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Gradient analysis of soil-plant interactions from the alpine-nival
ecotone to the snowline on slopes of the Central Great Caucasus
(Kazbegi Region, Georgia)
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Abstract. Alpine ecosystems are especially sensitive to climatic changes which affect the relationships among glaciers,
snow, vegetation and soils. Our aim was to examine how the variation in the abiotic environment affected soil properties
and plant species distribution at regional and local scales. We sampled soil and vegetation along two transects set on the
opposite-facing slopes (North versus South), from the alpine-nival ecotone to the snowline (Central Great Caucasus,
Kazbegi, Georgia). We measured also soil temperature and controlled for the slope inclination. Multivariate ordination
methods were used to link abiotic factors, soil properties and plant species distribution along the gradients. We found
that ordination models were better resolved when soil properties were used as environmental variables instead of abiotic
ones such as elevation, inclination and slope aspect. Soil pH and plant available potassium were the best predictors of
plant species distribution in these habitats. We conclude that the models that account for the role of soils as a mediator
between the abiotic environment and vegetation can more accurately describe plant species distribution at local and
regional scales: a potentially important amendment with implications for the monitoring of the effects of climate change
on vegetation at least in high mountain systems.
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Introduction

Soils are important medium which can connect vegetation
patterns with ecological processes (Chapin et al., 1995;
Dahlgren, 2006; Budzhak, Didukh, 2020). In mountains,
where easily discernible gradients were instrumental for
studying plant species distributions (Lomolino, 2001;
Korner, 2007), clear differences were documented in these
distribution patterns between calcareous and siliceous
soils (e.g., Michalet et al., 2002; see Tudela-Isanta et al.,
2018 for the recent contribution); the importance of soil
physical and chemical properties to plant life were also
emphasized (Tale, Ingole, 2015; Praeg et al., 2019). The
fact that soil formation is influenced by plants and not
only by climate, geology, topography and time (Jenny,
1994), and that plants can affect soil processes (Gleason,
1926; Hooper et al., 2000; Eisenhauer et al., 2013) is well
appreciated, for example in the studies on successions
(Kardol et al., 2006). However, in the descriptions
and analyses of vegetation on ecological gradients,
soils are usually treated as a part of environment
which participates in developing vegetation patterns
through ecophysiological performance and microbiota
(Korner, 2003; Molau et al., 2005; Devictor et al., 2010;
Donhauser, Frey, 2018), and the feedback between
vegetation and soil is rarely analysed in the context of
species spatial distributions. Conversely, the variation
in the abiotic environment on large temporal and spatial
scales is considered to be an excellent predictor of
plant community composition (Huston, Huston, 1994),
even though the inclusion of soil variables in the set of
environmental variables improves predictive power of
the models based on abiotic variation (Buri et al., 2020).
Therefore, a question arises as to whether an important
knowledge can be gained by explicitly including the
relations between, on the one hand, abiotic variables
and soil, and, on the other hand, soil and plants, in the
analyses? Addressing this question was the general goal
of our study.

The existing knowledge on the interrelations among
abiotic variables, soil properties and plant growth can
be depicted as a three-component process (Fig. 1).
The first component is abiotic variables (temperature,
precipitation, topography, bedrock type), which vary
independently from the other components but affect
both soil formation and vegetation growth. The second
component is soil, which depends greatly on the first
component. At the same time, soils exert important
influence on the abundance and species composition
of plant cover and thus can act as a intermediary link
between abiotic variables and vegetation. Finally, the
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Component 1:
abiotic variables

—)
e

Fig. 1. Ascheme of relationships among the abiotic environment,
soil properties and vegetation. Abiotic variation affects soil
and vegetation (white arrows), while vegetation depend on
soil properties. The relationship between soil and vegetation
is reciprocal: soil properties affect the abundance and species
composition of the vegetation (light gray arrow), while plant
processes affect soil development (dark gray arrow).

Component 2:
soil variables

Component 3:
vegetation cover

third component is vegetation, which directly depends
on the first component, but is also influenced by abiotic
variables indirectly via the soil properties; at the same
time, vegetation processes feed back and can be an
important contributor to soil formation, for example, via
accumulation of organic matter (Bezemer et al., 2006;
Brevik, 2013). Such a scheme enables us to perform a
two-step analysis of the importance of soil properties to
vegetation patterns, in which soils are treated not as a part
of environment for plants but as a function dependent
on abiotic variables. The same methods of multivariate
analysis employed for vegetation analyses, e.g., Principal
Component Analysis (PCA) or non-Metric Dimensional
Scaling (nMDS), might be used at the first step. The
obtained model that describes how the soil properties
(pH, nutrient, organic matter, temperature) change along
abiotic gradient can then be linked to species distributions
on the second stage using again multivariate ordination
method such as Canonical Correspondence Analysis
(CCA). For example, multivariate analyses can produce
"components" or "coordinates" that involve collinear
variables and help incorporate a bulk of abiotic variation
along ecological gradients (Palmer, 2004). Further, when
combined with correlation analyses, these composite
factors can help identify the best predictors of plant
distribution along the gradient. We hypothesized that,
because soil is directly linked to plants, an ordination
based on soil variables will be better resolved than
the one based on abiotic variables. For this purpose
we employed the CCA, in which we used four sets of
environmental variables: (1) two coordinates obtained
from nMDS, (2) two components from PCA, (3) two soil
variables selected as best predictors after the nMDS and
(4) two soil variables selected as best predictors after the
PCA. Statistical significance and eigenvalues were used
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to evaluate the success of ordination in each case. Our
primary expectation was that ordinations based on soil
variables would be better resolved than those based on
abiotic variables, which would be an indication of the
importance of soil properties to plant species distribution
on ecological gradients. Our secondary aim was to see
which variables would appear to be the best predictors
of plant species distributions in the settings of our case
study, which we conducted in the Central Great Caucasus
mountains along an elevation gradient on the slopes of
Mt. Kazbegi, in the subnival-nival belt from the alpine-
nival ecotone to the snowline: a prominent habitat with
very clear gradients of environmental conditions related
to elevation (Korner, Paulsen, 2017; Nakhutsrishvili,
Abdaladze, 2017a).

Materials and Methods

Study area

Our study was conducted on the slopes of Mt. Kazbegi
in the Central Great Caucasus Mountains (Fig. 2). The
exact coordinates for the lowest and highest points
of the transect are as follows: the north slope — from
N 42°39'39.50", E 44°33'32.14" to N 42°41'06.63",
E 44°31'51.83"; south slope — from N 42°39'38.42",
E 44°33'33.43" to N 42°41'.05.94", E 44°31'50.36".
Deposits of the Jurassic period, in particular Lias (Lower
Jurassic), are most widespread in the region. The rocks
are composed of slates and quartzite. Sandy loams
and diabasic veins are also found. The topography is
characterised by high bare sharp-ridged rocky ranges
divided by large depressions and narrow ravines of
erosive and tectonic origin (Nakhutsrishvili, 1998;
Abdaladze et al., 2015). Kazbegi municipality area is
1081.7 km?, the alpine-nival ecotone is located at ca.
3000 m a.s.l., and the snowline runs at ca. 3950 m a.s.l.
The lowest, average and highest elevations of the region
are 1210 m a.s.l., 2850 m a.s.1. and 5033 m (Maruashvili,
1971; Nakhutsrishvili et al., 2005). The following factors
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Fig. 2. Location of the Kazbegi Region, the Central Great
Caucasus (marked). (N 42°39'; E 44°37")

determine the climate in the region: high elevations,
complex topography, and location on north-facing
macro-slope of the Great Caucasus. Table 1 represents
some main characteristics of climate of the region
(Nakhutsrishvili, 2003; Abdaladze et al., 2015). The
soil cover mainly consists of montane forest-meadow
and montane meadow soils of more than ten types, sub-
types and genera (Talakhadze et al., 1985; Urushadze,
1989). The vegetation of the alpine desert is represented
by vegetation patches, where species aggregate in
clumps; the patches are also formed by the growth
forms adapted to the harsh conditions of high elevations:
cushions, prostrate plants, mound-building plants, etc.
(Korner, Larcher, 1988; Kikvidze, 1993; Kikvidze,
Nakhutsrishvili, 1998; Korner, 2011; Nakhutsrishvili,
Abdaladze, 2017b). The study area is characterized by
high richness of the Caucasus endemic species (26%) and
genera (6 out of 11) (Kharadze, 1965; Nakhutsrishvili,
2012; Solomon et al., 2014), as well as high diversity of
plant communities (Nakhutsrishvili et al., 2005, 2006).
The vegetation in the Central Caucasus mountains can be
clearly divided into four zones: subalpine (1800/1850—
2450/2500 m a.s.l.), alpine (2450/2500-2950/3000 m
a.s.l.), subnival (2950/3000-3650/3700 m a.s.l.) and
nival (> 3700 m a.s.1.) (Nakhutsrishvili, 2003, 2012).

Table 1. Climate characteristics of the Kazbegi Region (according to: Nakhutsrishvili, 2003; Abdaladze et al., 2015)

Air temperature of warmest Air temperature of coldest months Duration of Max. depth of Ave. annual
months (July—August) (January—February) SNow cover SNOW cover precipitation
Zone
°C °C
month cm mm
Ave. Abs. max. Ave. Abs. min.
Subnival 10.0 31.0 -12.0 -30.0 7-8 <200 800-1000
Lower part of nival zone 2.2 15.0 -14.0 -33.0 12 >200 1000-1200
VYrpaiucoxui bomaniynuii scypnan, 2021, 78(3) 165



Sampling design

The transect was set along a ridge where the slopes
have well-pronounced N and S aspects. The study sites
were established on two slopes of these opposite aspects
from 3000 to 3900 m a.s.l. with an interval of 100 m
a.s.l. (no sampling was conducted at 3400 m and 3500
m because the transect here was crossed by the glacier;
3800 m also appeared to be covered entirely with ice and
sampling at this elevation was not possible). The given
range transects the subnival and nival belts from alpine-
nival ecotone to the snowline (Fig. 3). Elevation and
slope aspect were measured using a GPS device (Etrex
Summit, Garmin, Switzerland). At each site, we randomly
placed 20 sampling plots of 1 m x 1 m size, therefore, we
sampled 280 m? area (7 elevations x 2 slopes x 20 plots).
The distance between the plots was at least 4-5 m. We
measured slope inclination at each site using rulers and
recorded it in degrees. Within each plot, all plant species
were recorded, their abundance was measured by the
frequency of occurrence, and vegetation projective cover
(in %) was estimated by visual assessment (Kent, 2011).
For plant species names we followed the International
Plant Names Index (IPNI). Soil samples were taken at
a depth of 0-20 cm using a auger (Tan, 1995). From
each quadrat, five samples of soil were taken from five
randomly chosen points and mixed. The mixed samples
(7 elevations x 2 expositions = 14) were collected in
paper bags and transferred to the laboratory. From each
mixed sample, two replicates were analysed chemically:
the samples were oven-dried at 35°C, ground and sieved
through a 2-mm sieve. Soil pH was determined in a 1:2.5
soil/water suspension using a pH meter (WTW Benchtop
pH Meter InoLab® Multi 9310 IDS, Xylem Analytics,
Germany) with a glass electrode (Jackson, 2005). Soil
organic matter (SOM) was determined by Loss-on-
Ignition (Lol) with approximately 10 g of air-dry soil
samples, using a high-temperature muffle furnace at
temperatures of 105 and 360°C; Lol organic matter is
estimated by the difference in sample weight obtained
at the above indicated temperatures (Schulte, Hopkins,
1996; Gavlak et al., 2003). Mobile forms of nitrogen
were measured in potassium chloride extracts (Norman,
Stucki, 1981), followed by ultraviolet spectrophotometry.
Plant- available phosphorus was extracted with a sodium
bicarbonate solution as described by Olsen (1954) with
final photometric determination using the molybdenum
blue method (Pansu, Gautheyrou, 2007) on a UV/VIS
spectrophotometer (Specord 210 Plus, Analytik Jena,
Germany). Plant-available potassium was determined in
an ammonium nitrate extract (Stuanes et al., 1984) using
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Fig. 3. Upper panel: Approximate location of the study transect
on the slopes of Mt. Kazbegi (the Central Great Caucasus);
Middle panel: A sampling plot (1 m? square); Lower panel: mini
logger and GPS device

a flame atomic absorption spectrometer (Zeenit 700p,
Analytik Jena, Germany).
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The soil temperature of each plot was measured
with a temperature logger (DS1922L-F5#-Termochron
iBotton, USA). The loggers were buried in the centre
of one of the plots (selected at random at each of 14
sampling sites along the transect) at the soil depth of
10 cm (Scherrer, Korner, 2010). The soil temperature
was measured automatically every 2 minutes, mean
values were calculated and recorded every 2 hours. The
recording started on 19.08.2019, and was performed
each day from 12:00:01 am to 10:00:01 pm, over full one
year. In total the loggers produced 42,000 temperature
data, from where we calculated the mean maximum
temperature for each day and then the mean maximum
annual temperature, for each sampling site.

Data analyses

We constructed a community matrix which included:
elevation (ma.s.l.), slope angle (inclination), slope aspect,
soil pH, plant available N, P, K, AMMT, SOM (%),
vegetation projective cover (%) and plant community
data (plant species and their frequency of occurrence).
In our previous work we found that vegetation cover
was reducing exponentially with increasing elevation
(Kikvidze et al., 2020), and for statistical analyses we log-
transformed cover data assuming a linear dependence of
log-transformed cover on elevation. We used correlation
analysis and multivariate ordination methods such as non-
Metric Multidimensional Scaling (NMDS; Legendre,
Gallagher, 2001), Principal Component Analysis (PCA;
Mason, Gunst, 1985), and Canonical Correspondence
Analysis (CCA; Palmer, 1993). In multivariate ordination
only species with high frequency of occurrence (> 10)
were analysed. There were 27 such species out of 63
species recorded in total (Table 2).

Results

The variables that we measured to characterize soil
conditions showed strong dependence on elevation:
while soil pH increased and reached its maximum values,
plant available nutrients, soil organic matter and plant
cover went down to 0 or nearly so levels, soil maximum
temperatures also decreased to ca. 60% of their maximum
value (Fig. 4). This similarity in behaviors suggest that
these variables are notably collinear. Indeed, correlation
among them appeared to be generally high and varied
from » = —0.68 (slope inclination and plant available K)
to » = —0.97 (soil pH and soil organic matter; Table 3).
Certainly, terrain variables (elevation, inclination and
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Fig. 4. Spatial distribution of soil characteristics — soil pH, Plant
available NPK, Annual Mean Maximum Temperature (AMMT,
C?), Soil Organic Matter (SOM, %) and Plant cover (%) along
elevation gradient in alpine desert of Mt. Kazbegi.

Upper panel: North aspect; Lower panel: South aspect. Data
were normalized by dividing their value by the maximum value
of a given variable found on the gradient, the maximum value
was expressed as 1

aspect) affect soil variables and contribute importantly to
their change along the gradient. This dependence could
be analysed using non-Metric Dimensional Scaling in
which elevation, inclination and aspect were used as
environmental (independent) variables and the rest were
treated as dependent variables (Fig. 5). The ordination
was satisfactory with the value of stress on data points
as low as 0.0215. nMDS yielded a very high R-squared
value for the first coordinate (nMDS 1; R? = 0.98), and
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Table 2. Environmental parameters and frequencies of species in the dataset. The species with high of occurrence (> 10) are
separated by a bold font (27 species)

N - = - O = = - O < O -
Elevation/Aspect S = = S = S S S S S S g S g
[=3 — o (s O [N [N (=3 — N o O o D
o N o o o o on N o [ag] o o o o
<+ o~ N3 o~ o e ~ N < 70} — — o~ 0
. L % =y % ) ) I - e — % 0 < — =
Vegetation projective cover % e b 0 2 ] = s b < 2 Q 2 =3 S
< v = - = S s - =, = ~ S S o
Slope inclination, degrees® 17 19 22 30 35 32 30 23 22 25 33 32 33 35
2lglgslslzlals|elzg|lsglsg|zg|s|a
Sol pH S IS T =T - O = - I - = N A O
v ©° N ~ ~ ~ ~ v NS © ~ ~ ©~ ~
glgl=s|gls|ls|s|=]|e|s|s8|g]|=g|a
Plant available N (average) = S o0 = : 3 ; < ~ N o S < 2
(o] o (o] o — — — [aa} (o} o o™ — — —
. ~ “ < [3a) <t %) < = =N N3 N3
Plant available P (average) o P ) = = “ o =) o5 ) P ;" : ﬁ
slel|alslelales|alelala]lz]r]e
Plant available K (average) pe = — ) “ e S v - 2 o I s o
< ) 0 N IS IS ) © < <t 2 ~ Q I
AMMT, C° 31.1 | 321 | 321 | 321 | 161 | 181 | 150 | 32.1 | 32.6 | 32.1 | 32.1 | 22.1 | 18.1 | 18.1
SOM (%, average) 245 | 199 | 195 | 0.84 0 0 0 2.58 | 0.96 | 0.89 | 0.94 0 0 0
Alchemilla caucasica 12 . . . . . . 6 1
Alchemilla chlorosericea 1 : . : . : . 4
Alchemilla sericea 6 : . : . : . 2
Alopecurus glacialis 84 21 8 18 . . . 62 12 4 5
Alopecurus laguroides : : : : : : : : . : 2
Antennaria caucasica 81 15 1 . . . . 9 11
Anthemis iberica : 4 2 . : : : 1
Anthemis rudolfiana : . : . : . : . : 2
Arenaria lychnidea : . : . : . : . 1
Botrychium lunaria : : : : : . : 1
Campanula ciliata 28 4 . . . . . . 9
Campanula biebersteiniana 4
Carex dacica 4
Carex tristis 48 . . . . . . 1 4
Cerastium kasbek . . . . 20 16 13 . . . . 60 33 22
Cerastium undulatifolium : : : : : : : : 2
Cirsium obvallatum 1
Colpodium versicolor 17 8 3 . . . . . 13 10
Daphne glomerata 1
Delphinium caucasicum 3 . 1 . . . . 25 10
Draba siliquosa . 9 14 . . . . . 4 11
Draba supranivalis . : . 2 : : : : : : 7
Dryopteris oreades 1
Erigeron uniflorus 15 21 . . . . . 16 10 29
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Veronica telephiifolia 6 20 21 28 1 25
Festuca supina 1 43 1
Hieracium sp. 3

Jurinea filicifolia 1 3

Luzula spicata 1

Minuartia inamoena (now accepted as

Pseudocherleria inamoena) 18

Minuartia circassica (now accepted as | 1 1

Cherleria circassica)

Minuartia oreina 13 3 1 2

Mpyosotis alpestris 1 3

Nardus stricta 3 9
Pedicularis condensata 9

Poa alpina 62 44 24 7 12 10 1
Poa caucasica 7 1
Potentilla gelida 5

Saxifraga flagellaris 19 11 1 11 16 4
Saxifraga juniperifolia 12

Saxifraga kartilaginea 1

Saxifraga moschata 41 5 3 40 15 34 2
Saxifraga scleropoda 1

Saxifraga sibirica 67 80 72 31 19 38 32 39
Scrophularia minima 3 8 4

Sedum stevenianum 6

Sedum tenellum 31 9 5 6

Senecio sosnowskyi 30 17 2 5 2
Senecio taraxacifolius 1 1 4

Sibbaldia parviflora 53 1 9

Silene pygmaea 4

Taraxacum porphyranthum 9 3 7 1 2
Taraxacum stevenii 2

Tephroseris karjaginii 1 11 1 4
Trifolium polyphyllum 4

Tripleurospermum caucasicum 3

Tripleurospermum subnivale 45 110 55 7 11 44 39 8
Trisetum spicatum 1 2

Veronica schistosa 4

Veronica gentianoides 1

Viola minuta 2

Ziziphora pushkinii 1 9

Ziziphora subnivalis 6 1
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Table 3. Correlation matrix among the main variables interplaying along elevation transect in the subnival-nival belt (3000
3900 m a.s.l.) in alpine desert of Mt. Kazbegi (Variables: elevation, m a.s.l.; Inclination, degrees®; Soil pH in pH units; Plant
available nutrient [N, P, K], %; AMMT = Annual Mean Maximum Temperature, C°; SOM = Soil Organic Matter, %; Plant cover =

vegetation projective cover as log-transformed %)

Variables Elevation Inclination Soil pH Available N | Available P | Available K AMMT SOM Plant Cover
Elevation X <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Inclination 0.82 X <0.0001 <0.0001 <0.0001 0.01 <0.0001 <0.0001 <0.0001
Soil pH 0.89 0.9 X <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Available N —0.86 -0.75 -0.91 X <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Available P -0.83 -0.72 -0.76 0.84 X <0.0001 <0.0001 <0.0001 <0.0001
Available K -0.78 ~0.68 —0.71 0.84 0.86 X <0.0001 <0.0001 <0.0001
AMMT -0.93 -0.72 -0.77 0.81 0.9 0.81 X <0.0001 <0.0001
SOM -0.89 -0.87 -0.97 0.94 0.8 0.82 0.8 X <0.0001
Plant cover —0.88 -0.76 —0.81 0.81 0.82 0.83 0.87 0.81 X

0.2 sampling sites arranged along this axis from low to high

suggesting that nMDS 1 primarily represents elevation.

3300 The second coordinate (nMDS 2) produced a 0 level of

< 0.10- A A R-squared, probably it represents a rather idiosyncratic

§ variability mostly observed on the slopes of different

= Aldtade aspect (Jolokhava et al., 2020).

3 3%0 #100 c\'\o“"‘w &% As an independent test, we used the PCA ordination
E S . . o« e

“ 000 3000 R 3700A<3‘73° to look at soil variables. The results were very similar

+ 3%0 3000 spect to those from the nMDS (Fig. 6). Like the nMDS, the
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Fig. 5. Non-metric multidimensional scaling (NMDS) of
environmental variables along the transect on two slope aspects.
Elevation, Inclination and Slope aspect are used as independent
variables; soil pH, Plant available nutrients (NPK), Annual
Mean Maximum Temperature (AMMT, C°), Soil Organic
Matter (SOM, %) and Plant cover (%, log-transformed) as
dependent variables
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Fig. 6. PCA biplot of environmental variables along the
transect. Soil pH, Plant available nutrients (NPK), Annual
Mean Maximum Temperature (AMMT, °C), Soil Organic
Matter (SOM, %) and Plant cover (%, log-transformed) were
analyzed. The first two components of PCA explain over 92%
of the variance in the data
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of soil variables and corroborates with the results of
correlation analyses (Table 2). We observed also a
close correlation among the axes of the two ordination
methods: the correlation was very tight between nMDS
1 and PCA 1 (r = -0.96, p < 0.0001) and quite strong
between nMDS 2 and PCA 2 (r = 0.61, p = 0.02). These
ordination axes showed distinctive correlations with the
terrain and soil variables (Table 4). nMDS 1 and PCALI
were most strongly correlated with plant available K and
N, respectively, whilst nMDS 2 and PCA 2 correlated
most strongly with soil pH.

Ordination axes can be used as composite gradients
that combine several, most strongly correlated variables
(Palmer, 1993). Besides, the observed relationships
helped select environmental variables that could be
used for the analysis of plant species distribution: these
variables can be chosen on the basis of the fact that they
correlate most strongly with ordination axes assuming
that the selected variables represent the largest part of
variability along the gradient. For the analysis of plant
species distributions we used the CCA ordination. All in
all, four pairs of environmental variables were compared
in our CCA computations: (1) nMDS 1 and nMDS 2, (2)
PCA 1 and PCA 2, (3) Plant available N and soil pH, and
(4) Plant available K and soil pH. The CCA produced
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Table 5. Results of the CCA ordination with different
environmental variables along Eleveation transect in the
subnival-nival belt (3000-3900 m a.s.l.) in alpine desert of
Mt. Kazbegi using composite and best-fit environmental
variables (Environmental variables: Plant available nutrient
[N, K], %; Soil pH in pH units). Bold font indicates maximum
Eigenvalue for a given composite variable system and minimum
p-value

Method Axis | Eigenvalue % P-Value
nMDS 1| CCAl 0.313 65.5 0.017
nMDS 2 CCA2 0.165 345 0.087
PCAl CCAl 0.318 84.56 0.011
PCA2 CCA2 0.058 15.44 0.808
Plant available N CCAl 0.427 99.99 0.002
Soil pH CCA2 0 0 0.262
Plant available K CCAl 0.520 99.97 0.001
Soil pH CCA2 0 0.0259 0.246

satisfactory ordinations in all of these cases (Table 5).
However, the highest Eigenvalues and lowest p-vales
were obtained for plant available K and soil pH (Fig. 7).
These two variables, therefore, appeared to be the best
predictors of plant species distribution along elevation
gradient in our data set.

Discussion

Our main finding is that, on the gradients of regional and
local scale, replacing abiotic factors with soil properties
can improve the models that describe species distribution
along the gradient. High mountain environments are
notable for the presence of short growing seasons and
low temperatures of air and soil (Mooney, Billings, 1965;
Peterson, Billings, 1982; Sakai, Larcher, 1987), which
determine morphological and physiological adaptations
of alpine plant species (Bliss, 1971; Billings, 1974).
The importance of soils to the effects of environmental
variation on different plant communities have been the
subject of many ecological studies in recent years (Lyon,
Gross, 2005; Bowles et al., 2014). At biogeographical
scale it was found that soil and plant community types
match well to climatic variables, which proved to be good
predictors of species distributions along large gradients
(Manley, 1961; Motzkin et al., 1999). The consequent
models of species distribution at this scale usually
omit the role of soils considering them to be the part of
response to variation in abiotic conditions. However,
this approach might not be as good on regional and local
gradients, and a refinement that envisages a mediating
role of soils between the climate and vegetation might
improve the accuracy of these models.
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Fig. 7. CCA ordination of plant species distribution along
elevation gradient in alpine desert of Mt. Kazbegi (30003900 m
a.s.l.). Plant available K and Soil pH are used as environmental
variables (Species full names are given in Table 2)

Soils of mountain environments are highly variable
over short spatial scales (Baruck et al., 2016), partly due
to the heterogeneity of geological substrates and highly
dynamic geomorphic processes (Birkland et al., 2003;
Chase et al.,, 2012). The Caucasus and, particularly,
the Great Caucasus show high soil diversity owing to
complex bioclimatic, bedrock and geomorphologic
conditions (Urushadze, 1989). An important step in
the inclusion of soils into distribution models can be
the recognising that soils play and intermediary role
by connecting climatic and other abiotic variables to
vegetation (Jenny, 1994). This role can be effectively
revealed on an elevation gradient (Chapin, Korner,
1994; Korner, 2003; Rezaei, Gilkes, 2005). In particular,
the low part of our transect represents the alpine-nival
ecotone with high representation of alpine meadow plant
species ("alpine carpets" sensu Nakhutsrishvili, 2012),
which are replaced by "typical nival" species higher up
(Nakhutsrishvili, Gamtsemlidze, 1984; Nakhutsrishvili,
Gagnidze, 1999). The articulation of soil as a a mediator
between the abiotic environment and the plants allowed
us to see how soil properties changed along a variable
abiotic environment and how these properties correlated
with species distributions. As mentioned above, this
correlation appeared to be stronger than when abiotic
variables were replaced by soil properties.

The interplay of biotic and abiotic processes can
actually determine the relative abundances of species
(Wisz et al., 2013), and soil is precisely the component
that in a way integrates and modifies the variation in
abiotic variables. For example, two sites can receive
similar sun energy at two different elevations depending
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whether they are exposed to north or south. Likewise, a
site on a steeper slope can have different water relations
than other sites on milder slope at the same elevation and
aspect (Geiger et al., 1995; Barry, 2008). In other words,
sites with similar soil properties including water and
temperature relations can correspond to slightly different
elevations, which is the main driver of variation in abiotic
environment in our system, aspects and inclinations,
and this adds certain statistical noise to the models that
include abiotic variables. Models based only on soil
properties are free from such influence.

The vegetation of subnival and nival belts is mostly
represented by slow-growing and long-living perennials,
with only a few annual species (Nagy et al., 2003) that
could be used as bioindicators (Grabherr et al., 1995;
Kérner, 2003). This vegetation with high endemic rates
(Nakhutsrishvili et al., 2005, 2006) currently attracts
special interest owing to its vulnerability to climate
changes (Gigauri et al.,, 2016) and we believe that
our results have clear implications for analysing and
monitoring species distributions in these bioma. How
important is the amendment that bases gradient models
solely on soil properties, and will it hold in other systems?
An answer obviously requires more research, and we
strongly believe that improving the gradient models for
the monitoring and explaining of species distribution
at regional and local scale can be a priority for future
research.

Conclusions

We conclude that the models that account for the role
of soils as a mediator between the abiotic environment
and vegetation can more accurately describe plant
species distribution at local and regional scales: a
potentially important amendment with implications for
the monitoring of climate change effects on vegetation,
at least in high mountain systems.
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aJIbNilicbKO-HIBAJILHOI0 €eKOTOHY /10 CHiroBoi JiHii Ha cxuiax LlenTpansHoro Benukxoro KaBka3y (paiion Kasoeri,
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DaxynpTeT NPUPOAHUYUX HAYK Ta MEAULIMHH, [HCTUTYT exonorii, [lep>kaBuuii yriBepeuteT L, mp. K. Yomokamsiini 3/5,
Toinici 0162, I'pysisa: T. xonoxasa, O. A6nananse, X. ['iraypi. ®akynpreT TOYHUX 1 IPUPOTHUYNX HayK, TOLTICHKHI
nepkaBHUH yHiBepcuteT iM. IBane J[xapaximini, np. I. YasuaBamze, 3, T6imici 0179, I'pysis: T. Jxonoxasa. Bimmin
pomrodocTi IpyHTiB, HaykoBo-mOCHiAHUI LEHTP CIIBCHKOTO TOCHOAAPCTBA, MIiHICTEPCTBO OXOPOHU HABKOJIUIIHBOTO
cepeloBHIIa Ta CiTbchbkoro rocroaapcetsa [pysii, mp. mapmr. [enosani 6, Toimici 0160, ['pysist: T. Ixonoxasa, [HcTUTyT
eTHOOIOMOTIT Ta comiambHOi ekonorii, JlepkaBauit yriBepcurer I, mp. K. Yomokamsimi 3/5, Toimici 0162, [pysis:
3. Kiksigze. [nctutyt 60taniku, depxaBuuii yHiBepcuteT i, Byn. boraniuna 1, Toimici 0105, I'pysis: 3. Kiksinse.
®dakynpreT ynpasiaiHHA, [py3UHCHKHH IHCTHTYT IPOMAJCHKHX crpas, Byn. lerima Iypmxi 9, T6imici 0105, Ipysis:
X. I'raypi

Pedepar. AnbnilicbKi eKOCHCTEMH € OCOOIMBO YYTIMBUMH JI0 KIIMAaTHYHUX 3MiH, IO BIUIMBAIOTH HAa B3a€MO3B'S3KU
MK JIBOJOBHKAMH, CHITOBHM IOKPHBOM, POCIHHHICTIO Ta IpyHTaMd. METOI HAalIoro JOCIiJUKeHHs Oyno 3'sicyBatu
BIUTUB 3MiH (akTOpiB aGi0THYHOrO CepeaoBHINA HA BIACTUBOCTI IPYHTY 1 PO3MO/ILT BUIB POCIHMH Ha PEriOHANILHOMY Ta
MicueBoMy piBHsIX. BinOupanu 3paskut IpyHTY Ta aHai3yBald POCIHHHICT Y3JI0BXK JIBOX TPAHCEKT, PO3TAIIOBAHNUX Ha
CXMJTaX MPOTUIICKHOTO aCTEKTY (IIiBHOYI Ta MBIHS), BiJl AIbITICHKO-HIBaJILHOTO €KOTOHY /10 CHiroBoi iHii (LleHTpanbpHuit
Benukwuii KaBkas, paiion Kaso6eri, ['py3is). BumiproBanu TeMmieparypu IpyHTy Ta Haxuity cxuiy. J{is 3'scyBaHHsI 3B'SI3KiB
MK a0i0THYHUMH (haKTOPAaMH, BITACTUBOCTSMH IPYHTY Ta PO3MOALIOM BH/IIB POCIINH 32 IpaliecHTaMH BUKOPHCTOBYBAJIN
MeTonu OaraTtoBUMipHOI opauHamii. Hamu Oyino BCTaHOBJIEHO, IO Kpalle BHPIIICHHMH Oyl MOAETI OpIAMHAILII IpH
BUKOPHCTAHHI BIACTHBOCTEH IPYHTY SIK 3MIHHHX CEPEeIOBHIIA 3aMiCTh abil0THYHUX (haKTOPIB, TAKUX SIK BUCOTA, HAXUII T
acriekT cxmiry. KHCIIOTHICTB IPYHTY Ta BMICT JOCTYITHOTO JUIS POCIIMH KaJIil0 BUSBHIMCH HAHKpAIMMH IIPOTHOCTHYHIMHI
MOKa3HMKaMH PO3MO/iTY BH/IB POCIHH y IUX ocenuinax. OTike, MOJEN, 1[0 BPaXOBYIOTh POJIb IPYHTIB SIK OCEPETHUKA
MK a0IOTHYHUM CEPEIOBHUILEM i POCIHHHICTIO, MOXKYTh O1JIbII TOYHO OMKCATH PO3IOALT BUAIB POCIUH Ha MiCLIEBOMY Ta
perioHanbHOMY piBHsX. Lle € MOTEHIIHHO BaXKIIMBUM YTOYHEHHSIM ITiJ1 Yac IPOBECHHS MOHITOPUHTY HACIIJIKIB BIUIUBY
3MiH KJIIMaTy Ha POCIUHHICTh, IPUHAWMHI Y BUCOKOTIPHUX €KOCHCTEMaX.
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Abstract. This article, which is the first contribution in a series on the ruderal vegetation of the city of Kyiv, presents
results of our studies of Stellarietea mediae plant communities occurring in the city. Their current state and phytocoenotic
diversity has been determined. Based on modern methods of statistical data analyses, a classification scheme of
Stellarietea mediae vegetation in the study area was developed and the leading factors of territorial and ecological
differentiation of phytocoenoses were identified. It has been established that within Kyiv City, this class is represented by
24 associations and 3 basal communities belonging to 8 alliances and 4 orders. Their territorial distribution determines
the types and intensity of anthropogenic disturbances, as well as the types of soil and its mechanical structure. Selected
syntaxa are characterized and compared with their equivalents from other areas of Ukraine. It has been found that the
main differences are at the level of co-occurring species, the composition of which mostly correlates with the types of
anthropogenic disturbances and availability of water and mineral nutrients. According to the results of the ordination,
it has been found that the distribution patterns of plant communities of Stellarietea mediae occur along the salt regime
gradient of the edaphotope, as well as of ombro-, cryo-, and thermal regimes of the climate. Based on the phytoindication
analysis, the ecological optimums of the plant communities in relation to the leading ecological factors were determined.
The performed research supplements the available information about the presence and distribution of such associations
as: Digitarietum ischaemii, Setario viridis-Erigeronetum canadensis, and Ambrosietum artemisiifoliae, in the territory of
Ukraine. The proposed syntaxonomic scheme should become a basis of typological developments for strategic planning
and practical implementation of activities for optimizing the urban environment and for sustainable development of the
Kyiv urban agglomeration.
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Introduction

Under the modern conditions of environmental
reclaiming and large-scale transformations of natural
landscapes, there are significant changes in indigenous
plant communities, and these changes have the tendency
to accelerate. This is directly reflected in the structure of
the vegetation cover, in particular in urban areas where
novel ruderal phytocoenoses are formed; they are adapted

to the growing human impact and tolerant to the constant
influence of various destructive factors.

Ruderal vegetation has a special functional and
ecological importance in urban ecosystems. Developed
on ecotopes newly formed as a result of human activity,
it stabilizes disturbed substrates, starts succession
series in demutation processes, and also participates in
biogeochemical cycles (Dubyna et al., 2018). Ruderal
phytocoenoses, adsorbing industrial emissions and

© 2021 D.V. Dubyna, S.M. Iemelianova, T.P. Dziuba, N.S. Yeremenko, P.A. Tymoshenko. Published by the M.G. Kholodny Institute of Botany,
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accumulating salts of heavy metals and other chemical
compounds, are considered to be an integral part of
"natural systems" of air and soil refinement (Ishbirdin
et al, 1988). At the same time, plant communities
formed as a result of anthropogenic impact are centers
of dispersal and invasions of alien species, including
dangerous ones (such as invasive environmental weeds,
potento\ial crop weeds, etc.), with high invasive ability
within and outside cities, which form a real threat to
the biodiversity components of natural ecosystems.
Ruderal plant communities are also a source of allergens
that significantly worsen the quality of citizens' life. In
this regard, studies of ruderal vegetation, in particular
its composition, structural and functional features,
territorial distribution, spatial dynamics, and measures of
restructurization and optimization, are of urgent and top
priority.

The studies of phytocoenoses of Ukrainian cities,
in particular their syntaxonomic diversity, still remain
rather fragmentary and insufficient in their scope and
coverage. Phytosociological investigations of the
vegetation of Ukraine have been conducted for a long
time, using the dominant approach in which ruderal
plant communities could not be classified. The object of
research, in particular in urban areas, was mostly natural
vegetation, taking into consideration the necessity of its
priority inventorying for preservation under conditions
of both the existing threats and potential dangers.

In Ukraine, the first studies of and publications on urban
vegetation, based on the principles of Braun-Blanquet's
school, appeared in the 1990s. There were studied
ruderal plant communities of Chernihiv (Papucha, 1991),
Lviv (Kucheryavyi et al., 1991), Yalta (Levon, 1999),
and Simferopol (Epikhin, 2006). Later, results of studies
spontaneous vegetation were published for several cities
and towns, in particular, Cherkasy (Osypenko, 2006),
Melitopol (Bredikhina, 2015), Kryvyi Rih (Smetana,
2002; Yeremenko, 2018), Pereyaslav-Khmelnytskyi
(Dziuba, Solomakha, Tymoshenko, 2010), partly also
of Ivano-Frankivsk (Tsap'yuk, 2012) and Chernivtsi
(Tokaryuk, 2019). However, the vegetation cover of large
urban agglomerations, where human impact is especially
diverse and intense, and the processes of transformation
are more distinct and accelerated in time, has not been
investigated.

Among the large cities, Kyiv has a special place as the
largesturban ecosystem of Ukraine, which is characterized
by the uniqueness of its natural conditions and, at the
same time, by intensive development of its economic
infrastructure, housing and industrial development and
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construction, and growing population. The territory
of the city (835.6 km?) is located on the border of the
forest-steppe and forest zones on both banks of the
Dnipro (Dnieper) River. Orographically, the right-bank
part of the city is a raised plateau-like plain (with some
parts, especially in the northern and southern outskirts,
located within the floodplain), while the left-bank part
is mainly a lowland formed by the floodplain and low
terraces of the Dnipro River valley. The climate of the
territory is temperate continental with warm summers
and mild winters. The soil cover is dominated by turf-
podzolic, gray forest soils, and chornozems (chernozems,
black soil) (Stetsyuk et al., 2001). The specificity of
natural conditions determines the peculiarities of the
city's ecosystems, in particular, special features of their
vegetation, including ruderal one.

Within the Kyiv urban agglomeration, floristic research
was conducted in more detail (Yavorska, Mosyakin,
2001; Mosyakin, Yavorska, 2002; Grechyshkina, 2010,
etc.). The phytocoenotic structure of vegetation was
the object of several studies, most of which concerned
natural plant communities of protected areas (Didukh,
Chumak, 1992; Onyshchenko, 2011, 2013a, b; Kozyr,
2012, 2013; Goncharenko, Holyk, 2015; Holyk,
Goncharenko, 2017; Kozyr et al., 2017; Goncharenko
et al., 2020). Anthropogenic vegetation in Kyiv has
been studied fragmentally within some areas or ruderal
ecotopes. Sometimes, the objects of studies were specific
coenoses. Thus, the ruderal vegetation of the Dnipro
islands was studied by Tsukanova (2005), lawns — by
Melezhik (Chokha, 2005), plant communities of the
railways — by Dziuba and co-authors (Dziuba et al.,
2019). Phytocoenoses of annual cereals were researched
by Pashkevych (2012), communities with Elytrigia
repens (L.) Nevski — by Oliynyk and Gubar (2019).
Goncharenko and Yatsenko (2020) conducted partial
investigations of the class Robinietea Jurko ex Hadac et
Sofron 1980.

In 2016-2020, the authors carried out special
geobotanical studies of ruderal vegetation in the
administrative-territorial districts of Kyiv City to
determine syntaxonomic diversity patterns within these
districts and territorial distribution of plant communities
and their ecological differentiation. This publication,
which covers only the class Stellarietea mediae Tx. et al.
in Tx. 1950, starts a series of works on the syntaxonomy
of ruderal vegetation of Kyiv. It will be completed with
a generalized publication on the differentiation of ruderal
vegetation within the city, its typology, zoning, and
methodical guidelines for constructive optimization.
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Material and methods

The basic material for our analysis consisted of 1621
relevés made by the authors in 2016-2020. After
processing the general dataset with the JUICE software
(Tichy, 2002), 452 relevés were assigned to the
Stellarietea mediae class. They were further analyzed
in detail to develop syntaxonomy and establish the
leading factors of ecological differentiation. All relevés
were made according to the Braun-Blanquet approach
(Braun-Blanquet, 1964) on plots of 10-25 m?. Some
plant communities, in particular small ones, were
described from the whole area they occupied. Estimation
of quantitative participation of species in stands was
carried out using Mirkin's modified cover scale (Mirkin
etal., 1989), where "+" —less than 1%, "1" — 1-5%, "2" —
6-15%, "3" — 16-25%, "4" — 26-49%, "5" — 50% and
more.

All vegetation plots were entered into a database
created with TURBOVEG software (Hennekens,
Schaminée, 2001) version 2.142. Materials were
processed using Modified TWINSPAN (Rolecek et al.,
2009) (for separation of large dendrites) and PC-
ORD (McCune, Mefford, 2006) (for receiving small
phytocoenones) algorithms. The "pseudospecies" cut
level is accepted at 0, 5, 15 and 25%. Heterogeneity
of clusters was determined using the Whittaker's beta
diversity index (Whittaker, 1978), the grouping of relevés
in small phytocoenones was conducted with the Serensen
coefficient (Serensen, 1948) at a "flexible beta" —0.25.
The concept of fidelity is adopted in the establishment of
diagnostic species of syntaxa (Chytry et al., 2002). The
threshold values for the corresponding coefficient are
taken at the level of 0.25. For highly diagnostic species,
the phi coefficient exceeds 0.5. Statistical significance of
the fidelity prior to equalization groups of relevés was
calculated using the Fisher's exact test (P <0,001) (Chytry
et al. 2002). In the synoptic table (Table E1), diagnostic
species are marked in light gray, highly diagnostic —
dark gray. The synoptic table is presented in a shortened
form, without species observed rarely. It also does not
include basal communities. The latter were determined
by the method of Kopecky and Hejny (1974), in cases
when the identification of vegetation plots to the level
of association was impossible due to high heterogeneity
of the taxonomic composition of phytocoenons that
included species from syntaxa of different hierarchical
levels. Basal communities were distinguished mainly
by dominant species. Analysis of similarity of floristic
composition was performed using the Jaccard similarity
coefficient (Shmidt, 1980).
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The syntaxonomic structure and content of the
Stellarietea mediae class are accepted according to the
latest overview of the vegetation of Ukraine (Dubyna
et al., 2019).

The DCA-ordination method (Hill, Gauch, 1980)
was used to identify the peculiarities of ecological
differentiation of phytocoenoses. A basic statistical
analysis (STATISTICA 10.0) was used, also applying
ecological scales of Didukh (2011), for determining the
ecological optimums of plant communities in relation to
the leading ecological factors.

The nomenclature of taxa is given mainly according
to the checklist of vascular plants of Ukraine (Mosyakin,
Fedoronchuk, 1999), with some updates. The names
of syntaxa are given in conformity with the rules
and recommendations of the current edition of the
International Code of Phytosociological Nomenclature
(ICPN) (Weber et al., 2000).

Results and discussion

The Stellarietea mediae class unites annual segetal and
ruderal plant communities that are initial ones in the
processes of overgrowing of newly formed anthropogenic
ecotopes and are the first stages of vegetation restoration
subjected to disturbance.

The syntaxonomic structure and circumscription of
the class are quite debatable, especially after publication
of the European Vegetation Checklist, where annual
segetal and ruderal vegetation is distributed among four
higher units of classification (Mucina et al., 2016). Thus,
the authors proposed to include annual weed (segetal)
vegetation of arable crops, gardens and vineyards of the
cool-temperate and boreal zones of Eurasia in Papaveretea
rhoeadis S. Brullo et al. 2001; zoo-anthropogenic and
modern anthropogenic vegetation of animal shelters and
disturbed ruderal sites of cool- and cold-temperate regions
of Eurasia were placed in Sisymbrietea Gutte et Hilbig
1975; while winter-annual weed (segetal) and ruderal
vegetation of man-made habitats of the Mediterranean,
the mild-winter Atlantic seaboards and Macaronesia
were treated in Chenopodietea Br.-Bl. in Br.- Bl. et al.
1952. In addition, a new class was distinguished,
Digitario sanguinalis-Eragrostietea minoris Mucina,
Lososova et Silc in Mucina et al. 2016, which unites
thermophilous grass-rich anthropogenic vegetation rich
in summer-annual C, species of the southern nemoral,
mediterranean-type, steppe and semi-desert zones of
Europe (Mucina et al., 2016). Some phytosociologists
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support such syntaxonomic differentiation of segetal-
ruderal annual vegetation (Arepieva, 2017, 2019;
Kiizmi¢ et al., 2018; Nazarov et al., 2019; Bulokhov
et al., 2019), while other scientists continue to consider
these plant communities within one widely circumscribed
class Stellarietea mediae (Golovanov, Abramova, 2018;
Dubynaetal., 2019; Chytry et al., 2021). It is obvious that
the typological and botanical-geographical differentiation
of syntaxa proposed by L. Mucina and co-authors
(Mucina et al., 2016) is open to discussion and needs
further development because many questions remain
unanswered, in particular, those related to differentiation
of segetal and ruderal vegetation, the hierarchical position
of classification units of middle ranks, their territorial
distribution, etc. All these and other questions should be
solved through large-scale comparative analyzes using
big data sets of pan-European representativeness, as it has
been done for other types of plant communities. These
analyzes will either confirm the developed syntaxonomic
constructions or, conversely, prompt concrete proposals
to the Nomenclature Commission for rejecting proposed
hierarchical systems, not only at the level of alliances
or orders (Landucci et al., 2020) but also whole classes
(Marceno et al., 2018). The authors follow a broad
concept of the Stellarietea mediae class and consider that
all phytocoenoses included in its structure develop only
in conditions of permanent disturbance of vegetation or
soil cover and are biomorphologically and ecologically
similar. Although, a characteristic common feature of
them is their differentiation into segetal and ruderal
vegetation, while species composition of these coenoses
is very similar. All differences are caused by various
types, intensity, and nature of anthropogenic pressure,
as well as environmental conditions, which is quite well
reflected at the level of separate orders and alliances.

In the city of Kyiv, the Stellarietea mediae class is
represented by 24 associations and 3 basal communities
that belong to 8 alliances and 4 orders. They constitute
28% of the known syntaxonomic diversity of this class
within the territory of Ukraine (Dubyna et al., 2019).
Phytocoenoses of Stellarietea mediae are widespread
throughout the city and are typical for waste places,
outskirts of industrial enterprises and areas, nutrient-
rich soils in residential areas, railway embankments and
highway roadsides, as well as for lawns and flower-beds.
Plant communities of the class also occupy territories
around construction sites that have increased significantly
in area in recent years due to the active development
of Kyiv. Phytocoenoses of Stellarietea mediae appear
during the first stages of restorative successions in the
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territories of regular anthropogenic impact. In ecological-
coenotic series, the vegetation of this class is replaced
and succeeded by plant communities of Artemisietea
vulgaris in dry habitats or Galio-Urticetea in conditions
of higher soil humidity. In the territory of Kyiv,
syndynamic processes have their own peculiarities and
are characterized by a relatively stable phase of annual
herbs, due to the predominance of ecotopes with sandy
soils on which the change of succession stages is slower.

Classification scheme of the Stellarietea mediae
class in Kyiv:

STELLARIETEA MEDIAE TX. ET AL. IN TX. 1950
Atriplici-Chenopodietalia albi (Tx. 1937) Nordhagen
1940

Panico-Setarion Sissingh in Westhoff et al. 1946
1. Amarantho  retroflexi-Setarietum  glaucae
V. Solomakha et al. in V. Solomakha 1987
2. Echinochloo-Setarietum pumilae Felfoldy 1942
corr. Mucina in Mucina et al. 1993
var. Ambrosia artemisifolia
var. Taraxacum officinale
3. Setario  viridis-Erigeronetum
Somsak 1976
4. Digitarietum ischaemii Tx. et Preising (1942)
1950
5. BC Setaria pumila
Polygono-Chenopodion Koch 1926
6. Ambrosio artemisiifoliae-Chenopodietum albi
Marjushkina et V. Solomakha 1985
Eragrostietalia J.Tx. ex Poli 1966
Eragrostion Tx. in Oberd. 1954
7. Cynodontetum dactyli Gams 1927
8. Digitario sanguinalis-Eragrostietum minoris
Tx. ex Rochow 1951
. Eragrostio-Amaranthetum albi Morariu 1943
10. Portulacetum oleracei Felfoldy 1942
var. Setaria viridis
var. Berteroa incana
var. Tribulus terrestris
Salsolion ruthenicae Philippi ex Oberd. 1983
11. Salsoletum ruthenicae Philippi 1971
12. BC Cenchrus longispinus
Papaveretalia rhoeadis Hiippe & Hofmeister ex
Theurillat et al. 1995
Chenopodio albi-Descurainion sophiae V. Solomakha
et al. in V. Solomakha 1988

canadensis
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13. Fallopio  convolvuli-Chenopodietum  albi
V. Solomakha 1990
Sisymbrietalia sophiae J.Tx. ex Gors 1966
Atriplicion Passarge 1978
14. Atriplicetum hastatae Poli et J.Tx. 1960
15. Atriplicetum nitentis Slavni¢ 1951
16. Atriplicetum tataricae (Morariu 1943) Ubrizsy
1949
17. Chenopodietum stricti (Oberd. 1957) Passarge
1964
18. Kochietum densiflorae Gutte et Klotz 1985
19. Ambrosietum artemisiifoliae Vitalariu 1973
20. BC Atriplex patula
Hordeion murini Br.-Bl. in Br.-Bl. et al. 1936
21. .Brometum tectorum Bojko 1934
var. Diplotaxis tenuifolia
var. Polygonum aviculare
22. Hordeetum murini Libbert 1932
Malvion neglectae (Gutte 1972) Hejny 1978
23. Hyoscyamo nigri-Malvetum neglectae Aichinger
1933
Sisymbrion officinalis Tx. et al. ex von Rochow 1951
24. Erigeronto-Lactucetum serriolae Lohmeyer in
Oberd. 1957
25. Ivaetum xanthiifoliae Fijatkowski 1967
26. Lactuco serriolae-Diplotaxietum tenuifoliae
(Oberd. 1957) Mucina 1978
27. Sisymbrietum loeselii Gutte 1972

In Kyiv City, the Stellarietea mediae class
includes such orders as: Atriplici-Chenopodietalia
albi, Eragrostietalia, Papaveretalia rhoeadis, and
Sisymbrietalia sophiae.

The order Atriplici-Chenopodietalia albi combines
plant communities of ruderal habitats and plantations
of ornamental plants on soils scarce in water and poor
in mineral nutrients. It is diagnosed by the presence
of following species: Amaranthus retroflexus L.,
Chenopodium album L. (sensu lato), Echinochloa
crusgalli (L.) P.Beauv., Setaria pumila (Poir.) Roem.
& Schult. (S. glauca auct.), S. viridis (L.) P.Beauv. In
the territory of Kyiv, this order is represented by two
alliances, Panico-Setarion and Polygono-Chenopodion.

The alliance Panico-Setarion includes summer and
late-summer weed vegetation of cereal crops occurring
in anthropogenic dry and well-lit habitats with sandy
and loamy soils. Its diagnostic species are: Amaranthus
retroflexus, Convolvulus arvensis L., Echinochloa
crusgalli, Galinsoga parviflora Cav., Setaria pumila, and
S. viridis. In the territory of Kyiv, the alliance has three
associations and one basal community.
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Association  Amarantho  retroflexi-Setarietum
glaucae Solomakha et al. in Solomakha 1987

D.s.: Amaranthus retroflexus, Setaria viridis.

Phytocoenoses of this association are sporadically
distributed within Kyiv, mainly in the Sviatoshynskyi,
Holosiivskyi and Darnytskyi districts, on sandy soils
along communication routes, near garbage landfills and
construction sites. Vegetation plots are characterized
mostly by single-layer stands up to 150 cm high;
their total cover varies from 30-40% (in habitats that
are overgrown) to 60-80% (in the areas undergoing
permanent human disturbance). They are usually formed
by Amaranthus retroflexus, Chenopodium album, Setaria
viridis, Conyza canadensis (L.) Cronq. (Erigeron
canadensis L.), Ballota nigra L., and Elytrigia repens
(Elymus repens (L.) Gould). Such species as Taraxacum
officinale Wigg. (sensu lato), Polygonum aviculare L. and
Convolvulus arvensis are also common. The coenoflora of
this association is formed by at least 16 species, in some
stands their number varies from 2 to 9. Comparison of
the floristic composition of this association with coenoses
found in other urban agglomerations (Osypenko, 1996;
Tokaryuk, 2019) (Table 1) generally showed significant
similarities, mainly at the level of high-constancy
species. Coenotaxonomic specificity is due to the high
proportion of nitrophilic annual and perennial herbs in
the phytocoenoses of Kyiv, as well as the low overall
number of species in plant communities.

Association  Echinochloo-Setarietum  pumilae
Felfoldy 1942 corr. Mucina in Mucina et al. 1993

D.s.: Echinochloa crusgalli, Setaria viridis.

These plant communities are distributed sporadically
in the city and have been detected in the Sviatoshynskyi,
Desnianskyi and Holosiivskyi districts. Coenoses
contain two or three sublayer, are characterized by a
total cover of 60-100%, and can be up to 120-150
cm tall. It is dominated by Echinochloa crusgalli and
Setaria viridis, less often by Chenopodium album. The
number of species in the separate relevés varies from 7-9
to 16, their total number is 34. There are two variants
within the association that differ ecotopically and in
the composition of differential species. Phytocoenoses
of Echinochloo-Setarietum pumilae var. Ambrosia
artemisiifolia are common on sites with light, nutrient-
rich soils occurring in the vicinity of apartment buildings
and private houses. Species of annual or biennial ruderal
plants (Echium vulgare L., Daucus carota L., Lamium
purpureum L.) have a significant role in the coenoflora of
this variant. Stands of Echinochloo-Setarietum pumilae
var. Taraxacum officinale grow on lighted, dry lawns,
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Table 1. Values of Jaccard similarity coefficients for associations of the class Stellarietea mediae in the territory of Kyiv

compared with other cities and regions of Ukraine

Associations Territories

KR* Chk NBS K R L Chn
Amarantho retroflexi-Setarietum glaucae - 0.1 - 0.15 - - 0.21
Echinochloo-Setarietum pumilae - 0.25 - - - - 0.23
Setario viridis-Erigeronetum canadensis 0.21 - - - - - -
Digitarietum ischaemi - - - - 0.16 - -
Ambrosio artemisiifoliae-Chenopodietum albi 0.25 - - - - - -
Cynodontetum dactyli - - 0.06 0.14 - - -
Digitario sanguinalis-Eragrostietum minoris - 0.19 - - - - -
Eragrostio-Amaranthetum albi - 0.18 0.2 - - - -
Portulacetum oleracei 0.24 0.2 - - - - -
Salsoletum ruthenicae - 0.15 - - - - -
Atriplicetum hastatae - - 0.07 0.1 - - -
Atriplicetum tataricae 0.22 0.1 0.1 - - - -
Chenopodietum stricti - 0.13 - - 0.24 0.21 -
Kochietum densiflorae 0.17 - - - - - -
Brometum tectorum 0.29 0.12 - 0.03 - - -
Hordeetum murini 0.26 - 0.12 0.1 - - 0.16
Hyoscyamo nigri-Malvetum neglectae - 0.23 - - 0.24 - -
Erigeronto-Lactucetum serriolae 0.28 - 0.09 - - - -
Ivaetum xanthiifoliae 0.13 0.16 0.13 0.21 0.08 0.09 -
Sisymbrietum loeselii - 0.19 0.15 - - 0.15 -

*KR — Kryvyi Rih; Chk — Cherkasy; NBS — Northern Black Sea Region; K — Kuyalnik Estuary; R — Roztochya; L — Lviv;

Chn — Chernivtsi.

along sidewalks or roads with dense soils. As the plant
communities are affected by trampling and periodic
mowing, the floristic composition is characterized by
a predominance of species from the diagnostic groups
of Polygono-Poetea annuae (Polygonum aviculare,
Plantago major L., Lolium perenne L.) and Molinio-
Arrhenatheretea (Trifolium pratense L., Ranunculus
polyanthemos L.). Comparison of plant communities of
this association found in Kyiv with those in other cities
and regions of Ukraine showed the greatest similarity to
the coenoses described from the territory of Cherkasy
(Osypenko, 1997) due to the similarity of ecotopes, in
particular, their types and origin. Vegetation plots that
are common in the Northern Black Sea region (Dubyna
et al., 2004) and in Transcarpathia (Gamor, 1987) mostly
occupy areas adjacent to the cultivated lands; thus, they
are characterized by a more variable floristic composition
due to numerous species of segetal and adjacent natural
phytocoenoses.

Association Setario viridis-Erigeronetum canadensis
Somsak 1976

D.s.: Setaria viridis.

These plant communities are not found often in Kyiv.
They occur mainly in the Holosiivskyi, Sviatoshynskyi
and Darnytskyi districts, on ecotopes with sandy soils,
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sometimes with admixtures of gravel, which are not
subject to constant anthropogenic impact. In particular,
these areas comprise abandoned sites around buildings,
habitats along or between railway tracks that are only
sporadically used, etc. The coenoses' aspect is determined
by Setaria viridis, which usually dominates together
with Conyza canadensis or Chenopodium album. The
stands are up to 80 cm, have a total cover 40-80% and
are composed of two sublayers. In the first sublayer, in
addition to the dominants, the following species have
high constancy: Medicago sativa L., Elytrigia repens,
and Lolium perenne. In the second sublayer, such species
as Berteroa incana (L.) DC., Potentilla argentea L.,
Grindelia  squarrosa  (Pursh) Dunal, Diplotaxis
tenuifolia (L.) DC., and Fallopia convolvulus (L.)
A.Love, were noted most often. The total number of
species in the coenoflora reaches 46, in some relevés —
9-14. In Ukraine, until now, such plant communities
were mentioned only for Kryvyi Rig (Yeremenko,
2018), where the coenoflora is dominated by species of
Panico-Setarion and Eragrostion. The phytocoenoses
described from Kyiv have numerous and agglomerative
character of their floristic composition. Their taxonomic
structure is characterized by a combination of typical
ruderal plants and representatives of the psammophytic
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floristic coenocomplex, in particular, those of the
Koelerio-Corynephoretea canescentis class: Centaurea
borysthenica Grun., Koeleria pyramidata (Lam.) P.Beauv.
(K. cristata sensu Pers.), Artemisia campestris L. (sensu
lato), Polygonum arenarium Waldst. & Kit., Tragopogon
borysthenicus Artemczuk.

Association Digitarietum ischaemii R. Tx. et
Preising (1942) 1950

D.s.: Bromus squarrosus L., Crepis rhoeadifolia
M. Bieb., Digitaria ischaemum (Schreb.) Muehl.,
Phalacroloma annuum (L.) Dumort. sensu lato (Erigeron
annuus (L.) Dest.), Medicago sativa.

This association was first described by R.Tiixen and
Preissing (Tiixen, 1950). Later, these plant communities
were noted in the segetal vegetation of France (https://
www.e-veg.net/), Germany (Otte, 1984), Poland (Aniot-
Kwiatkowska, 1990) and Slovakia (Mochnacky, 1982),
in the crop fields and in the adjacent habitats. Despite the
fact that the discussed association was mentioned for the
territory of Ukraine by Soroka (2008), the authors of the
Stellarietea mediae class did not include Digitarietum
ischaemii in the latest edition of the "Prodrome of the
Vegetation of Ukraine" (Dubyna et al., 2019) due
to the lack of representative information. European
phytocoenologists mostly emphasized the low number
of species in coenoses. Three variants of this association
were described on the territory of the Masovian
Landscape Park (Poland) (Lugowska, Skrajna, 2013): (1)
a typical one, (2) with a group of hygrophytic species,
and (3) with a high proportion of representatives of the
ruderal vegetation classes. Plant communities found
in Kyiv are most similar to the last variant. They were
found near the Vydubychi railway station, on flat open
uplands with chernozem sandy soils with admixtures of
gravel or pebbles. Dense stands dominated by Digittaria
ischaemum have a total cover of up to 80-90%. In addition
to diagnostic species of Panico-Setarion (Amaranthus
retroflexus, Setaria pumila, S. viridis), representatives
of the Sysimbrietalia sophiae order (Lactuca serriola L.,
Conyza canadensis, Phalacroloma annuum, Anisantha
tectorum (L.) Nevski (Bromus tectorum L.), Bromus
squarrosus) are often noted. There is a high proportion
of diagnostic species of the Artemisietea vulgaris class
(Melilotus alba Medik., Ballota nigra, Verbascum
thapsus L., Elytrigia repens, Artemisia absinthium L.).
In total, the coenoflora of the association includes 33
species (from 8 to 12 in some plots).

The basal community of Setaria pumila (usually listed
in earlier literature as S. glauca auct.) has a sporadic
distribution in the territory of Kyiv and occurs in narrow
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belts along transport routes, on flat areas with sandy and
chernozem soils, mostly in the Holosiivskyi district.
Stands are usually not dense (total cover 30—40%), with
a few species, and agglomerative. In addition to the
dominant taxon (Setaria pumila), with the percentage
cover up to 5%, the coenoses are formed by some
representatives of the Panico-Setarion alliance and other
classes of anthropogenic vegetation. The most common
species in the plant communities were Chenopodium
album, Polygonum aviculare, Potentilla argentea, and
Elytrigia repens.

The Polygono-Chenopodion alliance includes annual
plant communities of nitrified habitats with chernozem
sandy and loamy soils, which were identified based on the
presence of Chenopodium album, Cirsium arvense (L.)
Scop., Ambrosia artemisiifolia L., and Tripleurospermum
inodorum (L.) Sch.Bip., and represented in the territory
of Kyiv by one association.

Association Ambrosio artemisiifoliae-
Chenopodietum albi Marjushkina et Solomakha 1985

D.s.: Ambrosia artemisiifolia, Chenopodium album,
Solidago canadensis L., Xanthium strumarium L. (sensu
lato).

Phytocoenoses of this association are quite common
in all administrative districts of the city and cover
a wide range of ruderal habitats — garbage landfills,
lawns, roadsides, sites within and near construction
grounds, parking lots, cemeteries, areas of apartment
buildings, etc. The stands are dense (total cover not
less than 80%, sometimes 100%), their height reaches
120-150 (180) cm. They are composed of two or
three sublayers. In the first one, tall perennials from
Artemisietea vulgaris (Elytrigia repens, Artemisia
vulgaris L., Solidago canadensis) grow occasionally. In
the second sublayer, diagnostic species of the association
(Ambrosia artemisiifolia, Chenopodium album) mostly
dominate. Plants from Stellarietea mediae (Cyclachaena
xanthiifolia (Nutt.) Fresen. (= Iva xanthiifolia Nutt.,
Euphrosyne xanthiifolia (Nutt.) A.Gray), Phalacroloma
annuum, Conyza canadensis, Setaria viridis, Sisymbrium
loeselii L., Amaranthus retroflexus, Atriplex tatarica L.,
Echinochloa crusgalli) have high constancy. A sublayer
with Polygonum aviculare, Plantago major, Eragrostis
minor Host develops in the plots that are subjected to
periodic trampling. The coenoflora of the association
is formed by a total of 78 species. On average, some
communities are composed of 12-13 taxa. When
comparing the coenoses of the association from Kryvyi
Rig (Yeremenko, 2018) with those described from Kyiv,
their floristic similarity was determined at the level of
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the Jaccard coefficient of 0.25. Besides, phytocoenoses
in the investigated area are characterized by a much
higher taxonomic diversity of communities and species
complexity, due to the combination of both thermophilic
annuals with Stellarietea mediae and mesophilic,
often nitrophilic, representatives of Galio-Urticetea,
Robinietea, Plataginetea majoris and  Molinio-
Arrhenatheretea.

The Eragrostietalia order combines thermophilic
ruderal vegetation of low-growing annuals on dry
sandy soils. The diagnostic species include Amaranthus
albus L., Cynodon dactylon (L.) Pers., Digitaria
sanguinalis (L.) Scop., Eragrostis minor, Portulaca
oleracea L. (sensu lato), and Tribulus terrestris L. In the
study area, the order was represented by two alliances —
Eragrostion and Salsolion ruthenicae.

The Eragrostion alliance consists of late-summer
weed thermophilic plant communities occurring on
sandy soils. Diagnostic species matched with those that
are characteristic of the order. On the territory of Kyiv,
four associations have been identified within the alliance.

Association Cynodontetum dactyli Gams 1927

D.s.: Cynodon dactylon, Phalacroloma annuum.

The information about plant communities of this
association within Kyiv is mainly based on the data of
Melezhik (Chokha, 2007). The author described them
from the lawns of the city, on sandy substrates with
low soil humidity and periodic trampling. Cynodon
dactylon dominates in stands with a total cover of
100%. Conyza canadensis, Elytrigia repens, Plantago
lanceolata L., Taraxacum officinale, and Berteroa
incana are characterized by high constancy. The total
number of species in coenoses is 16. In some relevés,
7-8 species were recorded on average. The association
on the territory of Ukraine was reported mainly from the
southern regions, where the communities prefer open,
warm ecotopes and are composed of typical thermophilic
species. Comparisons with these communities showed
high similarity only at the level of constant species.
For other species, some differences were observed. In
particular, the participation of mesoxerophytic species
tolerant of trampling in Kyiv in contrast to eurytopic
representatives of various florocomplexes (halophytic,
hygrophytic, psammophytic) in the Kuyalnyk Estuary
area (Dubyna et al., 2018) and in the Northern Black
Sea region (Dubyna et al., 2004). The occurrence and
spread of the association's coenoses within Kyiv indicate
the intensification of xerophytization processes of the
enviromental conditions in the city.
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Association Digitario sanguinalis-Eragrostietum
minoris Tx. ex Rochow 1951

D.s.: Digitaria sanguinalis, Festuca ovina L. (sensu
lato)

Phytocoenoses of this association within Kyiv are
quite common, mainly in the Obolonskyi, Pecherskyi, and
Holosiivskyi districts. They are observed in plain areas,
along sidewalks, tram tracks, public transport stops, near
railway stations with gravelly substrates or low-humus
sandy soils. Plant communities consist of a few species.
On average, there are 67 taxa in one relevé, with a total
number of 47 in all coenoflora. Stands are dense (total
cover 60-80%), up to 60 cm in height, dominated by
Eragrostis minor and Digitaria sanguinalis, sometimes by
Elytrigia repens. Other species of the Eragrostion alliance
(Medicago lupulina L., Portulaca oleracea, Amaranthus
blitoides S. Watson), as well as representatives of the
Panico-Setarion alliance (Setaria viridis, S. pumila,
Chenopodium album) occur in high proportions.
Polygonum aviculare, Plantago lanceolata, P. major are
typical in trampling sites. In contrast to the territories of
other cities, in particular Cherkasy (Osypenko, Shevchyk,
2001), where the significant role has representatives of
genetically previous plant formations (psammophytic
for example), coenotaxonomic specificity of investigated
plant communities showed a significant representation of
typical ruderal species, which indicates a higher level and
intensity of anthropogenic transformations of ecotopes.

Association
Morariu 1943

D.s.: Amaranthus albus, Echinochloa crusgalli,
Erysimum cheiranthoides L., Lepidium ruderale L.,
Lolium perenne, Sonchus arvensis L.

The association unites heliophytic communities in
post-demutation areas with different types of substrates.
In the territory of Kyiv they were described from lawns
in the Pecherskyi and Podilskyi districts. The total cover
of coenoses varies from 30% on nutrient-poor sandy
soils to 90% on chernozems. The height of the stands
reaches 60—80 cm and they are composed of two or three
sublayers. In the first one, Lolium perenne, Echinochloa
crusgalli, Chenopodium album, Setaria pumila, Sonchus
arvensis were noted with low cover. The second sublayer
is dominated by Amaranthus albus, Eragrostis minor,
Malva neglecta Wallr., Lepidium ruderale, Plantago
major. A sublayer formed by Polygonum aviculare
develops in the trampling areas. On average, some
vegetation plots have 10-11 species, the coenoflora
is formed by 36 taxa. The characteristic features of
the association within Kyiv in comparison with other
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territories (Osypenko, 1999; Dubyna et al., 2004) are the
high number of species in the coenoses and the prevalence
of nitrophilous species in their ecological spectra.

Association Portulacetum oleracei Felfoldy 1942

D.s.: Portulaca oleracea (sensu lato), Tribulus
terrestris.

This association is quite common in Kyiv and is
found in all administrative-territorial units. It occupies
mostly sunny ecotopes with gray and chernozem soils,
located along highways, sidewalks, railways, and fences.
The total cover of coenoses varies from 30-40% to 80—
95%. The coenoflora of this association is formed by
49 species. Some plant communities are composed of
7—11 taxa; among them, Chenopodium album, Oxybasis
rubra (L.) Fuentes, Uotila & Borsch (Chenopodium
rubrum L.), Conyza canadensis, and Anisantha tectorum
are constant species. Within the association, we
distinguished three ecological variants. Phytocoenoses
of Portulacetum oleracei var. Setaria viridis are common
on periodically trampled dry plots with gray and dark
gray sandy soils. These coenoses are characterized by
their rich species composition and a combination of
representatives mainly of the classes: Stellarietea mediae
(Ambrosia artemisiifolia, Atriplex patula L., Amaranthus
retroflexus, Eragrostis minor) and Polygono-Poetea
annuae  (Plantago lanceolata, Lolium  perenne,
Polygonum aviculare). Coenoses of Portulacetum
oleracei var. Berteroa incana are characterized by dense
(total cover 80-95%) stands that occur on chernozems,
sometimes with gravel and pebble fractions, near
abandoned or infrequently used railway tracks. A
comparatively lower level of anthropogenic pressure and
its irregularity determine the taxonomic differentiation of
plant communities according to the diagnostic group of
Artemisietea vulgaris (Berteroa incana, Malva neglecta,
Elytrigia repens, Convolvulus arvensis, Potentilla
argentea). Phytocoenoses of Portulacetum oleracei
var. Tribulus terrestris are the most xerophytic within the
association. They are distributed on gravelly soils along
the city railways. Tribulus terrestris, a Eurasian species
that until recently was mostly observed in the vegetation
of southern Ukraine, dominates in the communities with
a cover of 15 to 30%. In Kyiv, plant communities with
this species occur on gravelly railway embankments,
where the microclimate is very similar to more typical
species' habitats, in particular, due to the high degree of
insolation, low soil humidity, and high air temperature,
as compared to surrounding areas. An important role in
the northward migration of Tribulus terrestris may play
global climate changes. Among more common species
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in stands there are also other typical xerophytes, such as
Plantago arenaria and Salsola tragus L. Phytocoenoses
of Portulacetum oleracei recorded in Kyiv are generally
similar to those in other cities of Ukraine. The similarity
with the coenoses of the association described from
Kryvyi Rig (Yeremenko, 2018) is manifested in the
number of thermophilic annual plant species, while
in Cherkasy (Osypenko, 1996) — in the presence of
nitrophilous mesoxerophytes.

The Salsolion ruthenicae combines ruderal plant
communities of annuals on disturbed sandy-gravel
devastated soils. This alliance is quite well distinguished
by the presence of xerophytic species, in particular Salsola
tragus (formerly often reported under the illegitimate
name S. ruthenica 1ljin) and Anisantha tectorum. In the
territory of Kyiv, it is represented by one association and
one basal community.

Association Salsoletum ruthenicae Philippi 1971

D.s.: Salsola tragus.

This association was first described for Ukraine
by Osypenko and Shevchyk (2001) from Cherkasy. It
was noted on devastated soils near newly constructed
buildings in the city. These plant communities are
distributed sporadically in the city. The total cover
of coenoses reaches 90%. The dominating species is
Salsola tragus, sometimes with Chenopodium album
(5-10%) or Ambrosia artemisiifolia (to 5%). The
floristic composition of coenoses is formed by diagnostic
species of Stellarietea mediae (Setaria viridis, Portulaca
oleracea, Digitaria sanguinalis) that are undemanding to
the water-mineral regime of soils.

The basal community Cenchrus longispinus was found
near the Kyiv-Dniprovskyi railway platform, where it
occupies railway hills with sandy soils, as well as open,
well-sunlit lawns along highways near the Osokorky
metro station. Stands are medium-dense, have a total cover
0f 40—60% and one sublayer up to 60 cm tall, in which, in
addition to the dominant dangerous quarantine species —
Cenchrus longispinus (Hack.) Fernald, most common are
species of the alliance Salsolion ruthenicae — Digitaria
sanguinalis, Salsola tragus, Anisantha tectorum and
Eragrostis minor. These phytocoenoses are distinguished
by significant participation of typical psammophytic
species, representatives of the Koelerio-Corynephoretea
canescentis (Silene borysthenica (Grun.) Walters
(Otites  borysthenicus (Grun.) Klokov), Chondrilla
Jjuncea L. sensu lato, Oenothera bienis L. sensu lato) and
Festucetea vaginatae classes (Festuca beckeri (Hack.)
Trautv., Secale sylvestre Host, Centaurea borysthenica,
Polygonum arenarium, Plantago arenaria).
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The Papaveretalia rhoeadis order includes segetal
vegetation occurring on rich soils in the steppe and
forest-steppe zones of Ukraine. Diagnostic species are:
Capsella bursa-pastoris (L.) Medik., Cirsium arvense,
Convolvulus arvensis, Conyza canadensis, Fallopia
convolvulus, and Sonchus arvensis. In Kyiv, the order
is represented by one alliance and one association. The
Chenopodio albi-Descurainion sophiae alliance contains
weed phytocoenoses, occurring mainly on chernozem
soils.

Association Fallopio convolvuli-Chenopodietum
albi Solomakha 1990

D.s.: Fallopia convolvulus, Linaria vulgaris Mill.

These plant communities are not very common
in Kyiv and do not occupy large areas. They were
found near the Vydubychi railway platform, on light
chernozem soils. Stands are usually dense with a total
cover up to 90%, reaching a height of 70-80 cm, and
consist of two sublayers. The first sublayer is formed
by such species as Chenopodium album, Oxybasis
rubra, Setaria viridis, Amaranthus retroflexus, Conyza
canadensis, Linaria vulgaris, Diplotaxis tenuifolia, and
Phalacroloma annuum. The lower sublayer consists of
Fallopia convolvulus, Portulaca oleracea, Convolvulus
arvensis, and Polygonum arenarium. Phytocoenoses are
floristically rich, with 13—14 species in each relevé. The
total number of species in the coenoflora is 28 taxa.

The Sisymbrietalia sophiae order includes xerophytic
plant communities of disturbed habitats with nutrient-rich
soils. Diagnostic species are: Anisantha tectorum, Atriplex
prostrata Boucher ex DC., 4. tatarica, Diplotaxis muralis,
D. tenuifolia, Cyclachaena xanthiifolia, Lactuca serriola,
Malva neglecta, Sisymbrium loeselii, S. officinale, and
Xanthium strumarium (sensu lato). In Kyiv, the order is
characterized by a high level of syntaxonomic diversity
and represented by four alliances — Atriplicion, Hordeion
murini, Malvion neglectae and Sisymbrion officinalis.

The Atriplicion alliance includes xerophytic ruderal
phytocoenoses of tall annual herbs, occurring on
nitrified sandy soils. The group of diagnostic species
includes:  Artemisia vulgaris, Atriplex prostrata,
A. tatarica, Chenopodium album, and Chenopodiastrum
hybridum (L.) Fuentes, Uotila & Borsch (Chenopodium
hybridum L.). In Kyiv, 6 associations and one basal
community of the alliance were described.

Association Atriplicetum hastatae Poli et J. Tx. 1960

D.s.: Atriplex prostrata, Portulaca oleracea.

Phytocoenoses of this association occupy areas around
the apartment building grounds in the Sviatoshynskyi,
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Darnytskyi, Desnianskyi districts with nitrified soils.
Plant communities are characterized by a low species
richness (5-6 species in the relevé with a total taxa
number of 12), high density (total cover 60-70%), and
medium height (60-70 cm) of stands, dominated by
Atriplex prostrata. Hordeum murinum L., Ambrosia
artemisiifolia, Portulaca oleracea with a cover 5-10%
are often present. In Ukraine, coenoses of Atriplicetum
hastatae were previously mentioned only for coastal
areas (Dubyna et al., 2004). Comparison of them did
not show much similarity. Thus, in Kyiv the floristic
composition of the association is formed mainly by
species of the Atriplicion alliance, while in other
territories, the phytocoenoses are more variable in their
floristic composition due to representatives of different
classes of both natural and synanthropic vegetation.

Association Atriplicetum nitentis Slavnié¢ 1951

D.s.:  Atriplex sagittata Borkh., Parthenocissus
quinquefolia (L.) Planch. sensu lato.

Plant communities of this association are rarely noted
within Kyiv. They are described from the "Zvirynets"
area, occurring in disturbed habitats with loamy soils,
adjacent to semi-natural nitrophilous coenoses of the
Galio-Urticetea class. Stands of the association are dense
(80-90%), have 80—100 cm in height, and are composed
of species (6-7 in one relevé) representing different
classes of anthropogenic vegetation, in particular
Robinietea, Stellarietea mediae, Artemisietea vulgaris
and Galio-Urticetea. A dominating species is Atriplex
sagittata with a cover of 50-60%. Elytrigia repens (cover
to 10-15%), Conyza canadensis (5-10%), and Oxybasis
rubra (up to 5%) also play a significant role.

Association Atriplicetum tataricae (Morariu 1943)
Ubrizsy 1949

D.s.: Atriplex tatarica.

Phytocoenoses within Kyiv are distributed on
compacted soils with increased salinization along
roadsides and sidewalks. They were described from the
Holosiivskyi and Obolonskyi districts. The total cover
of communities is 55-70 (100)%. Atriplex tatarica
dominates in the stands, which reach a height of 60 cm and
consist of two sublayers. In the first sublayer, Portulaca
oleracea, Hordeum murinum, Anisantha tectorum,
Grindelia squarrosa, and Conyza canadensis are
characterized by high constancy. Second sublayer, with a
cover 5-15%, is formed by Polygonum aviculare. When
comparing the floristic composition of the association
from different regions of Ukraine, the coenoses described
from Kyiv have the greatest similarity to those occurring
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in Kryvyi Rig (Yeremenko, 2018), due to the similarity
of the group of diagnostic and constant species, as well as
a high proportion of thermophilic annuals resulting from
thermo- and light regimes of communities’ habitats.

Association Chenopodietum stricti (Oberd. 1957)
Passarge 1964

D.s.: Chenopodium album, Glechoma hederacea L.

Phytocoenoses of this association are one of the most
common in the ruderal habitats of Kyiv. They are found
along roadsides and sidewalks, in lawns, abandoned
children and sports grounds, and near buildings and
industrial sites of the city. Coenoses are confined to the
disturbed substrates with increased content of nitrogenous
compounds. Stands are usually dense, with a total cover
up to 80—-100% and height of 120—150 cm, composed of
three sublayers. The first one is formed by tall nitrophylic
herbs, such as: Chenopodium album, Artemisia vulgaris,
Lactuca serriola, and Amaranthus retroflexus. For the
second sublayer, typical are Ambrosia artemisiifolia,
Conyza canadensis, Setaria pumila, Anisantha tectorum,
Digitaria sanguinalis, and Hordeum murinum. The
lower sublayer forms Polygonum aviculare, together
with other low-growing anthropophytes, such as
Convolvulus arvensis, Glechoma hederacea, Plantago
major, and Eragrostis minor. A total of 83 species were
recorded in the plant communities, of which 6-8 form
separate coenoses. At the level of diagnostic and constant
species, phytocoenoses in Kyiv are quite similar to those
described from other cities of Ukraine (Kucheryavyi
et al., 1991; Osypenko, Shevchyk, 2001; Soroka, 2008).
Coenotaxonomic specificity consists in a relatively high
participation of species from the Artemisietea vulgaris
class in the structure of coenoses and a high dominant
role of plants from the group of transformers, in
particular, Ambrosia artemisiifolia, Conyza canadensis,
and Grindelia squarrosa.

Association Kochietum densiflorae Gutte et Klotz
1985

D.s.: Kochia scoparia
scoparia (L.) A.J.Scott)

These plant communities within Kyiv were described
from the Dniprovskyi and Pecherskyi districts. They
prefer waste dumps on building grounds and roadsides
with degraded gray and chernozem soils. Stands are not
dense (total cover 30—40%) and contain few species (on
average 3—5 species per relevé, with a total number of
24 in all coenoflora). Herb layer reaches height up to 80
cm and consists of two sublayers. The first one is formed
by Kochia scoparia, Anisantha tectorum (5-10%)

(L.) Schrad. (Bassia
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and other representatives of the Stellarietea mediae
class (Lactuca serriola, Conyza canadensis, Ambrosia
artemisiifolia, Chenopodium album, Sisymbrium loeselii,
Atriplex sagittata, and Setaria viridis). Eragrostis minor,
Diplotaxis tenuifolia, and Plantago major are often
noted in the lower sublayer. Comparisons of the Kyiv
and Kryvyi Rih association's communities (Yeremenko,
2018; Smetana, 2002) generally showed the similarity
of diagnostic and constant species. The differences
are caused by the high proportion of psammophytic
species (for example, Artemisia campestris, Centaurea
borysthenica, and Medicago sativa) in the study area.

Association Ambrosietum artemisiifoliae Vitalariu
1973

D.s.: Ambrosia artemisiifolia, Oenothera biennis
(sensu lato).

This association was first described by Vitalariu (1973)
along the railways of Moldova. In Ukraine, coenoses
where Ambrosia artemisiifolia plays a significant or
even dominant role were classified either as derivate
communities hierarchically related to different alliances,
orders or classes of anthropogenic vegetation (Dubyna
et al., 2018), or referred to several associations, which
in the latest vegetation survey of Ukraine were either
recognized as valid or sometimes reduced to synonyms
(Dubyna et al., 2019). In general, the classification of
phytocoenoses with invasive plants is a quite difficult
task (Abramova, 2012). This is due to the fact that such
species are highly dominant and have wide ecological-
coenotic amplitudes, so they can form aspects in different
classes of anthropogenic vegetation. Researchers often
use rankless units, such as derivate or basal communities,
to identify such coenoses. Associations with invasive
species are recognized only when they are dominated by
representatives of one syntaxonomic unit of the highest
hierarchical level.

To establish the syntaxonomic position of
phytocoenoses with  Ambrosia  artemisiifolia, we
compared the qualitative and quantitative indicators of
floristic composition of all associations described or
registered from Ukraine where this species is diagnostic,
and built a dendrogram (Fig. 1). This confirmed our
decision to assign the status of association to the coenoses
with 4. artemisiifolia occurring in Kyiv.

WithinKyiv, Ambrosietum artemisiifoliaecommunities
were found in all administrative-territorial districts of
the city, mainly along the railway tracks, highways and
sidewalks, on the slopes of large transport interchanges,
lawns, etc. They often prefer landfills and construction
waste grounds, abandoned territories and areas with
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Fig. 1. Dendrogram of similarity of floristic composition of plant communities with Ambrosia artemisiifolia participation.

AX — Ambrosio artemisiifoliae-Xanthietum strumariae Kostylev in V. Solomakha et al. 1992; AaM — Ambrosietum artemisiifoliae
Vitélariu 1973 (plant communities described from Moldova); AaK — Ambrosietum artemisiifoliae Vitalariu 1973 (plant communities
described from Kyiv); ACh — Ambrosio artemisiifoliae-Chenopodietum albi Marjushkina et V. Solomakha 1985; AC — Ambrosio
artemisiifoliae-Cirsietum setosi Marjushkina et V. Solomakha 1985; AchA — Achilleo-Ambrosietum artemisiifoliae Smetana 2002;
AGr — Ambrosio artemisiifoliae-Grindelietum squarrosae Smetana 2002

agglomerative soils. The aspect of these coenoses is
determined by the dominance of the diagnostic species —
Ambrosia artemisiifolia, the cover of which sometimes
reaches 80-90%. The floristic composition is dominated
by species from Stellarietea mediae, of which the
most common are Anisantha tectorum, Setaria pumila,
Conyza canadensis, Phalacroloma annuum, and Lactuca
serriola. In some habitats, a significant role is played
by representatives of the classes Artemisietea vulgaris
(Elbytrigia repens, Artemisia vulgaris, A. absinthium,
Berteroa incana, Convolvulus arvensis, Daucus carota)
and Polygono-Poetea annuae (Polygonum aviculare,
Lolium perenne). The stands are composed of two or
three (in trampling areas) sublayers. A total of 75 species
were noted in the communities, on average 8—10 of them
were recorded in separate relevés.

The basal community of Atriplex patula is quite
common in Kyiv on abandoned roadside areas with
disturbed nitrified soils. It is characterized by a few
species stands with a total cover of 60—-80% and a height of
80 cm. This community is dominated by Atriplex patula,
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with the participation of Elytrigia repens, Amaranthus
retroflexus, Oxybasis rubra, Chenopodiastrum hybridum,
Conyza canadensis, and Sonchus oleraceus.

The Hordeion murini alliance includes ruderal plant
communities in mechanically disturbed anthropogenic
habitats with the highest deficit of soil humidity.
The group of diagnostic species is formed by typical
xerophytes — Anisantha sterilis (L.) Nevski (Bromus
sterilis L.), A. tectorum, Bromus squarrosus, Hordeum
murinum, and Secale sylvestre. In Kyiv, the alliance is
represented by two associations.

Association Brometum tectorum Bojko 1934

D.s.: Anisantha tectorum.

Plant communities of this association are quite
common in Kyiv and occupy different types of habitats.
They form open, well sunlit ecotopes with loose
sandy, loamy and gravelly substrates along railways
and tramways, on sides of highways, near residential
buildings, and on abandoned play and sport grounds.
The total cover of coenoses ranges from 35-40% to
80-90%. The stands reach a height of 60-80 cm. They
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are dominated by Anisantha tectorum. Such species as
Lactuca serriola, Conyza canadensis, Phalacroloma
annuum, Crepis tectorum L., Amaranthus retroflexus,
Convolvulus arvensis and Taraxacum officinale have
high constancy there. In total, 75 species were found
in the phytocoenoses, on average 67 per relevé.
Depending on the type of anthropogenic pressure and
its intensity, there are two variants distinguished within
the association. Phytocoenoses of Brometum tectorum
var. Diplotaxis tenuifolia occur mainly along transport
routes. The stands are medium-dense (the total cover
does not exceed 45-60%), composed of two sublayers.
The variant is characterized by the predominance
of representatives of the Stellarietea mediae class
(Diplotaxis tenuifolia, Setaria pumila, Eragrostis minor,
Ambrosia artemisiifolia, Fallopia convolvulus, Salsola
tragus). Some species of Artemisietea vulgaris, in
particular, Elytrigia repens, Ballota nigra, and Artemisia
absinthium, are also common. Plant communities of
Brometum tectorum var. Polygonum aviculare are typical
for areas with intensive trampling (along sidewalks,
spontaneous paths, in park areas). The stands have a
total cover of 70-80% and are differentiated into three
sublayers. In addition to Anisantha tectorum and constant
species of the association, plants with high tolerance to
trampling (Polygonum aviculare, Plantago lanceolata,
P. major, Atriplex tatarica) occur in a high proportion in
the coenoflora of this variant. Qualitative and quantitative
comparisons of the association's phytocoenoses from
different regions and cities of Ukraine showed that
plant communities in Kyiv are most similar to those
described from Kryvyi Rig (Yeremenko, 2018). The
main differences are related to various conditions of soil
humidity and are reflected in the proportion of xerophytic
and mesophytic species in the coenofloras. In addition,
the floristic structure of phytocoenoses in the study area
is complex and composed not only of species of different
classes of anthropogenic vegetation, but also of constant
species from  Molinio-Arrhenatheretea, Koelerio-
Corynephoretea canescentis, and Trifolio-Geranietea
sanguinei.

Association Hordeetum murini Libbert 1932

D.s.: Hordeum murinum, Taraxacum serotinum
(Waldst. & Kit.) Poir.

Plant communities of this association in the territory
of Kyiv are typical for all administrative-territorial
districts. Phytocoenoses often occupy roadsides and other
marginal habitats with dry compact soils. The total cover
of coenoses is 70-80%. Hordeum murinum dominates in
stands that usually do not exceed 50-60 cm in height.
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There are also some representatives of Stellarietea
mediae, such as: Lactuca serriola, Chenopodium album,
Conyza canadensis, Amaranthus retroflexus, Ambrosia
artemisiifolia, Capsella bursa-pastoris, and Atriplex
tatarica, with a percentage of 5-15% and high constancy.
The proximity of the phytocoenoses to the areas of
intensive trampling determines the high representation
of the Polygono-Poetea annuae diagnostic group,
with such species as Polygonum aviculare, Taraxacum
officinale, T. serotinum, Lolium perenne, Plantago major,
P. lanceolata, and Poa annua L. In the areas of only
occasional anthropogenic disturbance, hemicryptophytes
from Artemisietea vulgaris (Elytrigia repens, Artemisia
vulgaris, Convolvulus arvensis, Ballota nigra, Glechoma
hederacea, Urtica dioica L.) are often observed. The
coenoflora of the association consists of 44 species,
usually 5-7 per one relevé. Compared to other cities and
regions of Ukraine (Yeremenko, 2018; Dubyna et al.,
2004, 2018; Tokaryuk, 2019), in Kyiv the association's
communities do not have a diverse floristic spectra of
coenoses and are characterized by the predominance
of species of synanthropic vegetation classes from the
xerophytic ecological group.

The Malvion neglectae alliance, which combines
coenoses of marginal localities occurring on moderately
humid and nutrient-rich soils, is represented in Kyiv by
only one association and is determined mostly based on
the presence of Malva neglecta, Plantago major, and
Polygonum aviculare.

Association Hyoscyamo nigri-Malvetum neglectae
Aichinger 1933

D.s.: Lolium  perenne,  Malva neglecta,
Tripleurospermum inodorum, Poa annua, Sisymbrium
loeselii, Trifolium repens L.

Within  Kyiv, these plant communities occur
sporadically on compacted nitrified soils and were found
along sidewalks and near paths between the private
houses of the Sviatoshynskyi district and near the
Slavutych metro station. The coenoses of the association
are represented by scioheliophytic stands of low-growing
therophytes with a total cover of 70-90%, differentiated
into one or two sublayers. The dominating species is
Malva neglecta, while such species as Lolium perenne,
Chenopodium  album, Tripleurospermum inodorum,
Sisymbrium loeselii, Poa annua, Plantago major, and
Trifolium repens also play a significant role in stands.
The coenoflora is formed in total by 19 species, with
67 species per relevé. Comparisons of association's
communities in the study area with similar ones within
Ukraine (Soroka, 2008; Osypenko, 1997) in general
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demonstrated their high similarity at the level of the
groups of diagnostic and constant species. In Kyiv, the
coenoses are characterized by a high dominance of the
edificator species (Malva neglecta), alow number of taxa,
and a significant quantitative and qualitative presence of
representatives of the Polygono-Coronopodion alliance.

The Sisymbrion officinalis includes ruderal plant
communities occurring on little-disturbed nitrified
substrates. Its diagnostic species are: Atriplex
tatarica, Chenopodium album, Sisymbrium loeselii,
S. officinale (L.) Scop., and Xanthium strumarium
(sensu lato). The alliance is represented in Kyiv by four
associations.

Association  Erigeronto-Lactucetum  serriolae
Lohmeyer in Oberd. 1957

D.s.: Convolvulus arvensis, Conyza canadensis,
Lactuca serriola, Setaria pumila, Tripleurospermum
inodorum.

Phytocoenoses are noted sporadically in the territory
of Kyiv, most often in the Holosiivskyi, Darnytskyi, and
Pecherskyi districts and in the Raiduzhnyi residential
area. Plant communities grow on roadsides, in dumping
sites, near railway hills, as well as on lawns in conditions
of insufficient soil humidity. They prefer mainly loamy,
sandy, and gravelly substrates with a low concentration
of water and mineral nutrients. The total cover of
stands varies from 40 to 85%. They are formed mainly
by Lactuca serriola and Conyza canadensis. The
phytocoenoses are composed of two or three sublayers.
The first one, which can reach a height of 120-150
cm, comprises Lactuca serriola, Chenopodium album,
Arctium lappa L., Artemisia absinthium, and Verbascum
thapsus. The second sublayer (50-60 cm in height)
is dominated by Conyza canadensis, often Anisantha
tectorum, Setaria pumila, Elytrigia repens, Ambrosia
artemisiifolia, Diplotaxis tenuifolia, Ballota nigra,
Amaranthus retroflexus, and Capsella bursa-pastoris.
The third layer is composed of low-growing annual and
perennial herbs. Among them, Polygonum aviculare,
Hordeum murinum, Portulaca oleracea, Convolvulus
arvensis, and Eragrostis minor are most often recorded.
The coenoflora of the association consists of a total
of 48 species, while some relevés have on average
89 species. The plant communities of Erigeronto-
Lactucetum serriolae are most similar to those described
from in Kryvyi Rig (Yeremenko, 2018), especially in
terms of diagnostic and constant species. Characteristic
differences found in the Kyiv coenoses include a high
representation of psammophytic florocoenoelements
and relatively low participation of low-growing annuals
and perennials from the diagnostic group of Polygono-
Poetea annuae.
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Association Ivaetum xanthiifoliae Fijalkowski 1967

D.s.: Artemisia vulgaris, Cyclachaena xanthiifolia
(Iva xanthiifolia).

These phytocoenoses are sporadically observed on
loamy and sandy soils, mostly in waste places or along
roads, mainly in the Sviatoshynskyi and Desnianskyi
districts of Kyiv. The plant communities' stands are
dense, with a total cover up to 100%, reach a height of
150 cm, and are composed of two sublayers. The first one
is dominated by Cyclachaena xanthiifolia, a significant
role is also played by Chenopodium album (5-15%)
and Artemisia vulgaris (5-10%). In the second sublayer,
most common species are Ambrosia artemisiifolia,
Elytrigia repens, Setaria viridis, and Bromus squarrosus.
In total, the phytocoenoses of the association are formed
by 19 species, of which from 7 to 13 are recorded
in some vegetation plots. The coenoses in Kyiv are
most similar to those which were found in Cherkasy
(Osypenko, Shevchyk, 2001), in the localities of Poltava
region (Gomlya, 2005) (at the level of Jaccard similarity
coefficient of 0.16), and in the Kuyalnyk Estuary area
(Dubyna et al., 2018). First of all, the similarity occurs
in a group of constant and dominant species, as well as
affinity ones. The latter are dominated by xerophytic
representatives of Stellarietea mediae. In other areas,
the diagnostic groups of different rank syntaxa from the
Artemisietea vulgaris class are more prominent.

Association  Lactuco  serriolae-Diplotaxietum
tenuifoliae (Oberd. 1957) Mucina 1978

D.s.: Berteroa incana, Diplotaxis tenuifolia, Picris
hieracioides, Potentilla argentea.

In Ukraine, plant communities of this association were
earlier mentioned only for the Crimean Peninsula, where
they were found in vineyards and among row crops on
nutrient-rich substrates (Bagrikova, 2004). In Kyiv, these
coenoses were found near the Sviatoshyn and Kyiv-
Demiivskyi railway stations on undisturbed chernozems
with gravel fractions near the railway tracks on which
irregular transportation is carried out. The total cover of
plants varies from 40 to 90%, the height reaches 120—
150 cm. Stands are differentiated into two sublayers. The
first one is dominated by Lactuca serriola, often with
Elytrigia repens. The second dense sublayer is formed
by Diplotaxis tenuifolia, Setaria viridis, S. pumila,
and Ambrosia artemisiifolia. Due to the unstable
anthropogenic impact, species of Artemisietea vulgaris,
in particular from the ecological group of mesophytes,
play a significant role in phytocoenoses of the association.
Among them, Berteroa incana, Artemisia absinthium,
Crepis rhoeadifolia, and Ballota nigra are most common.
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Fig. 2. Results of DCA-ordination of plant communities of the Stellarietea mediae class by ecological factors: Hd — soil humidity,
fH — variability of damping, Rc — soil acidity, S — salt regime, Ca — carbonate content, Nt — nitrogen content, Ae — soil aeration,
Tm — termoregime, Om — ombroregime, Kn — continentality of climate, Cr — cryoregime, Lc — light regime.

The numbers indicate syntaxa that correspond to those given in the classification scheme

Near sidewalks and spontaneously trampled paths, the
proportion of such species as Polygonum aviculare and
Eragrostis minor is increasing. On average, 8-9 species
are recorded in each vegetation plots, their total number
in the coenoflora reaches 28.

Association Sisymbrietum loeselii Gutte 1972

D.s.. Bromopsis inermis (Leyss.) Holub (Bromus
inermis Leyss.), Carex caryophyllea Latourr., Sisymbrium
loeselii.

Coenoses of this association are sporadically
distributed on mechanically slightly  disturbed
chernozems and sandy soils, mainly along roads, less
often on lawns of all administrative districts of Kyiv. The
stands are dense (80-90%), 120—130 cm in height, and
are formed by diagnostic species (Sisymbrium loeselii)
and other annual and biennial ruderal herbaceous plants.
Among them, the most common are Chenopodium
album, Conyza canadensis, Ambrosia artemisiifolia,
Berteroa incana, and Bromopsis inermis. Polygonum
aviculare and Plantago major are typical in the areas of
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moderate trampling. The coenoses are rich in species, due
to the high content of nutrients in the substrates. Some
plant communities are formed by 12—15 species, in total,
the coenoflora is composed of 34 taxa. Comparisons
with other territories showed the highest similarity with
the phytocoenoses of the association described from
Cherkasy (Osypenko, Shevchyk, 2001). In particular, a
high similarity is characteristic of the diagnostic species
group. The main difference is the high proportion of
representatives of the psammophytic florocoenocomplex
(Chondrilla juncea, Artemisia campestris, Hylotelephium
argutum (Haw.) Holub) in the floristic composition of the
association in Kyiv.

According to the DCA-ordination results (Fig. 2), it
was found that for Stellarietea mediae plant communities
in Kyiv, the main factors determining their ecological
differentiation are the salt regime of edaphotope, as
well as aridity-humidity, cryo- and thermal regimes of
the climate, vectors of which were closest to the first
ordinance axis.
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Phytoindication analysis of Stellarietea mediae plant
communities by the factor of soil humidity (Fig. 3)
demonstrated that the majority of phytocoenoses of this
class grow under conditions of insufficient moisture
and are submesophytic. Only a few associations of the
Atriplicion alliance, which appear at an intermediate
succession stage and are replaced by Artemisietea
vulgaris communities, are characterized by higher
soil humidity requirements and occupy mesophytic
habitats. The distribution of associations depending
on the variability of damping (Fig. 4) shows that the
phytocoenoses of the studied class are formed mainly in
dry ecotopes, with irregular moistening of the soil root
layer. Differentiation of Stellarietea mediae coenoses
in relation to the soil aeration (Fig. 5) mostly revealed
their subaerophylity. Only the coenoses of Cynodontetum
dactyli, Eragrostio-Amaranthetum albi, and Hyoscyamo
nigri-Malvetum neglectae, which are confined mainly to
loamy soils, are hemiaerophobic.

Phytoindication analysis by the pH of the soil
solution (Fig. 6) showed that the plant communities of
the class are common on neutral or slightly acidic soils.
The distribution of Stellarietea mediae associations in
relation to the total salt regime of the substrate (Fig. 7)
showed that they all prefer soils with a sufficient level of
mineral nutrients. The results of phytoindication by the
carbonate content (Fig. 8) allowed us to establish that the
coenoses of the class either avoid carbonate substrates
or are able to tolerate a low content of carbonates in the
soil. The distribution of associations by the nitrogen
content in the soil (Fig. 9) indicates their predominant
heminitrophilicity. Nitrophilicity is more characteristic
for some plant communities from Panico-Setarion,
Atriplicion and Sisymbrion officinalis alliances, which
are described from dumping sites.

Ecological differentiation of Stellarietea mediae
associations according to the main parameters of the
climate showed that the coenoses of this class in relation
to the thermal regime are mainly submesothermic
(Fig. 10), subaridophytic according to the aridity-
humidity of the climate (Fig. 11), and hemicontinental by
their continentality (Fig.12). The distribution of syntaxa
by cryoregime revealed their subcryophility (Fig. 13),
and the differentiation by the light regime of ecotopes
(Fig. 14) showed that all phytocoenoses of the class are
heliophytic.
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Conclusions

The vegetation of the Stellarietea mediae class in Kyiv
City is characterized by high coenotic diversity, which is
due to the increased anthropogenic pressure and a large
number of diverse ruderal habitats in the territory of the
city. A total of 24 associations and 3 basal communities
belonging to 8 alliances and 4 orders were identified. The
largest areas in Kyiv are occupied by coenoses of the
associations Ambrosio artemisiifoliae-Chenopodietum

sanguinalis-Eragrostietum — minoris,
oleracei,  Chenopodietum

albi, Digitario
Portulacetum stricti,
Ambrosietum artemisiifoliae, Brometum tectorum, and
Hordeetum murini. The plant communities of the class
are generally similar to those reported for other cities
of Ukraine. The highest similarity is characteristic at
the level of dominant and constant species. The floristic
composition of the co-occuring species depends on
the intensity and scope of anthropogenic impact, soil
types, and availability of water and mineral nutrition.
Peculiarities of the coenotic structure of the investigated
plant communities include polydominance and a high total
cover of stands. Coenotaxonomic specificity is manifested
by a significant representation of diagnostic species of
other classes of anthropogenic vegetation (in particular,
Artemisietea vulgaris, Galio-Urticetea, Polygono-Poetea
annuae), as well as psammophytic floroelements in the
spectra of the associations' coenofloras. The leading
factors of territorial differentiation of Stellarietea mediae
plant communities are, first of all, the type and intensity
of anthropogenic disturbance, and, to a lesser extent, the
soil types and their structure. The ecological distribution
of syntaxa in the hyperspace of abiotic factors is
determined by the salt regime of the edaphotope, aridity/
humidity of the climate, and cryo- and thermal regime of
the environment. The developed syntaxonomic scheme,
which reflects the ecological conditions of habitats, the
main forming factors, trends of successions, and the
structure of plant communities, and will be a component
of the general Kyiv vegetation scheme, should be the
basis for strategic planning and practical implementation
of measures for sustainable socioeconomic and ecological
development of the Kyiv urban ecosystem, optimization
of the urban environment, and vegetation management to
improve the quality of life in the city.
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Fig.3. Distribution of associations of the Stellarietea mediae class by soil humidity. Here and below in Figures 3 to 14, numbers on
the horizontal (x, abscissa) axis correspond to the number of associations in the classification scheme, the values of ecological factors
are indicated on the vertical (y, ordinate) axis
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Fig.4. Distribution of associations of the Stellarietea mediae class by variability of damping
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Fig.5. Distribution of associations of the Stellarietea mediae class by soil aeration
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Fig.6. Distribution of associations of the Stellarietea mediae class by acidity
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Fig.7. Distribution of associations of the Stellarietea mediae class by salt regime
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Fig.8. Distribution of associations of the Stellarietea mediae class by carbonate content
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Fig.9. Distribution of associations of the Stellarietea mediae class by nitrogen content
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Fig.10. Distribution of associations of the Stellarietea mediae class by thermoregime
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Fig.11. Distribution of associations of the Stellarietea mediae class by ombroregime
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Fig.12. Distribution of associations of the Stellarietea mediae class by the continentality of climate
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Fig.13. Distribution of associations of the Stellarietea mediae class by cryoregime
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Fig.14. Distribution of associations of the Stellarietea mediae class by light regime of ecotopes

Vrpaincokuii 6omaniunuti xcypran, 2021, 78(3) 195



Acknowledgments

The authors express their sincere gratitude to Prof.
S.L. Mosyakin (M.G. Kholodny Institute of Botany,
Kyiv), M.Sc. Elzbieta Obarska and Dr. hab. Zbigniew
Celka (Adam Mickiewicz University, Poznan) for the
help in editing the manuscript.

References

Abramova L.M. 2012. Izvestia of Samara Scientific Center
of the Russian Academy of Sciences. 14(1-4): 945-949.
[AGpamosa JI.M. 2012. O knaccupukauy pacTUTEIbHBIX
coo0mecTB € WHBa3UBHBIMHM  BHAaMH. M3gecmus
Camapckozo Hayunozo yewmpa Poccutickou axademuu
nayk. 14(1-4): 945-949].

Aniol-Kwiatkowska J. 1990. Zbiorowiska segetalne Walu
Trzebnickiego. Florystyczno-ekologiczne stadium
poréwnawcze. In: Floristic and ecological comparative
study. Wroctaw: Wydawnictwo Uniwersytetu
Wroctawskiego, pp. 46-230.

Arepieva L.A. 2017. Vegetation of Russia, 30: 3-28.
[ApenbeBall.A.2017. PacTUTENBHOCTB KETE3HOTOPOKHBIX
Haceineit Kypckoit obmactu. Pacmumensnocmos Poccuu,
30: 3-28]. https://doi.org/10.31111/vegrus/2017.30.3

Arepieva L.A. 2019. Diversity of plant world, 2(2): 18—
37. [ApenbeBa JILA. 2019. O HOBBIX CHHTaKCOHax
CHHAHTPOITHOI ~ pacTHUTENBPHOCTH  Topoia  bpsmHcka.
Pasnoobpasue pacmumenvrnoeo mupa, 2(2): 18-37].
https://doi.org/10.22281/2686-9713-2019-2-18-37

Bagrikova N.A. 2004. Ukrainian  Phytosociological
Collection. Series A, 1(21): 1-188. [barpuxosa H.A. 2004.
CopHo-nionieBast pacTuTenbHOCTh KpbiMa. Vkpaincexuii
gimoyenonoziunuii 30ipuux. Cep. 4, 1(21): 1-188].

Braun-Blanquet J. 1964. Pflanzensoziologie. Grundzuge der
Vegetationskunde. 3 Aufl. Wien; New York: Springer-
Verlag, 865 pp.

Bredikhina Yu.L. Spontanna roslynnist m. Melitopolya:
syntaksonomiya,  fitomelioratyvne = znachennya i
shchlyakhy optymizatsii: Cand. Sci. Diss. Abstract. Lviv,
2015, 18 pp. [bpenixina }0.JI. CioHTaHHAa POCIMHHICTH
M. MemiTonons: CHHTaKCOHOMis, (iToMeniopaTuBHE
3HAUCHHS 1 NUIAXM ONTUMI3alii: aBToped. JUC. ... KaH]I.
cinbepkoroct. Hayk: crem. 06.03.01 "Jlicoi KynbTypH Ta
¢itomemniopais”. JIbBis, 2015, 18 c.].

Bulokhov A.D., Ivenkova I.M., Panasenko N.N. 2019.
Vestnik of Tver State University. Series: Biology and
Ecology, 2(54): 103-122 [bynoxos A.Jl., IBenkosa 11.M.,
ITanacenko H.H. 2019. CoobmectBa knacca Papaveretea
rhoeadis S. Brullo et al. 2001 u Sisymbrietea Gutte et
Hilbig 1975 B IOxnom HeuepHozembe Poccun. Becmuux
Tsepcrocococcyoapemeennozo  yHusepcumema. Cepus.:
buonoeusa u osxonoeus, 2(54): 103-122.]. https://doi.
org/10.26456/vtbio75

196

Chokha O.V. 2005. Hazonni pokryttya m. Kyeva. Kyiv:
Phytosociocenter, 82 pp. [Hoxa O.B. [azouni noxpumms
M. Kuesa. Kuis: ditocorrionentp, 82 c.].

Chokha O.V. 2007. Ecology and noospherology, 18(1-2):
36-50. [Yoxa O.B. 2007. CHHTaKCOHOMisi POCIMHHOCTI
ra3oHiB M. Kuesa. Kiac Plantaginetea majoris. Exonocis
ma noocgeponozia. 18(1-2): 36-50].

Chytry M., Tichy L., Holt J.,, Botta-Dukat Z. 2002.
Determination of diagnostic species with statistical fidelity

measures. Journal of Vegetation Science, 13: 79-90.
https://doi.org/10.1111/1.1654-1103.2002.tb02025.x

Chytry M., Danihelka J., Kaplan Z., Wild J., Holubova D.,
Novotny P., Rezni¢kovdA M., Rohn M., Dievojan P,
Grulich V., Klimesova J., Leps$ J., Lososova Z., Pergl J.,
Sadlo J., Smarda P., Stépankova P., Tichy L., Axmanova I,
Bartuskova A., Blazek P., Chrtek J. Jr., Fischer F. M.,
Guo W.-Y., Herben T., Janovsky Z., Kone¢na M., Kiihn I.,
Moravcova L., Petiik P., Pierce S., Prach K., ProkeSova H.,
Stech M., Té&sitel J., T&itelovéa T., VeGefa M., Zeleny D.,
Pysek P. 2021. Pladias Database of the Czech Flora and
Vegetation. Preslia, 93: 1-87. https://doi.org/10.23855/
preslia.2021.001

Didukh Ya.P. 2011. The ecological scales for the species of
Ukrainian flora and their use in synphytoindication. Kyiv:
Phytosociocentre, 176 pp.

Didukh Ya.P., Chumak K.V. 1992. Ukrainian Botanical
Journal, 49(6): 22-27. [dinyx S.IL., Yymak K.B. 1992.
leoboraniuna xapakrepucTuka 3axazHuka "JlicHukn"
(M. KuiB). Vxpaincoxkuii 6omaniunuii orcypuan, 49(6):
22-27].

Dubyna D.V., Dziuba T.P., lemelianova S.M., Bagrikova N.O.,
Borysova O.V., Borsukevych L.M., Vynokurov D.S,,
Gapon S.V., Gapon Yu.V., Davydov D.A., Dvoretskyi T.V.,
Didukh Ya.P., Zhmud O.I., Kozyr M.S., Konishchuk V.V.,
Kuzemko A.A., Pashkevych N.A., Ryff L.E,
Solomakha V.A., Felbaba-Klushyna L.M., Fitsailo T.V.,,
Chorna H.A., Chorney LI., Shelyag-Sosonko Yu.R.,
lakushenko D.M. 2019. Prodrome of the Vegetation
of Ukraine. Eds D.V. Dubyna, T.P. Dziuba. Kyiv:
Naukova Dumka, 782 pp. [Aybouna /.B., [I3r00a T.II.,
EwmenpsnoBa C.M., BarpikoBa H.O., bopucosa O.B.,
Bopcykesuu JLM., Bunokypos /J.C., TI'anon C.B.,
l'anon 10.B., laBunos [I.A., IBopeupkuii T.B., dimxyx S.I1.,
Kmyn O.1., Kozup M.C., Konimyx B.B., Kyzemxo A.A.,
IMamxesuua H.A., Pudpd JLE., Conomaxa B.A., ®ens6aba-
Knymmna JI.M., ®@inaitno T.B., Yopna I'A., Yopneii LI.,
[Hensir-Coconko 10.P., Akymenko [1.M. 2019. ITpoapomyc
pocmuuHOCTi  Ykpaimm. Bimm. pen. [A.B. /JlyOuna,
T.IL [I3r06a. Kui: HaykoBa nymxa, 782 c.].

Dubyna D.V., Ennan A.A., Dziuba T.P.,, Vakarenko L.P.,
Kiriushkyna ~ H.M.,  Shykhaleeva H.M.  2018.
Chornomorskyi Botanical Journal, 14 (3): 562-573.
[Ayo6una J1.B., Ennan A.A., JI3t06a T.I1., Bakapenko JI.IT.,
Kipromkuna I'M., llluxaneea ['M. 2018. CuaTaKcoHOMIs
pyAepanbHOl  POCIAMHHOCTI  AOMMHH  KysUIbHHIBKOTO
nuMany. Yopromopcvkui 6omaniunuil scypuan. 14 (3):
562-573]. https://doi.org/10.14255/2308-9628/18.143/4

Dubyna D.V., Neuhéyslova Z., Dziuba T.P., Shelyag-Sosonko
Yu.R. 2004. Klasyfikatsiva ta prodromus roslynnosti

Ukrainian Botanical Journal, 2021, 78(3)


https://doi.org/10.31111/vegrus/2017.30.3
https://doi.org/10.22281/2686-9713-2019-2-18-37
https://doi.org/10.26456/vtbio75
https://doi.org/10.26456/vtbio75
https://doi.org/10.1111/j.1654-1103.2002.tb02025.x
https://doi.org/10.23855/preslia.2021.001
https://doi.org/10.23855/preslia.2021.001
https://doi.org/10.14255/2308-9628/18.143/4

vodoym, perezvolozhenykh terytoriy ta aren Pivnichnoho
Prychornomor'ya. Kyiv: Phytosociocenter, 200 pp.
[Ayouna [.B., Hoitroitznosa 3., [[3ro6a T.II., Ilemsr-
Coconko IO.P. 2004. Kracugpixayis ma npoopomyc
DPOCIUHHOCMI BOOOUM, NEPE3BONONCEHUX MEPUMOPIU ma
apen Ilisniunoeo Ipuuopromop's. Kuis: ®iTocomioneHTp,
200 c.].

DziubaT.P.,DubynaD.V., Tymoshenko P.A., lemelianova S.M.
2019. In: Synanthropization of the vegetation cover of
Ukraine: 1Il All-Ukrainian Scientific Conference: book
of scientific articles. Kyiv, pp. 42-47. [[d3w6a T.II.,
Jy6una /1.B., Tumomenko I1.A., €EmenbsHoBa C.M. 2019.
PynepanpHa pOCTMHHICTP 3aJi3HHYHAX MUIAXiB MicTa
KueBa. B 30.: Cumammponizayia pocaunnozo noxkpugy
Vxpainu: 11l Bceykpaincora Haykoa KongphepeHyisi:30ipHuUK
Haykosux cmameti. Kuis, c. 42-47].

Dziuba T.P.,, Solomakha T.D., Tymoshenko P.A.
2010. Roslynni  uhrupovannya. In:  Pereyaslav-
Khmelnytskyi. Pryroda: roslynnyi svit; Eds. V.P. Kotsur,
V.M. Dzhuran, M.M. Fedoronchuk, M.V. Shevera.
Korsun-Shevchenkivskyi: FOP Maydanchenko L.S., pp:
86-95. [[3100a T.II., Comomaxa T.[., Tumomenko IT.A.
2010. Pocnmuui yrpymoBauus. B xu.: [lepescias-
Xmenvruuyvxu. Ilpupoda: pociunHuil ceim; 3a pen.
B.I1. Kouypa, B.M. J[Ixypana, M.M. ®enopoHuyka,
M.B. IleBepu. Kopcyns-llleBuenkiBepkuii: ~ DOII
Maiinangenxo 1.C., C. 86-95].

Epikhin D.V. 2006. Ekosistemy Kryma, ikh optimizatsiya i
okhrana, 16:127-135. [Enuxun 1.B. 2006. CunanTpomnHas
pactutensHOCTE ropoga Cumdeponons. Ixocucmemsl
Kpvima, ux onmumusayus u oxpana, 16: 127-135].

elVeg — a database upon European vegetations. Available
at: https://www.e-veg.net/app/15021 (Accessed 15 June
2020).

Golovanov Ya.M., Abramova L.M. 2018. Samarskaya Luka:
problemy regionalnoy i globalnoy ekologii,27(4): 137-143.
[TomoBanoB fS1.M., Abpamora JI.M. 2018. PasHooOpasue
PacTUTEIBHOCTH TOPOJIOB FOMKHOM MPOMBILUIEHHONW 30HBI
Pecnyonuku bamkoprocran. Camapckas Jlyka: npobnemol
PpecuUoHanbHOU U 2106anbHou sKkonoeuu, 27(4): 137-143].
https://doi.org/10.24411/2073-1035-2018-10102

Goncharenko 1., Yatsenko G. 2020. Phytosociological study
of the forest vegetation of Kyiv urban area (Ukraine).
Hacquetia, 19/1:  99-126.  https://doi.org/10.2478/
hacg-2019-0012

Goncharenko I.V.,, Kozyr M.S., Senchylo O.0. 2020.
Classification of the floodplain meadows of the Seym
and the Dnieper river valleys in the north-eastern part of
Ukraine. Biologia (Bratislava), 75 (1): 53-70. https://doi.
0rg/10.2478/s11756-019-00361-5

Goncharenko L.V., Holyk G.M. 2015. Phytodiversity of
Eastern Europe, 9(4): 129-158. [lonuapenko W.B.,
Tomuk I"H. 2015. Kitaccudukanust u purosKomorndeckas
OLIEHKA JIECOMApKOBOM pactuTenbHOCTH I Kuesa.
Dumopasnoobpasue Bocmounoii Eeponut. 9(4): 129-158].

Grechyshkina Yu.V. 2010. The Native Flora of Kyiv City:
Cand. Sci. Diss. Abstract. Kyiv, M.G. Kholodny Institute of
Botany NAS of Ukraine, 23 pp. [I'peunmkina F0.B. 2010.
[puponna dmnopa cynuaauX pociauH M. Kuepa: aBroped.

Ypaincoruii 6omaniunuii scypnan, 2021, 78(3)

JC. ... KaHA. 6ioi. Hayk: crren. 03.00.05 "Boranika". Kuis,
[acturyt Ooranikm im. M.I. Xomognoro HAH VYkpainu,
23 c.].

Hamor F.D. 1987. Ukrainian Botanical Journal, 44 (5): 36—
43. [Tamop @.J1. 1987. Knacudixariist BuaiiB T2 yrpyrnoBaHb
CereTalibHOT POCIMHHOCTI 3akapmarts. Yxpaincokuil
oomaniunuil scypran, 44 (5): 36-43].

Hennekens S.M., Schaminée J. 2001. TURBOVEG, a
comprehensive data base management system for
vegetation data. Journal of Vegetation Science, 12: 589—
591. https://doi.org/10.2307/3237010

Hill M.O., Gauch H. 1980. Detrended correspondence
analysis, an improved ordination technique Vegetatio, 42:
47-58. https://doi.org/10.1007/BF00048870

Holyk G.M., Goncharenko 1.V. 2017. Ecology and
noospherology,  28(1-2):  49-63. [l[omuxk TI'M.,
Tonuapenko [.B. 2017. CuHTakcoHOMis JepeBHOI
pocmunHocTi M. KwiB, 11 cunbiToinanKauiiinmii
aHai3 Ta AaHTPONOreHHa TpaHcopMmalis. FExonozis

ma  Hoocgeponocis, 28(1-2):  49-63]. https:/doi.
org/10.15421/031705
Gomlya LM. 2005. Ukrainian  Phytosociological

Collection. Series A, 1(22): 1-187. [Tomua JL.M. 2005.
PocnunuicTe  monmuHu  piuku  Xopodl.  Vipainucoruil
gimoyenonociunuii 30ipnux. Cep. A., 1 (22): 1-187].

Ishbirdin A.R., Mirkin B.M., Solomeshch A.I., Sakhapov M.T.
1988. Sintaksonomiya, ekologiya i dinamika ruderalnikh
soobshchestv Bashkirii. Ufa, 161 pp. [Mmbupaua A.P.,
Mupkun b.M., Conomen; A.U., CaxanoB M.T. 1988.
Cunmakconomus, exonozus U OUHAMUKA DPYOEPATbHUX
coobwecms bawrkupuu. Yda, 161 c.].

Kopecky K., Hejny S. 1974. A new approach to the
classification of anthropogenic plant communities.
Vegetatio, 29: 17-20. https://doi.org/10.1007/BF02390892

Kozyr M.S. 2013. Ekosystemy, yikh optymizatsiva ta
okhorona, 8: 71-77. [Kosup M.C. 2013. Jlicosa
pociunHicTh ypounina Jluca lopa (M. KuiB). Exocucmemu,
ix onmumizayis ma oxopona, 8: 71-77].

Kozyr M.S., Zhyhalenko O.A., Kalyta H.O. 2017.
Chornomorskyi Botanical Journal, 13 (1): 57— 71.
[Kosup M.C., XKuranenxko O.A., Kamura [.O. 2017.
Jlyku 3amaaBHHX KoMmIUiekciB M. KuiB. Yopromopcokuil
bomaniunuil  oicypuan, 13(1):  57-71].  https://doi.
org/10.14255/2308-9628/17.131/5

Kozyr N.S. 2012. In: Populyatsiyvna ekolohiya roslyn:
suchasnyi stan, tochky rostu. Sumy: Sumskyi natsionalnyi
ahrarnyi universytet, pp. 65-70. [Kossipp H.C.
CHHTaKCOHOMMSI JIECHOM PacTUTEIBHOCTH IIPHPOIHO-
3anoBeaHOrO oHna r. Kues. B 30.: [lonyrnayiiina exonozis
POCIUH: CYUACHUTI CMAH, MOYKU POCTY: 30IPHUK HAYKOBUX
cmameii. Cymu: CyMCbKMH HalliOHAJBHUH arpapHuUii
yHiBepcHuTeT, ¢. 65-70].

Kucheryavyi V.O., Solomakha V.A., Solomakha T.D.,
Shelyag-Sosonko Yu.R., Kramarets V.O. 1991.Ukrainian
Botanical Journal, 48 (3): 48-55. [KyuepsBuii B.O.,
Conomaxa B.A., Conomaxa T.JI., lllensr-Coconko 1O.P.,
Kpamapers B.O. 1991. CunrakcoHOMis pynepagbHOL

197


https://www.e-veg.net/app/15021
https://doi.org/10.24411/2073-1035-2018-10102
https://doi.org/10.2478/hacq-2019-0012
https://doi.org/10.2478/hacq-2019-0012
https://doi.org/10.2478/s11756-019-00361-5
https://doi.org/10.2478/s11756-019-00361-5
https://doi.org/10.2307/3237010
https://doi.org/10.1007/BF00048870
https://doi.org/10.15421/031705
https://doi.org/10.15421/031705
https://doi.org/10.1007/BF02390892
https://doi.org/10.14255/2308-9628/17.131/5
https://doi.org/10.14255/2308-9628/17.131/5

pociuaHOCTI M. JIbBOBa. Vipaiucevxkuii  6omaniunuil
arcypuan, 48 (3): 48-55].

Kiizmi¢ E., Silc U., Lososové Z., Mucina L. & numerous data
contributors. 2018. An overview of the European annual
weed vegetation In: Vegetation survey 90 years after the
publication of Braun-Blanquet's textbook — new challenges
and concepts: Book of Abstracts. 27th Congress of the
European Vegetation Survey. Wroctaw, p. 126.

Landucci E., Sumberova K., Tichy L., Hennekens S.,
Aunina L., Bitd-Nicolae C., Borsukevych L., Bobrov A.,
Carni A., De Bie E., Golub V., Hrivnak R., [emelianova S.,
Jandt U., Jansen F., Kacki Z., Lajer K., Papastergiadou E.,
Sile U., Sinkevi¢ien¢ Z., Stan&i¢ Z., Stepanovié J.,
Teteryuk B., Tzonev R., Venanzoni R., Zelnik I.,
Chytry M. 2020. Classification of the European marsh
vegetation (Phragmito-Magnocaricetea) to the association
level. Applied Vegetation Science, 23: 1-20. http://dx.doi.
org/10.1111/avsc.12484

Levon O.F. 1999. The synanthropic vegetation of the
territory of Great Yalta: Cand. Sci. Diss. Abstract. Kyiv,
M.M. Gryshko National Botanical Garden, 16 pp.
[JTeon O.®. CuHaHTpONHA POCIMHHICTH TEPUTOPIT
Bemukoi Slatu: aBroped. amc. ... KaHg. 0ioj. HayK: CIell.
03.00.05 "boranika". Kuis, HarioHanpHuii OOTaHIYHMIA
caj iMm.. M.M. I'puika, 1999. 16 c.].

Lugowska M., Skrajna T. 2013. Weed communities in
potato (Solanum tuberosum L.) crops of the Mazowiecki
landscape park. Acta agrobotanica, 66(1): 119-134. http://
doi.org/10.5586/aa.2013.014

Marceno C., Guarino R., Loidi J., Herrera M., Isermann
M., Knollova 1., Tichy L., Tzonev R., Acosta A.T.R.,
FitzPatrick U., Iakushenko D., Janssen J.A.M., Jiménez-
Alfaro B., Kacki Z., Keizer-Sedlakova 1., Kolomiychuk V.,
Rodwell J.S., Schaminée J.H.J., Silc U, Chytry M.
Classification of European and Mediterranean coastal
dune vegetation. 2018. Applied Vegetation Science. 21 (1):
1-27. https://doi.org/10.1111/avsc.12379

McCune B., Mefford M.J. 2006. PC-ORD. Multivariate
analysis of ecological data. Version 5. Gleneden Beach,
Oregon, U.S.A.: MjM Software, 24 pp.

Mirkin B.M., Rozenberg G.S., Naumova L.G. 1989.
Slovar ponyatiy i terminov sovremennoy
fitotsentologii. Moskva: Nauka, 223 pp. [Mupkun b.M.,
Poszenbepr I.C., Haymora JI.I. 1989. CrnoBappr MOHATHIA
U TEPMHHOB COBPEMEHHOH (uToneHTonornu. MockBsa:
Hayxka, 223 c.].

Mochnacky S. 1982. Burinoveé spolocenstva
Vychodoslovenskej nifiny. Zaverecna sprava, mscr. Depon.
in Ustav krajinnej ekoldgie SAV, Bratislava.

Mosyakin S., Fedoronchuk M. 1999. Vascular plants of
Ukraine. A nomenclatural checklist. Kiev, 345 pp.

Mosyakin S.L., Yavorska O.H. 2002. The nonnative flora of
the Kyiv (Kiev) Urban Area, Ukraine: A checklist and brief
analysis. Urban Habitats, 1(1): 45—65. Available at: http://
www.urbanhabitats.org/v01n01/nonnativekiev pdf.pdf

Mucina L., Biiltmann H., Dieren K. Theurillat J.-P., Raus
T., Carni A., Sumberova K., Willner W., Dengler J.,
Gavilan Garcia R., Chytry M., Hajek M., Di Pietro R.,

198

lakushenko D., Pallas J., Daniéls F.J.A., Bergmeier E.,
Santos Guerra A., Ermakov N., Valachovic M.,
Schaminée J.H.J., Lysenko T., Didukh Y.P., Pignatti S.,
Rodwell J.S., Capelo J., Weber H.E., Solomeshch A.,
Dimopoulos P., Aguiar C., Hennekens S.M., Tichy L. 2016.
Vegetation of Europe: hierarchical floristic classification
system of vascular plant, bryophyte, lichen, and algal
communities. Applied Vegetation Science. 19 (1): 1-783.
https://doi.org/10.1111/avsc.12257

Nazarov M, Vassilev K, Gecheva G, Mardari C., Velev N.
2019. Syntaxonomical diversity of Strazhata hill in the
central part of north Bulgaria. In: Vegetation Diversity and
Global Change: Book of Abstracts. 28th Meeting of the
European Vegetation Survey. Madrid, 34 p.

Oliynyk M.P., Gubar L.M. 2019. Syntaxonomy of plant
communities with diagnostic species of genus Elytrigia.
Chornomorskyi Botanical Journal, 15(1): 26-35. https:/
doi.org/10.32999/ksul1990-553X/2019-15-1-3

Onyshchenko V.A. 2011. Scientific Herald of Chernivtsy
University. Biology (Biological Systems), 3(1): 56-75.
[Onmmenko B.A. 2011. Pocimunicts yp. Tepemku
(HIIIT "Tonociieebkuit", M. KuiB). Bicnux Yepriseyvkoeo
VYuieepcumemy. Bionoeiuni cucmemu. 3(1): 56-75].

Onyshchenko V.A. 2013a. Scientific Herald of Chernivtsy
University. Biology (Biological Systems), 5(1): 93—
116. [Onmmenko B.A. 2013a. JlicoBa pOCIHHHICTH
yp. TonociiBebkuit mic (M. KuiB). Bicnuk Yephiseyvkoeco
Vuisepcumemy. bionoeiuni cucmemu, 5(1): 93—116].

Onyshchenko V.A. 2013b. Scientific Herald of Chernivtsy
University. Biology (Biological Systems), 5(3): 395—403.
[Onnmenxo B.A. 2013b. PocaununicTs yp. bruaox (HIIIT
"TonmociiBepkuit", M. KuiB). Bichux Yepniseyvkoeo
Vuisepcumemy. bionoeiuni cucmemu, 5(3): 395-403].

Osypenko  V.V.  1996.  Ukrainian  Phytosociological
Collection. Series A, 2(2): 88-92. [Ocumnenko B.B. 1996.
CnonranHa pocnuHHICTE M. Yepkacu. 1: PocnmuHICTH

KIyM0.  Vkpaincokuii  ¢imoyenonoeiunuii - 30ipHUK.
Cepin A,2(2): 88-92].
Osypenko  V.V.  1997.  Ukrainian  Phytosociological

Collection. Series A. 2(7): 89-95. [Ocunenko B.B. 1997.
CnonranHa pociuHHicTs M. Uepkacu. 3: YrpymoBaHHS
CeNmTeOHUX TEePUTOpPid. Vrpaincvkuil ghimoyeronoziunuil
30ipuux. Cepia A. 2(7): 89-95].

Osypenko  V.V.  1999.  Ukrainian  Phytosociological
Collection. Series A, 3(14): 107-122. [Ocunenko B.B.
1999. CnonranHa pociauHHICTH M. Yepkacu. 5.
VYrpynoBaHHS pyAepanbHOI POCIMHHOCTI. Vkpaincekuil
¢imoyenonoeiunuii 30ipnux. Cepia A, 3(14): 107-122].

Osypenko V.V. Spontanna roslynnist m. Cherkasy: Cand.
Sci. Diss. Abstract. Kyiv, 2006, 20 pp. [Ocunenko B.B.
CrioHTaHHa POCIMHHICTE M. Yepkacu: aBToped. Iwc...
kaua. Oion. Hayk: cner. 03.00.05 "Boranika". Kuis, 2006,
20 c.].

Osypenko  V.V., Shevchyk V.L. 2001. Ukrainian
Phytosociological Collection. Series A, 1(17): 104—
121. [Ocunenko B.B., Illepunk B.JI. 2001. CrnonranHa
pociuHHIicTE M. Yepkacu. 6. PymepanbHa pOCIMHHICTH
npubepexxkHoi wacTmHH M. UYepkacu.  Vipaiucokuil
Gimoyenomuunuii 36ipnux. Cepis A, 1(17): 104-121].

Ukrainian Botanical Journal, 2021, 78(3)


http://dx.doi.org/10.1111/avsc.12484
http://dx.doi.org/10.1111/avsc.12484
http://doi.org/10.5586/aa.2013.014
http://doi.org/10.5586/aa.2013.014
https://doi.org/10.1111/avsc.12379
http://www.urbanhabitats.org/v01n01/nonnativekiev_pdf.pdf
http://www.urbanhabitats.org/v01n01/nonnativekiev_pdf.pdf
https://doi.org/10.1111/avsc.12257
https://doi.org/10.32999/ksu1990-553X/2019-15-1-3
https://doi.org/10.32999/ksu1990-553X/2019-15-1-3

Otte A. 1984. Bewirtschaftungsgradienten in Sandmohn-
und Fingerhirse-Gesellschaften (Papaveretum argemone,
Digitarietum  ischaemi) im  Tertidren  Hiigelland
(Oberbayern). Tuexenia, 4: 103—124.

Papucha L.V. 1991. Ukrainian Botanical Journal, 48(2):
39-41. [Ilamywya [.B. 1991. PynmepanbHa pOCIMHHICTB
M. UepHiroBa. Vkpaincoxui bomaniunuil scypran, 48(2):
39-41].

Pashkevych N.A. 2012. In: Synanthropization of the
vegetation cover of Ukraine: II All-Ukrainian Scientific
Conference: book of scientific articles. Kyiv; Pereyaslav-
Khmelnytskyi, pp. 71-74. [[lamkeBmu H.A. 2012.
Exomoriuni  0coOMMBOCTI  pO3MOAINY  pyAepasIbHUX
YIpymnoBaHb OfHOpIUHUX 3yakiB y Kuei Ta KuiBchbkiii
obmacti. B 30.: Cunanmponizayis pociunnoeo nokpuey

Vkpainu: mesu nayxosux oonosioeii 1l Bceyxkpaincokoi

Haykoeoi kongepenyii. Kuis, [lepesiciap-XMeTbHUIBKHIA,
c. 71-74].

Rolecek J., Tichy L., Zeleny D., Chytry M. 2009.
Modified TWINSPAN classification in which the
hierarchy respects cluster heterogeneity. Journal
of Vegetation Science, 20: 596—602. https://doi.
org/10.1111/5.1654-1103.2009.01062.x

Shmidt V.M. 1980. Statisticheskie metody v sravnitelnoy
floristike, Leningrad, 176 pp. [Imuar B.M. 1980.
CrarucTudeckue METONbl B CPABHUTEIBHON (IIOPHUCTHKE,
Jlennnrpan, 176 c.].

Smetana M.H. 2002. Syntaksonomiya stepovoi ta ruderalnoi
roslynnosti Kryvorizhzhya. Kryvyi Rih: 1LB.I. Publ.,

131 pp. [Cmerana M.I. 2002. Cunmaxconomia cmenogoi

ma pyoepanvroi pocaunnocmi Kpueopiscowces. Kpupnit
Pir: I.LB.I,, 131 c.].

Serensen T.J. 1948. A method of establishing groups of equal
amplitude in plant sociology based on similarity of species
content and its application to analyses of the vegetation
of Danish commons. Kongelige Danske Videnskabernes
Selskab, Biologiske Skrifter, 5(4): 1-34.

Soroka M.I. 2008. Roslynnist Ukrainskoho Roztochchya.
Lviv: Svit, 434 pp. [Copoxa M.I. 2008. PocnuHHIiCTH
VYkpaincekoro Poszrouust. JIssi: Cirt, 434 c.].

Stetsyuk V.V., Romanchuk S.P., Shchur Yu.V., Dmytruk
0O.Yu., Hutsal V.O. 2001. Kyiv yak ekolohichna systema:
pryroda — lyudyna — vyrobnytstvo — ekolohiya. Kyiv:
Tsentr ekol. osvity ta informatsii, 315 pp. [Cremiox B.B.,
Pomanuyk C.I1., Ulyp O.B., Amutpyk O.1O., I'ynan B.O.
2001. Kuig sk exonoeciuna cucmema. npupooa — HoOuHa —
supobnuymeo — exonoeis. Kuis: LleHTp exom. ocita Ta
inpopmanii, 315 c.].

Tichy L. 2002. JUICE, software for vegetation classification.
Journal of Vegetation Science, 13: 451-453. https://doi.
org/10.1111/1.1654-1103.2002.tb02069.x

Tokaryuk A.I. 2019. Biological systems, 11(2): 228-242.
[Toxaprox A.l. 2019. AnBeHTHBHI BUAM Y POCIUHHOMY
MOKPHUBI IMapKy-TIaM'sTKH CaJ0BO-NAPKOBOTO MHUCTEILITBA
MmicreBoro 3HadeHHs "[lapk "JKoprHeBmit" M. UepHiBIi.
Biological systems, 11(2): 228-242].

Tsap'yuk L.M. 2012. In: Synanthropization of the vegetation
cover of Ukraine: Il All-Ukrainian Scientific Conference:

Ypaincoruii 6omaniunuii scypnan, 2021, 78(3)

book of scientific articles. Kyiv; Pereyaslav-Khmelnytskyi,
pp- 83-84. [Ham'tox JL.M. 2012. CuHHTaKCOHOMIs
CHHAHTPOITHOT ~POCIMHHOCTI 3amiaBu p. bucrpuui
CornorBuHCHKOI B Mexax M. IBano-®pankiscbka. B 30.:
Cunanmponizayia  pociunnozo  noxpuey  Vipainu:
mesu Haykosux oonosioeil Il Bceykpaincokoi Haykoeoi
KoHghepenyii. Kuis; IlepescinaB-XMenpHULBKUI,
C. 83-84].

Tsukanova G.O. 2005. Floristic and conotic diversity of the
Dnieper islands within Kyiv and its protection: Cand.
Sci. Diss. Abstract. Kyiv, M.G. Kholodny Institute of
Botany NAS of Ukraine, 20 pp. [Llykanosa I.O. 2005.
OnopucTHYHE Ta IIGHOTHYHE PI3HOMAHITTA OCTPOBIB
[uinpa B Mexax M. KueBa Ta iioro oxopona: aBroped. auc.
... Kaz. 6ion. Hayk: crerl. 03.00.05. 03.00.05 "boranika".
Kui, Iucturyr OGoramikm iMm. M.IT Xomommoro HAH
Vkpainuy, 20 c.].

Tiixen R. 1950. Grundrifl einer Systematik der nitrophilen
Unkrautgesellschaften in der Eurosibirischen Region
Europas. Mitteilungen der Floristisch-Soziologischen
Arbeitsgemeinschaft, 2: 94—175. https://www.zobodat.at/
pdf/Mitt-flori-soz-Arb_NF_2 0094-0175.pdf

Vitdlariu Gh. 1973. Contributii la cunoasterea vegetatiei
ruderale din Moldova. Studii si Comunicari, Muzeul de
Stiintele Naturii Bacau, 23(5): 333-342.

Weber H.E., Moravec J., Theurillat J.-P. 2000. International
Code of Phytosociological Nomenclature. 3™ ed.
Journal of Vegetation Science, 11: 739-768. https://doi.
org/10.2307/3236580

Whittaker R.H. 1978. Approaches to classifyving vegetation on
classification of plant communities (Ed. R.H. Whittaker).
2" ed. The Hague: Junk, 31 pp. https:/doi.
org/10.1007/978-94-009-9183-5

Yavorska O.H., Mosyakin S.L. 2001. Naukovi zapiski
Natsionalnoho universytetu "Kievo—Mohylyanska
akademiya". Seriya: Biologiya ta Ekolohiya, 19: 55—
68. [SBopceka O.I., Mocskin C.JI. 2001. AnBeHTHBHa
¢paxuis cuHantponHoi ¢iaopu KwuiBchkoi armomepartii.
Hayxosi sanucku Hayionanvnozo ynieepcumemy "Kueso-
Moeunancvka axkademisn". Cepia: bBionozis ma exonoeis,
19: 55-68].

Yeremenko N.S. 2018. Ukrainian Botanical Journal,
75(4): 356-372. [€pemenko H.C. 2018. Pynepanbha
pociunHicTs Micta KpuBuit Pir II. Knac Stellarietea
mediae. Ykpaincekuii 6omaniunuti sxcypuan, 75(4): 356—
372]. https://doi.org/10.15407/ukrbotj75.04.356

Recommended for publication by M.M. Fedoronchuk

199


https://doi.org/10.1111/j.1654-1103.2009.01062.x
https://doi.org/10.1111/j.1654-1103.2009.01062.x
https://doi.org/10.1111/j.1654-1103.2002.tb02069.x
https://doi.org/10.1111/j.1654-1103.2002.tb02069.x
https://www.zobodat.at/pdf/Mitt-flori-soz-Arb_NF_2_0094-0175.pdf
https://www.zobodat.at/pdf/Mitt-flori-soz-Arb_NF_2_0094-0175.pdf
https://doi.org/10.2307/3236580
https://doi.org/10.2307/3236580
https://doi.org/10.1007/978-94-009-9183-5
https://doi.org/10.1007/978-94-009-9183-5
https://doi.org/10.15407/ukrbotj75.04.356

200

Jybuna JI.B., €Emenssnosa C.M., I3106a T.II., €pemenxo H.C., Tumomenxo I1.A. 2021. PynepanbHa pociMHHiCTH
M. Kui. 1. Knac Stellarietea mediae Tx. et al. in Tx. 1950. Vkpaiucoxuii bomaniunui scypuan, 78(3): 176-200 [In
English].

Ircrutyt 60taniku iMm. M.I. Xonognoro HAH Vkpainu, Byn. Tepemenkiebka 2, Kuis 01601, Yikpaina

Pedepar. V crarti npencTaBieHi pe3yabTaTu AOCHIPKCHHS yTPyTIOBaHb Kiacy Stellarietea mediae Ha TepuTopii MicTa
Kuesa. 3'sicoBaHo iX Cy4acHHI CTaH i BCTaHOBJIEHO (iTOHEHOTHYHE pPi3HOMaHITTS. Ha OCHOBI cydacHHX MeETOIiB
CTaTUCTUYHOTO aHAIi3y JaHUX PO3pOOICHO KiIacupikaliiiHy cxeMy poCIuHHOCTI Stellarietea mediae Ha nociKeHIH
TEPUTOPIii, a TaKOK BHSBICHI MpPOBIAHI (DAKTOPU TEPUTOPIANBEHOI Ta EKOJOTiYHOI AuepeHIianii yrpyrnoBaHs.
BcranosneHo, 1o B Mexax Knea kiac npencrasienuii 24 acoriamisiMu ta 3 6a3aibHUME yTrPYHOBaHHIMH, 1110 HATIGKATD
10 8 coro3iB Ha 4 mopsKiB. IX TepuTOpiaNbHMIl PO3MOMLN BU3HAYAIOTH XapaKTeP Ta iHTEHCHBHICTh AHTPOTIOTEHHHX
MOPYIICHb, a TAKOXK TUII CyOCTpaTy Ta HOro MexaHiyHui ckinaa. OxapakTepru30BaHi BUALICHI CHHTAKCOHOMIYHI OMHUIIL
Ta BUSIBIICHI 1X 0COOIMBOCTI MOPIBHIHO 3 aHAJIONTYHUMH OTIMCAHUMH Ha TepuTOopii Ykpainu. BeraHoBseHo, 1110 OCHOBHI
BIZIMIHHOCTI TIPOSIBJISIOTHCS] HA PIBHI CYIYTHIX BUJIIB CKJIaJ] SKUX 3HAYHOIO MipOIO KOPEJIOE i3 THIIAMH aHTPOIIOTEHHHX
HOpYIIEHb Ta 3a0E3MCYEHICTIO CYOCTpaTiB, A€ MOIIMPEHI yrpylnoBaHHS KIacy, CJIIEMEHTaMH BOJHO-MiHEpalbHOIO
KUBJIICHHS. 3a pe3yJbTaTaMu IPOBEICHOIO OPJMHAIIIMHOIO aHajizy BCTAQHOBJICHO, IO PO3MOJIIT POCIMHHUX
yrpynoBaub Stellarietea mediae BinOyBaeThCsI B3IOBK TPAII€HTIB COIBOBOTO PEXKUMY eqadoTOIy, a TAaKOK OMOpO-,
Kpio- Ta TepMOpEeKUMIB Ki1iMary. Ha 0CHOBI mpoBeneHOro (iTOIHIUKAIHHOTO aHalli3y 3'ICOBaHi €KOJIOT1YHI ONTUMYMH
yrpYHOBaHb 10 BiJHOLICHHIO JI0 MPOBiIHUX (AKTOPIB CepeOBUIIA. 3MIMCHEH] JOCIIKSHHS JOMOBHIOIOTh iH(POpPMALIiI0
I0JT0 HASIBHOCTI Ta MONIMPEHHsI Ha TepuTopil Ykpainu acomianiit Digitarietum ischaemii, Setario viridis-Erigeronetum
canadensis 1 Ambrosietum artemisifoliae. 3anponoHOBaHa CHHTaKCOHOMIYHA CXeMa Ma€ CTATH OCHOBOIO THUIOJOTIYHUX
PO3pO0OK ISt CTPATEeriuHOIO IUIAHYBAHHS Ta IPAKTUYHOIO BIIPOBAKEHHS 3aX0/1iB 3 ONITUMI3aLlil MICHKOTO Cepe/IOBHUIA
Ta 30aJIaHCOBaHOTO PO3BUTKY KHEBCHKOT MiChKOI ariomepaitii.

KurouoBi ciioBa: opauHanis. GiToiHAMKALS, CHHTAKCOHOMIs, ypOOeKOoCcuCTeMH, YKpaiHa
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Beryn

[Mounnaroun 3 2016 poky, Oyno OIyOIiKOBaHO KiJIbKa
cTarei, MPHUCBIYEHHUX PO3MOBCIO/KCHHIO BHIIB POy
Galerina Earle (Hymenogastraceae) B VYkpaini. Y
BKa3aHMX CTATTSAX BUJAW OyJH 3rpyIOBaHi 3a HasIBHICTIO
SIKOICh CHUTBHOI MOPQOIOTIYHOI O3HAKW, HAMPUKIIAI,
muctun  ketenoaionoi  gopmu  (Prydiuk, 2016),
wieBpoructry (Prydiuk, 2020) a6o xaminTpaTHHX CHOp
(Prydiuk, 2021). IlpoTre 3amuimincs HEOXOIICHUMH
nesiki Bunu Galerina, SiKi He MarOTh TUIEBPOIIUCTHA a00
KaJINTPaTHUX CHOP, a TXHI XeHJIOUCTHIN 31e01IbIIOTO
OUTBII-MEHII  TUISIIIKOMOAIOHOT  opMu  (HEpiaKo
nedopmosanoi). Lle Taxi Bumu, sk G. cephalotricha
Kiithner, G. norvegica A.H.Sm., G. pumila (Pers.:
Fr.) M.Lange Ta G. triscopa (Fr.) Kiihner. Kpim Toro,
BKe michs myOmikamii BimmoBimHux crartei (Prydiuk,

2016, 2020) mns Ykpainu Oynmu 3HAWICHI HOBI BHIU
sk 3 kernenoniouumu uuctugamu (Galerina hybrida
Kiihner ta G. tibiicystis (G.F.Atk.) Kiihner), Tax i 3
rieBpounctuaamu B rimenii (G. karstenii A.H.Sm.
& Singer). Tomy ciM BHIIB, 3raJlaHUX BHIIE, CTaJH
MPEJIMETOM HAIIOTO JIOCIIKEHHSI.

Cucremarnute TIOJIOKEHHS OinmpImocTi 3
BUIIICHA3BAaHUX BUAIB Yy Mexax pony Galerina
3aJMIIAEThCS HeBH3HaueHWM. Jlumie Tpu BHOM 32
pe3yipraTaMi  MOJICKYJSIPHHX — JIOCTI/DKEHb  BAAJIOCS
BiJIHECTH JI0 KOHKpeTHHX migponiB: G. cephalotricha —
no Mycenopsis, a G. hybrida ta G. tibiicystis — 1o
Tubariopsis, nea Buau (G. pumila Ta G. triscopa) mOKH
1110 MalOTh HeBU3HaueHy nosuiito (Gulden et al., 2005).
Pemrra posmisiHyTHx y crarti BuniB (G. karstenii ta
G. norvegica) me He Oynmu 00'€KTaMH MOJCKYIISPHO-
(LITOreHeTHYHNX AOCITIIKEHb.

© 2021 M.P. Prydiuk. Published by the M.G. Kholodny Institute of Botany, NAS of Ukraine. This is an open access article under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits use, distribution, and reproduction in any

medium, provided the original work is properly cited
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Marepianu Ta MeTOIH

Onwucyu Makpo- Ta MiIKpOCTPYKTYp 0a3yloThCs Ha 3pazkax
3 Ykpaian. @opmy Ta po3MipH TIOIOBUX Ti OIHCYBATH
Ha mpukiaa 1-5 exk3eMIuisipiB kokHoro Bunuy. [lerai
MIKpOCKoOmiYHOI OymoBu Tpuba JOCHIDKYyBaIM Ha
CyXux 3paskax. Jlig IIbOro BHIOTOBIISUIM IOIEPEYHi
(U1 TIACTHHOK), pajiaibHi (Ui KyTUKYJIN LIANHHKHN)
Ta MO3MOBXKHI (IS TOKPHUBIB HDKKH) 3pI3M YaCTHUH
IUIOIOBOTO Tima rpuba. IX po6uiam NpuOIHM3HO HA
MOJIOBHHI pajiiyca MAauHKH (JUIsl ITTACTHHOK 1 KYTHKYJIH
IIAITMHKH), & TAKOK Ha BEPXIBII Ta B CepeaHii YacTHHI
HibKkd. OTpuMaHi 3pisu MOHTYBaiu B 3%-My pO34nHi
KOH 1 3abapeiroBanu KoHro-uepBoHUM Uit OUTHIIOT
KOHTpacTHOCTi. Po3mipm cmop, HaBelmeHi B CTarTi,
IPYHTYIOTbCS Ha BuMipax 20 BHIIQJKOBO BiniOpaHuX
ex3eMuiApiB (y T. 4. HaMEHIIOTO Ta HaHOLIBIIOTO)
3 OJIHOIO K TOr0 CaMOro ILIOMOBOro Tija. Jis iHIIMX
MiKpocTpyKTyp (0asuuiii, nuctua Tomo) mipsu no 10
00'eKTiB.

VY crarti BUKOPHUCTaHI Taki yMOBHI No3Ha4eHHs: L —
KIJIbKICTh IUIACTHHOK TiMEHO]OPY, SIKi 1OCATal0Th HIXKKH;
| — KIIBKICTH IJIACTHHOK, IO HE JIOCATAIOTh HIKKH, MK
JIBOMa JIOBIMMU; av. L — cepenus 1oBxuHa criopu aHdac;
av. B — cepenus mwupuHa criopu aHdac; Q — BiIHOIICHHS
JIOBKUHU cropu a0 ii mmpuHU (KBOTi€HT); av. Q —
cepelHE 3HAYEHHS KBOTi€HTa. 3pa3ku  Kaprodopis,
SKi ommcaHi B cTarTi, 30epiraroThcst B HarionaapHOMY
repOapii [ucturyty Ootaniku iMm. M.I'. Xonomgnoro HAH
VYipainu (KW-M).

Pe3yabraTi T2 00roBOpeHHs

3arayoMm Ha TepUTOPii YKpaiHu 3apeecTpoBaHo 26 BUIIB
pony Galerina BKIIOYHO 3 HaBEJCHUMH Yy IOIEPEIHIX
crartax (Prydiuk, 2016, 2020). Cepen mpencraBaeHUX
y crarti aBa (G. norvegica ta G. pumila) Oymu
3apeecTpoBaHi B Hamii kpaiHi panime (Bobyak, 1907;
Besedina, 1998; Prydiuk, Orlov, 2003; Karpenko, 2011).
Pemrra n'ste 3Halizeni B YkpaiHi B pe3yabTari HaInx
nmocrimkerb. CTUCTy iH(QOpMAIIIO MIOT0 TPHOX 3 HHUX
(G. cephalotricha, G. hybrida ta G. triscopa) Mu Bxe
HaBogmwau (Dudka et al., 2009a, b, 2019; Heluta et al.,
2019). Bun G. triscopa mi3Hime OyB BHUSBICHUI TaKOX
inmumu aBropamu (Fokshei et al., 2013). [lani mnpo
G. karsteniita G. tibiicystis TyT HaBoguMoO Briepiie. Takum
YHHOM, 3 ypaxyBaHHSIM YCiX BHIIEHA3BAHUX 3HAXiTOK
pin Galerina Ha cworomHi B YKpaiHi MpeCcTaBICHUN
31 Bugom. Hmxdue mogaHo mOKIagHy iH(QOpMAIO PO
BM/IM, Ha3BaHI HAMM BUIIIE.
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Galerina cephalotricha Kiihner, Bulletin de la Société
Mycologique de France 88(2): 152. 1973. — Puc. 1.

Galerina mniophila var. cephalotricha (Kithner) A. de
Haan & Walleyn, Fungi non Delineati 23: 45. 2002.

[Manuaka 0,5-1,5 cM, crmo4aTky OKpYIJIO-KOHIYHa,
3TOZIOM J3BOHMKOIIOAIOHA, 3pPEIITOI0 BHITYKJIA, 1HOMI 31
CITaOKOTIOMITHOIO BHITYKJIICTIO B IICHTpi, TirpodanHa,
MPO30pO-CMyTacTa Maike J0 LEHTPY, CHpa — MEIOBO-
KOPUYHEBA, CBITIO-KOpUYHEBA a00 TEMHO-)KOBTYBATO-
KOpUYHEBA, 3JICTKa CBITIIIIA IO Kpasx, MiJICHXAI0uH,
cTae  OJiJ10-KOPUYHIOBATO-BOXPUCTOIO, Y  MOJIOAUX
eK3eMIUIIPIB 10 KpasX IIalMHKA IOMITHI OKpeMmi
BOJIOKHA MOKpHUBayia. [IJaCTHHKH IIHPOKOIPUPOCTI 3
3ybuem, merycti (L = 14-18, 1 = 1(-3)), nocuts mmpoxki
(mo 0,3 cwm), BumyKII, OJiTO-KOPUYHEBI 0 JKOBTYBATO-
pynux. Hixka 5,0-8,5 x 0,2-0,4 cMm, nwiiHIpUdHA,
31 3Jerka MOTOBIICHOI OyJIaBOMOAIOHOI OCHOBOIO,
4acoM 3BY)KEHa IOCEpe/nHiI, TpyO4yacta, OOpOUTHHCTA
y BEpXHIl YacTWHI, CBITJIO-KOPUYHEBA, IOKPHUBAIIO
CIIOCTEPIraeThCcss MPAKTHMYHO IO BCIM JIOBXKMHI HINKKH
(OKpiM BEpXHBOT YACTHHH) Y BUINISI PIAKHX aie 1o0pe
MTOMITHUX OUTyBaTHX BOJOKOH. M'SKyIl y IIanmuHIN Ta
HDKII KOPUYHIOBATHI, 3 OOPONTHHCTHM 3amaxoM Ta
cmakoM. CIIopoBHi IOPOIIIOK CBITIO ipKaBO-pyIUii.

Crmopu  (8,5-)9,0-11,5 x 5,5-6,5 mxm, Q = 1,37—
1,92, av. L =104 = 0,79 mkm, av. B = 6,1 £ 0,27 MkM,
av. Q = 1,70 = 0,13, mpakTWYHO TJIAJCHBKI, 3JIerKa
OopoaaByacTti, 31 ClIa0KO BHPAXXEHUM CYyIparuisipHUM
JIICKOM, TIOMITHMM JHile B OOKOBiil mpoekuii cnopwu,
aH(dac BUIOBKCHOSHIETIONIOHI Ta emncosinenomioni,
y mpodink MHTHANETOAiOHI, i3 OKpPYIIO-KOHIYHOIO
BEPXIBKOIO, JTOCHTh TOBCTOCTIHHI, BOXPHCTI 10 OIimo-
kopuuHtoBatuX. bazumii 17,0-24,0 x 8,0-9,5 wmKwm,
Oys1aBomno/iOHi, TBO- Ta YOTUPUCTIOPOBI. XEHIOUCTUIH
24,0450 x 7,0-10,0 MKM, MIMKOIOAIOHI 10
IUISIIKONIONIOHMX, 13 3aKPYINICHUMH, 4acTO TOJIiBYACTO
NOTOBIEHUMH ~ BepXiBkamu  5-10  MKkM
HEpIAKO TMpakTUYHO KerienomiOHi. [lneBpormctuan
BincytHi. [limonmctuam BimcytHi. Kaymommcrnam 40—
80 x 7—8 MKM, BUIOBKEHO-TUIAIIKOIIOMI0HI, 4aCTO MaiKe
OWTIHIPUYHI, 31 37IeTKa Oy’aaBomomiOHO abo ToiBUACTO
MOTOBIIEHUMH BepXiBKkamu 5,0—6,5 Mxm 3aBu1. KyTukyna
[IANWHKY TidanbkHa, rihu 5S—10 MKM 3aBTOB., IIaJICHBKI,
06u1110-KopuuHeBi. [Ipsikky €.

3aBII.,

MaJieHbKUMHE TPyIaMU Ha 3€JICHUX, piaiie charHoBuX
MOXaXx, y Jicax Ta Ha BIIKPUTHX MicusX. PinkicHuil, moxu
o0 3HaWAeHWH B YKpaiHi JHIIe B IBOX JOKaTiTETaX.
[T0/10BI Tija TPAIUISIOTECS Y YePBHI-BEPECHI.
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Puc. 1. Galerina cephalotricha. A: mnonosi tina; B: 6asuxaii; C: xelnouuctuau; D: kaynomucruan; E: copu. MacmrabHa mkana:

1 oM it TonoBux Tit, 10 MKM JUIst MIKPOCTPYKTYP

Fig. 1. Galerina cephalotricha. A: fruit bodies; B: basidia; C: cheilocystidia; D: caulocystidia; E: spores. Scale bars: 1 cm for fruit

bodies, 10 pm for microstructures

Hocaimxeni 3pa3Ku. Bonuncvra oon.,
Jlro6emmiBepkmii p-H, HarionansHuil mpupomHuil mapk
(HIIIT) "Ipum'ste-Croxin", JlroOemriBcbke eprkaBHE
JicoBe rocmomapcTBo, JlroOemriBcbke 11-BO, KB. 18,
COCHOBHH JIiC 3€JICHOMOXOBHI, Ha 3eJeHHUX Moxax, N
51°48'20.2", E 25°35'30.3", 06.10.2020 (KW-M71468).
3axapnamcuvka oon., Mixripeskuii p-u, HITIT "Cunesup",
CuHEBUpPCBKE  MPHPOIOOXOPOHHE  HAYKOBO-JIOCHITHE
Binminenns (I[TH/IB), ypoumme IememoBa, sutmHOBO-
OykoBuii Jiic, Ha 00POCIOMY MOXOM THHJIOMY CTOBOYpI
smau, N 48°31'07.9", E 23°37'51.0", 05.06.2013 (KW-
M71300), 3i6p. 1.O. Hdynxa. leano-@Ppanxiscera ooun.,
BepxoBuncekuii p-u, HIIII "BepxoBuHCchkuii", Mix
ropamu BacwmipkiB Ta [lnocka, mojnoHMHa, Ha 3€MCHNX
Mmoxax, N 47°45'01.1", E 24°53'54.4", 23.09.2014 (KW-
M71301).

3araiabHe momupeHHs. €Bpona (ABcTpisa, Benmxa
Bpuranis, Hanis, Hinepmanan, Himeaunna, Hopseris,
[Monbia, Yipaina, @insstaais, Opanuis). Azis (Pocis —
Cubip). IliBaiuna Amepuxa (Kanmama) (Gulden, 2012;
GBIF, 2019: https://www.gbif.org/uk/species/2533807).

XapakTepHUMH pHUCaMH IIbOTO BHUJIY € IIIO/OBI
Tia 3 J00pe NOMITHUMHU 3alMIIKAMH BOJOKHHCTOTO
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MOKpHMBala Ha HDKII, ToyiBYacTi (xo4a 371e0iIbIIoro
HE KerIenoiOHi) XEHWIOMUCTHAN Ta Maibke TIaJeHbKI
copu. IleBHy cxoxicte 1m0 G. cephalotricha mae
G. mniophila (Lasch: Fr.) Kithner, sikuii Bigpi3HS€TbCS
TEMHIIIUMH TUIOAOBUMH TiJIaMH, (POPMOFO XCHIOIUCTHT
(y ocTaHHIX BepXiBKH YacTO IMOTOBIIECHI, aJ71¢ BOHH HIKOJIH
He HaOyBalOTh KenIemoAiOHOi (opMH) Ta TOBIIUMHU
cnopamu (1o 12,5 mxm) (Gulden, 2012).

Galerina hybrida Kiihner, Travaux du Laboratoire de
'La Jaysinia' a Samoéns 3: 74. 1969. — Puc. 2.

[Hanuaka 0,5-1,5 cM, cro4arky OKpYIJIO-KOHIYHa,
3TOZOM JI3BOHUKONOMAIOHA, 3PEIITOI0 PO3IpocTepTa 3
OKpYINIUM TOpOKOM y WEHTpi, rirpodanHa, Mpo3opo-
cMmyracrta Ha 1/2 pagiycy, cupa — Crio4aTKy 4YepBOHYBaTO-
KOpUYHEBa,  3r0JIOM  >KOBTYBaro-KopuuHeBa  abo
BOXPHCTa, ONifima mo Kparo, IiJICHXalodu, cTae Oiigo-
KOPUYHIOBATO-BOXPUCTOIO, MOKPHBAJIO BIZICyTHE.
[TnacTuHKM TpUPOCIi A0 IIUPOKOIPUPOCIHUX, IOCUTh
rycti (L = 18-22, 1 = 1(-3)), nemmpoki (o0 0,2 cm),
BUIIYKJi, CIIOYarky OuryBaTi, 3roJloM >KOBTYBAaroO-
KOPUYHEBl 70 4epBOHyBaTo-pymux. Hixkka 4,0—
9,5 x 0,15-0,3 cM, nuiriHIpUYHA, 3 OYIaBOMOAIOHOO
OCHOBOIO, TpyOuacTa, OOpOIITHWCTA TI0 BCIH IOBXKWHI,
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Puc. 2. Galerina hybrida. A: nnonosi tina; B: 6asuaii; C: xeitnmomuctuan; D: kaynonueruny; E: ciopu. Macmtabna mkana: 1 M uist

WIOA0BUX T, 10 MKM TSt MIKPOCTPYKTYP

Fig. 2. Galerina hybrida. A: fruit bodies; B: basidia; C: cheilocystidia; D: caulocystidia; E: spores. Scale bars: 1 cm for fruit bodies,

10 pm for microstructures

BOXpHCTa /0 ONiZ0-pyayBaroi, HOKPHUBAJIO BiJICYTHE.
M'skymn y manuHIi Ta HDKII O7i10-KOPHYHIOBAaTHH,
6e3 ocobnuBoro 3amaxy Ta cMaky. CHopoBHi HOPOIIOK
CBITJIO 1p)KaBO-PY/IHIA.

Cmopu 8,5-11,0 x 5,5-6,5(-6,7) mxMm, Q = 1,46—
1,83, av. L =94 + 0,62 mxm, av. B = 5,8 £ 0,35 mkm,

av. Q 1,60 = 0,11, 3MopmIKyBaTO-00pOAaBYACTI,
31 cnabko  BHpPaXEHHM  CYNpariispHAM  JTUCKOM,
aHdac  sgHMenomiOHi, BHIOBKCHOAWIETIONIOHI  Ta

enincostiuenonioni, y mnpodias MurnanenonioHi, 3i
3J]IeTKa 3aroCTPEHOI0 BEPXIBKOIO Ta KaJyCOM, JIOCHUTb
TOBCTOCTIHHI, XOBTyBaro-KopuuHtoBati. basunii 18,0—
22,0 x 8,0-9,5 Mkwm, OynaBomofiOHi, YOTHPHUCIIOPOBI.
Xeitnouuernan 25-50 x 7-8 MM, KernmemomiOHi, 3
JIOBFUMH IIHHKAMHU, K1 HEYITKO BiJIiJIEH] BiJl OCHOBHOI'O
TiJa MUCTHIM Ta OKPYDIUMH romiBkamu 4,0—6,5 MKM
3aBil.  [l1eBporMcTHIM  BiACYTHI.
JTOCITIIKEHOTO 3pa3ka He BusABieHi. Kaymommernan 22,0—
50,0 x 6,0-6,5(—7,0) MKM, BHIOBKCHOKCIJICHIOMiOHI,
3 romiBkamMu 4,5-6,0 MM 3aBmi. KyTukyma HIanmiHKH
ridainbHa, ripu 5—12 MKM 3aBTOB., IJIaJieHbKI a00 371erka
3epPHHCTO iHKPYCTOBaHi, Omio-kopryuHeBi. [Ipsokkn €.

MasneHbKUMH TpyIaMy Ta HOOAWHOKO Ha c(harHOBHX
MOXax, y 3a0ojo4eHux Jicax Ta c(arHOBHX OOJOTax.
B Vkpaini WMOBIpHO piAKICHHNA, TIOKHA IO 3HAWJICHUI
3 €IMHOTO JOKamiTeTy. IImomoBi Tina TpamisioTeCs y
BEPECHI.
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[Minomuctuau 'y

Hocnimkeni 3pa3KH. Xmenvruyvra oon.,
I3acnaBcekuii p-u, HIIII "Mane Ilomices", Oeper
03. CBsiTe, COCHOBHH Jic c¢arHoBui, Ha c(harHOBUX
moxax, N 50°13'00.6", E 26°50'00.6", 14.09.2018 (KW-
M71303).

3araabHe nomupenHs. €spona (Benuka Bpuranis,
Hanis, Ecronis, Hinepmanmm, Himewumna, Hopseris,
[onpma, VYkpaina, ®innsHupis, Ppanuis, Isewis)
(Gulden, 2012; GBIF, 2019: https://www.gbif.org/ru/
species/8210177).

Haitomwkunum o G. hybrida sunom € G. tibiicystis,
sakuii, 3a panumu [ Tymemen  (Gulden, 2012),
BIJIPI3HAETBCS BY)KUMMH criopamu 0e3 kairyca. Kpim
TOTO BHSIBWIOCS, IO YKpaiHChKi 3pasku G. hybrida ta
G. tibiicystis CUIBHO BiIPI3HAIOTbCS 1 332 po3Mipamu
KayJIOIIMCTH. SIKIIO y MepIIoro BUaYy BOHHU IPUOIM3HO
Takol caMOi BENWYMHM, MO0 I XCWIOUMCTHUAM, TO
y G. tibiicystis KayJOIMCTUAA BHUSBHUINCS 3HAYHO
OiMpPIIMMH, HDK TIMEHiaNbHI IUcTHAM. Xoda ['ymbraeH
(Gulden, 2012) ne HaBomuTh OMHOI iH(OpMaLii Mpo
po3mipu kaynormctua G. tibiicystis, nani P. Yorminra ta
H.M. I'peropi (Watling, Gregory, 1993) niarBepaKyoTh
HaIlll CIIOCTEPEXCHHS, OCKUIBKA BOHH BKa3yIOTh, IO
nopxuHa Kaynommctun G. tibiicystis mocsirae 100 Mxm
Ipu  MaKCUMaJbHINH MOBXKWHI Xeimoructun 60(—65)
MKM. [Ipo Te, mo kaynounctuam G. tibiicystis OyBaioTh
JIOBIINMH 32 XSHJIOLHUCTH/IH, 3raayoTh Takox A.l. CMmiT
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Puc. 3. Galerina karstenii. A: nonosi Tina; B: 6asmnii; C: xeinommerunu; D: mneBpoructuan; E: xaymoumctuam; F: cropm.
Macmrabna mkana: 1 cM a7 miogoBux Til, 10 MKM Tt MIKPOCTPYKTYP

Fig. 3. Galerina karstenii. A: fruit bodies; B: basidia; C: cheilocystidia; D: pleurocystidia; E: caulocystidia; F: spores. Scale bars: 1

cm for fruit bodies, 10 pm for microstructures

ta P. 3inrep (Smith, Singer, 1964), npote, Ha aJyib, He
HABOZSTH iXHi TOUHI po3Mipu. OTKe, BITHOCHA JOBKHHA
KayJ10- Ta XCUJIOIUCTHU/ € IIIC OHIE0 BAKIIHBOIO 03HAKOIO
JUTSE PO3ME)KYBaHHS ITUX JBOX BHUIIB.

Galerina karstenii A.H.Sm. & Singer, Monogr. gen.
Galerina: 319. 1964. — Puc. 3.

[Manmmaka 0,5—-1,5 cM, cmovyatky OKpYIVIO-KOHIYHA,
3rofIoOM J3BOHHUKOIO/IOHA, HAMIBKYJSICTa, 3PEHITOO
BHITyKJIa, 3ACOLTBIIOTO 3 HEBENWKOI0 BHITYKIICTIO B
LEHTpI, TirpodaHHa, TMPO30PO-CMyracTa Maixe J0
LEHTPY, CHpa — JKOBTYBaTO-KOPHYHEBa, >KOBTYBATO-
Boxprucra abo0 CBITJIO-)KOBTYBaTO-KOPHYHEBA, 3JIETKa
CBITJIIINIA TIO KpasiX, MiJICUXal0UH, CTAE OJIiI0 JKOBTYBATO-
BOXPHCTOIO, MTOKPUBAJIO BiacyTHE. [ImacTuHky npupocii
JI0 TIUPOKOIPUPOCINX, YacoM i3 3ydrem, HerycTi (L =
16-18, 1= 1(-3)), memmpoxi (xo 0,2 cM), BAITyKIi, OITi10-
JKOBTI, 3rOJIOM JKOBTYBATO-py/Ii J10 ipxaBo-pyanx. Hixka
5,0-7,5 x 0,15-0,2 cm, umiHAprYHa, 3 OyIaBOMOAiOHOO
OCHOBOIO, TpyOuacTa, OOpOIIHKMCTA MO BCii JOBXKHUHI,
CBITJIO-)KOBTYBAaTO-KOPHYHEBA, 3TOAOM y  HIDKHIN
YaCTHHI MOCTYNOBO TEMHIIIAE JIO 1pKaBO-KOPUYHEBOT,
0e3 JKOIHMX CIJiB MOKpuBana. M'IKyIl y IIamuHI Ta
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HDKIII KOPHYHIOBATHH, 6€3 0COOIIMBOTO 3amaxy Ta CMaKy.
CriopoBHii TOPOIIOK CBITIIO-ip>KaBO-PyAHH.

Crnopu 7,0-10,0 x 5,5-7,0 mxm, Q 1,31-1,54,
av. L = 9,1 £ 0,77 mxMm, av. B = 6,3 + 0,37 mxwMm,
av. Q = 1,40 £ 0,07, npibHOOOpOIABYACTI, 13 IOraHO
MIOMITHUM CYTIPariIIPHUM TUCKOM, aH(ac SHIenonioHi
Ta eJincosienonioni, y npodias siieMurianenoioHi,
13 OKPYIJIO-KOHIYHOIO BEPXiBKOIO, TOCUTh TOBCTOCTIHHI,
BOXpHCTI 10 Omijgo-kopuuHioBatux. basumii  24,0—
29,0 x 7,5-9,5 MxM, OynaBomomiOHi, YOTHPHUCIIOPOBI,
3pillka  TPAIUIIOTBCS  JBOCIOPOBI.  XeHWIONHUCTHIM
35,0-55,0 x 8,5-13,0 wmxM, BepereHomomiOHI Ta
BEPETCHOIUTAMIKONIONIOH], 3 3aKPyIVICHUMH BEpXiBKaMH
3,5-5,0 mxm 3aBmi. IlneBpomuctumm 45-60 x 13—
15 mxwMm, anHanorigHoi (opmu, BepxiBku 4,6—6,0 MKM
3aBTOB., TPAIUBIFOTBCS pifko. [limorueruan BiACyTHI.
Kaymouuctumu 45-80 x 10—15 MM, aranorigaoi popmu,
13 3aKpYIVIEHUMH BepXiBKamu 4—5 MKM 3aBTOB. KyTHKysa
IIAMTUHKY TianbHa, Tipu 5—10 MKM 3aBTOB., TIaJCHBKI
a0o 31erka 3epHuUCTi, OItigo-kopuuHesi. [TpsokkH €.

[ToonuHOKO Ta MaJeHBKUMH TPyIaMH Ha 3€JIEHHX,
pinmre carHoBUX MOXax, y Jlicax Ta BIIKPUTHX MiCISIX.
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PinxicHuii B €Bporii Ta CBITI BHUI, IOKU IO 3HAWICHUI
3 €IMHOTO JIOKamiTeTy B VYkpaiui. [liomoBi Tina
TPAIUISIOTHCS B KOBTHI.

Hocaimxeni 3pa3Ku. Bonuncvra oon.,
Jlro6emiBepkwii p-a, HIIIT "ITpun'ste-Croxin", ypouure
CpanoBuilpka Jada, 33 KB., Oepe30BO-COCHOBHUH IIiC,
Ha 3eileHux Moxax, N 51°53'23.8", E 25°38'06.9",
09.10.2019 (KW-M71304).

3aranbHe mommpeHHs. €Bpoma (ABcTpis, Icmanis,
Hinepnannu, Hopgeris, [loneina, Ykpaina, OinnsHpis,
®panmis, [semis). [TiBniuna Amepuka (Kanama, CIIIA)
(Gulden, 2012; GBIF, 2019: https://www.gbif.org/ru/
species/3342585).

Bun nyxe omusekuit 10 G. vittiformis (Fr.) Singer
f. tetraspora A.H.Sm. & Singer (sx 30BHi, Tak i
MIKpPOCKOIIIYHO) ~ajie BIi[pI3HSAETbCS MEHIIMMH Ta
cma0Kilme CKyJABNTYpOBAaHUMH CIIOpaMH 1 JOCHTH
HEYUCIIeHHUMU TuieBpouuctunamu (y G. vittiformis BOHU
myxe gucnenni) (Smith, Singer, 1964; Gulden, 2012).

Galerina norvegica A.-H.Sm. in A.H.Sm. & Singer,
Monogr. gen. Galerina: 146. 1964. — Puc. 4.

Galerina gibbosa J.Favre, Bull. trimest. Soc. mycol.
Fr. 53: 140. 1936. — Galera gibbosa (J.Favre) Kiihner
in Kithner & Romagn., Flore anal. champ. supér.: 319.
1953.

lanuaka 0,5-1,5 cM, crovaTky OKpYIJIO-KOHIYHA,
3rOfIOM J3BOHUKOMOAIOHA, HAIMIBKYIACTA, 3PEIITOO
BHUITYKJIO-PO3MPOCTEPTA, 3/e0LIBIIOTO 3 HEBEIHUKOIO aje
mo0pe MOMITHOIO BUMYKIICTIO B IIGHTpi, TirpodaHHa,
po30po-cMyracra Maibke 10 LEHTpY, cupa —
KOPUYHIOBaTO-)KOBTa a00  KOBTO-BOXPHUCTA,  3JIeTKa
CBITJIIIA TO Kpasx, MiJICKXalo4d, CTa€ CBITJIO-MEI0BO-
YKOBTOIO, O0e3 TMoKpuBaja. [ImacTHHKN MUPOKOTIPHPOCTI,
3ne6inpinoro i3 3yorem, Herycri (L = 12-18, 1 = 1(=3)),
nmocuth mupoki (10 0,25-0,3 cm), BUITyKITi, )KOBTI, 3T0JIOM
JKOBTyBaro-BoxpucTi. Hixkka 4,0-5,5 x 0,1-0,2(-0,3) cM,
LWITHJpUYHA, 3 OyJIaBOIOIIOHOI0 OCHOBOIO, TpyOuacra,
371erKa OOPOIIHHCTO-BOJIOKHUCTA, OCOOJIMBO Y BEPXHii
YaCTHHI, CBITI0-)KOBTA ab0 >KOBTA, B HIKHIN 9acTHHI
MTOMITHI BOJIOKHHCTi 3alUIIKA TMOKpHBama. M'akymr y
IIAMKHI Ta HIXKII )KOBTHIA, 3 OOPOIIHUCTHM 3aIlaXxoM Ta
cmakoM. CITIOpOBHI TIOPOIIOK CBITIO-ipKaBO-pyIUii.

Cnopu 9,0-11,5(-12,0) x 5,0-6,5 mxm, Q = 1,58—
22, av. L=10,5 = 0,76 mxm, av. B = 5,7 £ 0,33 mkwMm,

av. Q = 1,83 + 0,12, crmabkoboponapyacri, Maibke
IJTaICHBKI, 3 MaJIOTIOMITHUM CyTpariIapHIM
IuckoM, aH(pac BiI BUIOBKCHOSHICIONIOHUX 1O

eminconomioHnx, y mnpodiab MUTIAIETONIOHI Ta
CIIIICOMUTAANCTIONIOH], 13  OKPYINIOID  BEpPXiBKOIO,
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JIOCUTh TOBCTOCTiIHHI, KOPWYHIOBAaTO-BOXPHCTI abo0
kopuuHtoBari. basumii 20,0-31,0 x 7,5-11,0 wmKwm,
OymaBomomiOHi, TBO- Ta YOTHPUCTIOPOBi. XEHIOMUCTUIH
34,0-60,0 x 7,0-9,5 Mkm, BapiabeinbHi 3a (OpPMOIO,
BEPETEHOIOiI0HI, BEPETCHOIUIAIIKOMOAIOHI Ta Maiike
HWTHIPUYHI, 3A¢OUIBIIOr0 3BUBHCTI Ta MICISIMHU
3BY’)K€Hi, BEpXiBKH 37€OiTBIIOT0 3aKpyIieH] abo 37erka
3arocTpeHi, 3,5-5,5 MKM 3aBTOB., IPOTE HEPIJKO 3JIeTKa
a00 CHJILHO MOTOBIIEHI, YaCOM TOJIiBYacTi, 10 12,5 MKM
3aproB. [lneBpouumctumu  BigcytHi. [limonmcTumn
BincytHi. Kaymomuctumun 35-70 x 7—-13 mxM, dopma
Bapiroe Bij OymaBormomaiOHOT ab0 Maibke HUITIHIPUIHOT
J0 MIIKonoxioHoi abo BepeTeHONoAiOHOT, BEPXiBKH
3aKpyIIeHi a00 31erka MmoToBIIeHi, 3,5—6,0 MKM 3aBTOB.,
MPOTE HEPIJKO CHIIBHO PO3IYTi, 1 TOAI MOXKYTh JIOCSITaTH
9,5-17,0 mxwm 3aBmr. Kytukyma manHky rigansHa, Tigu
3,5-10,0 MKM 3aBTOB., IJIaJIcHbKI a00 3JIerKa 3epHHUCTO
IHKpYCTOBaHi, OJ1i10-KOBTYyBaTO-KOpHIHEBI. [IpsKKu €.

[ToomuHOKO Ta MaJCHBKMMHU TpylaMu Ha c(harHOBUX
MOXax, y 3a0ojo4eHnx Jicax Ta cparHoBux OoJOTax.
Pinkicuuit y €Bpomi Buj, HMOBipHO, B YKpaiHi TEX,
TIOKH 110 3HAWACHUI 3 TPhOX JIOKamiTeTiB. [1momoBi Tina
TPAIUISIFOTHCS Y BEPECHI.

Hocaimxeni 3pa3ku. [lsano-@panxiscoka 001.,
HanBipHSHCHKMIA p-H, Kapnarcbkuit HIIII,
Bopoxtsuceke TTH/IB, 6mu3pko 1,5 kM Ha MiBACHHUI
cxin Bix cMT BopoxTa, sSITHHOBHI JTic, HA 3€IEHUX MOXaX
3 gomimkoro cdarHoBux, N 48°15'28.2", E 24°36'05.1",
14.09.2015 (KW-M71306); Tam camo, ypouutie bomoro
Pynsik, coarnose Oonoro, Ha cdarHoBux moxax, N
48°14'57.2", E 24°36'47.5", 17.09.2015 (KW-M71307).
Xmenonuyvka o6n., 13scnaBcekuit p-u, HIIIT "Mane
[omices", OGeper o03. Cpsre, 3a00J04YEHUI COCHSIK,
Ha cdarHoBux Mmoxax, N 50°13'00.6", E 26°50'00.6",
14.09.2018 (KW-M71308).

Immi 3naxinkm B Ykpaiwi. Kumomupcvka oon.,
HoBorpaa-BoiuHCbkuid p-H, TiJPOJIOTiYHUI 3aKa3HHK
3arajbHOAEPXKaBHOro 3Ha4eHHA "YepBOHOBOILCHKUM",
charnoBe Oosoto, Ha cdaruoBux Mmoxax, 14.10.2002
(Prydiuk, Orlov, 2003).

3araabHe mommpeHHsi. €Bpona (ABcTpis, Benuka
Bpurania, Hanis, Hinepmanan, Himeuunna, Hopseris,
Pocist, VYkpaina, Oinnsuupis, Dpanumis, [Befinapis,
[IBemis). IliBaiuna Amepuka (Kanama, CIIIA) (Smith,
Singer, 1964; Nezdoiminogo, 1996; Gulden, 2012; GBIF,
2019: https://www.gbif.org/uk/species/3342860, https://
www.gbif.org/ru/species/3342690).

Le#t Bux MOKHA pO3MI3HATH IO 3POCTAaHHIO Ha
charHoBuX MoxaX, DIAJACHBKAM  EJIICONOMAIOHIM
CIIOpaM Ta JOCUTH BapiaOeNbHUM 32 (POPMOIO IIHCTHIAM,
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Puc. 4. Galerina norvegica. A: muionosi tina; B: 6asunii; C: xeitnonuctuan; D: kaynormeriny; E: ciopn. MacmtabHa mkana: 1 cm

JUTS TUTOAOBHUX TiJ, 10 MKM AJ151 MIKPOCTPYKTYP

Fig. 4. Galerina norvegica. A: fruit bodies; B: basidia; C: cheilocystidia; D: caulocystidia; E: spores. Scale bars: 1 ¢cm for fruit

bodies, 10 pm for microstructures

HEPITKO 13 CHWJIBHO MYXHPENOAIOHO  PO3IyTUMH
BepxiBkamu. Cxoxxy (Gopmy Ta po3Mipu CIIOp, a TaKoX
JTIOCHTB MTOIiOHI 30BHI III0/I0BI Tia Mae G. pumila, mpote
Kaprnohopy OCTaHHBOTO BiPI3HSIOTHCS MEPEBAKAHHIM
KOPUYHIOBAaTHX, @ HE JKOBTYBAaTHX, KOJIBODIB, a cepex
XEHII0- Ta KayJIOIMCTH HIKOJIM HE TPAIUISIOTHCS CHIIBHO
po3myTi y BepxHid "acTuHi ex3emmuisipu. Kpim Toro,
G. pumila 3pocTae nepeBaXHO Ha 3€JICHHX MOXaX, a He
Ha carnoBux (Gulden, 2012).

Galerina pumila (Pers.: Fr.) M.Lange, Persoonia 2 (1):
41.1961. — Puc. 5.

Agaricus  pumilus Pers., Synopsis methodica
fungorum: 317. 1801. — Pholiota pumila (Pers.)
Gillet, Les Hyménomycetes ou Description de tous les
Champignons qui Croissent en France 1: 432. 1876. —
Derminus pumilus (Pers.) J.Schrét., Kryptogamen-Flora
von Schlesien 3-1(5): 581. 1889. — Galera pumila (Pers.)
J.Favre, Ergebn. wiss. Unters. Schweiz. NatnParks
5(33): 204. 1955. — Agaricus mycenopsis Fr., Observ.
mycol. (Havniae) 2: 38. 1818. — Galerina mycenopsis
(Fr.) Kiihner, Encyclop. Mycol. 7: 190. 1935. — Galerina
vexans A.H.Sm. & Singer, Mycologia 47: 583. 1955. —
Galerina nybergii A.-H.Sm., A monograph of the genus
Galerina Earle: 210. 1964. — Phaeogalera nybergii
(A.H.Sm.) Bon, Documents Mycologiques 21(83):
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37. 1991. — Galerina viscidula P.D.Orton, Trans. Brit.
Mycol. Soc. 91: 554. 1988.

[Manmaka 0,5-1,8 cM, CHOYaTKy OKpPYINIOKOHIYHA,
JI3BOHHMKOMO/IOHA a00 HamMiBKYJSICTa, B KiHI[I BHUITYKJIa,
4acTo 3 HEBENMKOI BUIYKJIICTIO B IICHTPI, TirpoganHa,
PO30PO-CMYTacTa MaiiKe J10 LIEHTPY, CHpa — )KOBTYBATO-
KOpUYHEeBa, JKOBTO-Oypa,  CBiTIO-KOpH4YHEeBa  abo
BOXPHCTO-pyJyBara, IO Kpasx CBITJIiNIA, B LEHTPI
TEeMHiIa, 70 ip)KaBO-pyHoi, MiJCHXalouu cTae Omigo-
JKOBTOIO 200 JKOBTOIO, Y MOJIOANX KaprodopiB Mo Kpasx
€ 3QIMIIKA MOKpWBAaNa y BUIIAMI HETYCTHX OiTyBaTux
BOJIOKOH. ITmacTuHKM mpupociti 10 MMPOKOIPUPOCIIHX,
uerycri (L = 14-18, 1 = 1(-3)), gocuth mmpoki (110
0,3 cMm), BuUmykii, ONiJO-)KOBTi, 3rOIOM >KOBTYBaTO-
KOpPUYHEBI, B KiHII ipkaBo-pyni. Hixka 3,0-7,5 x 0,1—
0,3 oM, TITIHAPUYHA, 9ACTO JICIIO TOTOBILYETHCS TOHH3Y,
31 37erka MOTOBIICHOK OyJIaBOMOAIOHOK OCHOBOIO,
TpyO4acTa, TIaJeHbKa, OIi0-)KOBTYyBaTO-KOPUIHEBA
abo >KOBTYBaTO-BOXPHCTA, MOKPHBAJIO CIIOYATKy MOXKE
YTBOPIOBATH HEBUpPA3HE BOJOKHUCTE KiNbIIE Y BEPXHIH
YaCTHHI HIDKKM, OCTAaHHE IIBHUAKO 3HUKA€E, 3r0JOM
CIIOCTEPIraeThCs y BUDISANI HEUYHCICHHUX OiTyBaTux
BOJIOKOH. M'SIKyIl y IIanuHII Ta HDKII JKOBTYBaTHH,
0e3 ocoOnmuBHX 3amaxy Ta cMaky. CIOpOBHiA MOPOIIOK
ip>KaBO-pyaHH.
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Puc. 5. Galerina pumila. A: mnonosi Tina; B: 6asunii; C: xefmonuctuam; D: xaynonuctuam; E: ciopu. MacmrabHa mkana: 1 cm st

IOAOBUX TiJ, 10 MKM TSt MIKPOCTPYKTYP

Fig. 5. Galerina pumila. A: fruit bodies; B: basidia; C: cheilocystidia; D: caulocystidia; E: spores. Scale bars: 1 cm for fruit bodies,

10 pm for microstructures

Crmopu 9,0-12,0(-13,0) x 5,5-6,5 mxm, Q = 1,58-
2,18, av. L=10,7 £ 0,81 mxm, av. B = 5,8 + 0,30 mxwMm,
av. Q=1,84+0,11, maxeHpKi, 0€3 CynparisipHOTO IUCKa,
aHdac emmnconofiOHi Ta BHIOBKEHO-IHICIONIOHI, Y
npodiib MHUIIANCNOAIOHI, i3 OKPYIVIOK BEPXiBKOIO,
TOBCTOCTiHHI, JKOBTyBaTo-kopw4HeBi. basumii 20,0-
32,0 x 7,0-9,5 MkM, OynaBomomiOHi, YOTHPUCIIOPOBI.
Xenmormerugn — 29,0-60,0 X 6,5-10,0  MKM,
BHJIOBKCHOIUIIIIKOMOAIOH] 10 Maike MIITIHIPUYHHX, 3
3aKpYIICHUMH a00 [IeIIo MOTOBIICHUMH (i TIPH LBOMY
YacTo JELI0 3aroCTepHUMH) BepxiBkamu 3,5-7,0 MKM
3aBmr.  [lneBpoructuam  BiacyTHi. [limommcTtumu B
0o0CTe)KCHHX 3pa3KiB He BHsABJICHI. Kaymonuctuan
35-65 x 5-7 MKM, IUISIIIKONOMIOHO-IIMIIHIPHYHI,
AT HIPUIHI abo OymaBomomiOHO- I HAPHYHI,
3BMBUCTI, 3 3aKpylIEHUMH a0o [emo TOJiBYacTo
MTOTOBIICHUMHU BepxXiBKamMu 4—7, MKM 3aBml. KyTukyna
IIAMUHKY TianbHa, Tipu 5—8 MKM 3aBTOB., TJIaJCHBKI
Ta 3JIerka 3epHUCTO IHKPYCTOBAaHi, OJiJT0-KOPHUYHEBI.
Ipsoxku €.

[ToonnHOKO Ta HEBENTUKHUMH TPyNaMH Ha 3€IeHUX
MOXaxX y XBOWHHX 1 MiIIaHHWX Jicax, iHOAI Ha OoyioTax
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Ta nykax. Cnin 3a3Ha4uTH, 0 OAMH 3pa3ok G. pumila
OyB HaMH 3HalJCHWI Ha Cc(arHOBHX MOXaX, aje IIo
CYCIZICTBY 3pOCTaIH 1 3eJIeHi. 3BHUaitHuii B €BPOII BH/I,
JIOCHUTH IITHPOKO PO3MOBCIOKCHUN B YKpaiHi, MOKITHBO
HaBITh ()OHOBHII y 3EJICHOMOXOBUX COCHsKaxX. [110m0Bi
TiJa TPATUIAIOTHCS B TPABHI-JTHCTOIIA].

Hocainxkeni 3pa3ku. Boauncoka o6a., lllanekuii p-H,
ITamnexkuit HIII, Csitsseke ITH/AB, 47 kB., Oinst 03.
Jlroummep, COCHOBHIA JIiC 3 TOMIIIKOIO Oepe3u, Ha 3eJICHUX
Mmoxax, N 51°27'56.1", E 23°55'53.8", 09.10.2018 (KW-
M71312); Tam camo, 4 KB., COCHOBHUH JIiC, Ha 3eIEHUX
Moxax, N 51°28'28.9", E 23°47'48.8", 10.10.2018 (KW-
M71313); Tam camo, 11 KB., COCHOBHI1 JIiC 13 JOMIIITKOIO
Oepeswn, Ha 3eneHnx Moxax, N 51°28'12.4", E 23°46'19.8",
11.10.2018 (KW-M71314); JlrobemiBchkuit p-a, HIIII
"pur'ste-Croxin", JIT "Arpomic", 29 kB., COCHOBHIA
Jmic i3 gomimkoro Oepe3w, Ha 3eJIeHHX Moxax, N
51°52'51.9", E 25°38'17.8", 09.10.2019 (KW-M71316);
TaM camo, JIroOemnriBCchbke MHCIMBCHKE TOCIIONapCTBO,
CpanoBuiipke -0, CBasioBHIIbKAa Jaya, 66 K.,
COCHOBHIA JTiC 13 IOMINIKOIO Ty0a, Ha 3eMeHnX Moxax, N
51°52'14.1", E 25°37'04.7", 09.10.2019 (KW-M71315);
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tam camo, Jlrobemisceke [THJB, 6muspko 0,5 kM Ha
miBHIY Big c¢. CBajoBHMYi, COCHOBHI JiC, Ha 3€ICHUX
Moxax, N 51°52'35.9" E 25°37'28.7", 09.10.2019 (KW-
M71317); tam camo, JIroOemriBcbke IEpiKaBHE JTiCOBE
rocnomapcTBo, bimoosepcbke 1-Bo, KB. 42., COCHOBO-
JyOOBHI JIIC 3CIICHOMOXOBHIA, Ha 3€JICHUX MoxaX, N
51°54'40.1", E 25°00'06.2", 07.10.2020 (KW-M71470).
Kuiscora o6n., m. Kuis, Konua-3acma, Mooauii COCHSIK,
Ha 3emeHux Moxax, N 50°17'44.6", E 30°34'25.5",
21.08.1970 (KW-M71309), 3iop. M.S. 3eposa.
Pisnencoxa 061., POKWUTHIBCHKUU p-H, PiBHEHCHKHI
MpUPOAHUH 3amoBigHUK, BimmuteHHs "Cupa [lorons",
binbceke TTH/IB, kB. 38, COCHOBHIA JTiC 3€IEHOMOXOBHIA,
Ha 3eleHux Moxax, N 51°29'20.3", E 27°15'17.4",
05.11.2020 (KW-M71472); Tam camo, kB. 41, cocHOBHUIA
JIiC 3eJICHOMOXOBHH, Ha 3eieHux Moxax, N 51°28'39.6",
E 27°14'55.2", 03.11.2020 (KW-M71471); Tam camo,
0epe30BO-COCHOBHIT JTiC 3€IC€HOMOXOBHH, Ha 3€IeHUX
Moxax, N 51°28'13.6", E 27°14'59.9", 05.11.2020 (KW-
M71473). Cymcoka oba., Cepenuno-byncekuii p-u, HIIIT
"NecusHcbko-Craporyrepkuit”, CTaporyTchbka 4acTUHa,
kB. 124, 6epe30BO-COCHOBUH JIiC YOPHUYHHUH, HA 3eTIEHUX
Moxax, N 52°19'28.7", E 33°46'34.8", 17.08.2003 (KW-
M71310). Xuenvnuyvka oba., 13sicnaBcbkuit p-u, HIIIT
"Maie ITomiccs", 6y 03. Csite, 3a00JI0UEHNUN COCHSIK,
cepen charnoBux moxis, N 50°13'00.6", E 26°50'00.6",
14.09.2018 (KW-M71311).

Inmi  3waxigkm B Ykpaiwi. Kuigcoxka o00x.,
Bopucninbcekuit p-H, okonuili ¢. BUlIeHbKH, COCHOBHI
Jyic,Hamoxax, 17.06.1990 (Besedina, 1998). Cymcoka oou.,
Cepenuno-byncekuit  p-u, HIII  "JlecHAHCBHKO-
CraporyTcbkuil”, 1o BCiii TepuTopii, COCHOBI Ta yOOBO-
COCHOBI JTIICH, Ha 3€JCHUX MOXaX, TPaBEHB-JIUCTOIA];
Bemukonucapisebkuid, TpocTanenbknit Ta OXTUPCHKUH
p-au, HIIIT "TerbMaHchkmii", 110 BCil TEPUTOPIii, COCHOBI
Ta JyOOBO-COCHOBI JIiCH, Ha 3CJICHUX MOXaX, TPaBCHb-
mucrona; [MyxiBcbKui p-H, naHAmadTHUN 3aKa3HUK
"[HanuruHCHKHUR", COCHOBI Ta AyOOBO-COCHOBI JicH, Ha
3€JICHUX MOXaX, TpaBeHb-HcTONam;, Kponepeubkuii p-H,
OoTaHIuHMHA 3aKa3HUK "AHIPITBCHKHIA", COCHOBI Ta
JyOOBO-COCHOBI JIICH, Ha 3€JI€HMX MOXaX, TpPaBEHb-
mucroman; Jlebemmucekuit  Ta  CyMCBKMHA — p-HH,
naHqmadTHU 3aka3HUK "BopoxOsHCHKMIA", COCHOBI
Ta J1yOOBO-COCHOBI JIiCH, Ha 3€JIEHUX MOXaX, TPaBEHb-
JUCTONAN; SIMIUTBCHKUI p-H, JaHAMAPTHAN 3aKa3HUK
"Ilpyaumiancbkuid”, COCHOBI Ta  yOOBO-COCHOBI
JCH, Ha 3CJICHUX MOXaX, TPABCHb-JIUCTONAM; TaM
camo, Oimst c. Jlomnenka (niBuii Oeper p. IBoTKa),
3amoBinHe ypouutnie "JlomieHka", OOIOTHUCTI TyKH, Ha
3eJeHUX Moxax, TpaBeHb-nucronan (Karpenko, 2011).
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Tepnoninvcoka o01., bepexxancbknit p-H, M. bepexann,
MaCOBUCHKO, Ha 3eiieHHX Moxax, 1903—1905 (Bobyak,
1907).

3araibHe nmommpennsi. €Bpona (ABctpis, benbris,
Bemuka bpurawnis, [anis, Ectonis, Ipmannis, [cnanmis,
Icnanis, JliokcemOypr, Hinepnangu, Himeuuuna,
Hopgeris, Ilompma, Pocis, VYkpaina, @innsgamis,
Opanuis, IBenis). Asis (Pocis — Cubip, Uykorka).
IliBniuna Awmepuka (I'pemmanmis, Kamama, CIIA).
Agscrpanisi. Anrapkruka (o. [liBmenna Jxopmxis,
[liBnenni CannsiueBi o-sm) (Watling, Gregory, 1993;
Nezdoiminogo, 1996: Gulden, 2012; GBIF, 2019: https://
www.gbif.org/ru/species/8214795).

[Ipo moxiouicTs G. pumila 1o G. norvegica, a TaKOX
PO BiIMIHHOCTI Mi>K IIMMH BUJaMH OYyII0 CKa3aHO BHUIIIC.

Galerina tibiicystis (G.F.Atk.) Kiihner, Encycl. Mycol.
7:176.1935. — Puc. 6.

Galerula tibiicystis G.F.-Atk., Proc. Amer. Phil. Soc.
57:365. 1918. — Galera tibiicystis (G.F.Atk.) A.Pearson,
Trans. Brit. Mycol. Soc. 35(2): 113. 1952. — Galera
tibiicystis (G.F.Atk.) Kithner & Romagn., Flore anal.
champ. supér.:. 319. 1953. — Galerula lasiosperma
G.F.Atk., Proc. Amer. Phil. Soc. 57: 364. 1918. —
Galerina mairei Boutev. & P.-A. Moreau, Bull. Mycol.
Botan. Dauphiné-Savoie 177: 20. 2005.

[Tamuaka 0,5-2,5 cM, crmodatky OKpYIJIO-KOHIYHa,
3roJI0OM JI3BOHHMKOIOAIOHA JIO BHUIIYKJIOI, 3pEIITO0
BUITYKJIO-PO3IpocTepTa abo po3IpocTepTa, 3 BUILYKIICTHO
B IICHTpi, TirpodaHHa, MPO30pO-CMyTracTa Maibke [0
LEHTPY, CHpa — BOXPUCTO-KOPUYHEBA, ITOMapaHueBO-
KOopruHEeBa a00 YepBOHYBAaTO-KOPUYHEBA, IiJICHXAIOUH,
CTae ’KOBTYBAaTO-BOXPUCTOIO, TOKPHBAJIO BIJICYTHE.
[ImacTHHKE TPHUPOCIi Ta IIMPOKOMPHUPOCHTI, HETYCTi
(L = 12-18, 1 = 1(-3)), nemmpoki (o 0,2 cm), 31erka
BUITYKJIi, OJi0-BOXPHUCTI, 3T0JIOM BOXPHUCTi, B KiHII
ceiTmo-pyxni. Hixkka 4,0-9,5 x 0,2-0,3 oM, mutiHApuYHa,
3 OynaBomoaiOHOI0 OCHOBOIO, TpyOdacTa, OOPOIITHUCTA,
BOXPHCTA, BOXPUCTO-KOPHUHEBA a00 CBITIO-KOPHYHEBA,
MOKPHUBAJIO BiJACyTHE. M'SKyIl y IIANUHII Ta HDKII
BOXPHCTO-KOPHUUYHEBUH, 0e3 OCOOMMBOrO 3amaxy Ta
cmaky. CriopoBHii TIOPOLIOK CBITIIO 1pyKaBO-PyAHH.

Cmopu  9,5-12,0(-13,0) x 5,5-6,5 mxm, Q = 1,67—
2,0, av. L =11,2 £ 0,83 mkm, av. B = 6,1 £ 0,30 MkMm,
av. Q=1,80+ 0,10, 6opomaBuacTi, 3i cmabko BHpaKEHUM
CYIparuIIpHUM JTUCKOM, aH(ac BUIOBKCHOSUICTIONIOHI
Ta emimcosiinenomiOHi, y mpodias MHUTrIanenomioHi,
3 OKpPYIIIO-KOHIYHOI BEpXIBKOIO, 03 Kairyca, JOCHUTH
TOBCTOCTiHHI, JKOBTyBaTo-KOpu4HeBi. basmamii 22,0-
30,0 x 9,0-10,5 mxm, OynaBonomiOHi, YOTHPUCTIOPOBI.
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Puc. 6. Galerina tibiicystis. A: nonosi tina; B: 6azunii; C: xeitnounctuau; D: xaynounctuau; E: cnopu. MacmtabHa mxana: 1 cm

JUTSL TUTOZIOBHX TiJT, 10 MKM IUIsL MIKPOCTPYKTYD

Fig. 6. Galerina tibiicystis. A: fruit bodies; B: basidia; C: cheilocystidia; D: caulocystidia; E: spores. Scale bars: 1 cm for fruit bodies,

10 pm for microstructures

Xeimormerugu 2441 x  6-8 MKM, KenienomioHi,
3 romiBkamu 3,0-6,5 wmxMm 3aBm. [lneBpormctumm
BincyTHi. [limormcruan He BuseicHi. Kaymoructuau
22-75 x 5-11 mxM, xemrenoxiOui, 3 romiBkamu 4,0—
10,5 mxm 3aBum. Kyrukyna manusku riganbia, ripu
5-10 MKM 3aBTOB., 3JleTKa 3€pHICTO i1HKpPYCTOBaHi,
6mito-kopuunesi. [psokky €.

[MoonmnHOKO Ta MaJeHBKMMH TpyllaMH Ha 3€IeHUX
Moxax, y Jjicax Ta Oonorax. B €Bponi HewacTnii, npore
it He pimkicHWH, BUA, B YKpaiHi MOKH IO 3HAHIECHUHA y
TPHOX JIOKaJIiTeTaX, MMOBIpHO pinkicHH. [Imomosi Tinma
TPATUISIOTHCS B JKOBTHI.

Hocainxeni 3pa3ku. Boaurncvka oox., llanekuit p-H,
[Hampkuit  HIIII, IlyaemiBceke ITHJB, 23 kB,
COCHOBHH Jic, Ha 3eleHux Moxax, N 51°29'39.3", E
23°44'26.6", 13.10.2018 (KW-M71318); Tam camo,
Jlro6emiepkwmii p-u, HIIIT "IIpun'ate-Croxin", 6au3pK0
1,5 kM Ha miBaeHb Bij ¢. JIp00's136, ypounie Kopoctunka,
JyKH, Ha 3eIeHuX Moxax, N 51°49'05.2", E 25°28'08.7",
09.10.2020 (KW-M71474). Pignencoxa oon.,
PoxutHiBCRKHIT  p-H,  PiBHEHCBKHWIA  TpUPOIHUI
3anoBinHUK, BigmuieHHs "Cupa Ilorons", Bimbchke
ITH/IB, kB. 24, COCHOBHI JIiC MOJIIHIEBUH, Ha 3€JICHUX
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moxax, N 51°30'14.3", E 27°13'43.4", 05.11.2020 (KW-
M71475).

3araabHe  mommpenHsi.  €Bpoma  (ABCTpis,
Benuka bpuranis, [anis, Ectonis, Ipnannis, Icmanis,
Hinepnanau, Himeuuwna, Hopseris, Ilombima, Pocis,
CrnoBauunHa, YKpaina, @ianauugis, @panmis, [sefinapis,
IIsenist). A3zist (Pocis — Cubip ta [anekwit Cxin,
SAnownis). [liBniuna Amepuka (Kanama, CIHA) (Smith,
Singer, 1964; Nezdoiminogo, 1996; Gulden, 2012; GBIF,
2019: https://www.gbif.org/species/2533865).

Le#t Bun Haiommwkunit o G. hybrida, a BiAMIHHOCTI
Mix HUM Ta G. tibiicystis Bxe Oyam 0OTOBOpEHi BHUIIIE.
Cuaijt BIAMITHTH, IO 32 JIITEPaTypHUMH JUKEPEIaMH JIIst
G. tibiicystis TATIOBUM CyOCTPaTOM BKa3yIOThCS CharHoBi
moxu (Smith, Singer, 1964; Nezdoiminogo, 1996; Gulden,
2012), mpoTe BCi yKpaiHCHKi 3pa3Ky BUSBICHI Ha 3€JICHUX
Moxax. Xoda ixHi MOpQOIOTiYHI OCOOIMBOCTI IITKOM
BiNOBinar0Th aiaruo3dy G. tibiicystis (Watling, Gregory,
1993; Gulden, 2012), 3amumaerbcs HMOBIPHICTS,
0 MH MAEMO CIpaBy 3 SIKUMOCh BHIOM-IABIHHUKOM.
I[s npobnema mnoTpedye MOAANBIINX MOJCKYISIPHUX
JIOCITI/IKCHB .
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Puc. 7. Galerina triscopa. A: nnonosi tina; B: 6asunaii; C: xelnomuctuan; D: xaynouuctuan; E: cmopu. Macmtabna mxkana: 1 cm

JUTSL IDTOJOBHX TiJT, 10 MKM ISl MIKPOCTPYKTYD

Fig. 7. Galerina triscopa. A: fruit bodies; B: basidia; C: cheilocystidia; D: caulocystidia; E: spores. Scale bars: 1 cm for fruit bodies,

10 pm for microstructures

Galerina triscopa (Fr.) Kiihner, Encyclop. Mycol. 7:
206. 1935. — Puc. 7.

Agaricus triscopus Fr., Monogr. Hymenomyc. Suec.
(Upsaliae) 1: 375. 1857. — Naucoria triscopa (Fr.) Quél.,
Bull. Soc. Amis Sci. Nat. Rouen, Sér. II 15: 159. 1880
[1879].— Galera triscopa (Fr.) Quél., Enchir. fung. (Paris):
107. 1886. — Galerina triscopa f. longicystis A.H.Sm. &
Singer, Mycologia 50(4): 489. 1958. — Galerina triscopa
var. tetrascopa A.-H.Sm. & Singer, Monogr. Galerina:
105. 1964. — Galerina triscopa f. telamonioides Curti &
Musumeci, Errotari 8: [1]. 2011.

[Marmmeka 0,3—1,2 cM, CHOYaTKy TOCTPOKOHIYHA,
3roJIoM KOHIYHAa B KIHIII BHIYKJa 3 JOOpE MOMITHUM
TOCTpUM TOpPOMKOM y MEHTpi, rirpodaHHa, IPo30po-
cMyracTa Mmaiike JI0 LEHTpPY, CHpa — CBITJIO-KOPHYHEBa,
TOpiXOBO-KOpH4YHEBa a0o OypyBara, MiJCHXAI09H, CTaE
Omijgo- abo KOpPUYHIOBATO-BOXpHCTOIO. I[lmactuHkm
BY3BKOTIPHPOCHI /0 IIMPOKOTPHPOCINX, YaCOM i3
3youem, Herycri (L = 14-18, 1 = 1(-3)), nocuth mupoki
(mo 0,15 cm), cmabko BHUMYKIi, BOXPHUCTO-KOPUYIHEBI
JI0 TOPIXOBO-KOPUYHEBUX, JCIIO CBITIINI 3a IIAMUHKY.
Hixka 1,0-3,5 x 0,05-0,15 cMm, nuniaapudHa, 3i 37erKa
MOTOBIEHOIO ~ OCHOBOIO, TpyO4acTa, OOpOLIHHCTA
Yy BEpxXHIM 4YacTWHI, >XOBTYBaTO-KOPHYHEBA, TOCHUTh
IIBHIKO TEMHIE 10 TEeMHO-0ypoi, TOYMHAI0YH BiJl OCHOBH,
MMOKPUBAJIO CIIOCTEPIraeThCsl MEPEBAKHO B HIDKHIM
YacTWHI HIKKH Y BUDIAOI HEYNCICHHUX OiTyBaTHX
MaByTHHUCTHX BOJIOKOH, 3piJiKa YTBOPIOETHCS 3a4aTKOBE
BOJIOKHHCTE KiJIBIIE Y BepXHiil yacTHHI HiXKH. MKy y
HIanuHII OypyBaTH, B HIKII — JKOBTYBaTO-KOPUYHEBUH
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10 Oyporo, 6e3 ocobnuBuX 3amaxy Ta cMaky. CriopoBuii
MOPOILIOK 1PYKABO-PYIHH.

Cnopu 6,0-8,5 x 3,5-5,0 mxm, Q = 1,40-1,71,
av. L =72 + 0,65 mxm, av. B = 4,7 £ 0,40 mkwMm,
av. Q = 1,54 £ 0,10, GopomaByacTi, 3 TJIAQJACHBKUM,
n00pe TMOMITHUM —CyNpariisipHEUM JHCKOM, aH(ac
AdenoniOni  Ta  emimcosiinenomiOHi, B mpodimb
MUIJanenofioHi, 3  OKpyIIOl0  BEpXiBKOIO  Ta
KaJycoM, TOBCTOCTiHHiI, JKOBTYBaTO-KOPHYHEBi [0
pymux. basumii 17-20 x 6-7 wmkwm, OymaBononioOHi,
4OTUPHUCTIOPOBi. Xeimomuctuan 24-35 x 7—11 MKwM,
BEPETEHOIUIIIKOMIOAIOHT  Ta  IUBIMIKONMOMIOHI, 3
3aKpyIICHUMH a00 JCHI0 TOJIiBYaTO MOTOBIICHUMH
BepxiBkamu 3,0—5,5 MM 3aBur. [iieBporucTi v BiACY THI.
[Minoruictuin B OOCTEKEHUX 3pas3KiB HE BUSBJICHI.
Kaymommcrunn 25-35, x 8—11 MKM, TUIAMIKOONIOHI, 3
3aKpyIJICHUMH a0o0 JIel0 IOTOBIICHUMH BEpXiBKaMH
4,0-5,5 mxwm 3aBmr. Kytukyna manuaky ridanpHa, Tihu
4,5-7,5 MKM 3aBTOB., DJIaJICHBKi, OJiI0-KOPUYIHEBI.
IIpsixku €.

[TooquHOKO Ta MaNeHBKMMH TPyHaMH Ha THHJIIH
JICpEeBUHI XBOWHUX, y XBOWHHX 1 MIIIaHUX JIicax.
PinkicHuii, moKM 110 3HAWACHUN B YKpaiHi JHIIEC B TBOX
nokamiterax. [ImomoBi Tima TPamIAIOTBCS B CEPIIHI-
BEPECHI.

Hocaimxeni 3pasku. Cymcvka 001, CepeauHo-
Byncekuii p-n, HIII "/lecuancbko-CraporyTchbkuil”,
CraporyTcbka yactuHa, 108 KB., 6epe30B0O-COCHOBHIA JIiC,
Ha THUITIH 1epeBuHi cocHH, N 52°19'20.7", E 33°47'55.4",
16.08.2003 (KW-M71319); Ttam camo, OukiHChKA
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yacThHa, 42 KB., COCHOBHUI JIC 3CJI€HOMOXOBHI, Ha
THIIIH aepeBuHi cocHu, N 52°15'30.5", E 33°23'49.4",
23.09.2004 (KW-M71320), 3i6p. O 1. JInTBHHEHKO.

Inmi 3naxinku B Ykpaiui. /eano-@Dpankiscoka oon.,
KociBebkmii p-u, HIIII "Tymymemmaa", Ha THHIIH
JepeBuHi, TpaBeHb-uepBeHb (Fokshei et al., 2013).

3aranbHe momupenHsi. €Bpomna (ABcTpis, Bemmka
bpuranis, [MHanis, Ectonis, Icmanis, JlrokcemOypr,
Hinepnannn, Himewumna, Hopseris, [lomsma, Pocis,
Vkpaina, @innsapis, Opanris, [senis). Asis (Pocis —
Cubip ta Hanexuit Cxin). [liBaiuna Amepuka (Kanana,
CIIA) (Watling, Gregory, 1993; Nezdoiminogo, 1996:
Gulden, 2012; GBIF, 2019: https://www.gbif.org/ru/
species/2533942).

Bux mocute JjieTko posIi3HaTH O PO3BUTKY Ha
JICpeBHHI XBOWHMX, XapaKTePHUM IUIOJIOBUM TiIam
3 TOCTPUM TOPOMKOM Ha IIANMHII Ta MAaJCHBKUM
6oponaBuacTiM criopaM (< 10 mxm 3aBn.). Xoua G. pallida
(Pilat) E.Horak & M.M.Moser Tex pO3BHBAa€ETHCA Ha
THWIIIN IepeBrHI Ta Ma€e IpiOHI CIIOpH, BiH BiJPi3HAETHCS
Bin G. triscopa 3aBusku Oi103a0apBICHAM ILJIOIOBUM
TiJIaM i3 BUITYKJIMMH HIANMHKaMK 0e3 ropOuka B LEHTpi
Ta 0e30apBHUM MageHbkuM criopam (Gulden, 2012).

Moasaxn

Agtop mmmpo Bastaami 1.O. Qyami Ta O.1. JIuTBHHEHKO
3a J100'sI3HO HajaHi 3pa3ku, a Takox S.I. 3eneHuyky,
O.I.  Kucemoxy, O.B. Mmuoxy, .0. Kopxy,
M.B. Xumuny ta C.M. IlaHueHky 3a AOHOMOTY B
MOJBOBUX JIOCIIKEHHSX.
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Pedepar. Hanano iHdopmario npo po3noBCIODKEHHS B YKpaiHi JESKUX NpeAcTaBHUKIB pony Galerina. Ctarts €
YaCTUHOIO cepii MmyOmiKalii, y monepenHiX BUMYyCKaX SKOi PO3MNIAIaNcCS BHIH, 3TPYIOBaHI 32 HAasBHICTIO BHPA3HUX
MopdosoridHux puc (Ha 3pa3oK KerenofiOHuX LUCTHUI, IUIEBPOLMCTHA abo KajinTpatHux crop). Oxapakrepr3oBaHi
Buu pony Galerina, sixi moMiTHHX ocoOnmBocteit He MatoTh (G. cephalotricha, G. norvegica, G. pumila ta G. triscopa),
a TakoX HEN[OIaBHO 3HaiJeHI B YkpaiHi BUIU 3 1uieBponmctuaamu (G. karstenii) Ta KerIENOAIOHUMH LIUCTHAAMHU
(G. hybrida ta G. tibiicystis), mo Oynu BUSBICHI BXe miciist myOmiKawil BiqnoBiqHux crareii cepii. BHyTpiHbopomose
HOJIOKCHHS! O1IBIIOT YaCTHHH PO3NISIHYTHX BHIB ITOKH IO 3aJIMIIAETHCS HeBU3HAYCHNUM. JIJIsl BCIX HABECHHX Yy CTaTTi
BUIB TpHOIB OMUCAHI JeTali MaKpo- Ta MiKpOCKOIIYHOI OyIOBH, IIOJAHO JIaHi PO MICIlI 3HAX1/I0K B YKpaiHi Ta 3aranbHe
MOIIUPEHHS B CBIiTi, @ TAKOX OPUTiHABHI UTIoCcTpalii iXHiX KaprnodopiB i MIKpPOCTPYKTYD.

KirouoBi ciioBa: kernienmoniOHi IIUCTHIN, MOXH, HOBI 3HAXIIKH, TUIEBPOLUCTHIN, TIOMUpeHHs, Mycenopsis, Tubariopsis
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Abstract. The article provides information about new for Azerbaijan records of agaricoid fungi collected during the
field trips in 2016-2019. In particular, 18 taxa (Agaricus porphyrizon, Amanita strobiliformis, Aureoboletus gentilis,
A. moravicus, Clavulina cinerea, C. coralloides, Clitocybe martiorum, Lactarius acerrimus, L. evosmus, L. mairei,
Ramaria formosa, Russula aurora, R. heterophylla f. adusta, R. melitodes, R. melliolens, R. velenovskyi, Scleroderma
areolatum, Tricholoma columbetta, T. fracticum) belonging to ten genera, eight families, and five orders are reported.
The data on the distribution patterns and habitats for each taxon are provided. The recorded mushrooms belong to two
ecological groups: humus saprotrophs are represented by three species (Agaricus porphyrizon, Clavulina coralloides,
and Clitocybe martiorum) while the remaining 14 species and one form are mycorrhizal. Data on conservation status in
the European countries for Amanita strobiliformis, as well as for representatives of the genera Aureoboletus, Russula,
Tricholoma, and Lactarius, are provided.
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Introduction

The Caucasus is one of the botanically diverse regions
representing one of the twenty-six "biodiversity hotspot"
areas worldwide (Ali-zade, Shulkina, 2018). The area
has rich flora and fauna; its conditions are favorable
for agaricoid fungi as well. The mushroom diversity
of the Greater Caucasus within Azerbaijan has been
studied mainly in the second half of the 20" century.
Initial information regarding edible species, such as
Morchella esculenta (L.) Pers., Fomitopsis officinalis
(Vill.) Bondartsev & Singer, Tuber magnatum Picco,
T. melanosporum Vittad. along with a few lichens
belonging to the genera Lecanora Ach., Roccella DC.,
and Usnea Dill. ex Adans. dates back to the medieval
manuscripts written by physicians of those times
(Alakbarli, 2006). Few fungal specimens were collected
and reported by foreign botanists such as Voronov in

19221923, Kolenati in 1858, Gelesnov in 1869, etc.
(Aghayeva, 2018). Until the 1960s, data on species
diversity of macrofungi in the country was based on
randomly collected specimens. In 1960-2010, Sadigov
made a significant contribution in fungal diversity
studies in Azerbaijan (Opredelitel..., 1985; Sadigov,
2007; Qambarov et al., 2012). As a result, 130 edible and
9 poisonous species were recorded across the country
(Sadigov, 2007). Currently, 827 agaricoid fungi species
belonging to 210 genera are known in Azerbaijan,
based on herbarium materials kept at the Mycological
herbarium (BAK) of the Institute of Botany, ANAS
(Aghayeva, 2018).

The diversity of Agaricomycetes in the area along the
Greater Caucasus in Azerbaijan has been studied more
extensively during the last seven years; thus, over 140
taxa of fungi have been recorded, with 30 taxa reported

© 2021 E.H. Mustafabayli, M.P. Prydiuk, D.N. Aghayeva. Published by the M.G. Kholodny Institute of Botany, NAS of Ukraine. This is an open
access article under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits use,
distribution, and reproduction in any medium, provided the original work is properly cited
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Mustafabey oak-beech, chestnut-beech forest. Species names of the fungi are indicated in the map

as new for the territory of the country (Mustafabayli,
Aghayeva, 2019a, b; Mustafabayli, 2020; Mustafabayli
et al., 2020a, b). Few edible species were also observed
during the study of macromycetes of the southern part
of the Greater Caucasus (Aghayeva, Sadigov, 2008;
Mustafabayli, Aghayeva, 2019a, b). In recent years,
interest in edible mushrooms in the country continues to
grow; at the same time, the number of cases of mushroom
poisonings increased and even mortality incidences in
the northern regions were registered.

In this article, we report 18 new for Azerbaijan fungi
taxa (17 species and one form); their distribution patterns,
ecological features, and occurrence are also discussed.

Materials and methods

The territory of the Shaki District of Azerbaijan can
be divided into three climatic zones (subtropical,

Vrpaincokuii bomaniunuii scypnan, 2021, 78(3)

temperate, and semi-arid) (Climate..., 2017). Soils and
climate are favorable for the growth of a wide range of
macromycetes. During 20162019, more than 65 field
expeditions were conducted and sampling was performed
based on route methods on the territory of Shaki District;
as a result, more than 250 specimens were collected
and identified. The main study sites were the following
four areas: Naringala pine forest (N 41°15'32.60"; E
47°13'5.60", 1100 + 50-70 m a.s.L); along the Gilehli,
hazelnut forest (N 41°12'14.29", E 47°12'40.01", 835—
860 m a.s.l.); Markhal resort complex (N 41°14'34.85";
E 47°11'57.38", 960-1000 m a.s.l.) and Mustafabey
oak-beech, chestnut-beech forest (N 41°12'09.06", E
47°12'52.03", 820-930 m a.s.l.). Schematic maps of the
study sites were prepared using a GPS device, as well as
Google Earth and ArcGIS 10.6 software (Fig. 1). In the
study, the reference coordinate system WGS 1984 UTM
39N is used.

Photographs of fungal specimens were taken during
field excursions; some peculiarities of carpophores (shape
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and colour of stipe and cap, character of their surface, etc.)
were also observed in the field using a magnifying glass.
Such features as taste, odor and discoloration of mushroom
flesh, as well as colour of spore print were recorded in the
laboratory. Microscopic details of carpophore structure,
in particular peculiarities of spores, basidia, hymenial
cystidia, and dermatocystidia (their size, shape, colour,
etc.) were observed using a Nikon microscope (Eclipse
E100 Tokyo, Japan). Mushroom taxa were identified using
several monographs and other special literature (Pilat,
1969; Dermek, Pilat, 1974; Zerova et al., 1979; Wasser,
1980; Opredelitel..., 1985; Arora, 1986; Dudka, Wasser,
1987; Breitenbach, Krianzlin, 1995; Bondartseva, 1998;
Grunert, Grunert, 2002; Mufioz, 2005; Funga Nodrica,
2012; Climate..., 2017; Prance, Fechner, 2017; Kamel
et al.,, 2017; Ali-zade, Shulkina, 2018; Heluta et al.,
2019). For microscope slides, distilled water and Congo
red solution were used. All specimens are deposited in
the Mycological herbarium of the Institute of Botany of
ANAS (BAK). Nomenclature and taxonomy correspond
to Index Fungorum (http://www.indexfungorum.org/).

Results and discussion

In total, 17 species and one form belonging to 10 genera
(one species of Incertae sedis), seven families and five
orders of the Agaricomycetes are reported. Information
on the taxa, including species names, localities and
collection dates as well as BAK numbers of the
specimens, is provided below.

BASIDIOMYCOTA

Agaricomycetes
Agaricales

Incertae sedis

Clitocybe martiorum J .Favre (Fig. 2, A)

Mustafabey oak-beech, chestnut-beech forest, solitary
to scattered in forest, 05.10.2019 (BAK1681). Only three
specimens of the species were found in the study area.

Agaricaceae

Agaricus porphyrizon P.D.Orton (Fig. 2, B)

Along the Gilehli, hazelnut forest, 06.10.2016
(BAK1672). The species was found several times as
scattered or in small groups.
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Amanitaceae

Amanita strobiliformis (Paulet ex Vittad.) Bertill.
(Fig. 2, C)

Along the Gilehli, hazelnut forest, solitary under the
Corylus avellana L., 11.06.2020 (BAK1716). In the
Transcaucasian region the species has also been reported
from Georgia and Armenia (Opredelitel..., 1985). It was
recorded only twice in the study area.

Tricholomataceae

Tricholoma columbetta (Fr.) PXumm. (Fig. 2, D)

Mustafabey oak-beech, chestnut-beech forest, under
Carpinus betulus L., Fagus sylvatica L., Quercus iberica
M.Bieb., 18.11.2016 (BAK1691). The species was
found several times as scattered or in small groups. In
the Transcaucasian region the species has been reported
from Armenia (Opredelitel..., 1985).

T. fracticum (Britzelm.) Kreisel. (Fig. 2, E)

Naringala pine forest, under Pinus sylvestris L., on
forest soil, 18.11.2016 (BAK1691). This species forms
large rings/groups of fruit bodies.

Boletales

Boletaceae

Aureoboletus gentilis (Quél.) Pouzar (Fig. 2, F)

Mustafabey  oak-beech, chestnut-beech  forest,
solitary under Quercus iberica, 21.07.2017, 05.08.2019
(BAK1689). It was recorded only twice in the study area.

A. moravicus (Vacek) Klofac (Fig. 2, G)

Along the Gilehli, hazelnut forest, solitary under
Carpinus betulus and Corylus avellana, 25.08.2018
(BAK1696). Only two specimens of the species were
found.

Sclerodermataceae

Scleroderma areolatum Ehrenb. (Fig. 2, H)

Along the Gilehli, hazelnut forest, solitary or more

often scattered, under Carpinus betulus, Fagus sylvatica,
05.10.2019 (BAK1678).

Cantharellales

Hydnaceae

Clavulina coralloides (L.) J.Schrot. (Fig. 2, 1)

Naringala pine forest, in Pinus sylvestris, on soil,
solitary, 06.10.2016 (BAK1676). A single specimen of
the species was found.
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Fig. 2. New records of fungi for Azerbaijan. A: Clitocybe martiorum; B: Agaricus porphyrizon, C: Amanita strobiliformis;
D: Tricholoma columbetta; E: T. fracticum; F: Aureoboletus gentilis; G: A. moravicus; H: Scleroderma areolatum; 1. Clavulina
coralloides; J: Ramaria formosa; K: Lactarius acerrimus; L: L. evosmus; M: L. mairei; N: Russula aurora; O: R. heterophylla
f. adusta; P: R. melitodes; Q: R. melliolens; R: R. velenovskyi
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Gomphales

Gomphaceae

Ramaria formosa (Pers.) Quél. (Fig. 2,J)
Mustafabey oak-beech, chestnut-beech forest, solitary
or in small groups, 10.05.2019 (BAK1690).

Russulales

Russulaceae

Lactarius acerrimus Britzelm. (Fig. 2, K)

Mustafabey oak-beech, chestnut-beech forest, in a
small group, under Fagus sylvatica and Quercus iberica,
18.08.2018 (BAK1671). The species was found only
once.

L. evosmus Hithner & Romang. (Fig. 2, L)

Mustafabey oak-beech, chestnut-beech forest, solitary
or in small groups, under Quercus iberica and Carpinus
betulus, 18.08.2018 (BAK1674).

L. mairei Malencon (Fig. 2, M)

Mustafabey oak-beech, chestnut-beech forest, under
Fagus sylvatica and Quercus iberica, 03.07.2017
(BAK1682). The species was found once in a small
group.

Russula aurora Krombh (Fig. 2, N)

Mustafabey oak-beech, chestnut-beech forest, under
Fagus sylvatica and Quercus iberica, 03.07.2017
(BAK1687). The species was recorded several times,
scattered or in small groups.

R. heterophylla f. adusta J .E.Lange (Fig. 2, O)

Mustafabey  oak-beech, chestnut-beech  forest,
under Fagus sylvatica, Quercus iberica, 18.08.2018
(BAK1684). The species was recorded several times,
scattered or in small groups.

R. melitodes Romagn. (Fig. 2, P)

Mustafabey oak-beech, chestnut-beech forest, under
Carpinus betulus, Corylus avellana and Quercus iberica,
25.08.2018 (BAK1680). The species was recorded
several times, scattered or in small groups.

R. melliolens Quél. (Fig. 2, Q)

Mustafabey oak-beech, chestnut-beech forest, under
Carpinus betulus, Corylus avellana, Fagus sylvatica and
Quercus iberica, 15.07.2018 (BAK1675). The species
was recorded several times, scattered or in small groups.

R. velenovskyi Melzer & Zvara (Fig. 2, R)

Markhal resort complex, Mustafabey oak-beech,
chestnut-beech forest, solitary, under Betula pendula
Roth, Quercus iberica, 03.07.2017 (BAK1670). Two
specimens were found only once.
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Based on our observations, the collected fungi
belong to two ecological groups, humus saprotrophs
and mycorrhizal fungi. The former group includes three
species (Agaricus porphyrizon, Clavulina coralloides,
Clitocybe martiorum), the latter one comprises 15
species (one represented by the form), namely Amanita
strobiliformis, Aureoboletus gentilis, A. moravicus,
Lactarius acerrimus, L. evosmus, L. mairei, Ramaria
formosa, Russula aurora, R. heterophylla f. adusta,
R. melitodes, R. melliolens, R. velenovskyi, Scleroderma
areolatum, Tricholoma columbetta, and T. fracticum.

Through a search of the available publications, it was
found that 12 of the reported here species are included
in the Red Lists/Red Data Books of various European
countries under several conservation categories. In
particular, Amanita strobiliformis, Aureoboletus gentilis,
and A. moravicus are listed in the Red List of fungi in
Bulgaria as Endangered (EN) species (Gyosheva et al.,
2000). Lactarius acerrimus and Tricholoma fracticum are
included in the Red Data Book of Lithuania as Vulnerable
(VU) species (Lajiene et al.,, 2007). Tricholoma
columbetta is listed as a Vulnerable species in the Red
Data Book of Russia, while Amanita strobiliformis is
included there as a rare species with a narrow ecological
confinement, given its occurrence only on calcareous
soils (Krasnaya Kniga..., 2008). A number of species
are included in the Red List of mushrooms of Bavaria
(Aureoboletus gentilis, Lactarius mairei, Russula aurora,
and R. melliolens as Endangered (EN), Russula melitodes
as Critically Endangered (CR), A. moravicus as rare
(R), Lactarius acerrimus and Russula velenovskyi as
Vulnerable (VU), and R. heterophylla f. adusta as Near
Threatened (NT) species) (Rote Liste..., 2010). Two of the
reported species, Aureoboletus gentilis and A. moravicus,
are listed in the Red List of Fungi for Great Britain as
Near Threatened (NT) and Vulnerable (VU), respectively
(Ainsworth et al., 2013). In the second edition of the
Red Data Book of the Azerbaijan Republic (Red Data
Book..., 2013), only 14 species of fungi are listed. We
propose to include in the next edition of the national Red
Data Book the following species: Amanita strobiliformis,
Aureoboletus gentilis, A. moravicus, Lactarius acerrimus,
L. mairei, Russula aurora, R. melliolens, R. melitodes,
R. velenovskyi, Tricholoma columbetta, and T. fracticum.
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Pedepar. Crarts MicTuTh iHpOpMaIiio Ipo HOBI Juist A3epOaiimkany Buan (a Takox omgHy (opmy) rpubiB, 3i06paHi
MIPOTSATOM IOJIBOBUX BHi3iB, TpoBeaeHNX y 2016-2019 pp. 3okpema Oynu BusiieHi 18 TakcoHis (Agaricus porphyrizon,
Amanita strobiliformis, Aureoboletus gentilis, A. moravicus, Clavulina cinerea, C. coralloides, Clitocybe martiorum,
Lactarius acerrimus, L. evosmus, L. mairei, Ramaria formosa, Russula aurora, R. heterophylla f. adusta, R. melitodes,
R. melliolens, R. velenovskyi, Scleroderma areolatum, Tricholoma columbetta ta T. fracticum), sIKi HanexaTb 10 IECITU
POiB, BOCBMH POJIMH Ta MISCTH MopsaKiB. HaBeaeHi gaHi po 0COOMMBOCTI iXHBOTO TMOIIUPEHHS B PETiOHI TOCTIIKEHb
Ta OXapaKTepH30BaHi Miclle3HaXOKkeHHs. Bka3aHi rpubu HanmexaTh 10 JBOX €KOJIOTIYHUX IPYI, OfHA 3 SIKUX (TyMYyCOBi
canpoTpodu) IpencTaBIeHa IUIIe TpboMa BuaaMu (Agaricus porphyrizon, Clavulina coralloides i Clitocybe martiorum).
Tnmni 14 € mikopuzoyTtBoproBauamu. Hamano iHdopmarito mpo ImpHUpoI0OXOPOHHHUI CTaTyC Y €BPONEHCHKUX KpaiHax
Amanita strobiliformis, a TakoX TPEICTaBHUKIB poliB Aureoboletus, Russula, Tricholoma ta Lactarius.

KorouoBi ciioBa: arapuxoinni rpubu, Benukuit KaBka3, ekonoriuti rpymu, Mikopr3a, piIKicHI BUIH, Pi3HOMAHITHICTS,

TakCcoHH, Agaricomycetes
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KniTHHa Ta MonerynsapHa bionorisa
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AKBanopuHM B peryJjsiii 3aXuCHUX peakuiil POCJUH HA JIiI0 MOCYyXH
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Abstract. Plasmolemma permeability is an integral indicator of the functional state of plant cells under stress. Aquaporins
(AQPs), specialized transmembrane proteins that form water channels and play an important role in the adaptation of
plants to adverse conditions and, in particular, to lack or excess of water, are involved in the formation of the response to
drought. The main function of AQPs is to facilitate the movement of water across cell membranes and maintain aqueous
cell homeostasis. Under stressful conditions, there is both an increase and decrease in the expression of individual
aquaporin genes. Analysis of the data revealed differences in the expression of AQPs genes in stable and sensitive plant
genotypes. It turned out that aquaporins in different stress-resistant varieties of the same species also respond differently
to drought. The review provides brief information on the history of the discovery of aquaporins, the structure and function
of these proteins, summarizes the latest information on the role of aquaporins in the regulation of metabolism and the
response of plants to stressors, with particular emphasis on aquaporins in drought protection. The discovery and study of
AQPs expands the possibilities of using genetic engineering methods for the selection of new plant species, in particular,
more resistant to drought and salinization of the soil, as well as to increase their productivity. The use of aquaporins in

biotechnology to improve drought resistance of various species has many prospects.
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Ilocyxa € omHuUM i3 HECHPHUSATIHBHX (HAKTOPIB, IO
MIPU3BOAUTE JI0 CKOJIOTIYHHX CTPECIB — IOTIPIIy€e PICT
1 PO3BUTOK POCIIMH, 3MEHIIYE BpOXKall Ha 3pOIIyBaHUX
semysix. [IpoOnema ympaBiiiHHS TPAHCIIOPTOM BOIU B
POCIMHHHUIITBI CTa€ OCOONHMBO aKTyaJIbHOIO HUHI, KOJIU
BHACNIJIOK TINOOANbHUX 3MIH KIIMary 3MEHIIYETHCS
KIJIBKICTh  OHaMiB  Ta  PO3MIMPIOIOTHCS  TEPUTOPIL
MOCYLIUIMBUX 30H B KpalHax 3 IOMIPHUM KIIIMaToM
(Morgun et al., 2010). ¥ npuponHux ymMoBax 3a3BHYaid
MOCyXa TOEJHY€EThCS 3 TETJIOBUM CTPECOM 1 HAHOCHTH
cepifo3Hi momkomkeHHss pocimHaMm (Rizhsky et al,
2004). Hdns mporuaii TakUM HECHPHUSATIMBUM YMOBaM
y POCIMH BHUHHUKIM YHIKaJbHI 3aXHCHI MCXaHI3MH Ta
mpolecu ISl akjiiMaru3arii, 1Mo MiJBUIIYIOTh IXHIO
TOJIEPAHTHICTH /10 cTpecy (Zhu, 2016). CnpuitHATIHBICTH
a00 TOJIEPAHTHICTh POCIHMH /O TMOCYXH 3aJIeXKaThb Bij

aMITITYId CTpecCy, TPUBAJIOCTI CTPECOBOTO IEPiomy,
PO3BUTKY Ta B3a€MOJIi MiXk 1HIIMMH (aKTOPaMH CTpecy
(Demirevska et al., 2009). 3yMoBIcHHI TOCYXOO
CTpeC BUKIHMKA€ XapaKTepHI Ta pPi3HOMAHITHI peakmii
pOCITHH, SKi OXOIUTIOIOTH (hi3iomoriuni, MeTabomivHi
Ta MOJISKYJSIpHI 3MiHM. METO0 Haloro Onsay €
y3arajJbHEHHS HOBITHIX BIZOMOCTEH 100  poJIi
aKBarmopvHiB y (OpPMyBaHHI BIJIIOBIAI Ta peryssiii
MeTaboIi3My POCIHH 3a [Iii TOCYXH.

[loruuanus Boau Ta 11 pyX yropy B POCIMH
BiZOyBa€ThCs 32 pI3HHUICIO IOTEHIIANTYy BOJM: BOAA
pyxaeTbcs Big o07acTi 3 OUIbII BHUCOKMM BOJHUM
MOTEHIIaJIOM [0 00nacTi 3 Oinbi HU3BKUM. [locTiiiHa
BTpaTa BOJHM dYepe3 TPAHCIIPaIilo, TMPH3BOAUTE [0
3MEHIICHHS BOJHOTO MOTEHIially JIMCTKIB, SIKUH

© 2021 LI Ovrutska. Published by the M.G. Kholodny Institute of Botany, NAS of Ukraine. This is an open access article under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits use, distribution, and reproduction in any
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Fig. 1. "Water movement across the plant from soil through roots and subcellular distribution of plant aquaporins. (A) Uptake of
water and solutes from plant roots through aquaporins and upward movement through vascular bundle. (B) Transverse section of
plant roots showing cell to cell water movement from soil to the vascular bundle. Apoplastic water movement terminated at the
endodermis because of the Casparian strip at the cell wall and follows the symplastic pathway further. (C) Subcellular localization
of different classes of plant aquaporins" After Singh et al. (2020: 179)

Puc. 1. Pyx Boan 3 IpyHTY 4epe3 KOpeHi Ta BHYTPIIIHBOKJIITHHHMI PO3MOJLUT aKBAOPUHIB y POCIMHI. A: NOIIMHAHHS BOAU Ta
PO3YMHEHHUX PEYOBUH UYepe3 KOPEHI POCIUH 3 YYacTIO aKBAallOPHHIB 1 pyX Bropy Kpi3b CYIMHHHUH ITydok; B: momepeunuii po3pi3
KOPEHIB POCIINH, TOKa3aHO PyX BOJY BiJl KIITHHY 10 KJIITHHHU 3 IPYHTY B CyANHHHUI y4OK. ANOINIACTHUI PyX BOIM HPUIHMHSETHCS
B eHjoJepMi uepe3 cMyru Kacnapi Ha KIITHHHIH CTiHI, aJIi MPOJOBKYETHCS CUMIDIACTHUM IuIsixoM; C: cyOKIIITHHHA JIOKai3amis

Ppi3HUX KJIaciB akBanopuHiB pociuH. 3a Singh et al. (2020)

BUKJIMKA€ BHCXITHMI pyX BOXM 3 KOPEHIB depes
kcuiieMy. PajiianbHi Ta OChOBI IIUISIXH TPAHCIIOPTYBAHHSI
MOCJIIZIOBHO TIONETIIYIOTh TOINIMHAHHA Bogu. Boma
pyXaeTbcsi pajlialibHUM HUISIXOM BiJ TPYHTY JIO CYyIWH
KCHWJIEMH, ab0 BiA CyIWH [0 CYCIOHIX KIITHH I
MATPUMKH  KIITHHHOTO TOMEOCTa3dy BOOM TpbOMa
PI3HUMH IUISTXaMU: allOTUTACTHUM (Kpi3b KIITHHHY CTIHKY
POCIIMH), CUMIUTACTHUM (BiJl KJIITHHHU 10 KJIITHHH, KPi3b
TUTa3MOJECMH Ta IMHTOIUIA3MY) 1 TPAHCUETIONSAPHUM,
SKUH  3a0e3nedyeTsesi  crenu(iYHuMH - OlTKaMM  Ha
6iomoriuanx memOpanax (puc. 1). Ili cremiamizoBai
TpaHCMeMOpaHHi OiJTKHM, 110 YTBOPIOIOTH BOJHI KaHAIN,
Biziomi sik akBanopuuu (AQPS), siki BiirpatoTh BaXKJIHBY

222

poib B ajamnTamii pociIMH J0 HECHPHUSTINBUX YMOB i,
30KpeMa, J10 HecTaul ab0 HaUTHIIKY BOJIH.

OpHieto 3 O00OB'SI3KOBHX 1 IEPEBAKHHUX PEaKIIH
POCJIMHHOT KIITHHM Ha BOJAHHUH CTpec € eKchpecis
axBaniopuHiB (Prado, Maurel, 2013). Kinpka mociimkeHb
BKa3yIOTh Ha Te, mo AQPS BiAMOBINAIOTH 3a CTIHKICTh
pPOCIHH [0 TOCYyXW, perymorodn pyx Bomu (Sutka
et al., 2016), a Tako)K BHUKOHYIOTH TOJIOBHY pOJb Y
pi3HOMaHITHHX OIOJOTIYHUX TpoIecax, TaKuX SK
npopocrannst HacinHs (Liu et al., 2015), nomosxeHHs
kiitae (Obroucheva, Sinkevich, 2010), rigpaBniuna ta
MIpOMX0Ba NpoBiaHicTh JHUCTKIB (Pou et al., 2013).
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IcTopis BinkpuTTH aKBanopuHis

[Nepmmit BoxHMA KaHal, KU OTPUMAaB Mi3HIIIE HA3BY
"akBaropuH 1" (AQP1), OyB BiAKpUTHH Ha MOYATKY
1990-x pokiB B MeMOpaHi €pUTPOIIUTIB AMEPHUKAHCEKUMHU
BucHumE (Preston et al., 1992). ¥V 2003 pomui Ilitep
Erp (Peter Agre) orpumaB HobemiBcbky mpemito "3a
BimkputTTs BogHux KaHamiB" (Carbrey, Agre, 2009). Jlo
TEMEPINTHBOTO Yacy BiIKPHUTO Ta TOCIiKeHO moHa 450
i30popM aKBaIOPHHIB, SIKI HAJIEKATh JIO CYIEPPOANHH
BHYTpIIIHOMEMOpaHHX OinkiB (membrane intrinsic
proteins — MIPs), skxa nHamiuye nonang 800 wieHiB
(Benga, 2009; Hub et al., 2009). Cepen nux 13 (AQP
0-AQP 12) — y ccaBmiB i KiIbKa COTE€Hb B IHIIHX
opranismiB (AQPs pociuH — OfHI 3 HAYUCICHHUX).
3anekHO Bif ceneKTHBHOI mpoHUKHOCTI AQPs ccaBiiB
posnimuian Ha: (1) cenexkTuBHI (BllacHE) aKBaIlOPHHH,
MIPOHUKHI TUTBKKA Ui BOmH; (2) aKBanMilEpOTIOPHHH,
MIPOHUKHI ISl BOAM, DIILEPHHY, CEUYOBMHH 1 IESKHX
iHmmx npioHNX Moiekyn (Agre, 2006; Carbrey, Agre,
2009). Ilizuime Buxummm TpeTio migpoauny AQPs —
HEOPTOJOKCaIbHI (CYOLETIONApPHI, CyHnepaKBallOPHHN)
(Ishibashi, 2006; Benga, 2009). 1151 poCciiuH XapakTepHe
mpoke po3MaiTTs i3opopm AQPs. Tak, 6arato pocaua
(apabimoricuc, KyKypya3a, pHC, MIICHHIS Ta iH.)
MicTsth onan 30 rewiB pisaux AQPs (Johanson et al.,
2001; Forrest, Bhave, 2008; Carbrey, Agre, 2009), a
"yeMIioHOM" cepell JOCIHIPKEHUX POCIIHH, BIpOTiIHO, €
6aBoBHUK (Gossypium hirsutum L.), B SKOMy BHSBJIECHO
71 rer AQPs, 1110 HaneKaTh 10 M'SITHA PI3HUX MIAPOHH
(28 — PIP, 23 — TIP, 12 — NIP, 7 — SIP i 1 — XIP) (Park
et al., 2010).

CrpykTypa Ta QyHKIii AKBANOPUHIB

AKBamopuHM — 1€ HE TMPOCTO BOJHI KaHAIU, a
GaratoQyHKIIOHANBHI TpaHcMeMOpaHHi Oinku. Bonwm
YTBOPIOIOTH Yy MeMOpaHi TOMOTETpaMepH, MpoTe
KOXXHHH MOHOMEp (YHKIIIOHYE SK OKPEMHUH BOIHUI
KaHal. MoJekysIspHa Maca MOHOMEpa CTaHOBHUTH
6mm3pko 30 k/la. Bimok-MOHOMEp CKIaTa€ThCs 3 MIECTH
O-CHIpaJIbHUX JIOMEHIB, $IKI HPOHU3YIOTH OloJIOrivHY
MeMOpaHy, yTBOpIOtour TpH nmo3akimituaHi (A, C, E) 1 aBi
BHyTpimHboKIITHHHI (B, D) nemi. [Ipun usomy odugsa
(C- ta N-) xiHmi OiNKOBOI MOJNEKYJIH PO3TAlIOBaHI B
muroruiasmi. JIoMeHM MaloTh BHCOKY TOMOJIOTIYHICTB
(cumeTpuyHicTh) OyZOBH TpPHOX TMEpPIIAX 1 TPHOX
HAcTYIMHHMX JoMeHiB. CaM KaHall II€pEHECEHHsS BOIH
(BomHy T1OpYy) (GOPMYIOTH HMTO30JbHA meTisi B (Mixk
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JIPYTHM 1 TPETIM JJOMEHOM) Ta EKCTPALEITIOIIPHA MTETIIs
E (mbx n'stum i moctuM nomenom). OOuuBi metsi
YTBOPIOIOTH KOPOTKi BITHOCHO TigpodoOHi cmipari,
sKi BOynOBaHI B MeMOpaHy 3 HPOTHJIC)KHHX KIHIIB.
KoxxHa 3 TBOX TIeTEIh MICTUTh BUCOKO KOHCEPBAaTHBHUH
MOTHB 3 TpbOX aMiHOKHcIOT — Asn-Pro-Ala (NPA —
acmaparid, TpOJiH, ajaHiH), KU (QOopMye 3BYKCHHS
(mopy) 1 po3ramoBaHuii TocepennHi KaHamy (Agre,
2006; Carbrey, Agre, 2009). Ilomampmi peHTTEHO-
KpHcTasiorpadiuHi JOCHIPKEHHS TTOKa3aJH, 10 HIKYE
poTo "poTa" KaHally po3TalloBaHe IIe OJHE 3BY)KECHHS
(By’Kue, HIXK HEHTpAJIbHE), IO € APYTUM EHEPreTHYHUM
6ap'epom. BoHo chopmMoBaHO YOTHPMA aMiHOKHCIOTAMH
(Phe, His, Cys i Arg), oTpuMano Ha3By apOMaTHKO-
aprininoBoi nopu (ar/R) 1 QyHKIIOHYE SIK CENEKTHBHUIM
¢dimeTp (Beitz et al.,, 2006; Mitani-Ueno et al., 2011).
[Tokazano, 110 3aMiHa OHIE] aMiHOKHMCIIOTH B LILOMY
(higpTpi BXKE 3MIHIOE WOTO CyOCTpaTHy CIIEIH(iuHICTh
B AQPs pociun TIP pomunn (Azad et al., 2012).
Tparcropt Bomu kpisb AQPs 3mificHIOETBCS B IBOX
HarpsMKax, a WOro CHIPSIMOBAaHICTh BHU3HAYAIOThH
OCMOTHYHHH 1 TigpocTtatnuHuil rpagient (Agre, 2006;
Carbrey, Agre, 2009; Heinen et al., 2009). Cyuacna
MPOCTOPOBA MOJIEIIb, MIATBEPHKECHA KPIOCTCKTPOHHUMHU
1 PEHTTCHOCTPYKTYPHHMH JOCIHI/PKCHHSIMH, BH3HAYae,
o AQPs maroTh GopMy MmicOYHOro roguHHuka. Koken
KiHeI[b KaHally Mae€ IiHKomomiOHe pO3IMIMPEHHS, SKE
BIZIKPUBAETHCS, BIANOBIIHO, Yy BHYTPIIIHHOKIITHHHUH
ab0 TMO3aKMITHHHUNA TpocTip. Y HaWBYKIOMY Mici
JiaMeTp KaHay cTaHoBUTh Onu3bko 0,3 HM (0,28 HM y
cenektuBHUX AQPS, sKi TPOITyCKarOTh TiTBKH BOAY, Ta
0,34 um — B akBartineponopuis) (Agre, 2006; Carbrey,
Agre, 2009).

OcHoBHa @Qyskuis AQPs — mosjermenHs pyxy
BOJIM Kpi3h KIITHHHI MEMOpaHU 1 MiATPUMKA BOJHOTO
romeocrasy KIiThH. OKpiM BOIHOTO TPaHCHOPTY, BOHH
3afisHi B oOMmini rasis (O, Ta CO,), TpaHcropTyBaHHi
HEBEJIMKHUX PO3YMHHHUX PEUOBHH (CEUOBHMHA, IIILEPHH,
NH,), Mo0Ginizartii MikpoeneMeHTiB, BKIIOYar0uM KpeMHik
(Si), 60p (B) abo aktuBHI popmu kucHIO (ADK), 3 omHOTO
00Ky, Ta ajaresii KiiTuHa 10 KiituHu — 3 iHmroro (Li et al.,
2014; Maurel et al., 2015; Deshmukh et al., 2016). 3a
XiMiYHOIO OyJ0BOIO (TIOCIIIZOBHICTIO aMiHOKHCIIOT) 1
CyOKTiTHHHOIO JoKami3ariero AQPs pociauH po3ninmim
Ha cim nigpoauH (Danielson, Johanson, 2010; Anderberg
et al.,, 2011): (1) Plasma membrane intrinsic proteins
(PIPs) — BHyTpimHI OIIKM IUIA3MAaTHYHUX MeMOpaH;
(2) Tonoplast intrinsic proteins (TIPs) — BHyTpimHi
OUIKM TOHOIIACTa, MEMOpaHW KIITHHHHX BaKyoIeH;
(3) Nodulin26-like intrinsic proteins (NIPs) — Oinxu
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Fig. 2. "Different abiotic stress responses are mediated
through different transporters belonging to the AQP family,
in an integrated and cooperative pattern. XIPs are induced
in drought in a salicylic acid-responsive pathway. However,
drought, salinity, and cold stress are together regulated via PIPs
and TIPs. The NIPs are involved in environmental stresses
like nutrient starvation / deficiency and heavy-metal toxicity.
AQPs, aquaporins; NIPs, NODULIN-26 LIKE INTRINSIC
PROTEINS; PIPS, PLASMA MEMBRANE INTRINSIC
PROTEINS; TIPS, TONOPLAST INTRINSIC PROTEINS;
XIPs, uncategorized X intrinsic proteins". After Banerjee et al.
(2020: 654)

Puc. 2. Ekcmpecis pisanx migpoanH AQPs 3a pisHEHX
abioTnuHux crpecis. [Tocyxa, 3aconeHicTb Ta X0JI040BHIT cTpec
perymrorotbest pazom depes PIPs, TIPs ta XIPs. NIPs GepyTth
y4acTh y BIATOBiNI Ha EKOJOTiYHI CTpPEeCH, Taki SK HecTada
NOKMBHUX PEYOBHH (TOJIOAYBaHHs/Ae(IUNT) Ta TOKCHYHICTH
Bakkux MetaniB. AQPs, akBamopunm; NIPs, HomymiH-26,
BHyTpimHiI Oinku; PIPs, BHyTpimmHi Oinkm mIa3MaTHaHOL
memOpanu; TIPs, BHyTpimHi Oinku ToHomiacty; XIPs, He
posmisHani X BHyTpimHi 6inku (Banerjee et al., 2020)

IUIa3MaTHYHUX MeMOpaH, MOJiOHI BUSIBJICHUM YyIEpIle
B IUIa3MaTHYHUX  (mepidakTepoimHux) MemOpaHax
By3lyBatux KopeHiB coi; (4) Small basic intrinsic
proteins (SIPs) — maJii OCHOBHI BHYTpIIIHI OLJIKH, SIKI
nokaiizyrorees nepeBaxkuo B EP; (5) GlpF-like intrinsic
proteins (GIPs) — momiOHI DIIHEPHHOBUM KaHAJIaM
Gaxrepiif; (6) X intrinsic proteins (XIPs) "Hepo3mizHa#ni",
3a MOCJIITIOBHICTIO aMiHOKHCIIOT BOHH BIAPI3HAIOTHCS Bif
m'aTH panime Bimomux migponud; (7) Hybrid intrinsic
proteins (HIPs) —3a OyoBoto mopu BOHU € HiOU riOpuiomM
Mix PIPs i TIPs migpomuaamu (Anderberg et al., 2012).
3a3Buyail yci 3eneni pocnuau Mictats PIPs, TIPs, NIPs
ta SIPs. ¥ geskux IBOMOJBLHUX TparusoTbes XIPs
(Venkatesh et al., 2013), ski BifCyTHI B OXHOIOIBHUX
(Danielson, Johanson, 2008). TToeizomisitocs, mo HIPs
ta GIPs npucytHi y Selaginella moellendorffii Hieron. 3
IUTayHOMIOMIOHUX Ta MOXY Physcomitrella patens (Hedw.)
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Bruch & Schimp. (Kong et al.,, 2017). LikaBo, mo
Oinbla KUTbKiCTh Ta ekcrpecis Outbirocti PIPs i TIPs
CIIOCTEpIraanch y KOpeHsiX, HiX Yy JUCTKaX, O/THaK Oararo
i3opopm Tex cneundiuni juiss ymcrkiB  (Chaumont,
Tyerman, 2014). Abiotnuni ctpecu (0OyMOBIeHI
3aCOJICHICTIO, MOCYXO0I0, eKCTPEMAIbHUMH TepenaiamMu
TEMIIepaTyp, HECTAuECI0 MOXHMBHUX PEUOBHH, BAKKUMHU
MeTajlaMH) BHKJIMKAIOTh EKCIIPECil0 PI3HUX IiAPOIUH
AQPs (puc. 2).

Pi3HI KJacum aKBalOPUHIB JKOPCTKO —PETYIIOIOThH
MPOXO/PKEHHSI BOAM Ta OIOMONEKYJ Kpi3b MeMOpaHH
B JimigHoMy Oimrapi, mo 3a0e3nedye CeleKTHBHY
HNPOHUKHICTh ISl (PI310JIOTIYHO BaXKIIMBUX PO3YMHEHUX
PEYOBHH, TaKWX SK CEYOBMHa, amiak, rminepun, CO,,
kpemHii, 6op, H,O,. Peakuis pociuH Ha KoJIMBaHHS
JMOCTYITHOCTI  BOOW  BimOyBAaeThCS  HUIAXOM  3MiH
AKTMBHOCTI MEMOpPaHHOJIOKA/II30BAHUX  aKBAIlOPUHIB
(Maurel et al., 2015). AxBanopwnu migpoguau PIPs
posnimuimu Ha aBi miarpynu — PIP 1 1 PIP 2, npm
OpOMYy B JPYTid miarpymi jgemo KopoTma N-KiHmeBa
obmacth i Tpoxu mopmia C-kinnera (Hub et al., 2009).
Bimznaueno, mo AQPs miarpymu PIP 2 matots Bummy
BOJOTPAHCHOPTHY AaKTHBHICTH mopiBHAHO 3 AQPs
PIP 1, a ocraHHi BUSBISIOTH 3IaTHICTh MOJICTIIYBATH
TPAHCIIOPT BOOM Kpi3b 0iOMEMOpaHU IEPEBaXKHO IPHU
cuuteHid mii 3 AQPs PIP 2 (Chaumont et al., 2000;
Ayadi et al., 2011; Horie et al., 2011). Ycepenuai koxxHOT
niarpynu inauBinyanbHi i3opopmu AQPs mozHauaroTh
HOoMepamu: PIP 2; 1, PIP 2; 2, PIP 2; 3 i T.n. Ilotik Bomu
Kpi3b KIITHHHY MEMOpaHy PeryJroeThcs aKTUBHICTIO Ta
Benukoro KimbKicTio AQPs (Santos, Mazzafera, 2013).
By/yur OCHOBHMM BOJHHM KaHAaJOM Y POCIHH, QYHKIIT
Ta PETyNIOBaHHS aKBAallOPHHIB B YMOBax aedinuTy BOIU
3aBau OyIu 1ikaBi it BUBYCHHS (Barzana et al., 2014).

Excnpecis Ta akTUBHICTh aKBaNlOPHUHIB y
BiMOBiIbL HA BOTHMI cTpec

TpuBanuii BIuB neimuTy BOAW B IPYHTI Ha KOpEHI
MIPU3BOJUTH JI0 TPHUTHIYEHHS aKTUBHOCTI aKBallOpHHY,
o 3arnobira€ 3BOPOTHOMY TPAHCHOPTYBAHHIO BOAM 3
KIIITHH KOpPEHIB 10 cyxoro IpyHTy (Alexandersson et al.,
2005; Perrone etal., 2012; Maurel etal., 2015; Afzal et al.,
2016). Ha BimmiHy Bix IIbOTO, YMOBH PaHHBOI TOCYXHU
AKTHMBI3yBaJll aKTHUBHICTh Ta EKCIIPECII0 aKBallOPHHY
JUTSl MAKCHMAJIBHOTO YJIOBJIFOBAHHS JOCTYIIHOI IPYHTOBOT
BOAM Ta OOpOTHOM 3 yMOBaMM BOAHOTO JAepilUTY
(Shekoofa, Sinclair, 2018). Excmpecis TpaHCKPHNTIB
AKBAIOPHHIB IIiJI Yac CTPEeCy, CIPUYMHEHOTO IOCYXOI0,
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€ CyNepedsIMBOI, OCKUIBKH  CIOCTEPIralThCs  SIK
MIZBHUICHHS, TaK 1 3HWKEHHs ekcrpecii pisaux PIPs,
TIPs ta NIPs (Molina et al., 2008; Aroca et al., 2012;
Afzal et al, 2016; Gambetta et al., 2017). Omxe,
eKCTpecisi BiIOyBaeThCS Y BIAIMOBiNG HA IHTCHCHUBHICTH
Ta XapakTep 3acTocoBaHoro crpecy (Aroca et al., 2012;
Barzana et al., 2014), ame Takok TOBHHHA 3aJIeXKaTH
BiJI PI3HUX CTpaTerii, sKi MO)Ke BUPOOUTH TIEBHA Ipyma
pocnuH. He3Bakaroun Ha MIHJIHMBICTB, 3rajfaHy paHimie,
ICHy€E 3arajbHa 3aKOHOMIPHICTh 3HM)KCHHS eKcrpecii Ta
AKTUBHOCTI aKBaIllOPHMHIB Y BiAMOBIAb HA AS(ILMT BOIH,
0COONMMBO B yMOBaxX TpHBAJIOl IOCYyXH, 10 3abe3nedye
MEHIIMKA piBeHb BOJ03a00py Ta TPAHCIOPTY 4epe3
pocmuny. Lls 3aranpHa 3aKOHOMIPHICTB, Y IO€IHAHHI
31 CTPYKTYPHHMH 3MiHAMH, TAKAMHU SIK BiIKIaJCHHS
cyOeprHY B OKPEMHX AUISHKAaX KOPEHS IMEPEeBAXHO Ha
paHHiil cTanii pO3BHUTKY, CYNPOBOKYETHCS 3HUKEHOIO
TiIpaBIiYHOTO MPOBIAHICTIO B KOpeHsx (Arocaetal.,2012;
Cuneo et al., 2020). Take 3HIKEHHS eKcrIpecii, IMOBIpHO,
3amo0irae BTpaTi BOAM, a OTXKE 31 3HIDKCHHM BOIHUM
MOTEHIIAJIOM YHUKA€E 3BOPOTHOT'O IIOTOKY BOJM 3 KOPEHIB
y 1pyHT. OgHaK, MepBUHHE 30UIBIICHHS TiApaBIivHOI
MIPOBITHOCTI TakoX 3a)iKCOBAHO 3a KOPOTKOTPHBAIMX
(mpotsiroM roauH) yMmMoB mocyxu (Siemens, Zwiazek,
2004; Ruiz-Lozano et al., 2009). BoHo y3romxkyeTscs 3
TUMYACOBHM 30UIbIIEHHSM a0c30B0i kucnotu (ABA)
B yMOBax TIOCYXH Ta IIJBHIICHHSIM pIBHS PpEryJsmil
ABA-innykoBanux axBarnopuHiB (Siefritz et al., 2001;
Aroca et al., 2008; Ruiz-Lozano et al., 2009) 3aexHo Bif
koHnenTpaii (Beaudette etal., 2007). Take perysroBaHHs
MOYKHA PO3YMITH SIK MEXaHi3M, IO TO3BOJISIE MOTITHHATH
BOJY 3 IDYHTY, KOJHM IOTEHIiaJd IPYHTOBOI BOJM HE
OITyCKA€TBCSl HIKYE IOTEHIally KOPEHEeBOi BOAM.
Excripecist Ta TpaHcaykmist Bcix PIPs aKkBaloOpUHIB
3a3BUYal 3MEHIITYETHCS ITi] BIUTHBOM MOCYXH, 0COOIHBO
B kopeHsx (Jang et al., 2004; Alexandersson et al.,
2005; Mahdieh et al., 2008; Ruiz-Lozano et al., 2009;
Barzana et al., 2014; Martins et al. al., 2015), xoua, sx
MOBIZIOMJISIETBCS, ekcnpecist aeskux PIPI  ocobiauBo
30uTpIIyeThCs B ucTKax (Jang et al., 2004; Lian et al.,
2004; Aroca et al., 2007; Mahdieh et al., 2008; Li
et al., 2009; Ruiz-Lozano et al., 2009; Vandeleur et al.,
2009; Barzana et al., 2014; Martins et al., 2015). Take
ABUIIEHHS eKcTpecii cnennpiganx i30opM miarpynu
PIPs B nucTkax Mo)ke OyTH MOB'sI3aHE 3 TXHBOIO y4acTIO
B Ta30- 1 BOJOOOMIHI Ta MOBEAIHIN MPOANXOBUX TKAHUH
3a ctpecoBux ymoB (Flexas et al., 2006; Cui et al., 2008;
Uehlein et al., 2012; Wang et al., 2016; Zwiazek et al.,
2017).
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VYyacte P/Ps akBalopHHIB y MOCYXOCTIHKOCTI OyI0
MPOIEMOHCTPOBAHO HA TPAHCICHHUX pociuHax. Ti, sKi
HAJMIpHO €KCTIPEeCyIOTh PIPs akBanopwHU, Oymu OiLTBII
TOJIEPAHTHUMH IO CTpPECY, 3YMOBJIEHOTO IOCYXOIO,
OCKINBbKH  3a0e3MeuyroTh 30UIbIICHHS TOTTHHAHHS
Bomu (Lian et al., 2004; Sreedharan et al., 2013; Xu
et al., 2014; Zhuang et al., 2015; Ayadi et al., 2019),
TOZI SIK POCIMHHU 3 HH3BKOIO ekcrnpeciero PIPs Oynu
MeHII TtonmepaHTHHMH (Martre et al., 2002; Siefritz
et al., 2002; Yu et al., 2005). Taka 4iTka KOpeJysLis MK
aKBAaIlOPMHAMHU Ta TOJEPAHTHICTIO O BOAHOIO CTpecy
3MycmlIa JIGSIKUX aBTOPIB 3alpOIOHYBAaTH TCHETHYHY
Moau(DiKaIifo SKCIPecil ISSIKUX aKBAIIOPUHIB Y MEBHUX
opraHax Ta TKaHMHAaX SK IHCTPYMEHT JOCSTHECHHS
610l mocyxocTiiikocTi pociun (Ding et al., 2018).
Axaropuan T/Ps Ta NIPs Tako)X MOXYTh Oparu
y4acTh y peakiii pociuH Ha mocyxy (Sade et al,
2009). OgHak, MOCHIIKEHHS 3 HAJMIPHOIO EKCIIPECIEI0
TIPs ta NIPs moka3anu cymnepewinBi pesynbratu. Tak,
HaamipHa excrpecis TIP1 3 Panax ginseng C.A.Mey.
y pocnmuH Arabidopsis thaliana (L.) Heynh. 3HmXY€
CTIMKICTh 10 EKCTPEeMalbHOI MOCYXH, aje MOXe OyTH
CIPHUSITIIMBOIO NIPY HE3HAYHOMY BOJHOMY CTpPECi, SIKIIO
i ymMmoBH € ontuMansHuMU (Peng et al., 2007). Takox
HaaMmipHa excnpecist 3 Solanum lycopersicum L. TIP 2
ta 3 Thellungiella salsuginea (Pall.) O.E.Schulz TIP 1
MiIBUINY€E TONCPaHTHICTh A. thaliana no BTpaTtu BOIH,
toxi sik TIP 2 3 Glycine soja Siebold & Zucc. Ta omHOTrO
3 Triticum aestivum L. — ui (Jarzyniak, Jasinski, 2014).
Hanmipna excripecist y Atriplex canescens (Pursh) Nutt.
NIP 5; 1 3ab6e3nedye CTIHKICTh IO TOCYXU TPAHCTCHHUM
pociunam A. thaliana (Yu et al.,, 2015). B iHmux
JOCTIDKEHHAX TPAHCTeHHI POCIMHHU apadinoricicy, Imo
excrpecytoth NIPs 3 Triticum aestivum, May Habarato
JIOBII KOpEHi, Mo Moke OyTH KOPHCHHM IIiJ{ dac
IIOCYXOBOTI'0 CTPECY, X04a JOCIIPKYBaJIX JIMIIE CTPEC Ha
3acoseHicTh (Gao et al., 2010). Panimie Oyin0 mokasaHo,
O pi3HI KOMOIHAIil PI3HUX MOHOMEpIB B AaKTHUBHIH
(dbopmi rerepoTeTpamMepiB Pi3HOMAHITHO BIUIMBAIOTH HA
MeMOpanHy rifpasmiky (Fetter et al., 2004; Vandeleur
et al.,, 2009), Tomy ixHili mepepo3noail y MeMOpaHax
MOXE 3MIHUTH iXHE pO3TAIlyBaHHS Ta AaKTHBHICTh
(Maurel et al., 2008). ¥V 3B'A3Ky 3 UM BiIMIY€HO, IO
KOJI MaHIITyJTIOIOTh EKCIIPECi€l0 OTHOTO i30TeHY, BiH
MOXKE 3MIHUTH €KCIPECIIO IHIIMX 130T€HIB aKBallOpHHY
(Jangetal., 2007). Tomy, i 9ac 10CIiIKEHb, IOB'I3aHUX
13 HaJIMIPHOIO EKCITPECIEI0 AKBAITOPHHIB ITi]] 4ac IMOCYXH,
cimia BpaxoByBaru nei gakr (Barzana, Carvajal, 2020).

[TopiBHSUIIBHI JOCTIPKEHHS TPAHCKPHUIITOMIB y Pi3HUX
POCIHH MMOKa3yTh, 1o PIPs i TIPs € OCHOBHUMH
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KJlacaMH aKBAaIlOPWHIB, EKCIIPEciss SKUX ITiJABHUILY€ETHCS
i 4Yac TOCYXHM B KOpPEHsX, JIMCTKAaX Ta KBITKax
(Deshmukh et al., 2016). Excripecis nexinekox PIPs Ta
NIPs mudepeHniiioBaHo peryioBanacsi apOoyCcKyIsIpHUM
MIKOPH3HAM CHMO1030M 32 KOPOTKOYACHOTO Ta CTIHKOTO
pearyBaHHsI Ha IOCYXy B KykKypyasu (Barzana et al.,
2014). AxtuBHicTb PIPs y KOpeHSX BIUIMBAa€ Ha HOTO
TipaBIivyHI BJIACTUBOCTI, TaKi SIK TiIPOIPOBIIHICTH
Ta MIBHIKICT eKCyHamii COKy KOpeHS IIiJ dac
BOAHOTO jedinuTy. 3Ha4YeHHS eKcrpecii aKBaropHHY
B TiAPOMPOBIIHOCTI KOPEHS Ta INBUIKOCTI eKCymarii
HOro COKy 3HauyHO 30UTBINMIIOCS IS IIATPUMKH
OCMOTHYHHX TIOTOKIB BOJH IIiJ{ 4ac Ta MICIs MOCYXH Y
pizuux copris pucy (Grondin et al., 2016). I'igpasniuna
B3a€EMOisI MK KOPCHSMH 1 CTEOJOM TaKOK MOXKE
KOHTPOJIFOBAaTUCS aKTHBHICTIO aKBanopuHy. Hampukian,
MOJYJIAISL  TIAPOIPOBIMHOCTI  KOPEHS  IUIIXOM
3aCTOCYBaHHS IHTIOITOpPIB aKBalOpPHHY MPU3BOIUTH
JIO 3MEHILECHHSI TYpPropy KIITHH Y 30HI PO3TSATYyBaHHS
JHCTKIB, a TaKOX ITOAAJIBIIOr0 3HAYHOIO 3HIKCHHS
MIBUAKOCTI PO3TATYBaHHS JIMCTKIB y KyKypynsu (Ehlert
et al., 2009). IlepembadaeTpcsa, mo (yHKIIOHATBEHA
AKTHBHICTH AKBaIlOPHHIB CYTTEBO HEOOXigHA Oible
B TIepioJl BIJHOBJIECHHS TICJS CTpecy, HIK YHACHTIIOK
EKOJIOTIYHOTO CTpecy. AKBallOpUHH, EKCIIPECOBaHI B
KJITHHAX MapeHXiMH KcuieMH, (QYHKIIOHAJIbHO OepyTh
y49acTh 'y BIJIHOBICHHI TigpaBIiYHOi IPOBITHOCTI
KCHJIEMH TIiJI Yac Mepioay BiJHOBICHHS MiC/s BOJHOIO
ctpecy (Secchi et al., 2017). Hagmipaa excupecis PIPs
y PI3HHX CUIbCHKOTOCIOJAPCHKUX KYJIBTYypax MpHU3Belia
IO TIOKpAIIeHHs B3a€MOJil y BIiAMOBIAb Ha CTpec Bif
MIOCYXH.

Y4yacTh akBanopuHiB y 3aXUCTi Bix mocyxu

Bizomo 1po pi3Hy peakxiiiro akBaloOpUHIB Cepel] COpPTiB
omHoro i Toro x Buny (Vandeleur et al., 2009), a Takox
PO PI3HMIF0 MK TKAHWHAMH ONHI€T 1 Ti€l % POCIUHU
(Martins et al., 2015) abo HaBiTh Mi>K YaCTHHAMHM OJTHI€T 1
Tiel x Tkanuan (Hachez et al., 2006, 2008; Knipfer et al.,
2011). IIpu BUBYEHHI PONi aKBAIOPWHIB Y €KOHOMIYHO
BaxuBUX Bpoxkasx uwit (Capsicum annuum L.),
BHU3HAUAIM 3YMOBIIEHY ITOCYXOIO €KCIIpecifo TreHiB 12
aKBaNoOpHHIB y mocyxocrtiiikoro renorurny KCa-4884
Ta YyTAUBOTO 10 Tocyxu reHorumy G-4. OmgHOYacHO
OLIIHIOBAJIM BILIMB IIOCYXHM Ha CTaH BOAM B JIMCTKax Ta
napamerpu ¢GotocuHTe3y. Komu pocinHu 4t 3a3Haiu
CTpeCy, CIPHYMHEHOIO IIOCYXOI0, Y IOCYXOCTIHKOTO
reHorurry KCa-4884  cnocrepiraniocss — miJiBHILICHHS
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excripecii PIP1; I Ta PIPI; 2 (Sahitya et al., 2019).
TpuBanuii Ta MOCHJICHUI MOCYXOBHI CTpPEeC MPHU3BIB JI0
T IBUILICHHS PiBHS eKCIpecii MOCIiKyBaHUX reHiB PIPs
(Galmes et al., 2007). Y 4yTJIMBOTO 10 TOCYXH TCHOTHITY
G-4 excnpecis akBanopuny sk PIPI; 1, tak i PIPI; 2
3HW)KYBaJach, 0 OyJO OAHIEIO 3 MPUYMH YYTIHUBOCTI
remoturty G-4 (Sahitya et al., 2019). [ToBimommseTnces,
10 3MeHLIeHHs ekcrpecii P/Ps NpUCKOPIOE B'STHEHHS
npu BomHOMy nedimmti (Siefritz et al., 2002). Icaye
3HaYHa pI3HMII B  ekcmpecii axBaropuny PIPs,
CIIPUYMHEHOI0 IIOCYXOI0, 3aJISKHO BiJ TKAHMHY, BHIY,
COPTY, HasIBHICTi 200 BiZICYTHOCTI CUMOIOHTIB 1 TSKKOCTI
cTpecy. 3a KOMIUIGKCHUMH JIOCIIKEHHIMU Arabidopsis
thaliana BUSBUNM 3HWKCHHS TPAHCKPUMIII HESKAX
PIPs nin yac mocyxu, ToAl sIK ekcrpecisi iHmmx PIPs
Oyna mimumeHoro (Jang et al., 2004; Alexandersson
et al., 2005, 2008). 30inbieHHst TpaHckpunTiB PIP I;
1 ta PIP I; 2 BUSBWIOCS KOPUCHUM Y TIOCYXOCTIHKOTO
TEHOTHITY YHJIi, OCKUIBKM BOHM MOXYTh OyTH HOB'si3aHi
3 TONIMIIEHHSAM TigpOMPOBITHOCTI Ta (OTOCHHTESY.
InnykoBana rocyxoro excripecist N/Ps Oyina 1miJBHILEHOO
y mocyxocrtifikoro reHoturny KCa4884, Ttomi sk y
yytiauBoro renoruny G-4 — 3HmwkeHoro (Sahitya et al.,
2019). Bcranosneno, mo excrpecis NIP 4, I nigsuiieHa
TIpY BIUTHBI CTpecy, 3yMoBieHoMy nocyxoro (Liu et al.,
2009). Kpim Toro, Ha nymxy Ma & Yamaji (2008),
NIPs (OsNIP 2; 1 ta OsNIP 2; 2) y POCIUH pHCY
3[aTHI TPAHCIOPTYBATH OULIBIIY KUIBKICTH PO3YMHEHOT
KPEMHI€BOT KHCJIOTH, SIKa MOCHIIOE CTIMKICTH POCIHUH
10 abioTHuHUX cTpeciB. TakuM YUHOM, ITiIBUIICHHS
excrpecii NIPs, MOXXIHBO, 3a0€3MEYHII0 CTIHKICTh [0
NoCyxH B niocyxocriiikoro renoruny KCa-4884 (Sahitya
et al., 2019).

Bimomo, mio wienn minpomuHu TIPs 3MiHCHIOIOTH
TPaHCIOPT BOAM Kpi3b Bakyomi. OKpiM IiXHBOI podi
SK BOOHHUX KaHamiB, i3odopmu 7IPs TakoX 3IaTHI
TPaHCIIOPTYBATH IJIiLIEPUH, nepekuc BoaHio (Maeshima,
2001), amiak (Kirscht et al., 2016) ta cewoBuny (Liu
etal., 2003). AudepeHuianbHa peryssiis ekcrupecii TeHiB
TIPs miaTBepArIiIa IXHIO BiIIIOBIh Ha TIOCYXY, a0CIIH30BY
kuciory (ABA) ta 3aconenns (Boursiac et al., 2005;
Rodriguesetal.,2013;Regonetal.,2014). Y gocmimkeHH1
Sahitya etal. (2019) ciocTepiranocs 3HUKEHHI eKCIpecii
TIPs y unmi renotuny G-4, Toni six renotun KCa-4884
MoKaszaB IiABMIIEHHS ekcnpecii Bcix 77/Ps. PiBenb
excripecii OsNIPs 3HWXKYETbCA 3a BIUTUBY IOCYXH,
3aconeHocti Ta xonoxy (Liu et al., 2009). 36inbprreHHs
piBHs ekcripecii 7/Ps CrpusuIo TOJIEPAHTHOCTI 0 PI3HUX
abiormunmx crpeciB (Wang et al., 2013). Kpim Tor0, Y
TpPaHCTeHHUX THIIB Arabidopsis HaamipHa eKcrpecis
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TIP] wapmama CTIHKOCTI, MEPEIIKOMKAIOUYH BTpaTaM
BOJM TIOPIBHSIHO 3 JMKHMH THIIAMH 32 YMOB MOCYXH
(Martinez-Ballesta, Carvajal, 2014). TonepaHTHICTh 110
nocyxu 3a0e3reuyeTbcs HaaMipHOIO ekcrpecieto T7Ps
y TpancrerHux pociuH (Peng et al., 2007; Khan et al.,
2015; Li, Cai, 2015). 3rigHo i3 BuIle3a3HAYCHUMHU
TBEp/UKCHHSAMH, MiABHINCHA ekcrpecis Bcix T/Ps Oyme
MIPUYMHOIO CTIMKOCTI 10 TOCYXM B 4YHJ T€HOTHITY
KCa-4884. YV mpomy MOCHiKeHHI CTIHKHN 0 TOCYXH
T'CHOTHII KCa-4884 JIEMOHCTpYBaB i BUIICHY
eKCIIpecito BCiX gochijpkeHux TeHiB AQPs. OcraHHA
Oyuna 3HKeHa B reHotuny G-4 (Sahitya et al., 2019). Lli
JlaHi y3roJpKyIoThes 3 pesynsraramu Reddy et al. (2017),
SIKUHA TTOBIJIOMHB TIPO OUIBINY KUTBKICTH TPAaHCKPHIITIB
AQPs y moCyXOCTIHKOTO T€HOTHITY IIOBKOBHIII.

3 METo0 BU3HAYEHHS  MOJICKYJSPHHX  O3HAK
MOCYXOCTIHKOCTI BUBYAJIM EKCIIPECII0 TeHY aKBallOPHHY
PIP2; I'yrxopensxnocyxocrtiiikux ('/locratox','@marman’)
Ta nomipHo-niocyxocrtiiikux ('TlepesicnaBcpkuit', 'SIxra’)
riopunis Kykypyasu. Pocoman 3poctanyd B MPHPOIHUX
YMOBax Ha IIIIAHOMY CyOCTpari, BOJIOTICTH SIKOTO
MOCTYNOBO 3MEHIINYBaIH 3 KOHTpoabHOI 70% mo 30%;
pocimam 10 116 pocnu B yMOBax BOJIOTOCTI cyOcTpary
30%. Excmpecis axBamopuny PIP 2; [ y ribpunis 3
BHCOKOIO rocyxocTidikicTio (‘[locrarox' Ta '®marman’)
MiJBHUIIyBajgach 32 YMOB BOIHOTO aedimury. Y riopumy
3 TOMIpHOIO mocyxoctiiikictio 'TlepesicmaBchKuit’
ekcrpeciss PIP 2; | HaBmaku, JCHIO 3HIKyBajacs, a y
riopumy 'Sxta' Maibke He 3MiHIOBamacsa. lle cBigunThH
Ipo Te, 10 MocHIeHHs ekcnpecii PIP 2; 1 moxe OytH
OJTHIEIO 13 BU3HAYAIBHUX O3HAK TIOCYXOCTIHKUX T10pHIiB
(Ovrutska, Kordyum, 2019). 3HauHy BigMiHHICTH B
eKCTIpeCiiTeHiB aKBaIlOPHHiB OYII0 BUSBIICHO Y TOBITPSIHO-
BOJHUX Sium sizaroideum L. Ta CyXOmiIBHUX POCIUH
Sium latifolium L. Excupecis PIP 2; | cyXomibHOI
(hopMH IOCHITIOBAIIACS TIOPIBHSHO 3 TMTOBITPSIHO-BOAHUMH
poCIMHAMHK 1 HE 3MIHIOBAJIACh IMPOTSATOM OHTOTEHE3Yy
(Bliuma, 2010). Taka renaeHis ekcripecii PIP 2; [ Bkazye
Ha TI MOXJIMBICTh OyTH O3HAKOIO ajamnTaiii pOCIUH J0
yMOB BopHOTO nedimuty. He3Bakaroun Ha JOBTONITHIO
ICTOPIIO JOCII/PKeHb aKBaIlOPHHIB, 0arato MexaHi3miB
MTOCYXOCTIHKOCTI 32 IXHBOIO YYacTi JAOCI 3aJUIIAIOTHCS
Hepo3kpuTuMH. Tak, BOAHWIA CTpec, BHKIMKAHUH
00pobkoro pocnuH  Arabidopsis thaliana 250 MM
PO3YMHY MaHITONY, IO-Pi3HOMY 3MiHIOBAaB EKCIIPECIIO
6impmmocTi reniB PIP 2 pomuan. Excmpecis PIP 2; 2,
PIP 2; 3 Ta PIP 2; 6 WIBUIKO 3HWXYBaJlaCh Maibke B
10 pasiB, a excripecist PIP 2; 7 ta PIP 2; § 3anumanacs
HE3MIHHOIO B mepmii 12 rogmH cTpecy, a MOTIM pi3Ko
sumkyBaiacs (Morillon et al., 2001). Taka pizHa peakiis
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TCHIB aKBaIoOpuHiB poauHU PIP 2 y BIAMOBI A Ha BOXHUH
CTpec TMpHITyCKae, IO Pi3HI 130)OpMHU aKBaIIOPHHIB
POCIHH BINIrpaloTh Pi3HY POJb Y PEryJAMil BOIHOTO
tpancniopry (Hachez et al., 2006), mo 3abe3neuye
IIFPOKI aJanTaIliiftHi MOKIIUBOCTI pOCIUH. TakuM 9nHOM,
MiICYMOBYIOUH ICHYIOY1 JJaHi, MOYKHA 3pOOUTH BUCHOBOK
PO Te, 10 ocHiIeHa ekcpecist PIP 2; | € XxapaKTepHOIO
03HAKOI0 MOCYXOCTIHKUX ri0puaiB KyKypyasu '[{ocrarok'
ta 'Onarman’ 1, He BUKIIIOYEHO, OJHIEIO 3 BU3HAYAILHUX
o3Hak nocyxocriiikocti (Ovrutska, Kordyum, 2019).

Pazom i3 TuM, € pmaHi mpo ydacth AQPs y
MPUCTOCYBaHHI POCIHMH JI0 Ha/UIMIIKY Boxau. Bimomo,
10 TPUCKOPEHHS POCTY IIMOOKOBOJAHOTO pHCY €
HaBaXIMBILIOID YMOBOKO HOrO BIDKMBAHHS B CE30H
nomiB. [TokazaHo, 110 MIBUAKOMY HOTO 3pOCTaHHIO B
YMOBaXx 3aTOIUICHHS CIIPHsie MOCHIICHHS excripecii AQPs
OsTIP 1; 1, OsTIP 2; 2, OsPIP 1; 1, OsPIP 2; 11 OsPIP
2; 2. OgHOYACHO B POCIMHAX IiIBUIIYETHCS SKCIPECist
NPOTOHHMX TIOMII 1 3MeHIIyeThes ekcrpecis AQPs, 1o
TPAHCIIOPTYIOTH KpeMHieBY Ta 60pHy kuciotu (OsNIP 2;
2, OsNIP 3; 1) (Muto et al., 2011).

Huska pobiT mpuCBSYeHI PO  aKBAllOPUHIB Y
MIPUCTOCYBaHHI BHHOTpaxy 10 3MIHM JIOCTYITy BOJH.
VY copry Bunorpanmy 'Pixtep-110', 1o BigpizHsi€ThCS
BHCOKOKO CTIMKICTIO JO TIOCYXH, BHSIBICHI 3MiHH B
excripecii AQP B kopeHsiX 1 JMCTKax y BIANOBiObL Ha
Bomamid ctpec (Galmés et al., 2007). B ixmiit podoti
(Vandeleur et al., 2009) BucBITNIIOBANIN TOPIBHSUIbHY
peaxiiifo Ha BOJHUH CTpec IBOX COPTIB BHHOTpAIy
'Grenache' Ta Oinmbmr mocyxoctiiikoro 'Chardonnay'.
3a IOTOMOToI0 eKCHIpecii B OOIUTax MIMOPIEBOi sKadu
aBTOPH BCTAHOBWIIM, II0 y BUHOTPaMi, SIK 1 B IHIINX
pocoua, AQP PIP 2; 2 BOJOAIIOTH BUPAKCHUMH
BJIIACTUBOCTSIMH BonHOTO Kanany; AQP PIP 1; [ HaOyBae
TaKMX BJIACTHBOCTEH Jmine mpu B3aemonii 3 AQP PIP
2; 2. Obunsa AQPs noKami3yloThCs CITBHO B KOPCHSIX
pocnu, onHak ekcripecis MPHK AQP PIP 2; 2 B kopeHsix
HE 3MiHIOETHCSI MOJICHHO 1 Y BiIMTOBIIb HA BOIHUI CTpEC,
a excripecis MPHK PIP 1; I y 000X BUIaaKax BUSBISIE
3Ha4Hi 3MiHU. L{e CBiAYUTH IIpO Te, 110 Y BUHOTPALY, SIK i B
iHmmx pocnunax (Bae et al., 2011), came AQPs miarpymnu
PIP] BifirparoTh peryiiody poib Y MPUCTOCYBaHHI 0
3MiH JIOCTYILY BOJIH.

Bupuamn asa tomepanTHHX (Co 98014 i Co 0118)
i nBa uymmBux (CoJ 85 1 Co 89003) renorumnu
Saccharum officinarum L. Ha aHTHOKCHIAHTHY PEaKIIiIo
3 MOAAIBIIO AN(PEPEHIIANFHOI0 EKCIPECIEI0 TPHOX
reHiB akBarnopuny (ShPIP 2; 1, ShPIP 2; 5 i ShPIP 2;
6) B ymoBax nmedinuty Bomm. AHainiz ekcupecii AQPs
BUSIBUB MIJIBHUILNCHHs PiBHs ekcripecii SAPIP 2; 5, tomi
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sk ekcrpecis SAPIP 2; 1 1 ShPIP 2; 6 3HmWXKyBamacs,
KOJIW POCJIMHM 3a3HaBanu BojpHoro naedinury (Kumar,
2021). IocyxocTilKiCTh IIyKPOBOI TPOCTHUHH pi3HA IS
BCIX BHJIB, OKpIM TOTO, B JCSKHUX BHIIB MCXaHI3MU
MOXYTb IiSITH OJHOYACHO, BUKJIMKAIOUM TOJECPAHTHICTD
3a PaxyHOK TXHBOIO CyKYIHOTO BIUIMBY. TpH i30(opmu
PIP 2 6epyTh y4acTh y BIAMOBil Ha CTpeC, 3yMOBICHHNA
MOCYXOI0 y BUIIMX POCIUH. J[OCIIKEHHS TPAaHCKPHIITIB
tpox PIP (ShPIP 2; 1, ShPIP 2; 5 1 ShPIP 2; 6), Ha
JIBOX reHoTHmax Iykpooi Tpoctuau (IACSP94-2094 i
IACSP97-7065) B ymoBax aehiluty BoH 3a I0IIOMOTO0
qPCR, nokazaso, 1mo 1i i30)opMH Yy TIHBI 70 TTOCYXH,
a XapakTep TXHBOI CKCIPecil 3MIHIOBABCS 3aJICKHO Bif
TeHOTUIy Ta yMOB ekcriepuMeHTty (de-Andrade et al.,
2016). Excrpecis AQPs Oyna mijBuiieHa y i30popmu
ShPIP 2; 5 ta 3umxkena y ShPIP 2; 1 i ShPIP 2; 6,
KOJIM POCIMHU BimdyBamu aediuut Boau. OTpumMani
HAM{  pe3ynbTaTd  JIOCHI/UKEHb  y3TOKYIOTBCS 3
MOB1IOMJICHHSIMH IHIIIUX J0cainHuKiB (Silva et al., 2013;
de Andrade et al., 2016). Ha ocHoBi anami3y icHyr09nx
JIAHUX TPO BIUIMB IOCYXH MiATBEPIKEHO PO30IKHICTD
excrpecii AQPs y TonepaHTHHX Ta 9yTIMBHUX TEHOTHITIB
IyKPOBOi TPOCTHHH. 3a3HaueHo, 1o ekcrpecis AQPs €
cnenudiunoro s reHotuiy (Silva et al., 2013). Coptu
OJIHOTO BHJIy TaKOX ITO-PI3HOMY pearyroTh Ha IOCYXY
BIAMOBIAHO 10 ixHBOI TosnepantHocTi (Heinen et al.,
2009). TomepaHTHI TEHOTHIIN TIPOAECMOHCTPYBAIH BHUIILY
AQHTHOKCUJIAHTHY (PEpPMEHTHY aKTHUBHICTb, ITOPIBHIHO
Oimenr BHCOKY ekcmpecito SAPIP 2; 5 mpu nmedinuti
BOJM, HDK 4YyTIMBI TeHOTHNH. [lpurmyckaioTp, 110
reH ShPIP 2; 5 mMae MexaHi3M, SIKUM POCIHHA MOXKE
HAITPaBJIATH TOTIK BOJH Ha crielin(iuHi TKAHWHH, OPTaHH
a00 KITITHHY, 5K € )KHTTEBO BAYKJIMBUMHU IS BIDKUBAHHS
pocnuH 3a aedinury Bogu. [Ipote, 3HIKEHHS eKcnpecii
neskux AQPs Moxe 3HagoOWTHCS, MO0 3YMUHUTH
CHHTE3 aKBallOPHHY IPH HU3BKill BOJIOTOCTI TPYHTY
JUIss MiHIMI3alii BTpar BOAM y POCIHHAX, a TaKOXK
IUTS THATPUMKH THUCKY Typropy B mmctkax (Almeida-
Rodriguezetal.,2010; Afzal etal.,2016). He3paxaroun Ha
Te, 10 3aransHe 3HmKeHHT MIPs € 3aco00M 3MeHIIeHHS
BTpaTH BOAM, MiJBUINCHHS ekcrpecii okpemux MIP
€ HeOOXiTHOI0 YMOBOIO CIIPSIMYBAaHHS TIOTOKY BOIH
JIO KJIITHUH, II0 MAalOTh BUpIlIalbHE 3HAYCHHS IS
BIDKMBAaHHS POCIWH Tix dac ctpecy (Alexandersson
et al., 2005).

Takum YHHOM, pe3ynbTaTtu JIOCITIPKCHHS
MYJIBTUTEHHOI peakiii KOKHOI POCIMHM Ha CTpec,
3YMOBJIGHUH TIOCYXOI0 TPH3BEAYTh JO aKTHBaIlii
TUX TPAHCHOPTEpiB, IO, SK JOBEJCHO, PETYIIOIOTH
abo MIATPUMYIOTh Ha BHCOKOMY pIiBHI EKCIpECiio
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B IIOCYXOCTIHKHX COpTIB pIi3HUX pociawHU. barato
CKCIICPUMEHTAIbHAX ~ JaHUX YITKO BKa3yloTb Ha
pizHOMaHITHY poib AQPS y ¢popMyBaHHI TOIEPaHTHOCTI
0 YUCIICHHHUX a0ioTHMYHHX cTpeciB. [locmimKeHHIMU
JIOBEJICHO, 1[0 HOTo HaaMIpHA EKCIIpecis OJHOYacHO
MPU3BOAUTE JIO TOJIIIICHHS MIBUAKOCTI TpaHCHiparii
Ta (OTOCUHTEZY, @ TAKOXK 30LIBIIY€E CIIOKUBAHHS BOJH B
yMOBax cTpecy. BpaxoByroun 3akOHOMIpHOCTI eKkcrpecii
B pI3HUX OpraHax Ta 3a pPi3HHX a0lOTHYHUX (HaKTOPIiB
CTpecy, MOKHA 3pOOUTH BHCHOBOK, mo Mepexa AQPs
y MeMOpaHax pOCIIHH SIBJISIE COOOI0 YHIKaIIbHY CHCTEMY
IIBHJIKOTO Ta TOYHOI'O PETYNIOBAHHS BOJHHX BiIHOCHH
Ta eeKTUBHOCTI (hoTocuHTE3y. [ eHeTHYHA MOTU(IKaIlis
TCHIB aKBallOPHHIB 3MIHIOE PEAKIIII0 POCIUH HA CTPEC
Ha pI3HMX pIBHAX: apxiTEKTypa KOPEHEBOi CHCTEMH,
PETYJIIOBaHHS CIIO)KMBAHHS BOIM, AHTHOKCHIAHTHHH
3aXMCT, HaKoNW4YeHHs ioHiB. Lli TpaHCcTOpTEepH MOXYTbH
OyTH IOCIIIDKEHI K MOTCHIIHHI MOJCKYISAPHI MIillIeH,
SIKI MOXKYTB OyTH T€HETHYHO HAJMIPHO EKCIIPECOBAHUMHU
UL PO3BUTKY  TOJCPAHTHOCTI  ()CHOTHIIB  JIO
a0lOTHYHOTO CTpeCy Yy BHIIB POCIHH, IOMIUPCHUX
Yy BCBOMY CBITi, i, MOXJHBO, Ili ajieli MO)XKHa Oyze
MEPEeHEeCTH HA HETOJEPAHTHI COPTH JUIS TOJIIMIICHHS
IXHBOI TOCYXOCTilKOCTi. Bimkpurts Ta BuBdeHH AQPS
PO3IIMPIOE MOXKIIMBOCTI BUKOPHUCTAHHS METOJIB T'€HHOT
IH)KeHepii [UIS CeNeKIil HOBUX BHUJIB POCIHH, 30KpeMa
OUTBII CTIMKUX OO Mdii MMOCYXH Ta 3acOJICHHS TPYHTY,
a TaKkoX JUI TIJBUIICHHS IXHBOI IPOAYKTHBHOCTI.
BuxopucraHHs axkBamopuHIB y OIOTEXHONOTISAX ISt
TTOJITIIECHHSI CTIHKOCTI IO IIOCYXH Pi3HUX BHIIB € JOCUTh
TICPCIIEKTUBHUM.

PoGora BukoHaHa B pamkax mporpamu "Cmitixicms
OHMO2eHe3y POCIUH, PIZHUX 3A eKONO02i€, 00 800HO20
cmpecy:  KIMuHMHi  ma  Monekyiapui  acnekmu'",
¢inancoBanoi HAH VYkpaiau 3 nep:kaBHOTO OIOIKETY,
Ne JTP 0110U000087 (2015-2019 pp).
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Ospympka LI 2021. AkBanopunu y perysnii 3aXHCHHUX peakiiii pocIuH Ha Ai10 mocyxu. Vipaincoruil 6omanivnuii
arcypuan, 78(3): 221-234.

IacturyT 60Tanikn iMm. M.I. Xonomunoro HAH VYkpainwu, Byn. Tepemenkiscoka 2, Kuis 01601, Ykpaina

Pedepar. [IpoHHKHICTH MJIa3MOJNIEMH € IHTETPAJbHUM IOKA3HUKOM (YHKI[IOHAIBHOTO CTaHy POCIMHHHX KIITHH
3a zii crpecy. Y ¢opMmyBaHHI peakiii-BilIOBiII Ha MOCYXy 3aisHi akBanmopuHu (aquaporins, AQPs), cremianizoBani
TpaHCMeMOpaHHI OIIKH, IO YTBOPIOIOTH BOMHI KaHAIM Ta BiIrpalOTh BaKIMBY pOJb B ajanTalii pOCIWH 0
HECTIPUSTIIMBUX YMOB i, 30Kpema, 10 Hectadi a0o Haammky Boau. OcHoBHa (yHKist AQPSs — mosermmTu pyx Boau Kpizk
KJIITHHHI MEMOpaH¥ 1 MiATPUMATH BOAHUI rOMEOCTa3 KIITHH. 32 CTPECOBHX YMOB CIIOCTEPITacThCs SIK ITiJBHIIEHHS, TaK
1 3HIDKCHHS €KCTIpecii OKpEMHX TeHIB aKBallOpUHIB. AHaTi3 OTPHUMAHHUX PE3YJbTaTiB BUABUB PO301KHOCTI B eKCIpecii
retiB AQPs y cTiikuX i 4yTIIMBHX TC€HOTHIIB POCIUH. BHSBHUIOCH, 1[0 aKBAIIOPUHH B Pi3HUX 33 CTPECOCTIHKICTIO
COPTIB OJJHOTO BHYy HO-Pi3HOMY pearyloTh Ha IOCYXy. B cTaTTi HaBeJeHi KOPOTKi BIIOMOCTI PO iCTOPIIO BiIKPUTTS
aKBaIlOPUHIB, CTPYKTYpPy Ta QYHKII OUX OiNKiB, y3aralbHEHI HOBITHI BiZIOMOCTI IIO0O POJIi aKBATIOPUHIB y PEryJsMii
MertabomisMy Ta (OpMyBaHHI peakiii-BilAMOBiAI pOCIMH Ha JiI0 CTPECOpiB, OKpeMa yBara 30Cepe/DKeHa Ha ydacTi
AKBaINlOPHHIB y 3aXUCTI Bi mocyxu. Binkputts i BuB4eHH AQPS po3mmpioe MOXIMBOCTI BUKOPHCTAHHS METOIIB F€HHOT
IHKeHepil UIs CeNeKmii pociInH, 30KpeMa OUIbII CTIHKUX 10 Ai MOCYXH Ta 3aCOJCHHS IPYHTY, a TAKOXK JUISA iIBUIICHHS
TXHBOI MIPOAYKTUBHOCTI. BUKOpHCTaHHS aKBaOPUHIB y OIOTEXHONOTISIX JUTs MONIMIISHHs CTIHKOCTI 10 MOCYXH Pi3HUX
BUJIIB € IOCUTB ITEPCIIEKTHBHIM.

KurouoBi ci10Ba: akBanopuHH, BOJIHHUI CTpec, EKCIIPECist FeHiB, MoCyxa, CTiHKI Ta Yy TIHBI TSHOTHITH POCIHH
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Abstract. Historically, wallcharts and posters created by botanical illustrators, often highly skilled artists, have played
an important role in teaching botany at the university level. Large-scale panels and posters can visualize complex
interrelationships and entire stories in a clear and appealing overview in graphs, tables, and diagrams. Carrying this
concept of educational tools into the electronic era, the Plant Phylogeny Poster project uses this approach for displaying
evolutionary relationships in systematic botany. The Angiosperm Phylogeny Poster (APP) displays, as phylogenetically
arranged clades, the orders and families of flowering plants (with orders hyperlinked to APweb, Stevens, 2001-onwards),
the Tracheophyte Phylogeny Poster (TPP) families and genera of ferns and gymnosperms, and the Bryophyte Phylogeny
Poster (BPP) orders and families of liverworts, mosses, and hornworts. The portfolio currently also includes about 30
posters on individual orders and families of angiosperms. Each group within these evolutionary trees is matched with
essentially relevant morphological features, biogeographic occurrences, and other information in compactly condensed
text blocks. All posters are freely available online, some in more than 30 languages, coauthored by a team of more than
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Keywords: angiosperms, bryophytes, open access, phylogeny, posters, teaching, tracheophytes, wallcharts
Article history. Submitted 02 June 2021. Revised 16 June 2021. Published 29 June 2021

Citation. Cole T.C.H., Hilger H.H., Bachelier J.B., Stevens P.F., Goffinet B., Shiyan N.M., Zhygalova S.L., Mosyakin S.L.
2021. Spanning the Globe — The Plant Phylogeny Poster (PPP) Project. Ukrainian Botanical Journal, 78(3): 235-241.

*Corresponding author (e-mail: t.c.h.cole@fu-berlin.de)

Botany (as the other life sciences) is largely built on
observation and visual documentation, both essential
for understanding plants and their structures, as well
as for teaching, research, and publishing. Images of
plants and their structures drawn on wallcharts and
posters by botanical illustrators, who were often skilled
professional artists, have played an important role in
education, in particular as visual resources for lectures in
the life sciences, for illustrating and teaching structure,
function, and classification of organisms. Botanical and
zoological institutions owned extensive collections of
such large-sized wallcharts drawn and painted on canvas

or paper, usually fastened to wooden double half-round
dowel rods on both ends, and rolled up for storage. The
charts were hung in auditoriums and lecture halls for the
daily lectures — some huge charts with evolutionary trees
("Stammbéume"), the Periodic Table, or biochemical
pathways were even permanently displayed there. Skilled
botanical artists were employed at university departments
and museums — a highly respected profession of art
drawing and lithography having particularly developed in
Germany during the 19" century. Many of these beautiful
masterpieces (e.g., Fig. 1) have survived over the ages
and are preserved as a cultural heritage (Laurent, 2016).

© 2021 T.C.H. Cole, H.H. Hilger, J.B. Bachelier, P.F. Stevens, B. Goffinet, N.M. Shiyan, S.L. Zhygalova, S.L. Mosyakin. Published by the
M.G. Kholodny Institute of Botany, NAS of Ukraine. This is an open access article under the terms of the Creative Commons Attribution License
(http:/creativecommons.org/licenses/by/4.0/), which permits use, distribution, and reproduction in any medium, provided the original work is
properly cited
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Fig. 1. Botanical wallcharts. A, B: Institute of Systematic Botany and Plant Geography of Freie Universitdt Berlin, 1950s
(A: Azolla filiculoides; B: dehiscent fruits). C, D: Fedkovych Chernivtsi National University, 1970s, publisher "Radianska Shkola"
(C: Solanaceae, general morphology; D: Equisetum arvense, life cycle diagram — photographs by Vasyl V. Budzhak)

While with the advent of photography, projected slides
soon became the preferred media of choice in teaching,
drawings remain important in botany (as by the common
quote attributed to the famous 19" century German
botanist Julius Sachs in teaching his students: "Was man
nicht gezeichnet hat, hat man nicht gesehen" / "What one
has not drawn, one has not seen", Scott, 1924: 10). The
digital era gave us fascinating new options in graphic
design and means for presenting educational materials to
students. Courses in graphic design software programs
were being offered for members of the university.
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Scientists themselves could now create appealing designs
and carry out professional typesetting work with basic
training or even by self-teaching.

Evolutionary relationships have traditionally been
depicted by "family trees", interconnecting hypothetical
ancestors with their descendants by a network of
"branches" (as prominently exercised by Ernst Haeckel
in the 19" century, Fig. 2). For publication of research
results, such trees (as any other illustration or photo) must
be condensed to fit the restricted space of the layout of a
book or journal page, a constraint that leads to smaller
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Fig. 2. Ernst Haeckel's historic evolutionary tree of the plant
kingdom ("Stammbaum des Pflanzenreichs"); from: E. Haeckel
(1866)

and often unreadable text and unrecognizable structures
or patterns, thus also limiting the amount of displayable
data.

The format of the Plant Phylogeny Posters, however,
allows for large-size presentations of family trees
providing a clear overview of complex relationships at
a glance. In 2005, Theodor C. H. Cole (then lecturer
at Heidelberg University and now Honorary Associate
with Julien B. Bachelier at the Freie Universitit Berlin)
devised a "family tree" of angiosperm orders and
families in poster format — including relevant features in
condensed form — in preparation of teaching a botanical
field course for pharmacy students to South Africa. A clear
systematic overview of relationships among flowering
plant families was needed, yet such a large phylogenetic
tree also had to be a compact and transportable teaching
tool. This first poster — pasted together as a "hard copy"
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from cardboard with scissors and glue — was chiefly
based on the phylogenetic tree topology from the first
two publications of the Angiosperm Phylogeny Group
(APG, 1998, 2003; see also APG, 2009, 2016) and the
features were taken mainly from Peter Stevens' APweb
database (Stevens, 2001—onwards) and the Families
and Genera of Vascular Plants (FGVP) series (Kubitzki
et al., 1990-2018), among other sources. Together with
Hartmut H. Hilger of the Freie Universitdt Berlin (FU),
the first German version entitled POSTER — Systematik
der Bliitenpflanzen, was published in 2007 by De Gruyter
Publishers, Berlin, as a foldable A0-size color print (Cole
& Hilger, 2007).

Peter H. Raven, President Emeritus of the Missouri
Botanical Garden, St. Louis, MO, USA (see Raven,
2000; Mosyakin, 2016), encouraged the production of
an English version of the Angiosperm Phylogeny Poster
(APP) and established the connection to Peter F. Stevens
who has become coauthor of several poster titles (Fig. 3;
Cole, Hilger, Stevens, 2019). The first electronic version
of the APP (in German and English) was made available
online on the homepage of the FU Berlin in 2007 and later
on ResearchGate in 2012. Further internationalization of
the project was triggered with the Chinese version of the
APP by Jiang Chen-Kun of Beijing (Peking) University
in 2014, which encouraged worldwide expansion, now
spanning the globe. Meanwhile, the APP is now available
in more than 30 languages.

In circumscriptions of families and orders of
angiosperms, our updated APP versions mainly
follow the latest version of the APG system (APG IV,
2016), but with necessary amendments and changes
that result from recent research data. Also, we take
into account the classification schemes provided by
expert working groups on various taxa. For example,
in recognizing the separate families Amaranthaceae
sensu stricto and Chenopodiaceae (which were merged
under Amaranthaceae s.l. in all versions of the APG
classification) we followed the consensus classification
of Caryophyllales accepted by Hernandez-Ledesma
et al. (2015) and other experts in the group. We also
prefer to recognize in Boraginales several separate
families (Boraginaceae s.str., Cordiaceae, Ehretiaceae,
Heliotropiaceae, Hydrophyllaceae, Lennoaceae,
Namaceae, etc.), following Luebert et al. (2016), in
contrast to the widely circumscribed Boraginaceae
as suggested by APG (see APG 1V, 2016, and earlier
versions).
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Fig. 3. Peter F. Stevens with the APP at the Fig. 4. Two of the Ukrainian plant phylogeny posters displayed by Svitlana L. Zhyga-

poster session at BioSystematics 2011 Berlin lova, Sergei L. Mosyakin, and Natalia M. Shiyan (left to right) at the National

(Photo by Hartmut H. Hilger) Herbarium of Ukraine (KW) of the M.G. Kholodny Institute of Botany, National
Academy of Sciences of Ukraine, Kyiv (Photo by Svitlana I. Antonenko)
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Fig. 5. Dashzeveg Nyambayar teaching plant systematics and evolution at the National University of Mongolia, Ulaanbaatar,
using the Mongolian APP, TPP, and BPP which she translated together with Oyuntsetseg Batlai, Urgamal Magsar and Enkhtaivan
Enkhjargal (Photo by Oyuntsetseg Batlai)

238 Ukrainian Botanical Journal, 2021, 78(3)



The portfolio now encompasses the main trilogy of
the APP, TPP (Tracheophyte Phylogeny Poster), BPP
(Bryophyte Phylogeny Poster), a general overview of
the embryophytes (EMB), and about 30 further posters
on individual orders and families of angiosperms,
cumulatively involving a team of more than 130
botanists. All posters are available in several languages
(see the regularly updated list of all current posters with
hyperlinks to each: Cole, 2021).

New collaborators write their translations into a
"text extract" sent out to them by the coordinator. Team
members are granted full coauthorship for their language
versions. The translated texts, once received by the
coordinator, are transferred into a template and formatted
for uniform layout. After proofreading, the final high-
quality print PDFs are published on ResearchGate with
Digital Object Identifiers (DOIs), some on preprint
platforms, and uploaded to the authors' homepages. The
advantage of this publishing scheme is the possibility
to regularly update the posters based on most recent
research.

Since 2016, Julien B. Bachelier, the successor of
Hartmut H. Hilger at the Freie Universitit Berlin, has
become a coauthor of the Tracheophyte Phylogeny
Poster (TPP) — meanwhile in 24 languages. In 2018,
Bernard Goffinet joined the Bryophyte Phylogeny
Poster (BPP) team as a fully co-responsible partner
and has since promoted the project by inviting several
prominent bryologists — expanding the BPP to currently
20 languages.

All posters are updated regularly according to recent
phylogenetic researchresults, and are freely downloadable
from ResearchGate (Cole, 2021) and the webpages of
Hartmut H. Hilger at FU Berlin (http://www2.biologie.
fu-berlin.de/sysbot/ and https://userpage.fu-berlin.de/
hahilger/). The high-quality print PDFs can be printed in
A0 or even larger sizes on professional plotters. Printouts
are useful for exhibits, herbaria, lecture halls and seminar
rooms. Lecturers may prefer to use the electronic files
via projectors to zoom in and out and focus on particular
areas moving from one group (taxon or clade) to another.

Several of the Plant Phylogeny Posters have been
presented at international conferences and meetings
(BioSystematics Berlin, Germany 2011; Monocots VI,
Natal, Brazil, 2018; IV International Boraginales
Meeting, Florence, Italy, 2018; IAB Bryology Madrid,
Spain, 2019; 70 Years of Botanical Garden of Pavol Jozef
Safarik University, Kosice, Slovakia, 2020).
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Of the meanwhile 268 posters, 59 are in Slavic
languages (Russian 20, Ukrainian 19, Czech 6, Slovak 6,
Polish 3, Serbian 4, Bulgarian 1). A suite of Czech and
Slovak posters is being coordinated by Cubo§ Majesky
and Pavol Martonfi (Majesky et al., 2020). Since 2016,
the Ukrainian and Russian posters have largely been
coordinated by Sergei L. Mosyakin, the majority being
now implemented and coauthored by Natalia M. Shiyan
and Svitlana L. Zhygalova. Anastasiya V. Odintsova of
the Ivan Franko National University of Lviv has made
a considerable contribution to the first Ukrainian and
Russian translations of the APP and TPP, especially in
standardizing morphological and some other terms and
their matching to English-language equivalents. It should
be noted that the task of translating the first Ukrainian
and Russian versions of APP and TPP posed some
interesting challenges for the Ukrainian collaborators.
In several cases it was even necessary to alter or correct
the terms that occurred in recent Ukrainian literature, and
so this experience with translations was also useful for
standardizing the national terminology in the fields of
phylogenetic taxonomy and plant morphology. Similar
challenges were also met by other team members, resulting
in adaptations of the respective national terminology to
the internationally recognized standards (mostly based
on English, with linguistic roots in classical Latin and
Greek).

An additional series of three educational "Language
Phylogeny Posters" by T.C.H. Cole and Erika Siebert-
Cole has drawn on recent work in the increasingly popular
field of phylolinguistics — the study of the evolution of
languages — using, among others, the same phylogenetic
methods commonly applied in the life sciences
(population genetics, Bayesian Inference, etc.). The series
is currently available in 10 languages on ResearchGate.
The Ukrainian versions of the three posters have been
translated and are coauthored by Andrey V. Podgurenko
(Anppiit B. Tlomrypenxo), formerly Department of
Foreign Languages, Petro Mohyla Black Sea National
University, Mykolaiv, Ukraine (Kadenpa pomano-
repMaHChKOi (isosorii, YopHOMOPCHKH HAIliOHATBHUH
yniBepcureT imMeHi [lerpa Morumy, Mukosnai, Ykpaina)
(Cole et al., 2020).

As free online educational resources the posters
are extensively used in teaching and as a reference
for research at universities and herbaria worldwide
(Figs. 4, 5). The project is growing steadily with new
titles and versions in different languages.
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Koy T.K.I', Ximerep X.X., bamense XK.b., Crisenc [1.®., l'odpdine b., Husa H.M., XKuranosa C.JI., Mocsikin C.JL.
2021. O0'ennyrouu cBit — [IpoexT mocrepis 3 pistorenii pociaun. Vrpaincoxuii 6omaniynuil scypran, 78(3): 235-241
[In English].

JlanemchKkuii HeHTp AOCHIIKeHHS pocinH, [HetutyT bionorii, Binbauit ynisepcuter bepnina, Anprenmreiinmrpacce 6,
14195 Bepumin, Himewunna: T.C.X. Koyn, X.X. Xinsrep, XK.b. bamense. Bignin 6ionorii, YuiBepcutrer Miccypi—CenT-
Jlyic, YuiBepcurercekuii OynsBap 1, Cent-Jlyic, Miceypi, 63121, CHIA: I1.®. CreBenc. Binnin exosnorii Ta eBosroniitHol
6iomorii, YuiBepcuter Konnektukyty, IliBHiunmii ImBin-poyn 75, Croppe, Konnexrukyt, 06269-3043, CLIA: b.
Toddine. Incruryr Goraniku imeni M.I. Xonoxnoro, HAH Vkpaiuu, Byn. Tepemenkiscbka 2, Kuis 01601, Ykpaina:
H.M. lusn, C.JI. Xuranosa, C.JI. Mocskin.

Pedepar. Tpaxuuiiino, HacTiHHI Tpadiky Ta IIIaKaTH, CTBOPEHi 60TaHIYHUMH 1TFOCTPAaTOPaMH, a 4acoM i npodeciiHIMH
XyAOKHUKAMH, BiJIrPalOTh BaKJIMBY pOJb y BHUBYCHHI OOTaHIKM B YHIBEPCHTETaX Ta IHIIMX HAaBYAJIbHUX 3aKIalax.
MacutabHi HaHHO Ta IIAKaTH MOXKYTb Bi3yalli3yBaTH CKJIA/IHI Ta iCTOPUYHI B3a€MO3B'SI3KH Y YITKOMY Ta €CTETUYHOMY
BUIIIs Uepe3 rpadiku, Tabnuii Ta aiarpaMu. BUkoprcTaBIm 1aHy OCBITHIO KOHIIETIIIIFO B yMOBaX Cy4acHOT elIeKTPOHHOT
enoxu, npoekt "[lmakatu 3 QimoreHii pocnuH" 3aCTOCOBYe MiaXiA Bisyamizamii Al BiOoOpakeHHS EBOJIIOLIIHUX
B3a€MO3B'3KIB y CydacHiit OoraniuHiii cucremaruii. [Tnakaru 3 ¢inorenii mokpuronacinuux (Angiosperm Phylogeny
Poster — APP) BinoOpakaroTh cydacHi (hiIOreHETHYHI CIIIBBIIHOIIEHHS i B3a€MO3B'SI3KM MK KJIaJaMH, ITOPSIKAaMHU Ta
poaMHAMH KBITKOBHX pociuH (i3 mocmiaHHsMu Ha APweb, Stevens, 2001—-onwards), mmakar 3 ¢inoreHii cyTnHHAX
pocnus (Tracheophyte Phylogeny Poster — TPP) kpim iHIoro — pojiB nanopoteii i rooHaciHHUX, a ruiakar 3 ¢inoreHii
Moxononionux (Bryophyte Phylogeny Poster — BPP) — poanu newinouynukiB, MOXiB Ta aHTOLIepOTiB. Ha Tenep B akTuBi
MPOEKTY HApaxoBYeThcsl Onm3pko 30 TUTakariB BHOpaHHWX IMOPSAKIB Ta POIUH MOKPUTOHACIHHUX. OCOONMBICTIO IUX
(biTOreHeTHYHUX JePeB € Te, L0 IXHI OKpPeMi IPyNu XapaKTepU3yIOThCsS CHCTEMAaTHYHO BOKJIMBUMH MOPQOIOTTYHUMU
o3HaKamu, OioreorpaiyHIMH JaHUMH Ta IHIIOKO iH(OpMAIi€ro, MOAAHOI0 B KOMIIAKTHHUX OJIOKAX TEKCTY. YCi IUIakaTH
po3MilleHi y BUTbHOMY AOCTYTI B IHTepHETI, psi 3 HUX nepekiaaeHi 30 MoBamH, 3aBAskd KoMaH i 3 moHax 130 GoraHikiB
cBiTy. [lnakati peryisipHO OHOBIIOIOTHCS, B HUX LIMTYIOTBCS aKTyallbHi JIITepaTypHi Jukepesna. [IpoekT HeyXuiIbHO Ta
IIBUIKO PO3LINPIOETHCS.

KutrouoBi cioBa: BigKpuTHii 10CTYII, MOXONOI0HI, (hiOreHis, HABYAHHS, IJIAKATH, IIOKPUTOHACIHHI, CYJUHHI POCIIHHH,
Ta0MIHII
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tOBinenHi patn

NI/

Anniversary Dates

Jlo 120-pivus Big 1HA HAPOIKEHHS
Muxonn Mukxonaiiopuuya 'PUIITKA
(06.01.1901 — 03.01.1964)

Mykola M. GRYSHKO
(on his 120" anniversary)

¥V 2020 p. BunoBHIIOCS 120 pOKIB B JHS HAPOIKCHHS
BHJIATHOTO BUCHOTO — FCHETHKA, CEJICKIlIOHepa, OoTaHiKa,
akanemika AH YPCP, aupekropa IHctutyTy O0TaHiKH

AH VYPCP (1939-1944), nupextopa OOTaHIYHOTO
caxy AH YPCP (1944-1958) Mukonmn Mwukomnaiiopuda
I’puika.

Haponuscs Mukona Muxkonaiiopuy y M. Ilonrasa.
3 Bij3Hakow 3akiHumBIM B 1925 p. IlonTtaBchkuii
arpoxooneparuBHUil TexHikymMoM (HuHI I[lomTaBchKuit

NEpXKaBHUW  arpapHUil  YHIBEpCHUTET), IPOIOBKUB
HaBYaHHS Ha megaroriyHoMy ¢axynbsreri KuiBchbkoro
CLTBCHKOTOCIIOZIAPCHKOTO IHCTHUTYTY. ITo Horo
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3akiHueHHO B 1926 p. M.M. I'pumko OyB HampaBiIeHUI
Ha  BHKJIAAalbKy  pobory g0  MaiiHiBCEKOTO
CUIBCHKOTOCTIONIAPCHKOTO  TEXHIKyMy,  JI¢  BJAJIO
NOEJHYBaB TEJarorivny Ta HaykoBy poOoty. Ha
HABYAIBHO-JOCTITHOMY TIOJNI BiH HPAIIOBaB 3 COpPTaMHU
03MMOI MIIICHUIIi, KapTOTLTi, BiBca. 3romoM M.M. ['puriko
Bukianas y Cymcekomy Ta UepHITriBCbKOMY IHCTHUTYTax
TexHiuHuX Kyneryp (1930-1931), y ItyxiBchbKoMy
clbcbkorocronapebkoMy iHeTuTyTi (1932-1940), unTas
Kypc TeHeTHkH i ceneknii B KuiBchkoMy nep:kaBHOMY
yaiBepcureri imeHi T.I". [lleBuenka (1944—1948). Muxkona
MukosalioBuy OyB aBTOPOM MEPIIOTO MiAPYYHUKA 3
reHeTuku Juist BY3iB ykpaincbkoro MoBoto (1933).

VY 1932 p. M.M. I'pumiko 0401MB BiiJ T€HETHKH 1
ceneknii Bcecoro3HOro HayKOBO-AOCHTITHOTO IHCTHTYTY
koHomenb 'y M. IuyxiB Cymcbkoi obGnacti. Bupuas
Giosioriro 1i€i pociIMHU, 30KpeMa CTaTeBUN TUMOPQI3M.
Bugie copr 'OCO-72' 3 0OgHOYACHHM JO3PiBaHHSIM
YOJOBIYMX Ta OKIHOYMX OCOOWH, IO YMOXIIUBHIIO
MexaHizamito 30mpaHHs cupoBuHH. M.M. Ipumky
HQJIOKUTHh TPIOPUTET y BUPIMICHHI NMPOOIEMH 3MiHH
cTari y KOoHomelb. 3a 1i pobdotu B 1936 p. foro Oymo
Haropo/PKeHO HAMBHUIIIOIO BiJJ3HAKOIO — opyieHOM JleHiHa
1 6e3 3axucTy nucepTalii MPUCYPKEHO CTYIIHB JOKTOpa
CLTBCHKOTOCTIONAPCHKIX HayK, a B 1937 p. — HaykoBe
3BaHHs npodecopa.

Y 1939 p. Mukony MuxkonaiifoBuua Oyio o0paHO
nificiuM wiienoM AH YPCP ta nipusHaueHo TUpeKTopoM
Incturyty 60otanikm AH YPCP. bararo yBaru BueHmit
TIPUIUISAB OpTraHi3amiifHif poOOTI YCTaHOBH Ta IOYATKY
Oy/liBHHIITBA HOBOTO OOTaHIYHOTO Cajy SIK MiAPO3ILTY
incrutyty. [lin xepiBuuirBoM M.M. I'puiika HayKoBIii
THcTUTYTY GOTaHIKHM 3aiiMaTHCst iIHBEHTapU3aIliero GIopu
ta pocauHHOCTI YPCP, ynpaBmiHHAM OHTOTCHETHIHUM
PO3BUTKOM POCIMH 3 METOK 30ULIbIICHHS iXHBOT
MIPOJYKTHBHOCTI, TPAHCIUIAHTAII€I0 Ta BEreTaTHBHOIO
riopuau3aiiero  y  pOCIHH, PO3POOKOID  METOIIB
CIPSIMOBAHOT 3MiHU CITBCHKOTOCIIONAPCHKUX POCIHH 3
METOIO0 301TBIIICHHS IXHBOI BPOKaHOCTI.
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Ha mouarky BiitHm B 1941 p. IHcTuTyT OOTaHIKH
pasom 3 Axanemiero Hayk YPCP Oynu eBakyiioBaHi 10
You (bamxwupis). Ilix xepiBEUTITBOM M.M. I'pmmka
HAyKOBIIl IHCTUTYTy 3MIHWIH poOodi TIUaHu Ta
30CepeaiIics Ha BHPIMICHHI TNHTaHb ITiBUIICHHI
BPOKaWHOCTI  CUTBCHKOTOCTIONAPCHKAX — KYIBTYp Ta
igBeHTapm3amii pocimHHOCTI  bamkipcekoi  APCP.
Poboty B IuctutyTi GoTamikm Mmukoma MukomaiioBud
MTOETHYBaB 3 KEpiBHHUILITBOM Bamxkipcekoro
JIEPKABHOIO CENEKIIHHOI0 cTaHIieo. BiH opranisyBaB
BHUPOIIYBaHHS  CUIBCBKOTOCTIOAAPCHKUX  TIPOJIYKTIB
Ta CHPOBUHHU JIIKAPCBKUX POCIHH Uil (POHTY, 3a IO
OyB HAaropomkeHuil Memairo "3a J00IecHy Mparfo y
Benukiii Bitunzusniii Birini 1941-1945 pp". B eBakyarii
Axanemis Hayk YPCP mpomoekyBajga CBOK poOOOTY,
M.M. I'punixo 6yB ronosoro Bijuiny OioyoriyHux Hayk
AH YPCP, unenom IIpe3unii AH YPCP, nucaB HaykoBi
Tparii, BUCTYMAB 3 AOTOBIISIMH.

Hagecni 1944 p. Muxona MukonaiioBuu nepmmm 3
aka/ieMiKiB prOyB 10 110KHO 3BUIbHEHOTO KueBa, moo
CTBOPUTH YMOBH JUIsl TOBEPHEHHS 3 eBaKyauii Akanemii
HayK YKpaiHu Ta po3ropraHHs ii mojgansinoi poooru. Bike
23 6epesns 1944 p. Buiinnia mocranosa "[1po BigHOBIICHHS
OyniBHMITBA 1 HaykoBOi poOOTH OOTaHIYHOTO camy
Axazemii Hayk Yipaian". Y munni 1944 p. GoranidHni
can OyB BimokpemiieHHI Bif [HCTUTYTY OOTaHIKH, HOTO
nupexTopoM ctaB M.M. I'punixo.

Imes posbymoBn B KwueBi HOBOTO akageMidHOTO
00TaHIYHOTO cafy 3'IBUIACS OTHOYACHO 31 CTBOPEHHSIM
VYkpaincekoi akageMii Hayk me B 1918 p., a OymiBenmbHI
pobotu Ha 3BipmHII posmouamucs B 1935 p. Ilpore
gepe3 Opak rpomeil y NOBOEHHHH dac OyIiBHHIITBO
NpU3YIUHWIA, a 3polmeHe Oylno 3HHIICHE IIif
gac okymamii Kwuesa (1941-1943). Tomy Muxkomi
MuxkonaiioBuuy [ puIiKy 70BeI0Cs pO3MOYMHATH POOOTH
Ta KepyBaru OyaiBHUIITBOM OoTaHiuHOTO caxy AH YPCP
Maibke 13 caMoro MoYaTKy.

Bxe B 1944 p. Oynu po3pobieHi ocHOBHI ifei Ta
chopmynboBaHi 3aBiaHHs boraniunoro caxy AH
YPCP sk 1meHTpy HayKOBO-IOCIiAHOT poOOTH 3 Teopil
Ta NPAKTHKU IHTPOAYKUII POCIMH, PO3pOOKH IUTaHb
3€JIeHOTr0 Oy/iBHHIITBA, JICKOPAaTUBHOTO CAaJIBHUITBA i
KBITHHKApCTBA Ta CEJICKIIT HOBUX JJIsl YKpaiHH KyJBTYp.
Can MaB CTaTH HE TUIBKM ILEHTPAJIBHUM OOTaHIYHUM
cazoM YKpaiHu, a i OJHHM 3 HaWOUIbIIMX OOTaHIYHHUX
caniB CPCP Ta cBity 3a po3Mipamu TepUTOpii, CKIaI0M
KOJICKI[I pOCIMH Ta oOcsroM HaykoBoi pobotm. Ili
3aB/IaHHS MTPAKTHYHO CITIBIIA/IAI0Th 3 TUMH, SIKi BUKOHYE
HamionaneHuii 6otaniyamii cax imeHi M.M. I'pumka
HAH VYkpainu HuHI.

[Min xepiBamiTBOoM M.M. I'pumka Oyna mpoBemeHa
KoJIOcaJbHAa POOOTa 31 CTBOPEHHS KOJCKIIH POCIHH.
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3aBAsKM €Heprii, OpraHizaifHOMy TaJIAaHTY Ta HAYKOBUM
3B's13kaM Mukonun Mukonaiiopuda B 1946—1947 pp. Oymu
BiJITIpaBIICHI EKCIIEIWINi MO0 PaasHCHKOI OKyHamiiHOI
30HM Himewunmnu, Yropmwau, PymyHii, me mpumbano
JECATKA THCSY OJWHMIb II0CAJKOBOTO MaTepiaiy.
Bynu 3pificHeHi YHCNEHHI €KCIENMWINi y pi3Hi perioHu
kommiHboro PansHebkoro Coro3y, 3 SKHX HPHUBE3EHO
COTHI KiJIOTpamiB HACIHHS, B TOMY YHCII €HACMIYHHUX Ta
PENiKTOBUX POCIIHH.

Bueni 0OoTaHiyHOrO cagy MiI  KEpPiBHUITBOM
M.M. I'puiiika po3poOuiti HayKOBHA TPOEKT boTaHiuHOTO
cajly Ta OOIPYHTYBaJW IPUHIMIK CTBOPEHHS HOro
KoJIeKI[iif. Mukona MuKoNaiioBUY  3arpoIOHyBaB
B OCHOBYy Oy/iBHHIITBA caJy IIOKJIACTH OOTaHIKO-
reorpadiuHUN PUHINII, & HE CHCTEMAaTHYHHH, SIKUil OyB
OinbII nomMpeHui. 3a HOro KepiBHUITBA B OOTaHIYHOMY
caay Oyna 3amoyaTrkoBaHa CelieKiliiiHa pobora. Buenwuii
CIIpPHSIB YBEJICHHIO B CLIBCHKE TOCIONAPCTBO 1 3€JIEHE
OyHIBHHLITBO HOBHX BHJIB XapYyOBHX, TCXHIYHHX,
TUIOZIOBHX, KBITHMKOBO-1€KOPAaTHBHUX pociuH.
Bnponomx 1952-1958 pp. M.M. I'pumko ouomnroBas
Pany Goraniunmx canaiB Ykpainu Ta Momaasii.

VY 1945 p. B Axanemii Hayk YPCP OyB crBOpeHmii
BIJUIIT CUTBCHKOTOCIIONAPCHKUX HAyK, SIKHA OYOJHB
MM. TIpumko. Ha 1Ol yac MMPOKOTO MNOLIMPEHHS
HaOyno BueHHs Tpoxmma Jlucenko. B Ti Baxkki dacu
HAyKOBI MUCKYCii TepeHnum B TONITHYHY IUTOIINHY,
Oararo BYeHHX Oynmo perpecoBaHo. Y 1948 p. M.M.
I'pumxka 3BimbHWIM 3 TOcagu [ONOBH BiATUTEHHS
cimpepkorocnogapcebknx Hayk AH YPCP, posmoganmocs
LbKYBaHHS MOro B HaykoBUX Komax. akTUYHO
Muxonry MuxonaifoBuda  1M030aBHIM  MOXKIIHBOCTI
3aiiMaTHCS TEHETHKOO. AJIe BiH 3aJUIINBCS KEPIBHUKOM
OyxiBHHMIITBAa HOBOTO BoTaHiYHOTO camy, BiANABIIM I
CIIpaBi CBOi CHJIM Ta 3HAHHSI.

B 1959 p. Mukona MuKojgaiioBUY Ba)KKO 3aXBOPIB
1 BXE HE MII' BUKOHYBaTH OOOB'SI3KHM TUPEKTOPA, MPOTE
JI0O OCTAQHHBOTO 3AJIMIIABCS HA T0Caldi CTapIIOro
HAyKOBOTO CITIBPOOITHUKA BIITY KyIbTYpHOI (iopu.
Kinbka MicsiiiB HE JOKUB BiH JI0 YPOYHCTOTO BIIKPUTTS
OoTaHiuHOrO cajy JJisl BiBiqyBadiB, sike BinOysocs 29
TpaBHs 1964 p. Haxainp, Ti, XTO Bijl MOYaTKy CTBOPIOE
cajy Ta MapKH, JyXKe piKo 6adarh IUIOM CBOET Ipar,
BOHM INpalooTh Ha MaiOyrhe. Ilisnime, y 1967 p.
OoraHiuHMI cajx HaOyB CTaTyCy HayKOBO-JIOCIIHOTO
IHCTUTYTy, B SIKOMy OyJM OpraHi3oBaHi HOBI HayKOBi
migpo3ninu. Huwi, sk 1 MpisBe Mukona MukonaioBud,
HamionanpHuit Ooraniuauii can HAH VYkpainw, skuit
3 1991 p. HOCHTH #OTO iM'S, € TIPOBINHUM HAyKOBHM
LIEHTPOM 3 IHTPOIYKIIii Ta 30epe:KeHHS (HITOPIZHOMAHITTS
POCIHH, COPTO3HABCTBA Ta CEJEKIIiT POCIHH.

Haranis B. YYBIKIHA, Osena JI. PYBLIOBA
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Table E1. Synoptic table of syntaxa of Stellarietea mediae class in Kiyv (by phi coefficient)

Number of association

11

13

15

17

18 | 19

20

21

22

23

24

Numbers of relevés

22

33

27

56

28

61 | 90

Amaranthus retroflexus

Digitaria ischaemum

Medicago sativa

Bromus squarrosus

Crepis rhoeadifolia

Solidago canadensis

39,9

Xanthium strumarium s.1.

Cynodon dactylon

Digitaria sanguinalis

Festuca ovina s.1.

Amaranthus albus

Erysimum cheiranthoides

Sonchus arvensis

Lepidium ruderale

Tribulus terrestris

Linaria vulgaris

Fallopia convolvulus

Atriplex prostrata

Parthenocissus quinquefolia s.1.

Atriplex sagittata

Atriplex tatarica

Glechoma hederacea

Kochia scoparia

Oenothera biennis s.1.

Anisantha tectorum

Hordeum murinum

Taraxacum serotinum

Malva neglecta

Poa annua

Tripleurospermum inodorum

47,8

Trifolium repens

32

Cyclachaena xanthiifolia

Artemisia vulgaris

Diplotaxis tenuifolia

Berteroa incana

41,5

Picris hieracioides

29,9

Bromopsis inermis

Carex caryophyllea

Echinochloa crus-galli

Setaria viridis

Phalacroloma annuum s.1.

Setaria pumila

Potentilla argentea

Ambrosia artemisiifolia

Lolium perenne

32,2

Portulaca oleracea s.1.

Sisymbrium loeselii

27,1

Salsola tragus

Chenopodium album s.1.

Convolvulus arvensis

25,1

Lactuca serriola

— 19,1

39,1

Conyza canadensis

28,7

Number marks the associations: 1 — Amarantho retroflexi-Setarietum glaucae; 2 — Echinochloo-Setarietum pumilae; 3 — Setario viridis-Erigeronetum canadensis; 4 —
Digitarietum ischaemii; 5 — Ambrosio artemisiifoliae-Chenopodietum albi; 6 — Cynodontetum dactyli; 7 — Digitario sanguinalis-Eragrostietum minoris; 8 — Eragrostio-
Amaranthetum albi; 9 — Portulacetum oleracei; 10 — Salsoletum ruthenicae; 11 — Fallopio convolvuli-Chenopodietum albi; 12 — Atriplicetum hastatae; 13 — Atriplicetum
nitentis; 14 — Atriplicetum tataricae; 15 — Chenopodietum stricti; 16 — Kochietum densiflorae; 17 — Ambrosietum artemisiifoliae; 18 — Brometum tectorum; 19 — Hordeetum
murini; 20 — Hyoscyamo nigri-Malvetum neglectae; 21 — Erigeronto-Lactucetum serriolae; 22 — Ivaetum xanthiifoliae; 23 — Lactuco serriolae-Diplotaxietum tenuifoliae;

24 — Sisymbrietum loeselii
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