUKIMKAaMM, TIOB’I3aHMMM 3i 3MiHOI KIiMaTy, BUPYOKOIO JICiB Ta 3MEHIIEHHSIM
6iopizHOMaHITTSI. MeTa PO6OTU — OLIHUTHU CTaH i BUOKPEMUTHU €KOJNIOTO-IIeHOTUYHY crenndiky
MIPUPOIHOTO HACIHHEBOTO BiJHOBJIEHHSI MPOBITHMX JIiCOYTBOPIOBAJIbHMUX BUAIB JIiBOGEpEsKHOTO
[Momiccst Ykpainm. JocimkeHHSI TMpoBefeHe Ha OCHOBI BUKOPUCTAHHSI KOMILIEKCY METOZIB,
HacaMmIiepesi, reo60TaHiYHMX, TOMY/ISIIHNX Ta MaTeMaTUKO-CTaTUCTUIHMX. BUBUEHHS TIpoIiecy
MIPUPOAHOTO BiTHOBJIIEHHSI GY/IO 3[iJiCHEHe B YIPYIOBAaHHSX, SIKi € TUIIOBMMM IJisl PETrioHy Ta
HaJIeXXaTh 10 42 CMHTAaKCOHIB y paH3i acouialii it 24 CMHTaKCOHIB Y paH3i Tpyn acouianiii. B xoxi
MIPOBeJleHHsI JOCiIKeHHsI 6y/I0 PO3KPUTO crielndiky Takux JIiCOYTBOPIOBAHUX BUIIB, sIK Pinus
sylvestris L., Quercus robur L., Acer platanoides L., Betula pendula Roth., Populus tremula L., Tilia
cordata Mill. BcraHOBJIEHO, 110 MPECTaBIEHICTb MiJPOCTyY OCHOBHMX JTiCOYTBOPIOBAJIbHUX BU/IiB
B CKJIaji JTICOBUX POCIMHHUX YrpyroBaHb JliBoGepeskHoro ITomiccst YKRpaiHM JOCUTH CYTTEBO
pisHUTBCS. B X04i moctimkeHHs 6yl0 ONMMCAaHO BM3HAYAIbHI YMHHUKM IOJO BUIOBOTO CKIAMY
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BiIHOBJIEHHSI, OOHMMM 3 SIKMX € OCOOJMBOCTI Aucrepcii HaciHHS (TUIOMIiB) Ta ajamTaliiiHuii
MOTeHIliaJl POCAMH. B pes3ynbTaTi MpPOBENEHOTO MOCTiMkKeHHS GY/l0 BCTAHOBJIEHO, IO CMAH
nidpocmy ma NoKasHuku 1i020 NONyaAYitiHOl WineHOCMI 8U3HAUAKMbCA pigHEM 60J1020CMi TPyHMY
(HaiBMIIi 3HAYEHHS IIIbHOCTI MiAPOCTY y GiNbLIOCTi BUIIB Oy/IM 3apeecTPOBaHi B Jicax, I'PyHTHU
SIKUX MalOTh 3BOJIOKEHICTb HA PiBHI CBIKMX Ta BOJIOTMX TiTPOTOMIB), 3a3HaueHutl npoyec Moxice
akmueizysamuces Ha T KJIiMaTUUYHMX TpaHcopmalliii. 3mo6yTi B XOAi JOCTiIKEHHST pe3yibTaTu
MOXYTb OyTM BUKOPUCTAHUMM IJIsI PO3POOKYU edeKTMBHUX CTpATEriii ympaBliHHS JiCOBUMU
pecypcamu, 36epeskeHHsT 610pi3HOMAaHITTSI Ta CTAIOTO JIiCOKOPUCTYBAHHS B perioHi JIiBOGepeskKHOTro
[Mosmicest, MO CIpUSITUME TIOKPAIIeHHI0 eKOJIOTiUHOI CUTYyallii Ta CTBOPEHHIO CIIPUSITIIMBUX YMOB
L7151 BiIHOBJIEHHSI JIICOBMX €KOCUCTEM

KiiouoBi cimoBa: migpict; momysnsiiiiHa iJIbHICTb; AMCIepcis HaciHHS; 6iopisHOMaHiTTCS; Pinus
sylvestris L.; Quercus robur L.
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Abstract. The study of land conservation methods for forest conservation and restoration is
important and relevant from the standpoint of balanced use of natural resources and biodiversity
conservation. The purpose of the study was to investigate effective strategies for the exploitation
of land with self-forested areas to meet the needs of the agricultural sector of the Zolochiv
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District of the Lviv Oblast. In the course of the study, the following methods were used: analysis;
geographical method; statistical method; cartographic method; geoinformation method. It is
worth noting that for the land plot No. 1 within the Buska territorial community of Lviv Oblast,
it was recommended to conserve the land, with its subsequent renaturalisation. According to the
results of the analysis, it is shown that in 2011 the processes of independent afforestation of
agricultural land within the Busk territorial community were insignificant. In 2023, the situation
improved, as the area of afforded land increased significantly. To the soils of the land plot No.
2, which was part of the Brody urban community, it was advisable to use conservation and
transformation. In the Zolochiv community, 14.2 hectares of land should be rehabilitated, 27.3
hectares should be transformed into pasture, and 3.5 hectares should be alkalised. The paper
suggests the introduction of innovative approaches for integrated planning of the use of forest
resources: creation of forest farms, development of forest tourism, creation of special forest stands
for air filtration, application of bio-refining technology, etc. The findings can be used by local
communities to develop and implement a draft of measures for the comprehensive development
plan of the territory of the Lviv Oblast to improve forest ecosystem services

Keywords: inventory; conservation areas; agricultural areas; self-forested land; soil cover; remote

sensing

Introduction

Regular studies of methods for analysing the
soil cover of land massifs were important for
maintaining a favourable condition of land
plots with self-seeded forest vegetation within
the Lviv Oblast. The problem of the presence
of a significant area of unaccounted forests ex-
ists because a large amount of forest land (the
presence of about 800 thousand hectares has
been established) located on state and munic-
ipal property lands was not transferred to per-
manent forest users in time due to the lack of
procedures for state registration of forests and
forest cadastre (Public report of..., 2023).

The results of the study of the restoration of
destroyed forest vegetation in pine plantations
of fresh coniferous forest in Zhytomyr Oblast
after clear-cutting, which are presented in the
paper by H.R. Talakh & V.P. Krasnov (2023),
point out the need to introduce comprehensive
measures for the restoration of forest crops. Ac-
cording to researchers, artificial reforestation
may be a possible way to solve the problem of

vegetation destruction and deforestation after
continuous logging.

During the study of forests of the state en-
terprise “Dovzhansk forest enterprise”, where
the dominant part of the forest fund (more
than 80%) was accounted for by beech trees, the
paper by V.V. Batryn & V.P. Kichura (2020) pro-
vided important methodological approaches to
evaluating the effectiveness of various methods
for restoring forest stands. In particular, the
method of natural restoration of tree species
can also be applied on the territory of wood-
lands within the Lviv Oblast.

The study conducted by O.H. Chaskovskyy
& H.H. Hrynyk (2020) analysed changes in for-
est cover on the territory of the national nature
park “Skolivski Beskydy” in the Ukrainian Car-
pathians. It was revealed that the main losses
of forest cover are associated with logging, the
vast majority of which occurred at an altitude
of more than 1100 m above sea level (A.S.L.). To
be able to respond to changes in forest cover in
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real time, the researchers suggested using data
from satellite images of the Sentinel-2 system,
since comparative analysis with open data from
the Global Forest Watch portal (GFW) showed
that these images were characterised by good
spatial and temporal resolution.

The study by V. Fesyuk et al. (2023) was
devoted to the assessment of the state of for-
est cover and its changes in the Volyn Oblast.
In the Manevychi administrative district, the
highest rates of forest losses (deforestation)
were recorded - 27.6 thousand hectares. Re-
searchers have proposed to solve the issue of
rational use and protection of forests through
the introduction of forest monitoring measures
using remote sensing of the Earth methods and
reforestation, in particular natural renewal.

Based on the results of a study of forest
cover losses in Ukraine, which are described by
N. Stoiko et al. (2023), the need to implement
measures for the protection and restoration of
forests in Ukraine were identified. According to
researchers, a possible way to solve the prob-
lem of forest loss may be the introduction of
a programme of independent afforestation, in
particular, on agricultural land that is not fer-
tile, degraded, or unproductive.

The study by Yu. Zaitsev et al. (2003) con-
sidered the main indicators of soil fertility
based on the results of an agrochemical survey
of agricultural land in the Lviv Oblast. It was
found that in terms of the acidity of the soil
solution, the vast majority of land had a neutral
reaction of the soil solution (pH value 7), but
the largest area in the region was found under
medium-quality soils.

0. Dorosh & 1.0. Zastulka (2022) investi-
gated effective strategies and methods for reg-
ulating self-afforestation on agricultural land
within territorial communities. The scientif-
ic approaches proposed in the researchers to
solve the problem of excessive self-afforesta-
tion were based on the prevention of exceeding

the forest cover by more than 50% and the pre-
dominance of forest land areas by more than
twice over agricultural land.

Insufficient attention has been paid to the
development of measures for the conservation
of degraded and unproductive agricultural land
from a technical, economic and environmental
standpoint. The purpose of the study was to de-
velop practical proposals for the exploitation of
agricultural land with self-afforested and unac-
counted forests in modern conditions of land
relations development.

Materials and Methods

In conducting the study, research methods
were used to analyse agricultural land with
self-seeding forests, the use of which was es-
tablished by regulatory documents: Land Code
of Ukraine (2024), Law of Ukraine No. 858-1V
“On Land Management” (2003), Law of Ukraine
No. 2321-IX “On Amendments to Certain Leg-
islative Acts of Ukraine on Forest Conserva-
tion” (2022), Resolution of the Cabinet of Min-
isters of Ukraine No. 476 “On Approval of the
Procedure for Conducting Land Inventory and
Cancellation of Certain Resolutions of the Cab-
inet of Ministers of Ukraine” (2019), Resolution
of the Cabinet of Ministers of Ukraine No. 1051
“On Approval of the Procedure for Maintaining
the State Land Cadastre” (2012).

The study used the analysis for investigat-
ing agricultural land with self-afforestation.
Geographical method was used for analysing
the distribution of woodlands in space. Statis-
tical method considered changes in the size
of woodlands. Cartographic method was used
for visualising self-forested areas. Geoinfor-
mation method for describing the geospatial
location of objects and processes related to
the self-afforestation of agricultural land. The
research was conducted during 2022-2023 on
the territory of the Zolochiv District of the Lviv
Oblast. Zolochiv District united 7 territorial
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communities. The soils of the district were
mainly sod-podzolic soils and chernozems.

The object of the land inventory was the
territory where agricultural land and certain
land plots with self-seeded forest vegetation
are located. Land area No. 1. The plots were
located between the villages of Zastavye, Yo-
sypivka, Kuty on the territory of the Busk ur-
ban community. Agricultural land was located
in the natural area of Small Polissia and the
forest-steppe zone (south-eastern part of the
community’s land use). The plots had a total
area of 218.7 hectares and were used for hay-
making, pasture, and arable land. Form of own-
ership — state property transferred to the com-
munal ownership of a territorial community,
private property.

Land area No. 2. It was located near the
village of Biliavtsi within the Brody territorial
community. The location of agricultural land
plots is determined within Small Polissia (cen-
tral part of the community’s land use). The land

q _’10/ i

plots had a total area of 48.2 hectares, the land
was used for pasture, and the ownership was
communal property of the community.

Land area No. 3. It was represented by arable
land near the village of Bilyi Kamin within the
Zolochiv territorial community. The plot was lo-
cated in the forest-steppe zone (northern part of
the community’s land use). The plots had a total
area of 45 hectares. 19 plots were examined. The
purpose of the land plot — arable land, and the
form of ownership — private property in the form
of land shares. During the study, the Convention
on Biological Diversity (1992) and Convention
on the Trade in Endangered Species of Wild Fau-
na and Flora (1973) standards were observed.

Results

The territory of Ukraine has a small forest cov-
er, but despite this, it ranks 9™ in Europe in
terms of forest area and ranks 6 in terms of
wood reserves (Fig. 1). Notably, forest areas of
the steppe zone have the lowest forest value.
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Figure 1. Forest cover of administrative regions of Ukraine
Source: developed by the authors based on data from the official website of the State Forest Resources Agency

of Ukraine (General characteristics of..., 2024)

Forest cover varied from 3.7% in the Zapor-
izhzhia Oblast to 51.4% in the Zakarpattia
Oblast (Announcement on the..., 2020). Accord-
ing to the areas with the smallest forest area

size, Zaporizhzhia (3.7%), Mykolaiv (4%), and
Kherson Oblasts (4.1%) belong to them. Half
of the Woodlands in Ukraine (about 56%) were
created artificially. About 0.8 million hectares
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of Ukrainian forests are classified as a reserve
and are in a disordered state due to unauthor-
ised logging, forest fires, plant diseases, and soil
pests (State Forest Management..., 2020).

One of the objectives of the sustainable
development programme of Ukraine until
2030 provides for the expansion of forest cov-
er in the country from 15.9% to 20% (Sustain-
able Development Goals..., 2024). Since 2021,
Ukraine has continued the process of con-
ducting a national forest inventory. The main
purpose of such an inventory was to ensure

proper management of forest funds, control
their use, and protect natural ecosystems. For
the period 2021-2023, a survey of 4,135 thou-
sand inventory sites was conducted (Public
report of..., 2023).

According to the GFW website, in Ukraine,
as of 2000, natural forests occupied 11.1 million
hectares (18% of the area) (Ukraine Interactive
Forest..., 2024). However, from 2001 to 2022,
Ukraine lost 1.2 million hectares of forest cover,
including 48 thousand hectares (0.43%) of nat-
ural forests lost in 2022 (Fig. 2).
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Figure 2. Data on tree cover losses in Ukraine from 2001 to 2022, thousand hectares
Source: developed by the authors based on GFW data (Ukraine Interactive Forest..., 2024)

From 2000 to 2022, there was an 11% de-
crease in forest cover. For the period 2001-2012,
the growth of tree cover amounted to 353 thou-
sand hectares, while losses — 557 thousand hec-
tares (Ukraine Interactive Forest..., 2024). The
main factors causing a decrease in forest cover
from 2001 to 2022 include illegal felling of trees,
negligent forest management,changesintheuse
of land plots for construction and agriculture.

The state statistics service of Ukraine pub-
lished data that the area of forest reproduction
in 2022 was 36.9 thousand hectares (33.2 thou-
sand hectares less than in 2010), including by
planting and sowing — 26.5 thousand hectares

(29.6 thousand hectares less than in 2010), as a
result of natural renewal — 10.4 thousand hec-
tares (3.6 thousand hectares less than in 2010)
(Environment of Ukraine..., 2023).

According to official data of the State For-
est Resources Agency of Ukraine (State For-
estry Agency) in 2023, the area of plots with
forest vegetation of the forest fund of Ukraine
amounted to 9.6 million hectares. Positive
changes in forest reproduction were identified,
according to which in 2023, compared to 2022,
they increased by 3.1 thousand hectares (9.7%)
(Public report of..., 2023). As of 2022, as part
of the implementation of the Green Country
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programme, enterprises of the State Forestry
Agency planted 174.8 million trees on an area
of 16,890.8 hectares, while 5,691.47 thousand
trees per hectare were planted in Lviv Oblast
(Green country, 2021).

According to the GFW website, in 2000, nat-
ural forest covered 743,000 hectares (34% of the
area) in Lviv and Lviv Oblast. From 2001 to 2022,
79.6 thousand hectares of forest cover were lost
in the city and region, including 1.92 thousand
hectares (0.26%) of natural forests were lost in
2022. From 2000 to 2022, the forest cover of the
region decreased by 11% (Ukraine Interactive
Forest..., 2024). Notably, in Ukraine and the
Lviv Oblast, the level of forest losses exceeded
the volume of their restoration. It is also worth
noting the tendency to increase the area of for-

ests in a natural way due to self-afforestation,
including on agricultural land.

According to the legislation of Ukraine, de-
graded and unproductive land is subject to con-
servation. Land conservation measures include
rehabilitation, transformation, and renatu-
ralisation. The possibility of introducing each
conservation area is considered on the exam-
ple of three massifs of agricultural land in the
Zolochiv District of the Lviv Oblast. When using
remote sensing data, an analysis of the state of
soil cover of agricultural land with self-seed-
ed forest vegetation and unoccupied areas in
the Zolochiv District was carried out. Figure 3
shows the privately owned land plots of area
No. 1 with self-seeded forest vegetation within
the Busk territorial community of Lviv Oblast.

Figure 3. Private land plots with self-seeded forest vegetation

within the Busk territorial community of Lviv Oblast
Note: 01.01 plots for commercial agricultural production, private property, land-pasture: a, ¢) copy from the
public cadastral map of Ukraine (orthophotoplane 2011); b), d) copy from the GISFILE geoportal (space image
of Google Satelite 2023)
Source: compiled by the authors

According to the results of the analysis,
it was revealed that the self-afforestation of
plots within the Busk territorial communi-
ty occurred mainly on natural forage lands.
There is no development of livestock farming
in these areas, which is probably why the study

sites were not used. These land plots were pri-
vately owned, outside the settlement and near
existing Woodlands.

Based on the results of visual comparative
analysis of figures 1a, 1b and 2a, 2b, it is notice-
able that in 2011 the processes of independent
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afforestation of agricultural land on the studied
plots were insignificant (Statistical Yearbook
of..., 2017). However, after a twelve-year peri-
od of time, a large area of agricultural land was
covered with forests. On the territory covered
with forests, the presence of private land plots
with an area of 0.7 to 1.5 hectares was noted.

According to the state land cadastre, these
land plots are intended “for commercial agri-
cultural production”. On the ground there are
ravines with slopes of 3-5°, which, with inten-
sive agricultural use, can cause erosion. Infor-
mation on the soil cover of the land areas of the
plots under study is shown in Figure 4.

Figure 4. Ground cover of the land area No. 1 with self-seeded forest vegetation

within the Buska urban community of Lviv Oblast
Note: with the code of the agricultural production group of soils - 158. Copy from the GISFILE Geoportal (2023

Google Satelite satellite image)
Source: compiled by the authors

Analysing the data on the soil cover of
the area under study, it should be noted that
the soil conditions represented by low-fertile
swamp soils, meadow-swamp soils are vulner-
able to flooding and erosion. Meadow-swamp
soils were characterised by low productivity
due to limited oxygen access to plant roots,
high acidity and insufficient supply of nutri-
ents, insufficiently deep underground water,
flooding in the spring, autumn, and summer.
Most often, such soils were used for natural
forage land, and drained massifs - partially for
arable land or vegetable growing. To solve the
problems of low fertility, insufficient moisture
supply and uneven distribution of nutrients on
drained soils, various types of fertilisers should
be applied, such as organic, manganese and
copper microfertilisers, as well as potash and

phosphorous fertilisers (Litvinova et al., 2023).
Marsh soils can be used for growing agricul-
tural and vegetable plant species, provided
that proper reclamation, fertilisation, and
selection of agricultural crops capable of grow-
ing in conditions of waterlogging and cooling
of the soil are observed. In the future, a swamp
can be created on them as a valuable land for
the ecosystem.

On the swampy soils of the land mass
under study, it is advisable to carry out land
conservation with their subsequent renatu-
ralisation. For anthropogenically flooded soils
of the automorphic range, land conservation
should be applied by means of their alkalisa-
tion for a period of 10 to 20 years. Data on the
soil cover of the land area No. 2 of the studied
areas are shown in Figure 5.
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Figure 5. Ground cover of the land area no.
2 within the Brody urban community of Lviv

Oblast
Note: with the code of the agricultural production
group of soils — 1a
Source: compiled by the authors

The analysis identified land not covered
with forest vegetation (non-forested areas)
within the Brody urban community. Analysis of

soil cover data of the land area No. 2 showed
that these areas are represented by hidden
sod-podzolic sandy soils on water-glacial de-
posits. These soils should be allocated for con-
servation and transformation, namely, subject-
ed to the afforestation process. The land area
is located near forest lands, so under such con-
ditions, afforestation will unite existing wood-
lands, which is very important for maintaining
biological diversity, in particular, migration of
forest fauna. Using these areas with unproduc-
tive soils, the territorial boundaries of a locali-
ty can be expanded. However, the studied area
near the village of Biliavtsi cannot be recom-
mended as an attractive area for settlement,
since the land mass is located at a fairly large
distance from the city of Brody. Scheme of soil
cover of land plots No. 3 is shown in Figure 6.

Figure 6. Ground cover of the land area No. 3

within the Zolochiv urban community of Lviv Oblast

Note: with the code of the agricultural production group of soils — 103 dj (sod-carbonate weakly eroded
medium-chipped sandy-medium loamy soils on the alluvium of dense carbonate rocks); 103 e (sod-carbonate
weakly eroded slightly crushed sand-heavy loamy soils on the alluvium of dense carbonate rocks); 104 ej (sod-
carbonate weakly eroded slightly crushed soils with spots of medium eroded soils (30-50%) and sod-carbonate
medium eroded medium crushed sand-heavy loamy soils on alluvium of dense carbonate rocks); 104 ez (sod-
carbonate underdeveloped strongly crushed soils, sod-carbonate medium eroded medium crushed soils with
spots of strongly eroded (30-50%) and sod-carbonate strongly eroded medium crushed sand-heavy loamy
soils on the alluvium of dense carbonate rocks); 208 e (sod-carbonate alluvial sandy-heavy loamy soils on the
alluvium of dense carbonate rocks)

Source: developed by the authors based on data from the Main Department of StateGeoCadastre in the Lviv
Oblast
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For the rehabilitation process, ground cov-
ers were allocated with codes of agricultural
groups 103 dj and 103 e (with a slope steepness
of 2-3°), codes 104 ej (with a slope steepness
of 3-7°) and 104 ez (with a slope steepness of
7-15°) for transformation into pasture, and
code 208 e (with a slope steepness of 0-1°) for
alkalinisation.

Thus, within the Zolochiv urban communi-
ty, 14.2 hectares were subject to rehabilitation,
27.3 hectares were recommended to be trans-
formed into pasture, and 3.5 hectares were
to be subjected to the alkalinisation process.
Self-afforestation of agricultural land occurred
for two reasons: land (arable land), the soil of
which is degraded, unproductive and was not

used for crops (categories of reserve land or un-
claimed land shares (units); land plots for com-
mercial agricultural production, which were not
cultivated and were abandoned state (land in
private ownership) (Santosa et al., 2024).

The problem of self-seeded forests on agri-
cultural land should be solved at the state level,
but the final decisions on the use of such land
plots should be made at the local government
level when developing comprehensive plans for
the spatial development of territorial commu-
nities. The global Millennium Ecosystem As-
sessment report, published in 2005, examines
the fundamentals of the concept of ecosystem
services (Guide to the..., 2005). Figure 7 shows
the three main groups of ecosystem services.

‘ Ecosystem supply services — food, raw materials, fresh water, soils ‘

Self-regulation of local

natural systems Regulation of

climatic conditions

Soil management
(soil formation)

Pollination of plants
by insects, wind,

(groundwater recharge) water :
e e e e — -
I

‘ Cultural and social ecosystem services
- - - - - - - - —— - - - - ——— — — = 1
| Recreation and spiritual Coaniti . Conditions for the |
enrichment services (environment ognition g(faerces formation of
|| for outdoor recreation, social o dLEf:ZIt?cr)]:allcén d cultural identity of ||
| functions of wildlife use - training) ethnic and social |
5 hunting, fishing, photo hunt|ng 9 groups B

Figure 7. Ecosystem services group
Source: developed by the author based on the TEEB Manual for Cities: Ecosystem Services in Urban

Management (2011)

Ecosystem services are benefits that people
receive from ecosystems that can be tangible,
such as food, building materials, water, or in-
tangible, such as climate regulation, air and wa-
ter purification, flood management, and recrea-
tional opportunities (Lipinska et al., 2023b). Lviv
Regional Department of Forestry and Hunting

(RDFH) is located in Lviv. The total area of Lviv
RDFH is 478.021 ha, including 431.8 ha covered
with forest vegetation, of which 213.42 ha are
used for forest crops. Air pollution data was
measured at post No. 1 Rava-Ruska of the Lviv
Regional Centre for Hydrometeorology. Table 1
shows the cost of forest ecosystem services.
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Table 1. Assessment of the cost of forest ecosystem services

Ecosystem service Amount Unit price, UAH Service cost, UAH/ha
Carbon dioxide assimilation, t/ha 5.04 420 2,117
Oxygen production, m3/ha 350 110 38,500

Assimilation of pollutants, in particular:

Sulphur dioxide (SO,), mg/m* 0.003 8,273.63 25
Nitrogen dioxide (NO,), mg/m* 0.03 2,574.43 77
Dust (suspended matter), t/ha 100 39629'3572 36,952

Total 77,671

Source: developed by the authors based on Environmental tax rates in 2022 (2022), Regional report on the state

of the NPS (2023)

The total annual growth of wood reserves
in the Lviv Oblast was 5.6 m%/ha. The study as-
sumes that the specific gravity of wood is about
0.5 t/m? (this may vary depending on the type
of forest and tree species.) Then the growth
of wood in tonnes per hectare will be equal to
5.6 m3/ha * 0.5 t/m?= 2.8 t/ha. Assuming that
each tonne of wood absorbs about 1.8 tonnes
of CO, (carbon dioxide) during its lifetime,
then the assimilation capacity of the forest in
tonnes of carbon dioxide per hectare will be
2.8 t/ha * 1.8 t CO,/t of wood will be equal to
5.04 t of CO,/ha. Therefore, the calculation of
the amount of carbon dioxide absorbed deter-
mines the assimilation capacity of the forest
at 5.04 t/ha. At the current rate of UAH 420 per
tonne, the price of the assimilation service was
UAH 2,117 per hectare.

In the forests of the Lviv Oblast, the annu-
al release, minus oxygen respiration, was esti-
mated at 350 m®/ha. Considering that the cost
of industrial oxygen production is UAH 110 per
m?, the cost of the service was UAH 38,500 per
hectare. On average, 1 ha of forest per year re-
tained up to 100 tonnes of dust per year. Subject
to the fee rate for 1 tonne of suspended matter
emissions of UAH 369.52 per tonne, the price
of the dust absorption service was UAH 36,952
per hectare. The calculation of the total value of
regulating ecosystem services of the forest was
UAH 77,671 per hectare.

The strategy of sustainable, scientifically
based use of forest resources consists of plans

and innovative approaches aimed at preserving
and effectively using forest ecosystems, con-
sidering their sustainability and productivity
for the long term. The introduction and appli-
cation of innovative approaches for integrated
planning of forest resources is proposed: cre-
ation of forest farms - the process of growing
forest for the purpose of obtaining wood, im-
proving the ecological state of the territory,
preserving biodiversity and other ecosystem
services; development of forest tourism — the
process of promoting tourists to visit forest ar-
eas for rest, recreation, healthcare, and training
(may include various activities such as hiking,
cycling, camping, wildlife observation, excur-
sions with educational purposes, photograph-
ing natural landscapes, etc.); the use of forest
resources waste for the creation of biomass and
biofuel production allows for more efficient use
of woodlands, which can contribute to their
economic sustainability and conservation; the
creation of special forest stands for efficient air
filtration and carbon reduction (oak, maple, fir,
pine, and birch have a high capacity in carbon
removal and air filtration); the use of modern
drones to monitor forest ecosystems and con-
trol the use of forest resources; the use of arti-
ficial intelligence (AI) can be extremely useful
for improving the efficiency of forest resources
management and ensuring their sustainable
development; the use of bio-refineries for pro-
cessing forest resources when using all compo-
nents of the stand (bark, leaves).
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Discussion

Analysing the results of the study, it can be con-
cluded that it is necessary to pay special atten-
tion to the implementation of integrated meas-
ures for the management of forest resources and
land areas aimed at preserving environmental
sustainability and maintaining the biodiversity
of the region. The study by N. Reid et al. (2023),
using examples of reforestation and forest re-
habilitation in temperate regions, showed that
the effectiveness of forest restoration depend-
ed on factors such as local climatic conditions
and available financial resources. Ukraine could
benefit from the experience of growing exot-
ic plants mentioned N. Reid et al. (2023), such
as the silver fern (Punga (Cyathea dealbata)),
which grows in shade and humidity, and “New
Zealand Christmas tree” (Pohutukawa (Metro-
sideros excelsa)) with red flowers blooming in
winter. In addition, a native New Zealand plant
known as rivea or “New Zealand violet”, which
has bright flowers and large leaves, can adapt to
temperate climates.

J. Kuttippurath & R. Kashyap (2023) ana-
lysed changes in India’s green cover, in particu-
lar, to increase the normalised difference vege-
tation index (NDVI), leaf area index (LAI) and
(SiF) plant photosynthetic activity index. Ap-
proaches for assessing changes in India’s green
cover described by J. Kuttippurath & R. Kashy-
ap (2023) can be useful for analysing the situa-
tion in Ukraine. In particular, the use of satellite
field monitoring data, such as NDVI, LAI, and
SiF indices, can help in assessing crop yield dy-
namics and studying the photosynthetic activi-
ty of the root system of plant crops.

M. Rosa et al. (2021) found that despite the
relative constancy of indigenous forest cover in
the Atlantic Forest of Brazil, there was a con-
stant loss of old indigenous forests, mainly on
the plain. Geographical and statistical research
methods for analysing changes in the size of
woodlands and their distribution in space and

geoinformation analysis methods for mapping
and determining the dynamics of changes in
forest cover in the study area, which were used
by M. Rosa et al. (2021), can be adapted to the
conditions of Ukrainian forests.

A.K. Fernandes et al. (2023) reviewed sci-
entific papers that assess the genetic diversity
of restored areas in comparison with natural
forest. In forest restoration programmes for
the conservation of biodiversity in Ukraine, it is
advisable to include commercial trees for grow-
ing, such as Scots pine (Pinus sylvestrus) ‘Fastig-
iata’ with a narrow columnar crown, common
oak (Quercus robur L.), the white fir (Abies alba).

Proposal of G. Davidson et al. (2024) re-
garding the inclusion in future research of
modern technologies, such as restoration of
degraded natural forests in a closed canopy, can
be considered justified, since the innovation
will contribute to the strategy to combat mon-
key malaria. This new method of renewal of for-
est ecosystems can be implemented in Ukraine,
but this requires the creation of protective for-
est zones around renewable woodlands, which
may require significant financial resources
compared to the renewal of forests in more fa-
vourable climatic conditions (Panfilova & Bye-
lov, 2022). One of the necessary steps to restore
such forests in Ukraine may be the removal of
invasive plant species, which will help prevent
the loss of native species (Lipinska et al., 2023a).

S. Stephens et al. (2023) investigated the
impact of various forest management methods
on their recovery after a fire. The study by S.
Stephens et al. (2023) found that the use of the
combined Mech+Fire treatment was the most
effective option that provided resistance to for-
est fires. The proposed forest management ap-
proaches, such as Mech, Fire or a combination
of them, can also be applied in Ukraine and, in
particular, include the removal of dry and dis-
eased trees, selective felling to reduce competi-
tion between trees and increase forest recovery.
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D. Pragya & P. Jaiswal (2022) proposed the
implementation of forest restoration strategies
such as rehabilitation, reconstruction, recla-
mation, and replacement. Compared to recon-
struction, reclamation, and replacement of
forests in terms of financial cost, forest rehabil-
itation in Ukraine may be less expensive, since
natural restoration does not require human in-
tervention and costs for planting material, but
this process takes longer.

D. Evison & S. Wyse (2023) found that the
survival rate of planted mountain beech seed-
lings was 75%, which indicated the effective-
ness of forest restoration measures. The project
is recommended in the study by D. Evison &
S. Wyse, which aims to restore the forest by us-
ing the method of planting seedlings and using
digital technologies to monitor and investigate
the effectiveness of the restoration process, can
be successfully implemented in Ukraine. This
was due to the fact that the country is actively
developing the latest technologies, such as the
use of drones and satellite images for monitor-
ing agricultural land (Fedoniuk et al., 2024).

Project to restore ecological functions
in degraded natural forests, implemented by
H. Qu et al. (2024) can only be effectively ap-
plied on the southern coast of Crimea, as the
peninsula is characterised by a mild subtropi-
cal climate favourable for oak and cypress for-
ests that have adapted to prolonged summer
droughts. The reason for the territorial restric-
tion is the climatic conditions, according to
which the mainland of Ukraine is characterised
by a temperate continental climate with cold
winters and warm summers, while in China
the climate varies from tropical in the south
to subtropical and temperate in the north. In
the mountainous Crimea, 65% of the area of all
forests is occupied by oak forests, beech — 14%,
while in the forests of the Ukrainian Carpathi-
ans, spruce (41%) and beech (35% of the area is
covered) predominate.

K. Lee et al. (2023) reviewed the use of the
remote sensing method for monitoring, eval-
uating, and restoring damaged forests. The
researchers highlighted an important topic of
ecological forest restoration, which is becoming
increasinglyrelevant in the context of the aggra-
vation of the problems of forest destruction and
loss of biodiversity in the Lviv Oblast. Recently
in the Lviv Oblast, the development of a plat-
form for forest restoration of Ukraine has begun,
which will help restore and increase the area of
plantings, and calculate the area of self-seed-
ed forests using decoding satellite images.

The study by M. Heenatigala & G. Duh
(2022) was conducted to identify the most ef-
fective forest restoration strategies in Sri Lan-
ka, particularly, in the context of increasing for-
est cover to 30% by the end of 2025. Agreeing
with the scientific theses of M. Heenatigala &
G. Duh (2022), it can be noted that increasing
forest cover is important for preserving biodi-
versity and reducing greenhouse gas emissions.
However, it is also important to consider the
potential negative consequences of such ac-
tions, in particular, possible disruption of the
ecological balance and loss of natural ecosys-
tems (Kotykova, 2022).

To map China’s potential forest cover,
X. Jiang et al. (2022) developed a random forest
regression model to assess potential forest re-
covery zones and their impact on carbon uptake.
This innovative model, proposed by X. Jiang et
al. (2022), is successfully used in Ukraine in the
field of ecology for predicting climate change,
analysing environmental indicators and assess-
ing the risk to ecosystems.

Thus, this section conducted a literature
review and considered studies on such aspects
as the impact of land use changes on biodiversi-
ty, forest management methods after fires, the
impact of climate change on forest restoration,
the effectiveness of various forest restoration
strategies, the use of remote sensing for forest
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monitoring, and geospatial analysis to assess
forest restoration in specific regions.

Conclusions

As a result of the study, it was found that the
total area of woodlands in Ukraine in 2022
amounted to 36.9 thousand hectares, while
in 2023, compared to 2022, they increased by
3.1 thousand hectares (or 9.7%). According to
GFW data, during the period from 2001 to 2022
in Lviv and the Lviv Oblast, the total volume of
forest cover losses amounted to 79.6 thousand
hectares, including 1.92 thousand hectares of
natural forests in 2022, which led to a decrease
in the forest cover of the region by 11% for the
period from 2000 to 2022. According to the cal-
culation, the total cost of forest ecosystem ser-
vices was UAH 77,671 per hectare.

Scientifically based areas of land conser-
vation in the form of rehabilitation, transfor-
mation, and renaturalisation were important
measures for preserving the natural environ-
ment and maintaining the ecological sustaina-
bility of the region.

The strategy of sustainable use of for-
est resources included an inventory of forests
to determine the amount of wood that can be
cut down without harming the ecosystem, and
the development of forest management plans
considering the conservation of biodiversity
and the restoration of forest ecosystems. The
main principles of this strategy included the

and restoration of the diversity of species, eco-
systems, and genetic resources in forests; min-
imisation of the impact of human activities on
forest ecosystems to preserve their value and
stability; involvement of all stakeholders in the
forest management process, including public
organisations, local governments, industrial
representatives, etc; constant monitoring of
the state of forest ecosystems and assessment
of the impact of human activities on them, to
make adjustments to the management strate-
gy; application of the latest technologies, in-
novative methods, and scientific research for
improving the efficiency of forest management.

Consequently, the introduction of the pro-
posed latest technologies will contribute to the
creation of sustainable and efficient manage-
ment on land with self-seeded forest stands,
ensuring a balanced development of commu-
nity territories, considering environmental and
economic aspects.

The areas of further research in the areas
of rehabilitation, renaturalisation, and trans-
formation can be a detailed analysis of the
impact of these measures on the preservation
of soil cover, restoration of biodiversity, and
the study of the relationship between meas-
ures for the conservation of land masses and
changes in climatic conditions and the hydro-
logical cycle.
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Anotamis. [JocaigkeHHs crioco6iB KOHcepBallii 3eMesib 1151 36epeskeHHs Ta BiJHOBJIEHHS JTiCOBUX
MacMBiB € B@KIMBMUM i aKTyaJbHUM 3 TMOMISIAY 36a71aHCOBAHOTO KOPUCTYBAHHS MPUPOTHUMU
pecypcamiu Ta 36epekeHHsI 6iopisHOMaHITTS. MeTOl0 MOCTiIKeHHS € BMBUEHHS e(peKTUBHUX
cTpaTeriili ekcruIyaraliii 3eMeJbHUX YTifpb i3 caMo3aJiCHEHMMM AiISTHKaAMM 51 3a6e31edeHHst
MoTped arpapHOro CeKTOpy 30JI0UiBCHKOTO paifoHy JIbBiBChbKOi 06sacTi. B Xomi mOCTiIsKEHHS
3aCTOCOBYBAJIMCh METOAM: METON aHajidy; reorpadiuHuii MeToj; CTATUCTUYHUII METO[;
KapTorpadiuHmii MeTo,; reoiHdopMaliiiinuii MeTo. BapTo Bii3HauUMTH, 1110 AJIsI 3€MeJTbHOI TiISTHKI
MacuBy No. 1 y meskax BycbKkoi TepuTopianbHoi rpomay JIbBiBcbKOi 0671aCTi 6y/10 peKOMEHTOBAaHO
MPOBeeHHSI KOHCepBallii 3eMeJb, 3 TOAABIIO0 iX peHaTypaslisalli€lo. 3TiTHO pe3ylIbTaTiB aHaIi3y
rokKa3aHo, 110 B 2011 po1ii mpoiiecy caMOCTi/iHOTO 3a/1iCeHHSI Ci/IbCbKOTOCIOLaPChKIX YTilb Y MeXax
Bycbkoi TepuTopiasbHOI TpoManu 6yau Mano3HauHuMu. B 2023 poui cuTyallis MOKpaIimuaach,
OCKIJIbKM TIIOIIA 3aJ1iCeHMX 3eMeTbHUX YTiflb 3HAUHO 36i/1bIN/Iach. [I0 I'PYHTIB 3€ MEJIbHOTO MacuBY
No. 2, 1m0 3HaXoaMBCsS Y ckiami BpopiBcbkoi Michkoi rpomazy, 6y/I0 JOIITBHUM 3aCTOCYBaHHS
KoHcepBaliii-TpaHcdopmariii. B 3omouiBchKiii rpoMani Ha miasHii No. 3 HeoOXimHO BigBecTu
14,2 rekTapiB mig peab6imitarito, 27,3 rexkrapiB TpaHchOpMyBaTM Yy TAcOBUINE Ta 3,5 rekrapis
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3TYKUTHU. B po6OTi 3amrporioHoBaHe BIPOBAIKEHHST iHHOBAIiTHMX TiIXOMiB JIT KOMIUIEKCHOTO
IIJIaHYBaHHSI BUKOPMCTAHHS JIICOBMX DeCcypciB: CTBOPEHHS JicoBUX (epM, pO3BUTOK JIiCOBOTrO
Typu3My, CTBOpPEHHS CIellialbHUX JiCOBMX HacagkeHb Ijisi QinbTpaiii moBiTps, 3acTOCyBaHHS
TexHoorii 6iopadinepii Ta iHie. Pe3ynbTaTi BOCTIIKEHHS MOKYTb OyTI BUKOPUCTAaHI MiCIIeBUMM
rpomMazamMu Ojiss po3poOKM Ta BIPOBAIKEHHS MPOEKTY 3aXO0[iB KOMIIEKCHOTO IJIAHY PO3BUTKY
TepuTOpii JIbBIBCHKOTO perioHy 3 MeTO0 MOKpalleHHS eKOCUCTEMHUX MTOCTYT JIicy

KnrouoBi cioBa: iHBeHTapm3allisi; HaIpsMM KOHCepBallii; CiJIbChKOTOCIIOOAPChbKi MacuBM;
caMo3aJTiceHi 3eMJTi; 'PYHTOBMIT TTIOKPUB; MMCTAHIliJiHe 30HIYBaHHS

Vol. 15, No. 2, 2024 Ukrainian Journal of Forest and Wood Science 152



Received: 19.01.2024; Revised: 29.04.2024; Accepted: 29.05.2024

UKRAINIAN
JOURNAL OF
FOREST AND
WOOD SCIENCE

Ukrainian Journal of Forest and Wood Science, 15(2)

a Journal homepage: https://forestscience.com.ua/en

UDC 394.46:502-047.22(477)
DOI: 10.31548/forest/2.2024.153

Monumental trees of Ukraine and public awareness of them

Olha Tokarieva"

PhD in Agricultural Sciences, Post-Doc
Education and Research Institute of Forestry and Landscape-Park Management
of the National University of Life and Environmental Sciences of Ukraine
03041, 19 Horikhuvatskyi Shliakh Str., Kyiv, Ukraine
https://orcid.org/0000-0002-1617-7025
Anatolii Kushnir
PhD in Biological Sciences, Associate Professor
Education and Research Institute of Forestry and Landscape-Park Management
of the National University of Life and Environmental Sciences of Ukraine
03041, 19 Horikhuvatskyi Shliakh Str., Kyiv, Ukraine
https://orcid.org/0000-0002-1572-0284
Serhii Sendonin
PhD in Agricultural Sciences, Associate Professor
Education and Research Institute of Forestry and Landscape-Park Management
of the National University of Life and Environmental Sciences of Ukraine
03041, 19 Horikhuvatskyi Shliakh Str., Kyiv, Ukraine
https://orcid.org/0000-0003-3825-2695
Mykhailo Yavnyi
PhD in Agricultural Sciences, Director
Darnytsia Communal Forest-Park Enterprise
02092, 35 Opryshkivska Str., Kyiv, Ukraine
https://orcid.org/0009-0006-5863-9255
Olena Kurylo
Associate Professor
Kyiv National University of Construction and Architecture
03037, 31 Air Force Ave., Kyiv, Ukraine
https://orcid.org/0009-0008-5462-1319

Suggested Citation:

Tokarieva, O., Kushnir, A., Sendonin, S., Yavnyi, M., & Kurylo, O. (2024). Monumental trees of Ukraine
and public awareness of them. Ukrainian Journal of Forest and Wood Science, 15(2), 153-169. doi: 10.31548/
forest/2.2024.153.

‘Corresponding author

Copyright © The Author(s). This is an open access article distributed under the terms of the
oY Creative Commons Attribution License 4.0 (https://creativecommons.org/licenses/by/4.0/)


https://orcid.org/0000-0002-1617-7025
https://orcid.org/0000-0002-1572-0284
https://orcid.org/0000-0003-3825-2695
https://orcid.org/0009-0006-5863-9255
https://orcid.org/0009-0008-5462-1319

Monumental trees of Ukraine...

Abstract. Studying the species diversity and condition of monumental trees contributes to their
preservation and is important for public awareness of their role in ecosystems and the country’s
ecological heritage. The purpose of the study was to reveal the significance of such trees for society.
The task of the work was to research the characteristics of monumental trees in Ukraine. The
history of environmental protection is analysed and the features of monumental tree preservation
in Ukraine are presented. The beginning of environmental protection activity related to the
preservation of trees in Ukraine and the most active periods have been revealed of it. The national
features of the popularization of monumental trees are given. Based on the analysis of botanical
natural monuments cadastres of Ukraine and Kyiv, quantitative and species composition of
monumental trees were established. The most common (Quercus robur), common, less common and
rare (Buxus sempervirens, Catalpa bignonioides, Metasequoia glyptostroboides, Pseudotsuga menziesii,
Rhododendron myrtifolium, Sequoiadendron giganteum and others) species of monumental trees
have been established, and important issues regarding their conservation are indicated. According
to the types of street plantings, the majority (68%) are single trees. To assess the awareness of the
population about ancient trees, the method of sociological survey of respondents was used. The
most significant values of monumental trees for the population were studied. The importance of
the populations’ awareness of old trees through the development of an emotional connection with
them, which contributes to their protection, has been established. The obtained results can be used
in future environmental protection activity, exchanging of scientists’ experience from different
countries regarding the preservation of such trees, enrichment of information about growth
characteristics, historical facts or other issues related to these trees

Keywords: Nature Reserve Fund of Ukraine; genera and species; preservation; protection;
popularization; social and cultural value

Introduction

Urban trees in big cities exist in stressful and
harsh habitat conditions. The compact urban
form has a heavy load on green spaces and lim-
its the future tree growth in big cities. The main
causes of tree death are injuries received during
road and construction works, associated with
soil disturbance and root damage. Trees com-
monly suffer from human abuse or improper
care. Many old trees decay and die prematurely.
The number of trees that manage to survive and
reach a respectable age is much smaller, and
only separate trees can live for many centuries.

According to C.H. Cannon et al. (2022), only
1% of trees achieve an age that is 10-20 times
greater than the average tree age, and a quar-
ter of all trees can have ages that are 3-4 times
greater than the average tree age. In urban

spaces, it is more difficult to care for trees and
protect them from adverse environmental con-
ditions. Ordinary measures to support old trees
will not be enough, and more efforts are need-
ed to preserve them. Losses resulting from the
death of ancient trees cannot be compensated
or replaced.

The intangible value of monumental trees
includes elements related to history, culture,
folklore, traditions, religion, etc. According to
I. Camarda & G. Brundu (2021), monumental
trees are ecologically important keystone or-
ganisms that have characteristics fundamental
for sustaining biological assemblages or indi-
vidual species. Monumental trees often provide
a range of rich and scarce habitats, supporting
many rare and endangered species, and are
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an indispensable part of every country’s land-
scape and biological heritage. M. Gilhen-Bak-
er et al. (2022) emphasize that old trees create
microclimates that slow global warming and
produce phytochemicals with many biomedical
properties. Such trees are valuable to the com-
munity, they are given special attention and
care, and they are given a special status of pro-
tection. Preservation and protection of monu-
mental trees facilitate the connection between
the past, present, and future of communities.
Therefore, according to K. Kabassi et al. (2021),
many natural monuments have been preserved
through the coordinated actions of local com-
munities and organizations. Heritage trees in
different countries are identified and valued
based on their important historical, cultural,
and physical criteria. M. Ritchie et al. (2021)
suggest a standardized evaluation system to
combine heritage trees from separate countries
into a unified network.

In the research, K. Vandekerkhove et
al. (2019) explained the densities and sizes of
the old trees by the favourable climate and site
conditions combined with the successful pre-
vious management interventions of care and
pruning that led to continuous, unsuppressed
growth. Also, X. Chi et al. (2020) note that the
distribution of old trees is limited by microcli-
matic and soil conditions, and their density is
determined by human activity. The study by
]. Dong et al. (2021) provides insight into the
main factors that threaten to old trees (natural
disasters, urbanization, and pests). D.B. Linden-
mavyer et al. (2018) highlight the need for ancient
tree management that includes increasing and
expanding protection for all existing large old
trees. D. Yin et al. (2024) confirm that modern
technologies, especially unmanned aerial vehi-
cles, could help in monitoring the growth sta-
tus of old trees and strengthening pest control.

Ancient trees have an important value for
science. S.Popovych & A.Dzyba (2022) researched

ancient trees and concluded that separate re-
gions could be potentially most favourable for
the introduction and acclimatization of some
species. An important study of the old tree age
estimation was conducted by J.J. Camarero et
al. (2021) concerning the olive trees.

The purpose of this study was to assess res-
idents’ awareness of ancient trees. The task was
to introduce the characteristics of monumental
trees in Ukraine. It was determined directions
for their popularization and responsible treat-
ment of these trees since the preservation of
ancient trees depends on more informed man-
agement. Until now, public awareness of an-
cient trees has not been assessed in Ukraine,
and this study, using a scientific and objective
approach, hopes to contribute to this cause.

Materials and Methods

In the scientific literature, various terms are
used to describe trees that differ from others
in age, status, importance, and appearance:
ancient, champion, famous, heritage, long-
lived, monumental, notable, and precious trees
(Jim, 2017; Lai, 2019). In this work, it was used
in the most common terms: ancient, heritage,
monumental and old trees (Pushkar et al., 2021).

The assessment of monumental trees was
made due to the analysis of databases of the
Nature Reserve Fund of Ukraine (n.d.) and the
Nature Reserve Fund of Kyiv (n.d.). Based on a
combination with another extensive database
of the Public Ukrainian Ecological Organization
“Kyiv Ecological and Cultural Centre” (n.d.), a
comprehensive overview of the monumental
trees was compiled.

The research program included the follow-
ing categories (Kushnir et al., 1995):

1. Lost historical trees. Information about
them is of great importance.

2. Trees that grow in places of famous his-
torical events.

3. Trees named after prominent figures.
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4. Trees planted by famous people.

5. Trees with unique biological properties.
They are divided into the following groups:

a) “plus” and “elite” trees, which are char-
acterized by enhanced growth, a trunk of good
quality, a correctly formed crown, etc.;

b) trees over a hundred years old;

¢) trees with unique decorative properties.

The methodology of the study consisted of a
review and identification of monumental trees.
Four frequency classes of trees were grouped:
dominant (>500 trees per species), common
(30-500 trees per species), less common (10-30
trees per species), and rare (few per species). The
study complied with the standards specified in
the Convention on Biological Diversity (1992),
and the Convention on the Trade in Endan-
gered Species of Wild Fauna and Flora (1973).

The importance of the study was to pro-
mote the preservation of ancient trees’ pres-
ervation by using sociological components.
An online survey using Google Forms was car-
ried out in the period between June 5 and July
6, 2023. The total number of respondents was
748. Participation was anonymous and volun-
tary. The survey was conducted following the
ethical norms specified in the ICC/ESOMAR
International Code on Market, Opinion and
Social Research and Data Analytics (2016). The
surveys were conducted anonymously, with
only one question about any affiliation with the
natural sciences that allowed dividing all re-
spondents into two groups. People whose activ-
ities are related to natural sciences (members
of environmental groups, students of natural
sciences, teachers of biological and environ-
mental disciplines, etc.) accounted for 39% of
all respondents. Accordingly, the other group
of respondents, those who are not into nature,
accounted for 61%. The questionnaire was de-
veloped based on methods of sociological re-
search. There were five questions, including
one open one. The key question is whether the

respondent knows about ancient trees or not.
The questions about the location of heritage
trees and their value were included in the ques-
tionnaire. The survey was distributed among
social media group members across Ukraine.
The data were analysed with Excel statistical
functions using Microsoft Office XP software
and Statistical Package for Social Sciences, ver-
sion 11.5 (SPSS Inc., Chicago, 2002).

Results and Discussion

History of trees’ protection in Ukraine

The Nature Reserve Fund of Ukraine is rep-
resented by botanical, geological, hydrologi-
cal, and complex (which includes the previous
three) natural monuments. All ancient trees are
classified as biological natural monuments. The
legal bases for monumental trees’ protection
are several nature protection laws in Ukraine:
Law of Ukraine No. 1264-XII “On Environmen-
tal Protection” (1991), Law of Ukraine No. 2456-
XII “On Nature Reserve Fund of Ukraine” (1992),
and Law of Ukraine No. 1805-III “On Protection
of Cultural Heritage (2000). According to the
laws, natural monuments can be of national
or local importance. Most of the monumental
trees in Ukraine have local importance.

The botanical nature monuments are pres-
ent in each Oblast of Ukraine (Fig. 1), but the
number of them varies significantly by Oblast.
This is due to historical factors (who owned the
territory and how it was maintained) and grow-
ing conditions (a greater number of old trees
have survived in areas with more forest cover
and rainfall). Ancient trees often grow in his-
torical places, large parks, and nature reserves.
The condition of the monumental trees in the
occupied territories (parts of Donetsk, Zapor-
izhzhia, Luhansk, Kherson Oblasts and the Au-
tonomous Republic of Crimea) is unknown.

Old trees are being put into protection,
taking into account many factors in Ukraine.
Special trees can get protected status, and then
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they are named monumental trees. Single mon-
umental trees, alleys, and groups of such trees,
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or forests with monumental trees could be un-
der protection.

The Auwnﬁﬁﬁl.. i of Crimea

Figure 1. The map of the expansion of botanical nature monuments in Ukraine

Source: developed by the authors based on the Nature Reserve Fund of Ukraine (n.d.)

The first information about the protec-
tion of ancient trees in Ukraine dates back to
1883 and concerns Crimean trees (Shnayder et
al., 2011). Protection of old trees in the territo-
ry of Ukraine began in 1964. Quercus robur and
Tilia cordata, which grow in Vinnytsia, Zhyto-
myr, Poltava, and Chernihiv Ukraine Oblasts,
were the first tree species to receive protected
status. The first mass protection activities of
old trees took place in 1972 (191 places of grow-
ing ancient trees), followed by 1984 (278 places
of growing ancient trees). According to the dia-
gram (Fig. 2), 250 growing places of ancient trees
got special protected status during 2010-2019.

Most of the trees in Ukraine were put
into protection by the initiative of the Public
Ukrainian Ecological Organization “Kyiv Eco-
logical and Cultural Centre”, which since 1989
has been engaged in law-making and ecological

educational activities, including regarding an-
cient trees (Shnayder, et al., 2011).

Low environmental protection activity
since 2020, due to anti-COVID measures, and
later — a large-scale invasion of the territory of
Ukraine, has led to a halt in the protection of
new trees. The trees were last given the status
of monumental trees in 2019 in Vinnytsia, Kyiv,
Poltava, Sumy and Ternopil Oblasts.

A monumental tree is a tree that has a bi-
ological, cultural, or aesthetic value of consid-
erable age and size. In addition, monumental
trees are a witness to history and the former
landscape. Therefore, monumental trees are
also often named after a famous historical
event or a person who visited it (in reality or
according to legend).

In Ukraine during the procedure of putting
trees into protection, the trees are often given
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the names of famous historical, scientific, and
cultural figures: “Oak of Pero Mohyla”, “Mul-
berry of Shevchenko”, “Chestnuts of Grishka”,

» o«

“Ginkgo of Sikorsky”, “Yew of Lesya Ukrainka”,
“Oak of Bohdan Khmelnytskyi”, “Mulberry of
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Stus”, “Oak of Boleslav”, “Oak of Simon Petli-
ura”, “Oak of Prus”, “Oaks of Exupery”, “Oak of
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Figure 2. The history of granting nature protection status to monumental trees
Source: developed by the authors based on the Nature Reserve Fund of Ukraine (n.d.)

Often, not only historical facts but also
myths and legends are associated with such
trees. Sometimes, in order to increase under-
standing of the heritage trees’ value, Christian
icons are hung on them, or creative events or
contests are held near or with them.

To attract the attention of residents to the
monumental trees, in 2010 the state author-
ities held an All-Ukrainian contest “National
tree of Ukraine” the nominations “The oldest
tree of Ukraine”, “Memorial tree of Ukraine”,
“Historical tree of Ukraine”, “Aesthetically
valuable tree of Ukraine”. Then 17 trees were
chosen, including a 2000-year-old olive tree, a

1700-year-old pistachio tree, a 1300-year-old
oak tree, a 1300-year-old strawberry tree, and
an 800-year-old linden tree (Order of Ukraine
No. 611...,2011).

More than 3,000 monumental trees grow in
big or small groups, as single trees and in alleys
in Ukraine. The dominant species of monumen-
tal trees is Quercus robur (Table 1). There are 29
places where monumental trees grow in alleys,
which mostly represented by species: Aesculus
hippocastanum, Fagus sylvatica, Juglans ailanti-
folia, Juglans nigra, Juglans regia, Larix decidua,
Picea abies, Pinus strobus, Pinus sylvestris, Salix
alba, Tilia cordata, Quercus robur, Quercus rubra.

Table 1. Frequency of species of monumental trees

Dominant
species

Common species

Quercus robur

Aesculus hippocastanum,
Fagus sylvatica,

Fraxinus excelsior,
Juglans nigra,

Larix spp.,

Pinus sylvestris,

Less common species Rare species
Abies alba, Ailanthus altissima,
Acer spp., Arbutus spp.,
Alnus glutinosa, Betula nigra,
Carya alba, Buxus sempervirens,
Carpinus betulus, Calocedrus decurrens,
Ginkgo biloba, Castanea sativa,
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Table 1, Continued

Dominant

. Common species
species

Less common species

Rare species

Picea abies,
Platanus orientalis,
Populus alba,
Quercus rubra,
Tilia cordata

Juglans regia,

Juniperus virginiana,
Magnolia spp.,

Morus alba,

Pinus strobus,

Pinus nigra,

Pyrus communis,
Styphnolobium japonicum,
Taxus spp.,

Thuja spp.

Catalpa bignonioides,
Corylus spp.,

Cotinus coggygria,
Crataegus monogyna,
Cupressus spp.,

Fraxinus americana,
Gleditsia triacanthos,
Gymnocladus dioicus,
Juglans cinerea,

Juglans mandshurica,
Laurus nobilis,
Liriodendron tulipifera,
Malus spp.,

Metasequoia glyptostroboides,
Pinus cembra,

Pinus peuce,

Pinus sibirica,

Picea pungens,

Pistacia spp.,
Phellodendron amurense,
Platycladus orientalis,
Prunus padus,
Pseudotsuga menziesii,
Quercus petraea,
Rhododendron myrtifolium,
Rhus typhina,

Robinia pseudoacacia,
Sequoiadendron giganteum,
Sorbus spp.,

Syringa josikaea,

Tilia tomentosa,

Ulmus minor,

Viburnum opulus

Source: developed by the authors based on the Nature Reserve Fund of Ukraine (n.d.)

Dozens of ancient trees have been de-
stroyed due to untimely maintenance and
vandalism in Ukraine. Naturally, time does not
stand still, and new ancient trees must be added
to the nature reserve fund. Thus, hundreds of

trees need to be protected.

Monumental trees in Kyiv

Kyiv is a large urbanized city with significant
air pollution, so trees grow under the pressure
of anthropogenic influence (Tokarieva, 2004).
At the same time, Kyiv is rich in unique an-

cient and monumental trees. Currently, in Kyiv,

Vol. 15, No. 2, 2024

Ukrainian Journal of Forest and Wood Science 159



Monumental trees of Ukraine...

almost 100 places where heritage trees grow,
with a total number of 500 trees, which have
been put under protection. The monumental
trees in Kyiv are represented by 23 genera, most
of which belong to the phylum of Magnoliophy-
ta (Fig. 3). The most common species among

15% 6%
6%

monumental trees are Aesculus hippocastanum,
Fraxinus excelsior, Tilia cordata, Quercus robur.
The genera Abies, Cornus, Fagus, Ginkgo, Lar-
ix, Metasequoia, Picea, Prunus, Pyrus, Robinia,
Sorbus, Styphnolobium, Thuja are represented
by a smaller number of trees.

m Acer Pinus
3% _
‘ Aesculus ®Platanus = Salix
4% Fraxinus Populus m Tilia
® Morus m Quercus Others

Figure 3. Distribution of monumental trees by genera in Kyiv
Source: developed by the authors, based on Nature Reserve Fund of Kyiv (n.d.)

The oldest districts accommodate more
ancient trees, whereas newer districts have
notably fewer. Most of the monumental trees
(68%) are single trees (Fig. 4). Trees growing in
groups make up 37% of all monumental trees.
The smallest number of monumental trees (1%)
grows in the alleys.

m Single trees
Groups
Alleys

Figure 4. Distribution of monumental trees
by types of planting
Source: developed by the authors, based on Nature
Reserve Fund of Kyiv (n.d.)

Some heritage trees are in an unsatisfac-
tory condition. However, they have survived
to the present day and, with proper care, can
continue to exist. A handful of these heritage
trees face challenges such as diseases, pests, or
even anthropogenic factors. Nevertheless, their
unique characteristics and historical signifi-
cance should be identified as objects for priority
conservation. The research on the condition of
these trees not only reveals issues but also indi-
cates the necessity of taking measures for their
preservation and restoration.

Public awareness of the ancient trees’ value
Sociological research is an integral part of de-
signing the development of the urban environ-
ment. To study the impact of phenomena on
people, it is necessary to understand the level
of their awareness of these phenomena. The
respondents who took part in the survey were
generally interested in it and showed an active
position. At the list, 86% of respondents said
that they knew about ancient trees and 76% of
respondents knew where they grow (Fig. 5).
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Do you know where
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Figure 5. Public awareness of ancient trees in Ukraine

Source: developed by the authors

When choosing the values, only 15% of
respondents gave completely correct answers
(mentioned every value: aesthetic, cultur-
al, ecological, and historical values). When

Aesthetic IEEG—
Cultural

Values

respondents assessed the importance of the
values of such trees, the historical value was
chosen as the main one, and the aesthetic val-
ue as the least important (Fig. 6).

Ecological I—
Historical I —

0 5 10 15

20 25 30 35 40 %

Figure 6. The importance of the values of the ancient tree according to the respondents

Source: developed by the authors

Respondents, whose activities are related
to the natural sciences. Among people who are
involved in nature, everyone knows what an
ancient tree is, but not everyone knows where
such trees grow in their immediate vicinity.
This means that even specialists do not have
sufficient information about the notable trees.
Along with the existing interest in ancient
trees, respondents do not always have a correct
understanding of their value. For example, 81%
of respondents chose the wrong answer among
all the values of ancient trees — “they have eco-
nomic value”. Even people interested in nature
conservation sometimes have an inaccurate
understanding of the value of ancient trees.

Respondents, whose activities are not relat-
ed to natural sciences. Respondents from the
other group, whose activities are not related to

natural sciences, obviously have less knowledge
about ancient trees. Thus, 22% of respondents
in this group do not know what kind of trees are
called ancient trees, and 30% of respondents
could not answer the question “Where do such
trees grow?”.

The results of the survey on the values of
ancient trees showed that there is awareness of
the importance of such trees, although 84% of
respondents selected all the answers together
with the wrong ones.

Sociological research has shown that peo-
ple actively participated in the survey, were
interested in gaining new knowledge about
ancient trees, and were ready to join in the
campaigns for their preservation. The sig-
nificant number of responses to the optional
open-ended question confirms this. 82% of
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respondents described the actions they con-
sider necessary for the conservation, necessary
care, and promotion of “green giants”. Among
the most answers interesting were: “It is neces-
sary to organize informative, creative lectures
and excursions for young people, disseminate
information on the geographical location of an-
cient trees and other historically and culturally
important plants in our country, their impor-
tant role in society”, “It is necessary to conduct
timely inspection and treatment, inform the
younger generation about such trees as cultural
heritage”, “An effective state policy on this is-
sue is needed. Strengthening responsibility for
the destruction or damage to heritage trees”.
These answers emphasize the demand of peo-
ple for more action by the authorities, ecoactiv-
ists, environmentalists, etc. The responses also
confirm the need to spread knowledge about
ancient trees, the organization of environmen-
tal events, and the promotion of environmental
knowledge.

Therefore, ancient trees can only be pre-
served if the population is aware of their value.
All other means of maintaining such trees are
additional. Therefore, it is necessary to educate
people about environmental behaviour using
social and environmental sciences.

Monumental trees are special historical,
natural and cultural assets of countries. They
can contribute substantially to social welfare
through the provision of ecological, aesthetic,
and cultural benefits. In urban environments,
monumental trees serve as pivotal structures
that offer essential habitat resources for wild-
life (Yaacob et al, 2016). The loss of monu-
mental trees will lead to adverse effects on the
biodiversity and ecosystem services within a
particular area. Additionally, these trees play a
significant role in the cultural heritage of the
country. Monumental trees, which are put into
protection, help residents to realize the impor-
tance and value of such trees. The analysis of

existing databases (cadastres) of monumental
trees in different countries reveals their di-
versity of species, sizes, and values (Dresler-
ova, 2017; Zhang et al., 2017).

The study of M. Blicharska & G. Mikusis-
ki (2014) emphasizes that ancient trees are part
of a social realm, but their social significance is
often neglected. The authors argue that recog-
nizing ancient trees as integral to human iden-
tity is crucial for addressing the global decline
of such trees. While the social significance of
these trees is frequently overlooked in envi-
ronmental conservation efforts, it ought to be
a fundamental aspect of conservation policy
(Pietrzak-Zawadka, 2016). The study by L. Hu et
al. (2011) confirmed that local cultural beliefs
and practices contribute to the preservation of
large old trees. M. Kowalski (2020) suggests that
heritage trees should be of interest not only to
naturalists but also to sociologists. The author
tried to analyse the reasons for the lack of pub-
lic interest in heritage trees. M. Suchocka et
al. (2022) conducted research aimed at revealing
the population’s perception of ancient trees and
establishing certain dependencies. The findings
showed that there is a connection between how
often people visit natural areas and how much
they care about old trees. Moreover, older re-
spondents (aged 56 and above) were more in-
clined to want to safeguard and nurture ancient
trees. The study suggested that engaging in
outdoor activities in urban forests could foster
an emotional bond with ancient trees, poten-
tially leading to greater efforts to protect them.

The number of monumental trees is rapidly
decreasing in various parts of the world, with
serious consequences for ecosystems and biodi-
versity. It is clear that a global coalition is need-
ed to protect monumental trees. G. Piovesan et
al. (2022) call for international efforts to con-
serve, identify and protect ancient trees as they
may disappear. In the scientific environment,
questions regarding the creation of cadastres
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are raised not only at the local and national lev-
els but also at the European and world levels. In
the work of P. Zarzynski &. A. Grzywacz (2019),
it was proposed to give unique trees the status
of a National Natural Monument and a Euro-
pean Natural Monument. It would also be good
to unify the criteria that should be taken into
account when assessing the historical, cultural,
aesthetic, social and other values of monumen-
tal trees in different countries. Updating legis-
lative and administrative systems and regular
tree care can increase the long-term survival of
monumental trees. Scientists T. Green (2002),
L. Chiara (2011) also emphasize the need to reg-
ulate the terminology related to unique trees
not only at the state level but also at the in-
ternational level, which will contribute to such
trees’ preservation. Moreover, they argue that
establishing standardized terminology for dis-
tinctive trees is crucial not just within individu-
al states, but also on a global scale. This stand-
ardization at the international level is seen as
instrumental in enhancing the preservation
efforts of these exceptional trees. N. Becker &
S. Freeman (2009) tried to understand the val-
ue of monumental trees through the economic
component and established that funds should
be allocated for the preservation of such trees.
W.Y. Chen (2015) found that there was a
great need for unique trees to be interpreted by
the public in a way that reflects their true value
to society. He identified a significant demand
for the public to comprehend unique trees in a
manner that accurately reflects their genuine
societal value. This underscores the importance
of effective communication and public aware-
ness campaigns to highlight the true worth of
these distinctive trees in the broader context
of societal well-being. X. Arnan et al. (2012)
and C.Y. Jim (2017) highlight that community
involvement is critical to the preservation and
management of ancient trees. They underscore
the critical role of community involvement in

the preservation and management of ancient
trees. Their research emphasizes that engaging
local communities is essential for fostering a
sense of responsibility and shared commitment
towards the protection of these significant nat-
ural assets. Therefore, J. Liu et al. (2019) rec-
ommend mobilizing citizens to participate in
environmental protection activities. Hence, it
was recommended to mobilise citizens to ac-
tively participate in environmental protection
activities. Their suggestion underscores the
pivotal role of public engagement in foster-
ing collective responsibility for environmental
conservation, including the safeguarding of an-
cient trees. In addition, H. Lin et al. (2020) sug-
gested improving young citizens’ knowledge
of local monumental trees by linking them to
local culture. C. Ordénez-Barona et al. (2021)
emphasized the importance of protecting and
preserving such trees on private lands. N. Yao et
al. (2024) introduced a conceptual framework
aimed at evaluating the socio-cultural value of
old trees and implementing multiscale protec-
tion measures. This framework offers insights
that could inform enhancements to existing
conservation policies.

Monumental trees serve as habitats for nu-
merous rare and endangered species and rep-
resent an irreplaceable component of Ukraine’s
landscape and biological heritage. The author-
ities often provide administrative and profes-
sional support in the preservation of natural
monuments’ preservation. The city author-
ities of Kyiv take special measures to manage
and protect them by publishing official reports
with detailed information on the characteris-
tics of the trees, their location, and measures
to preserve them. A tree protection law makes
sense if it can be implemented in an efficient
and professional (Schmied & Pillmann, 2003).
Therefore, the preservation of monumental
trees depends on better management, and the
awareness of residents and the encouragement
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of responsibility for these trees are incredibly
important. This study may initiate other lines
of research to improve the management of
unique trees.

Conclusions

There are more than 3,000 monumental trees
in Ukraine, 500 of which grow in Kyiv and its
surroundings. The distribution of monumental
trees varies across Oblasts, which is influenced
by historical and climatic factors. The condition
of more than 100 monumental trees in the oc-
cupied part of the country is unknown.

The dominant species of monumental trees
is Quercus robur, the common species are repre-
sented by Aesculus, Fraxinus, Populus, Tilia and
other genera in Ukraine. Monumental trees are
usually single trees and only 29 places where
monumental trees grow in alleys. Monumental
trees of Kyiv are represented by 23 genera, most
of which belong to the type Magnoliophyta and
grow as single trees (68%). The richest species
composition of rare species is represented by
Ailanthus altissima, Betula nigra, Buxus semper-
virens, Calocedrus decurrens, Castanea sativa,
Catalpa bignonioides, Cotinus coggygria, Cra-
taegus monogyna, Fraxinus americana, Gleditsia
triacanthos, Gymnocladus dioicus, Laurus nobi-
lis, Liriodendron tulipifera, Metasequoia glypto-

tomentosa, Ulmus minor, Viburnum opulus. Some
genera are represented by several rare species
(Arbutus, Corylus, Cupressus, Juglans, Malus, Pi-
nus, Pistacia, Sorbus).

Ukrainian environmental NGOs often initi-
ate the protection of ancient trees. Sociological
research has shown a lack of public awareness
of monumental trees. People’s interest in na-
ture, and monumental trees in particular, can
be stimulated by local and regional authorities
through cultural and environmental education
activities. Positive experience in promoting
monumental trees was gained by naming them
after famous cultural and historical figures. Such
“named trees” are often revered by residents.
Involving the public in environmental protec-
tion activities through education and other pro-
grammes could raise awareness of the special
value of monumental trees and promote their
preservation. Thus, the preservation of monu-
mental trees is only possible with the support
and awareness of the value of the population.

Stabilization of the monumental trees’
condition and care of them, the development
of methods of monitoring their sanitary con-
dition, and the formation of a responsible atti-
tude of the population towards them are prom-
ising areas for further research.
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30epeXXeHHI0 Ta BakKJIMBE [IJI YCBiOMJIEHHS TPOMAJIChKIiCTIO iXHbOI pOJIi B eKocucTemax Ta
€KOJIOTIYHOMY CMafky KpaiHu. MeTa OOCTigKeHHs TOJsArasa B PO3KPUTTI 3HAUEHHS IepeB-
MaM’SITOK MPUPOAY IJIsl CYCITiIbCTBA. 3aBJAHHSIM IIbOTO MOCTiIKeHHSI 6YI0 O3HAOMIIEHHS 3
XapaKTepUCTUKAMU AepeB-I1aM SITOK ITpupoayu B YKpaiHi. I[IpoaHanizoBaHo icTopiio 3aI1oBimaHHS
Ta TpeACTaB/leHi 0COBAMBOCTI OXOPOHM Ta 30epeskeHHsI TakKuUX depeB B YKpaiHi. BussieHo
MOYaTOK MPUPOJ00XOPOHHOI isS/IbHOCTI OO0 3aMOBilaHHS AepeB B YKpaiHi Ta HallaKTUBHIlIi
repiognu. HaBemeHi HallioHaJbHI 0COGJMBOCTI momynspu3aiiii gepeB-maM’aToK mpupoau. Ha
OCHOBIi aHasi3y KajacTpiB 60TaHIYHMX MaM’SITOK npupoay Ykpainu Ta KueBa BCTAHOBJIEHO ix
KiJIbKiCHMIT Ta BUOOBUII CKiaf. BcraHoBieHi Haiibinbul nommpeni (Quercus robur), mommupeHi,
MeHII TomMpeHi Ta pinkicHi (Buxus sempervirens, Catalpa bignonioides, Metasequoia
glyptostroboides, Pseudotsuga menziesii, Rhododendron myrtifolium, Sequoiadendron giganteum Ta
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iHIIi) BUOM oepeB-naM ITOK IIPUPOAY, HaBeJeHi OCHOBHI ITpo6IeMu 00 IXHbOTO 36epeskKeHHSI.
3a TUITaMM BYJIMUYHMX MOCAMOK GiIbIIICTD JepeB-maM aTOK mpupoau (68 %) — 1e comitepu. st
OI[iHKY 06i3HAHOCTi HAaCeJIeHHSI BUKOPUCTAHO METOJ, COIi0JIOTiYHOTO OMTUTYBAHHS PECTIOHIEHTIB.
BusBieHi iHHOCTI BiKOBUX JepeB, SIKi € HailOiIbII BaXkIMBUMM IJ1s1 HAceJeHHs. BcTaHOBIEHO
BaXK/IMBICTh 06i3HAHOCTI HaceJeHHS PO BiKOBi JepeBa uepes PO3BUTOK €MOIIi/IHOTO 3B’SI3KY 3
HUMM, L0 CIIPUSIE 3aXUCTY AepeB. OTpUMaHi pe3yinbTaTy MOXYTb OYTY BUKOPUCTAHI y TTOIaIbIIiii
3aMOBiJaabHili MisVIbHOCTI, TpY OOMiHi TOCBiZOM HAyKOBI[iB Pi3HMX KpaiH MIOA0 36epeskeHHS
TaKMX JepeB, 36araueHHi iHGopmarlii mpo 0co6aMBOCTi pocTy, icTopyuHi haKkTy UM iHIIi MUTaHHS,
MOB’sI3aHi 3 MMM IepeBaMu

KimrouoBi ciioBa: npuponHo-3anoBinuuii doup YRpainu; ponu Ta BUaK; 36epekeHHs; OXOPOHa;
TIOMYJ/ISIpM3allisl; COLiOKY/IbTYpHA LiHHICTh
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