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contrast, the productive potential of stands growing in dry poor site types was constrained by moisture deficiency
and low soil fertility. The diversity of associated tree species increased with increasing site trophicity: P. sylvestris
predominated in poor site types, whereas the contribution of broadleaved hardwood species increased in fairly

fertile and fertile site types

Keywords: Crimean pine; Austrian pine; forest-site types; growing stock volume; productivity; merchantable

timber; growth dynamics

INTRODUCTION

Black pine (Pinus nigra J.F. Arnold) is an ecologically
and intraspecifically differentiated coniferous species
whose natural range encompasses the mountainous
regions of Southern and Central Europe, the Balkan
Peninsula, the Mediterranean region, and Asia Minor.
The spatial fragmentation of its range and the long-
term isolation of individual populations have led to
the formation of several geographical subspecies and
ecotypes differing in morphological traits, growth rates,
drought tolerance, and responses to site conditions. The
eastern part of this taxonomic complex includes Pal-
las pine, also known as Crimean pine, which is most
commonly classified as P.nigra subsp. pallasiana (Lamb.)
Holmboe, whereas the name P. pallasiana D. Don is used
less frequently.

The silvicultural importance of black pine is de-
termined by its ability to form stands on dry, rocky, nu-
trient-poor, eroded, and anthropogenically disturbed
lands. Owing to the plasticity of its root system, rela-
tively efficient water use, and tolerance of adverse soil
conditions, the species is widely used for erosion-con-
trol afforestation, the stabilisation of sands and slopes,
the reclamation of disturbed lands, and the establish-
ment of protective forest plantations. M.E. Lucas-Bor-
ja et al. (2022), investigating Spanish black pine along
an elevation gradient, demonstrated that afforestation
success depends strongly on plantation-site conditions
and seed origin, with severe drought at low-elevation
sites substantially reducing seedling survival.Z.Vacek et
al. (2023), based on a systematic review of European
studies, also confirmed the considerable potential of
black pine for forest restoration, timber production, and
climate-change adaptation in forestry. At the same time,
these authors revealed substantial variation in cultiva-
tion outcomes depending on seed provenance, stand
age and density, and local environmental conditions.

Current research on P nigra increasingly focuses
on identifying relationships among stand structure, cli-
mate, and productivity dynamics. S.Versace et al. (2022),
studying populations of P. nigra subsp. laricio in Corsi-
ca, Sardinia, Sicily, and Calabria, further confirmed that
resistance, recovery, and resilience following drought
events depend on the local environment and tree age.
According to their findings, older trees showed greater
resistance to individual drought periods, although re-
sponses differed among populations. The importance
of geographic origin for black pine growth has recently

been demonstrated by G. Giovannelli et al. (2026) in
common-garden trials involving 16 provenances from
four subspecies. The authors found that provenance ef-
fects on radial growth were stronger than subspecies
effects and recorded substantial phenotypic plastici-
ty and genotype-by-environment interactions among
contrasting sites.

An equally important research direction concerns
the effects of stand density and silvicultural inter-
ventions on the response of black pine plantations to
drought. From the perspective of timber utilisation,
A. Dias et al. (2020) analysed the physical, chemical,
and mechanical properties of P nigra wood from six
Portuguese sites. The authors found that its mechan-
ical properties were broadly comparable to those of
P. pinaster, while several wood characteristics indicated
potential advantages for industrial use. These findings
provide additional grounds for considering black pine
not only as a protective or land-reclamation species but
also as a potentially valuable timber-producing species.

These findings demonstrate the need for a com-
prehensive approach to assessing black pine stands.
Their silvicultural potential cannot be substantiated
solely on the basis of total area or stand survival. Their
distribution by forest site conditions, origin, age, spe-
cies composition, relative density, and site-quality class
must also be considered, together with the dynamics of
mean height, mean diameter, growing stock, and timber
merchantability. Identifying these relationships makes
it possible to distinguish realised productivity from the
potential productive capacity of the species and to de-
termine the conditions under which its cultivation is
both ecologically and economically justified. In Ukraine,
black pine in the broad taxonomic sense is represented
primarily by Crimean pine and by substantially smaller
areas of Austrian pine stands. Crimean pine occurs nat-
urally in the Crimean Mountains, whereas in the Steppe,
Forest-Steppe, and partly in the Polissia zones, it is
grown predominantly in artificially established stands.
Austrian pine is an introduced taxon whose cultivation
centres are located mainly in the western, central, and
north-eastern regions of the country.

The analysed dataset covers their distribution
across administrative regions and forest site conditions,
the proportions of natural and artificially established
stands,pure and mixed stands,site-quality classes,grow-
ing stock, mean heights and diameters, the proportion
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of merchantable timber, and the composition of asso-
ciated tree species. The adaptive capacity of Crimean
pine under the steppe conditions of Ukraine has also
been assessed through physiological indicators. V. Bes-
sonova & T. Yusypiva (2021) found that tree and shoot
growth, needle surface development, and needle wa-
ter content in anti-erosion plantations varied markedly
with forest-growth conditions, with the lowest values
generally occurring under arid and semi-arid slope con-
ditions. Their findings demonstrate that physiological
adaptation to drought does not eliminate the growth
constraints associated with limited water availability.

Despite considerable scientific interest in the ecol-
ogy, climatic sensitivity, introduction, and productivity of
P nigra, most studies have been conducted on individual
experimental sites, regional networks of sample plots,
or within a single subspecies. In Ukraine, the relation-
ships among the territorial distribution of Crimean and
Austrian pine, forest site conditions, stand origin and
species composition, age structure, productivity, and
timber merchantability remain insufficiently investigat-
ed. Addressing this knowledge gap is particularly rele-
vant in the context of adapting forest management to
increasing climatic aridity, restoring degraded lands, and
scientifically substantiating the expansion of the range
of tree species used in protective afforestation. The aim
of the study was to provide a comparative assessment
of Crimean pine and Austrian pine stands in Ukraine and
to determine how their distribution, stand structure, and
productivity vary in relation to forest site conditions.

To achieve this aim, the following objectives were
established to assess the regional distribution of stand
areas and determine their forest-site and age structure,
origin, and proportions of pure and mixed stands; to
analyse stand productivity and merchantability, as well
as the dynamics of mean height, mean diameter, and
growing stock in relation to site conditions; to deter-
mine the species composition of associated tree species
in Crimean pine and Austrian pine stands. The scientific
novelty of the study lies in the development of an inte-
grated nationwide assessment of black pine stands by
simultaneously combining spatial, forest-typological,
age-related, coenotic, and mensurational characteris-
tics. Unlike local studies of individual populations or
experimental plantations, the present study compares
Crimean pine and Austrian pine stands within a unified
information framework in terms of their area, origin,
species composition, productivity, and the qualitative
structure of growing stock.

LITERATURE REVIEW

Scientific research on black pine encompasses its tax-
onomy, natural and secondary distribution, introduc-
tion, forest-site affinity, growth, productivity, natural
regeneration, health condition, and economic value.
Comparisons among published findings are complicat-
ed by inconsistent interpretations of the intraspecific

Scientific Horizons, 2026, Vol. 29, No. 3

structure of P nigra. Different sources use the names
P nigra var. austriaca, P. nigra subsP. nigra, P. nigra sub-
sP. pallasiana, and P. pallasiana D. Don. These differenc-
es in taxonomic approaches have also affected forest
inventory records, in which Crimean pine and Austrian
pine may have been registered as separate tree species,
varieties of black pine, or, in some cases, mistakenly as-
signed to Scots pine.

One of the first comprehensive studies of intro-
duced black pine stands in Ukraine was conducted by
T.B. Skrobach (2006). The author characterised the dis-
tribution of the species in the lowland and mountainous
parts of western Ukraine, its bioecological properties,
silvicultural and mensurational characteristics, health
condition, seed production, and capacity for natural
regeneration. The findings provided a positive assess-
ment of the effectiveness of black pine introduction
and substantiated its potential for use in forest plan-
tations and phytomeliorative stands. At the same time,
it was emphasised that the longevity and productivity
of the species are determined by the correspondence of
specific sites to its ecological requirements rather than
solely by its generally recognised drought tolerance.

Environmental differentiation within the natural
Crimean range of P. nigra subsP. pallasiana was exam-
ined by N.M.Devi et al.(2023) along an elevational tran-
sect on Mount Ai-Petri. Using four tree-ring chronolo-
gies, the authors demonstrated substantial differences
in climate-growth relationships along the altitudinal
gradient. These differences were associated not only
with climatic variation but also with topography, soil,
and bedrock characteristics. Precipitation during the
growing season, particularly in July, was identified as
an important factor affecting radial growth. The study
therefore confirms that even within a relatively com-
pact natural range, Crimean pine growth is strongly site
dependent and should be interpreted within a com-
bined climatic-edaphic framework.

The complex intraspecific differentiation of Europe-
an black pine has also been investigated using genomic
approaches. S. Olsson et al. (2020) developed transcrip-
tomic resources representing major biogeographical
regions of the natural range and used nuclear orthol-
ogous genes and single-nucleotide polymorphisms to
examine evolutionary relationships within P.nigra. Their
results supported the existence of two broad geograph-
ical population groups while also demonstrating that
conventional subspecific classifications do not fully
reflect the genetic structure of the species. These find-
ings emphasise the need for caution when interpreting
the taxonomic identity and provenance of introduced
stands solely from historical planting records or con-
ventional forest inventory classifications.

The adaptation of black pine to conditions within
its secondary range was investigated by M. Soroka &
T. Yuskevych (2011). In the Holohory region, the au-
thors recorded successful seed regeneration and the




formation of a third generation of black pine without
direct human intervention, which was interpreted as
evidence of its complete naturalisation. Phytosocio-
logical surveys showed that the species had formed an
ecological niche similar to that of natural black pine
forests belonging to the eastern ecological grouP. Nev-
ertheless, the capacity of this introduced species for
autonomous spread requires monitoring near natural
steppe and meadow-steppe communities, because suc-
cessful naturalisation from a forestry perspective does
not always correspond with the objectives of conserv-
ing native vegetation.

The climatic sensitivity of Crimean pine within its
natural range was assessed by . Koval (2013). A den-
drochronological analysis of a 110-year-old stand on
the southern slope of the Crimean Mountains revealed
differences in the responses of earlywood, latewood,
and total annual ring width to temperature and pre-
cipitation. Latewood was the most sensitive component
to climatic variation. Reduced precipitation during the
warm season and increasing summer water deficits re-
sulted in decreased radial growth. Thus, even in natural
stands of the subspecies pallasiana, drought tolerance
does not prevent productivity losses under prolonged
shortages of available moisture.

The phenological characteristics of introduced
black pine under the conditions of the Right-Bank For-
est-Steppe were studied by S. Adamenko et al. (2018).
The authors identified an early onset of vegetation and
a pronounced dependence of shoot growth intensity
on air temperature. Needle growth began later than
shoot elongation, while growth intensity increased
from the lower part of the crown towards the apex.
The correspondence of seasonal rhythms to the local
climate indicates a sufficient level of species adapta-
tion; however, phenological observations alone do not
characterise the long-term productivity and stability of
established stands.

The importance of planting-material provenance
for the adaptation of black pine to contrasting envi-
ronmental conditions was investigated by V. lveti¢ et
al. (2021). The authors compared seedlings originat-
ing from southern Greek and northern Serbian prove-
nances and assessed their tolerance to freezing, heat,
and drought. Seedlings from the northern provenance
showed the highest tolerance to severe freezing, al-
though differences among provenances were not sta-
tistically significant, while the combined effects of
heat and drought caused greater foliar damage than
drought alone. The authors emphasised that the use of
black pine in reforestation and restoration should not
be based on the search for a single universally adapted
provenance but should consider genetic diversity and
the correspondence of reproductive material to project-
ed environmental conditions. These findings highlight
the importance of provenance selection when black
pine is introduced beyond its natural range.

Siruk et al.

The productivity of semi-arid Crimean pine stands
was assessed by S.Bulut et al. (2023) using an integrated
approach combining field measurements, biogeochem-
ical modelling, remote sensing, and machine-learning
techniques. Net primary productivity showed significant
temporal relationships with vegetation indices, temper-
ature, and solar radiation, while the integration of satel-
lite-derived texture characteristics with support vector
machine modelling provided high predictive accuracy.
The study demonstrates that Crimean pine productivity
is spatially and temporally variable and is controlled by
the interaction of stand characteristics, climatic factors,
and environmental conditions. It also highlights the po-
tential of combining conventional forest inventory data
with remote-sensing information for assessing the pro-
ductive capacity of black pine stands over larger areas.

The interaction between forest management and
climatic stress in black pine stands was examined by
E. Collado et al. (2026) across several Mediterranean
regions in Spain and Slovenia. Based on dendrochrono-
logical, mensurational, and soil data from managed and
unmanaged stands, the authors found that silvicultural
treatments, particularly moderate thinning, generally
enhanced radial growth and reduced tree drought stress.
The effects varied with stand age, climatic conditions,
and regional context and were particularly pronounced
in warmer and drier areas. These results demonstrate
that stand structure and management intensity are im-
portant determinants of black pine growth responses
under increasing climatic aridity.

The influence of ecological regionalisation on
Crimean pine growth was quantified by M. Seki &
O.E. Sakici (2022) using data from 274 sample plots and
293 stem analyses in north-western Turkiye. The au-
thors found significant ecoregional differences in domi-
nant-height, tree-number, basal-area, and stand-volume
growth. Ecoregion-specific models provided more relia-
ble predictions than a single regional model, whereas
ignoring ecological differentiation resulted in systemat-
ic biases in estimates of stand characteristics. The find-
ings demonstrate that growth and yield assessment of
P nigra subsp. pallasiana should explicitly account for
ecological regionalisation rather than assuming uniform
stand development across contrasting environments.

A.Dias et al. (2022) analysed the long-term growth
of introduced black pine stands in Portugal located
near the western limit of its current distribution. Six
stands aged 50-90 years showed differences in diame-
ter-growth dynamics that did not form a clear latitudi-
nal or longitudinal gradient. Low mortality and the sat-
isfactory condition of most stands indicated the high
adaptive capacity of the species, while differences
among growth trajectories confirmed the influence of
local site conditions and, potentially, the provenance
of planting material. The proposed models may be
used to predict diameter growth when planning new
forest plantations.
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Mensurational modelling of natural even-aged
black pine stands was performed by D.l. Raptis et
al. (2021). Based on 3,442 pairs of height and diam-
eter observations, the authors developed nonline-
ar mixed-effects models describing the relationship
between these variables. The inclusion of dominant
height and dominant diameter as predictors improved
the accuracy of tree-height estimates. Such models are
of practical importance for calculating growing stock
and aboveground biomass and demonstrate that the
interpretation of mean mensurational characteristics
should account for between-site variability and the
structure of the individual stand.

The regeneration dynamics of black pine for-
ests following severe disturbance were analysed
by S. Martin-Alcén & L. Coll (2016) in P. nigra sub-
sP. salzmannii forests affected by a large wildfire in
north-eastern Spain. The authors found that post-fire
trajectories were determined jointly by pre-fire vegeta-
tion structure, burn severity, the proximity of unburned
patches, topography,and site quality. Pine regeneration
was favoured near surviving forest patches, where-
as transitions towards shrub-dominated vegetation
occurred more frequently on xeric sites. These find-
ings demonstrate that the long-term persistence and
structural development of black pine forests depend
strongly on disturbance history and site context and
that their regeneration trajectories can be influenced
by silvicultural management.

The structural development and natural regener-
ation of old-established black pine plantations were
investigated by A. Bricca et al. (2025) in the eastern
European Alps. The authors analysed the effects of
climatic, topographic, and local environmental condi-
tions together with interactions among the tree, shrub,
herbaceous, and regeneration layers. They found that
plant diversity and regeneration were influenced not
only by site conditions but also by the structure of the
upper vegetation layers, with tree composition exert-
ing cascading effects on shrub, herbaceous, and juve-
nile woody communities. Old-established black pine
plantations were characterised by relatively high plant
diversity but limited natural regeneration, while the
course of their passive transition towards more nat-
ural forest communities depended on environmental
conditions and interactions among vegetation layers.
These findings demonstrate that the long-term struc-
tural development of black pine plantations cannot be
interpreted solely from the characteristics of the dom-
inant tree species but requires consideration of stand
structure, regeneration processes, and site-specific en-
vironmental filters.

A synthesis of the available scientific literature
indicates that regional patterns of introduction, phys-
iological adaptation, climatic sensitivity, natural regen-
eration, and black pine growth have been investigated
most extensively. Nevertheless, most studies are based
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on a limited number of sample plots or focus on an
individual region, taxon, or aspect of stand functioning.
Studies simultaneously comparing the territorial dis-
tribution, forest site conditions, origin, species compo-
sition, age structure, site quality, growing stock, mean
height and diameter, and proportion of merchanta-
ble timber in Crimean pine and Austrian pine stands
throughout Ukraine remain insufficient. The analysis of
a nationwide forest inventory dataset makes it possible
to extend existing regional findings and develop an in-
tegrated understanding of the silvicultural and mensu-
rational structure of black pine stands.

MATERIALS AND METHODS

The analysis was based on the 2011 database of the
Ukrderzhlisproekt Production Association (2012), which
currently represents the most recent statistically relia-
ble source of nationwide forest inventory information
(Information from the State Forest Cadastre, 2019). The
use of more recent nationwide data is constrained by
the absence of a complete repeated forest inventory
covering the entire territory of Ukraine and by restricted
or unavailable access to forests located in temporarily
occupied territories. Consequently, the results should
be interpreted as representing the pre-war baseline
condition of P nigra stands rather than their current
state. Nevertheless, this temporal limitation also gives
the dataset particular value as a reference point for
assessing subsequent changes and for planning post-
war forest restoration and management. Since 2011,
the actual condition, area, and structure of these stands
may have been altered by wildfires, military activities,
forest damage associated with hostilities, and logging
or other disturbances in territories beyond the effective
control of Ukrainian forest authorities. These factors
should therefore be taken into account when extrapo-
lating the results to the present-day condition of black
pine stands. The study included the entire population
of forest-covered inventory compartments managed by
all categories of forest users, including those located
within the temporarily occupied territories of Ukraine.
Database queries and data analysis were performed
using Microsoft SQL Server. At the first stage, the to-
tal population of inventory compartments dominated
by the two black pine taxa-Crimean pine and Austrian
pine-was identified using the “Count” query mode. Data
grouping was performed using the operators s to cal-
culate the total area and g to group the target variable,
including administrative region, forest site conditions,
and age grouP. This procedure was used to identify the
most widely represented forest site types, the analysis
of which encompassed the largest number of observa-
tions, i.e. forest inventory compartments. In the same
query mode, mean site-quality classes were calculat-
ed for individual edatopes using the v operator to ob-
tain the area-weighted mean site-quality class and the
g operator to group records by forest site conditions




(Ukrderzhlisproekt Production Association, 2006). At the
second stage, the distribution of stand area by species
composition and origin was determined for the most
widespread forest site types using the “Count” mode.
The data were grouped using the s operator to sum
stand areas and the g operator to classify records by
forest site conditions, stand origin, pure or mixed stand
status, and associated tree species. Forest site types
were classified according to the Alekseev-Pogrebnyak
edaphic grid, which differentiates forest site conditions
along gradients of soil fertility (trophic status) and
moisture regime (Krasnov et al., 2009). Area-weighted
mean mensurational characteristics were also calculat-
ed for the subsequent analysis of their age-related dy-
namics. The v operator was used to calculate the mean
diameter, mean height, growing stock per hectare, and
proportion of merchantable trees, whereas the g opera-
tor was used to group the data by forest site conditions
and age class. Relationships between stand age and
the principal mensurational characteristics of Crimean
pine stands - mean diameter, mean height, and grow-
ing stock per hectare - within the most widely repre-
sented forest site types were assessed using regression

Table 1. Regional distribution of black pine stand area by taxon

Siruk et al.

analysis. Model coefficients were estimated by the
least-squares method. Goodness of fit was evaluated
using the coefficient of determination, R?, which indi-
cates the proportion of variation in the mean mensura-
tional characteristics explained by changes in age class.
Statistical processing and graphical presentation of the
results were performed in Microsoft Excel 2024.

RESULTS AND DISCUSSION

The total area of Crimean pine and Austrian pine stands
in Ukraine is 134.1 thousand ha; however, the propor-
tion of the two studied taxa is highly uneven. Crime-
an pine accounts for 99.8% of the total area, whereas
Austrian pine represents only 0.2%. This marked dis-
parity indicates that black pine stands in Ukraine are
represented predominantly by Crimean pine, while the
data on Austrian pine describe only local centres of its
introduction. The regional distribution of the stands is
also distinctly asymmetric (Table 1). Kherson Oblast
and the Autonomous Republic of Crimea account for
56.4% of the total area of Crimean pine stands, while
their combined share with Mykolaiv and Odesa oblasts

reaches 73.7%.

Oblast / Region Austrian pine, ha Crimean pine, ha Total, ha
Autonomous Republic of Crimea 16.4 36,916.5 36,932.9
Vinnytsia Oblast - 3,578.5 3,578.5
Volyn Oblast - 44.0 44.0
Dnipropetrovsk Oblast - 1,562.8 1,562.8
Donetsk Oblast - 6,324.7 6,324.7
Zhytomyr Oblast 1.3 7.5 8.8
Zakarpattia Oblast 8.2 0.7 8.9
Zaporizhzhia Oblast - 5,681.8 5,681.8
Ivano-Frankivsk Oblast 24.3 6.2 30.5
Kyiv Oblast - 143.0 143.0
Kirovohrad Oblast 239 976.0 999.9
Luhansk Oblast - 7,701.0 7,701.0
Lviv Oblast 74.2 1.2 75.4
City of Kyiv - 0.6 0.6
City of Sevastopol - 6,961.8 6,961.8
Mykolaiv Oblast - 13,922.7 13,922.7
Odesa Oblast - 9,184.0 9,184.0
Poltava Oblast - 206.3 206.3
Rivne Oblast 1.0 1.1 2.1
Sumy Oblast 3.0 28.6 31.6
Ternopil Oblast 98.5 25.6 124.1
Kharkiv Oblast 2.6 551.5 554.1
Kherson Oblast - 38,528.2 38,528.2
Khmelnytskyi Oblast 4.5 977.4 981.9
Cherkasy Oblast - 150.7 150.7
Chernivtsi Oblast 279 273.5 301.4
Chernihiv Oblast 2.1 17.2 19.3
Total for Ukraine 287.9 133,773.1 134,061.0

Source: developed by the authors

The concentration of most Crimean pine stands in
southern Ukraine reflects the long-standing use of this

taxon for the afforestation of sandy areas, dry slopes,
eroded soils,and low-productivity lands.This is consistent
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with the conclusions of S.Ayan et al. (2021),who identified
P nigra subsp. pallasiana as one of the principal tree taxa
used for afforestation in semi-arid steppe regions and on
anthropogenically transformed lands in Turkiye. At the
same time, the authors emphasised that the success of
such plantations depends on matching the provenance
of planting material to local environmental conditions.

Austrian pine exhibits a different spatial pattern,
with its largest stand areas occurring in Ternopil, Lviv,
Chernivtsi, and Ivano-Frankivsk oblasts. The concen-
tration of this taxon in western Ukraine is associated
with the history of its introduction and the establish-
ment of forest plantations during the periods when
the region formed part of Austria-Hungary and Poland.
A similar pattern was identified by TV. Yuskevych et
al. (2011), who summarised data on the distribution of

black pine and Crimean pine in the forests of western
Ukraine. The researchers also noted that the actual
area of black pine stands may have been underesti-
mated because some stands were incorrectly classi-
fied as Scots pine in forest inventory records.

The distribution of stand area by forest site con-
ditions confirms the pronounced ecological differen-
tiation of the studied taxa (Table 2). In Crimean pine
stands, 84.8% of the total area occurs under very dry
and dry forest site conditions. The largest areas are con-
centrated in dry fairly fertile site types (C,) and dry poor
site types (A,), which together account for more than
two-thirds of the total area occupied by this taxon. This
distribution characterises Crimean pine as a taxon that
has been widely used under conditions of moisture de-
ficiency and low to moderate soil fertility.

Table 2. Distribution of black pine stand area by forest site conditions

Forest-site types

Austrian pine, ha

Crimean pine, ha

A, - 2,340.9
A, 18.0 30,959.3
A, 9.6 6952.6
A, - 59.9
B, - 3,058.4
B, 2.4 10,450.1
B, 12.8 3,780.2
B, 2.7 88.0
G - 453238
C, 26.7 57,793.2
[ 100.8 7,473.4
C, 24.9 132,6
D, - 254,2
D, 26.0 4,003.3
D, 63.6 1,867.9
D, 0.4 263

Total 287.9 133,773.1

Note: A, - very dry, poor; A, - dry, poor; A, - fresh, poor; A; — moist, poor; A, - wet, poor; A - very wet, poor, B, - very
dry, fairly poor; B, - dry, fairly poor; B, - fresh, fairly poor; By — moist, fairly poor; B, - wet, fairly poor; B; - very wet, fairly
poor; C, = very dry, fairly rich; C, - dry, fairly rich; C, - fresh, fairly rich; C; — moist, fairly rich; C, - wet, fairly rich; C, - very
wet, fairly rich; D, - very dry, rich; D, - dry, rich; D, - fresh, rich; D; - moist, rich

Source: developed by the authors

The forest-site spectrum of Austrian pine is shift-
ed towards fresh and moist conditions, which account
for 74.6% of its total stand area. Its stands are most
widely represented in fresh fairly fertile site types and
fresh fertile site types. Thus, the differences between
the two taxa concern not only the extent of their dis-
tribution but also their predominant ecological nich-
es: Crimean pine is associated mainly with drier sites,
whereas Austrian pine occurs more frequently on bet-
ter-moistened and more fertile sites. However, a large
stand area within a particular forest site type is not
a direct indicator of its optimality for species growth.
The predominance of Crimean pine in C, and A, largely
reflects the scale of artificial afforestation undertaken
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on dry lands. A study by S. Gulsoy & T. Cinar (2019) in
Anatolian black pine stands showed that site quality
is determined by the combined effects of elevation,
slope position, aspect, soil characteristics, and water
availability. As summer drought intensified, produc-
tivity declined even within the natural range of the
subspecies pallasiana.

The physiological capacity of Crimean pine to
respond to different levels of moisture availability
was confirmed by V. Bessonova & S. Yakovlieva-No-
sar (2022). In erosion-control plantations in Dnipropet-
rovsk Oblast, the authors identified seasonal changes
in the concentrations of soluble sugars and starch in
needles depending on forest site conditions. These




responses characterise mechanisms of adaptation to
water deficit but do not imply uniformly high produc-
tivity throughout the entire xerophytic range of the
species. The obtained results provide grounds for dis-
tinguishing between the ecological resilience and pro-
ductive efficiency of the species. The ability of Crimean
pine to form stands under very dry and dry conditions
determines its protective and phytomeliorative impor-
tance. Nevertheless, its growth potential can be most
fully realised on sites offering a more favourable com-
bination of moisture availability and soil fertility.

Overmature stands |
Mature stands

Maturing stands
Middle-aged stands included in

the allowable-cut calculation
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The age structure of the stands reflects differences
in the history of their establishment and subsequent
management (Fig. 1). In Crimean pine, most of the stand
area is occupied by second-age-class young stands and
middle-aged stands (Fig. 1a). This structure result-
ed from the large-scale artificial afforestation of the
southern and eastern regions of Ukraine during the sec-
ond half of the twentieth century. The relatively small
proportion of mature and overmature stands indicates
the limited representation of older age cohorts in the
present-day forest estate.

Overmature stands
Mature stands g

Maturing stands J§

Middle-aged stands included in

the allowable-cut calculation

a Middle-aged stands I g Middle-aged stands
>
g Young stands, age class Il m— 3 Young stands, age class || E—
(=]
:?:’1 Young stands, age class | | g Young stands, age class | 1l
<
0 20 40 60 80 100 0 20,000 40,000 60,000
a Area, ha b Area, ha

Figure 1. TAge structure of black pine stands by taxon

Note: a - Austrian pine; b - Crimean pine
Source: developed by the authors

Austrian pine stands are dominated by mid-
dle-aged and maturing age groups (Fig. 1b). This pat-
tern corresponds to the localised nature of the taxon’s
introduction and the survival of plantations estab-
lished during different historical periods. Differences
in age structure should be taken into account when
comparing mean height, mean diameter, growing

stock, and timber merchantability, since a higher mean
value for one taxon may result not only from its bio-
logical characteristics but also from the greater rep-
resentation of a particular age grouP. The analysis of
stand origin in the four principal dry forest site types
revealed the predominance of artificially established
stands (Table 3).

Table 3. Distribution of black pine stand area by taxon and origin in dry edatopes

Austrian pine, ha

Crimean pine, ha

Forest site type
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Artificial Natural Artificial Natural
A, 18.0 - 20,400.2 45.8
B, 24 - 7,458.9 1,027.7
C, 26.7 - 38,922.0 5,440.3
D, 23.6 1.1 3,138.8 16.0
Total 70.7 1.1 69,919.9 6,529.8

Source: developed by the authors

Artificially established stands account for 91.5% of
the analysed Crimean pine area and 98.5% of the Aus-
trian pine area. Natural Crimean pine stands are most
widely represented in B, and C,, where their share ex-
ceeds 12%. Under the edaphically contrasting conditions
of A, and D,, the proportion of naturally originated stands
is minimal. This structure suggests that the natural re-
generation of Crimean pine is most successful not un-
der the poorest pine-site conditions, but in dry relatively
poor and fairly fertile site types, where moisture defi-
ciency is combined with a more adequate level of soil

nutrient availability. In their study of Crimean pine for-
ests, YV. Pluhatar et al. (2010) also identified substantial
differences between natural and artificially established
stands in species composition, age structure, relative
density, site-quality class, growing stock, and the propor-
tion of merchantable timber. The authors emphasised
the need for a differentiated assessment of the realised
and potential productivity of stands of different origins.

Pure stands predominate within A,, B,, C;, and D,,
accounting for approximately 74% of the area for both
taxa (Table 4). However, the internal structure of this
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proportion differs between them. Crimean pine has the
highest proportion of pure stands in dry poor site types,
whereas the contribution of mixed stands increases

with increasing site trophicity. This pattern indicates a
broader range of associated tree species under more
fertile site conditions.

Table 4. Distribution of black pine stand area by taxon and species composition in dry edatopes

Austrian pine, ha

Crimean pine, ha

Forest site type

Pure Mixed Pure Mixed
A, 55 12,5 17,5254 2,742.9
B, - 24 6,035.3 2,451.0
C, 26.2 0.5 30,571.2 13,560.6
D, 21.6 31 2,299.7 854.7
Total 53.3 18.5 56,431.6 19,609.2

Source: developed by the authors

For Austrian pine, the ratio between pure and
mixed stands varies considerably among forest site
types. In A, and B,, the taxon occurs predominantly
as a component of mixed stands, whereas pure plan-
tations prevail in C; and D,. However, the limited to-
tal area occupied by Austrian pine restricts the extent
to which this pattern can be generalised across all
regions of Ukraine. The predominance of even-aged,
artificially established, and pure stands distinguishes
most Ukrainian plantations from natural old-growth
black pine forests. T.A. Nagel & M. Cerioni (2023)
found that natural black pine stands in South-East-
ern Europe generally exhibit uneven-aged structures
and include broadleaved and shade-tolerant asso-
ciated species. The contribution of such species in-
creases on more productive sites, whereas black pine
maintains long-term dominance primarily on steep,
rocky slopes. The prevalence of pure plantations has
practical implications for their long-term stability.
G-M. Tudoran et al. (2023), studying black pine out-
side its natural range in the Romanian Carpathians,
documented a deterioration in the condition of dense
monodominant stands caused by defoliation, insuffi-
cient spring—summer precipitation, and competition
for soil moisture. The authors considered the develop-
ment of stable mixed stands involving locally adapted

tree species more promising than the maintenance of
extensive monocultures.

The composition of associated tree species chang-
es consistently with increasing trophicity of forest site
conditions (Table 5). In dry poor pine-site types, Scots
pine predominates among the associated species in
Crimean pine stands, while Dnieper birch also makes
a substantial contribution. These species are adapted
to the ecological constraints of sandy soils and limited
moisture availability. The contribution of other associ-
ated species in A, is comparatively low. In dry relatively
poor site types, species diversity increases through the
inclusion of sessile oak, downy oak, and Stankewicz’s
pine. In dry fairly fertile site types, the principal associ-
ated species are downy oak and sessile oak, with black
locust, Scots pine, and wild cherry also present. This
composition reflects the greater nutrient availability of
the soils and the potential for the formation of stands
with more complex species structures. In dry fertile site
types, the areas occupied by individual associated spe-
cies are smaller, although their species composition is
the most diverse. Alongside Scots pine and black lo-
cust, pedunculate oak, field elm, and Norway maple
also occur. The increasing contribution of broadleaved
species under more fertile conditions is consistent
with the natural successional trajectory of these sites.

Table 5. Distribution of mixed Crimean pine stand area in dry edatopes by subdominant tree specie

Forest site type Subdominant tree species Area, ha
Black locust (Robinia pseudoacacia L.) 698.2
Dnieper birch (Betula borysthenica Klokov) 1,989.2
A, Silver birch (Betula pendula Roth) 89.1
Scots pine (Pinus sylvestris L.) 5,919.8
Black poplar (Populus nigra L.) 815.0
Black locust (Robinia pseudoacacia L.) 584.8
Downy oak (Quercus pubescens Willd.) 311.9
B, Sessile oak (Quercus petraea (Matt.) Liebl.) 8774
Scots pine (Pinus sylvestris L.) 2,182.5
Stankewicz’s pine (Pinus stankewiczii (Sukaczev) Fomin) 279.1
Black locust (Robinia pseudoacacia L.) 1,918.6
C, Downy oak (Quercus pubescens Willd.) 5,248.5
Sessile oak (Quercus petraea (Matt.) Liebl.) 5,111.2
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Table 5. Continued

Forest site type Subdominant tree species Area, ha
C Scots pine (Pinus sylvestris L.) 1,626.6
! Wild cherry (Prunus avium (L.) L.) 1,080.9
Black locust (Robinia pseudoacacia L.) 192.7
Field elm (Ulmus minor Mill.) 132.3
D, Pedunculate oak (Quercus robur L.) 201.9
Norway maple (Acer platanoides L.) 164.6
Scots pine (Pinus sylvestris L.) 158.5

Source: developed by the authors

In Austrian pine stands within A, and B, forest site
types, Scots pine is the predominant associated tree
species (Table 6). In C, and D, the species spectrum ex-
pands to include Norway maple, European ash, honey
locust, northern white cedar, and American sycamore.
However, owing to the limited area occupied by Austri-
an pine, these species combinations are predominantly
local and partly reflect the specific characteristics of in-
dividual forest plantation sites. The observed increase
in the contribution of broadleaved species under more
fertile site conditions is consistent with the findings of
T.A. Nagel & M. Cerioni (2023), who documented the
development of shade-tolerant and late-successional
species beneath the canopy of black pine on produc-
tive sites. The principal difference is that the natural
old-growth forests examined by these authors had a
more complex uneven-aged structure, whereas arti-
ficially established even-aged stands predominate in

Ukraine. A common pattern is the increasing role of
broadleaved species with rising site productivity. From
asilvicultural perspective, the admixture of oak species,
maple, elm, ash, and other locally adapted tree species
may promote the development of a more complex ver-
tical stand structure, enhance biological stability, and
improve the differentiation of soil resource use. At the
same time, the proportion of associated species should
be regulated according to the intended function of the
stand, because on productive sites they may gradually
displace the light-demanding black pine. The distribu-
tion of mean site-quality classes confirms that the pro-
ductivity of both taxa depends on site trophicity and
moisture conditions. Austrian pine achieves its highest
productivity in fresh fertile, fresh fairly fertile,and moist
fairly fertile site types. In dry poor, dry fairly fertile, and
certain moist site types, its stands are predominantly
assigned to site-quality classes IlI-1V (Fig. 2).

Table 6. Distribution of mixed Austrian pine stand area in dry edatopes by subdominant tree species
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Forest site type Subdominant tree species Area, ha
A, Scots pine (Pinus sylvestris L.) 18.0
B, Scots pine (Pinus sylvestris L.) 2.4

Black locust (Robinia pseudoacacia L.) 2.0

Norway maple (Acer platanoides L.) 1.2

G, Scots pine (Pinus sylvestris L.) 0.6
Northern white cedar (Thuja occidentalis L.) 3.2

European ash (Fraxinus excelsior L.) 0.1

Honey locust (Gleditsia triacanthos L.) 3.1

Norway maple (Acer platanoides L.) 2.3

D, American sycamore (Platanus occidentalis L.) 0.1
Scots pine (Pinus sylvestris L.) 5.2

European ash (Fraxinus excelsior L.) 3.5

Source: developed by the authors
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Figure 2. Mean productivity of Austrian pine stands in relation to forest site conditions
Source: cdeveloped by the authors
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Crimean pine occurs across a considerably
broader range of forest site conditions; however, its
high-site-quality stands are likewise concentrated main-
ly in fresh and moist fertile site types and in moist fairly
fertile site types. Productivity declines in very dry poor,
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relatively poor, fairly fertile, and fertile site types. The
area-dominant C; site type does not provide the highest
mean site quality, confirming the distinction between
the extent of species distribution and the optimality of
site conditions for realising its growth potential (Fig. 3).

Dy Dz D

CO 2 3

Forest site type

Figure 3. Mean productivity of Crimean pine stands in relation to forest site conditions

Source: developed by the authors

Similar patterns were identified by L.I. Tereshchen-
ko et al. (2019) in their survey of Austrian pine stands in
Kirovohrad, Kharkiv, and Sumy oblasts. The species was
generally inferior to Scots pine in height, but in certain
stands it exceeded Scots pine in diameter and was char-
acterised by better stem quality and vitality. The authors
confirmed the potential of Austrian pine for protective
afforestation on eroded lands, while also recording sub-
stantial variability in performance among individual
study sites. Thus, the site-quality structure does not con-
firm the universal superiority of either taxon. Crimean
pine is characterised by a broader ecological range and
an ability to persist under arid conditions, whereas Aus-
trian pine attains higher productivity mainly in fresh and
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relatively fertile site types. For forest management plan-
ning,thisindicatesthe needtoassessthe protective effec-
tiveness and timber productivity of the stands separately.

The dynamics of mean growing stock in Crimean
pine stands are generally characterised by an increase
from young stands to middle-aged, maturing, and ma-
ture stands (Fig. 4). At the same time, the rate of grow-
ing-stock accumulation varies substantially depend-
ing on forest site conditions. In dry poor site types,
growing stock remains lower than in dry fairly fertile
and fertile site types, particularly in older age classes.
This confirms that limited soil nutrient availability in
A, constrains the realisation of productive potential
even over a prolonged growth period.

Age classes

Figure 4. Dynamics of mean growing stock in Crimean pine stands under dry edaphic conditions

Source: developed by the authors

The highest mean growing stocks of Crimean pine
were recorded in D, and C,. In the older age classes, in-
dividual values exceed 300 m*-ha™". Growing stock fluc-
tuates among the older age classes and does not form
a completely monotonic sequence. These variations
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cannot be attributed solely to the biological ageing
of the stands. Growing stock is influenced by relative
density, species composition, the intensity of thinning
and sanitary interventions, natural mortality, man-
agement history, and the number of forest inventory




compartments represented within each age grouP. Be-
cause the data comprise aggregated indicators from
different stands, the resulting series characterises the
age gradient of the stand population rather than the
continuous developmental trajectory of a single stand.

D. Candel-Pérez et al. (2022) found that the growth
of P.nigra along a latitudinal gradient depends on the
combined effects of climate, age, tree diameter, and
stand structure. The positive effect of spring precipi-
tation varied according to stand density and tree-size
differentiation; therefore, climatic responses cannot be

Siruk et al.

interpreted independently of mensurational structure.
A comparison of northern and southern black pine pop-
ulations conducted by $.C. Izmir et al. (2024) also re-
vealed spatial heterogeneity in climate-driven growth.
Southern populations of P.nigra subsP. pallasiana exhib-
ited certain indications of greater drought resilience;
however, their growth remained dependent on the sea-
sonal distribution of precipitation and the duration of
water deficit. The graphical representation of age-relat-
ed changes in mean height and diameter confirms the
patterns identified for growing stock (Fig. 5, 6).
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Figure 5. Dynamics of mean height in Crimean pine stands under dry edaphic conditions

Source: developed by the authors
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Figure 6. Dynamics of mean diameter in Crimean pine stands under dry edaphic conditions

Source: developed by the authors

In poor site types, the dynamics of both charac-
teristics proceed more slowly, whereas larger mean
tree dimensions are attained in fairly fertile and
fertile site types. In the older age groups, height in-
crement gradually slows, while diameter continues
to increase, although the mean values exhibit some
fluctuations. For Crimean pine, the greatest heights
and diameters are characteristic of D, and C,. Under
D, conditions, mean height reaches 23 m in age class
X, while mean diameters in C, and D, exceed 32 cm.
Thus, soil fertility substantially influences the dimen-
sional structure of stands, whereas the drought tol-
erance of the species primarily ensures stand persis-
tence under harsh conditions but does not eliminate
constraints on growth.The proportion of merchant-

able timber generally increases with age, although
the pattern of this change depends to some extent
on forest site conditions (Table 7). In young stands,
the yield of merchantable timber is low because
small-diameter stems predominate. In middle-aged
and maturing stands, increasing mean diameter and
the natural pruning of lower branches contribute to
improved merchantability. For Crimean pine, the most
consistent increase in the proportion of merchantable
timber is observed in C; and D,. In older age classes,
values exceeding 60-70% are attained in these site
types. In dry poor and relatively poor site types, the
pattern is less stable, which may be associated with
greater branchiness, uneven relative density, and an
unfavourable soil water regime.
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Table 7. Dynamics of the mean proportion of merchantable timber under dry edaphic conditions, %

Forest site type
Age class A, B, c, D,
1 - - -
2 27 27 9
3 24 24 27 25
4 34 36 37 37
5 44 47 48 43
6 55 52 56 53
7 56 46 69 58
8 62 52 72 63
9 62 53 67 56
10 - 43 71 62

Source: developed by the authors

A.Zeidler et al. (2024) investigated the physical and
mechanical properties of wood from introduced pine
species growing on reclaimed lands in Central Europe.
Black pine was characterised by high wood density and
potential suitability for producing higher-value products.
At the same time, the authors emphasised that wood
quality depends on age, site conditions,and climate, and
that the species should be introduced as a component
of diverse stands rather than extensive pure plantations.

The results of the present study complement this
work by characterising the merchantable structure of
the growing stock. The proportion of merchantable
timber reflects the silvicultural yield of timber assort-
ments, whereas wood density and mechanical strength
indicate its technological quality. An integrated assess-
ment of these characteristics is necessary to determine
the actual economic value of Crimean pine.

CONCLUSIONS

The two black pine taxa in Ukraine were found to ex-
hibit clearly differentiated spatial and silvicultural
structures, reflecting two distinct models of land use
rather than two variants of the same productivity pat-
tern. Of the 134.1 thousand ha of Pinus nigra stands,
99.8% were established to be represented by Crimean
pine, with 73.7% of its area concentrated in Crimea and
Kherson, Mykolaiv,and Odesa oblasts, whereas Austrian
pine was shown to occur only locally, mainly in western
Ukraine. Crimean pine was found to be strongly asso-
ciated with xeric sites, with 84.8% of its area occurring
under very dry and dry forest site conditions, while Aus-
trian pine was concentrated mainly in fresh and moist,
more fertile sites. This divergence was found to be con-
sistent with the age structure of the two taxa - Crimean
pine is dominated by second-age-class young and mid-
dle-aged stands, whereas Austrian pine is represented
mainly by middle-aged and maturing stands - and with
their origin and structure: in the principal dry site types,
artificially established stands were shown to account
for 91.5% of Crimean pine and 98.5% of Austrian pine
stands, and pure stands were found to occupy approxi-
mately three-quarters of the area of both taxa.

Scientific Horizons, 2026, Vol. 29, No. 3

It was established, however, that stand productiv-
ity is governed more strongly by site quality than by
the extent of taxon distribution. The highest site-qual-
ity classes and the greatest mean tree dimensions and
growing stocks were found to be associated with fairly
fertile and fertile site types, whereas dry poor sites were
shown to constrain the realisation of growth potential.
For Crimean pine, the most favourable growth patterns
were recorded in C; and D,: in older age classes, mean
growing stock was found to exceed 300 m3-ha*, mean
height reached 23 m in D,, mean diameter exceeded 32
cm in C; and D,, and the proportion of merchantable
timber generally reached more than 60-70%. Austrian
pine likewise showed its highest productivity on fresh
and relatively fertile sites. The same fertility-driven
pattern was revealed to underlie the composition of
associated tree species, which becomes progressively
more diverse with increasing site trophicity: Scots pine
was identified as the principal associated species on
the poorest dry sites, whereas the contribution of oaks
and other broadleaved species was found to increase
in fairly fertile and fertile site types - in Crimean pine
stands expressed particularly through the increasing
importance of sessile and downy oak, followed by ma-
ple, elm, and other broadleaved species on richer sites.
Austrian pine was shown to exhibit a similar tendency,
although its associated-species combinations are more
local because of the limited area occupied by this tax-
on. Taken together, these findings indicate that drought
tolerance primarily enables stand persistence under
adverse conditions, whereas high timber productivity -
and the formation of more compositionally complex
mixed stands - requires more favourable soil fertility
and moisture availability.

These findings suggest that Crimean and Austrian
pine should not be evaluated by a single productivity
criterion: their management should account for differ-
ences in ecological niche, stand structure, and function-
al role, with greater emphasis on protective functions
under poor xeric conditions and on combining protec-
tive and timber-production objectives on more fertile
sites. It should be noted that the conclusions regarding
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Austrian pine, whose area amounts to only 0.2% of the ACKNOWLEDGEMENTS
total, were derived from a substantially smaller dataset  None.
and should therefore be interpreted with corresponding

caution. Further research should focus on developing re-

gional models of stand growth and productivity, assess-  None.
ing the resistance of pure and mixed stands to drought,

fire, pests, and diseases, and refining forest inventory CONFLICT OF INTEREST
data through field surveys and remote-sensing methods.  None.
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JliciBHMUYO-TaKcaUinHa CTPYKTYpa Hacap)XeHb Pinus nigra
B YKpaiHi 3a gaHMMU aeprKaBHOro o6iky nicis craHoM Ha 2011 pik
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AHoTauia. MeTtow pocnifkeHHs 6yno BCTAHOBMTM TepUTOpiasbHi, NICOTUNONOrIYHI Ta NiCiIBHUYO-TAKCALiMHI
3aKOHOMIPHOCTI OpPMYyBaHHS HAaCagXeHb COCHWM KPWMMCbKOI Ta COCHM aBCTPiMCbKOi B YKpaiHi. AHani3 BMKOHAHO
3a MOBMAINbHOK 633010 AaHWMX AepXaBHOro obniky nicie ctaHoM Ha 2011 pik i3 3aCTOCYBaHHAM CTPYKTYpOBaHMX
3anuTiB y cucTeMi KepyBaHHS 6asamu gaHmux Microsoft SOL Server, po3paxyHKy cepefHbO3BaXEHUX MOKA3HMKIB i
perpeciiHOro aHanisy BiKoBOi AMHAMIKM TaKCALiMHUX XapaKTepUCTUK. 3arasibHa NAOLLA AOCNIAKYBAHUX HACAAXKEHb
ctaHoBuna 134,1 Tucavi rektapis, 3 akmx 99,8 % npunagano Ha P.nigra subsp. pallasianata 0,2 % - Ha P.nigra subsp.
austriaca. OCHOBHMI MaCMB COCHU KPUMCbHKOI 30CepefykeHUI Y NiBAEHHUX | CXIAHMX perioHax, TOAI K HaCaAKeHHS
COCHWM aBCTPINCbKOI MaloTb NOKANbHE MOLUMPEHHS MEPEBAKHO Y 3aXiAHIM YACTUHI KpaiHW. Y AyXe CyXuX i Ccyxux
TMNaxX NiCOPOCAMHHUX YMOB 30cepenxeHo 84,8 % nnoLLi COCHWM KPUMCbKOI, Hacammnepes, y CyXux Cyrpyaax i cyxmx
6opax. CocHa aBCTpificbKa YacTile Tpanasnaca y CBixux cyrpyaax i rpynax.Y ctpyktypi 060X TakCOHIB nepeBaxanu
LUTYYHI T YMCTi LepeBOCTaHU; Y CyXMX YMOBAX YACTKa LUTYYHUX HAacagKeHb cTaHoBmNa 91,5 % ans cocHM KpUMCbKOT
Ta 98,5 % nns cocHu aBcTpilicbkoi. HaMBuLi knacu GOHITETY, cepenHi BUCOTH, AiaMeTpK, 3anacu Ta YacTka LinoBoi
[epeBMHU (DOPMYBANNCA MEPEBAXKHO Yy Cyrpyaax i rpygax, To4i fK y cyxux Gopax NiCOPOCIMHHMIA MoTeHuian
0bMexyBaBcs AediluMTOM BONOMM Ta HU3bKOK POAIYICTIO FPYHTIB. BUOOBMIA CKad CynyTHiIX nopig yCKNaAHOBABCA
3i 3pocTaHHAM TPOMHOCTI MicLe3pocTaHb: y 6opax goMiHyBana P, sylvestris, a B cyrpynax i rpyaax 36inbwysanacs
y4acTb TBEPAOANCTSHWUX NOpif,

KniouoBi cnoBa: CoCHa KpUMCbKa; COCHA aBCTPIMCbKa; TWUNKW NiCOPOCIIMHHMX YMOB; CTOBOYpOBMI 3anac;
NPOAYKTUBHICTb; AiN0OBA AEPEBUHA; AMHAMIKA POCTY
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