202 \I<lo|. 82
0. 3 (488)




UKRAINIAN BOTANICAL JOURNAL is a scientific
journal publishing articles and contributions on all aspects
of botany and mycology, including general issues, taxonomy,
floristics, vegetation science, ecology, evolutionary biology,
geography, history of flora and vegetation as well as
morphology, anatomy, physiology, biochemistry, cell and
molecular biology of plants and fungi.

Publication languages: English and Ukrainian

EDITORIAL BOARD

Editor-in-Chief
Sergei L. MOSYAKIN
Associate Editors
Ganna V. BOIKO
Vera P. HAYOVA

Dirk C. ALBACH (Oldenburg, Germany)

Illya I. CHORNEY (Chernivtsi, Ukraine)
Peter J. de LANGE (Auckland, New Zealand)
Yakiv P. DIDUKH (Kyiv, Ukraine)

Mykola M. FEDORONCHUK (Kyiv, Ukraine)
Zigmantas GUDZINSKAS (Vilnius, Lithuania)
Vasyl P. HELUTA (Kyiv, Ukraine)

Bogdan JACKOWIAK (Poznan, Poland)
Jirgen KELLERMANN (Adelaide, Australia)
Olexander E. KHODOSOVTSEV (Kherson, Ukraine)
Sergey Y. KONDRATYUK (Kyiv, Ukraine)
Iryna V. KOSAKIVSKA (Kyiv, Ukraine)

Karol MARHOLD (Bratislava, Slovakia)
Eviatar NEVO (Haifa, Israel)

Peter RAVEN (St. Louis, USA)

Myroslav V. SHEVERA (Kyiv, Ukraine)
Natalia M. SHYIAN (Kyiv, Ukraine)

Maryna M. SUKHOMLYN (Kyiv, Ukraine)
Susumu TAKAMATSU (Tsu, Japan)

Filip VERLOOVE (Meise, Belgium)

Oxana M. VYNOGRADOVA (Kyiv, Ukraine)
Solomon P. WASSER (Haifa, Israel)

Olena K. ZOLOTAREVA (Kyiv, Ukraine)

Editorial Assistant
Mariya D. ALEINIKOVA

Front cover: Alisma plantago-aquatica L., a longitudinal
section of the apical part of a root showing schizogenous
aerenchyma (see the article by Ovcharenko & Shevchenko
on pages 197-205 in this issue).

Photo by © Galina Shevchenko

YKPATHCBKUY BOTAHIYHUI JXYPHAJI ny6nikye
cTarTi 3 ycix HampsAMiB 6oTaHiKM Ta Mikonmorii, B Tomy
9quCi i3 3aranbHUX MUTaHb, CUCTEMATVKM, (ropucTuky,
reo6OTaHiKM, eKOJIOril, eBoJowiiiHOI 6ionorii, reorpadii,
icropii ¢mopum Ta POCIMHHOCTI, a TakoX Mopdororii,
aHarowmii, isionorii, 6ioximii, KIiTMHHOI Ta MOJIEKYIAPHOI
6iornorii pocnuH i rpu6is.

CrarTi pyKyIOTbCA aHITICHKOIO Ta YKPAiHCbKOIO MOBaMM

PEJAKIIIVTHA KOJIETIS

TonoBHuit pegaxTop
Cepriin JI. MOCAKIH

3aCTYIHIKN TOTOBHOTO PEeaKTOpa
Tanna B. BOVIKO
Bipa IT. TAIOBA

Hipk K. AJIbBBAX (Onbpen6ypr, HimeyunHa)
DIuis 1. YHOPHEN (‘IepHiBui, YkpaiHa)

Iitep . ne TAHTE (Oxnenn, Hosa 3enanpis)
Akis IT. JIOYX (Kuis, Ykpaina)

Muxoma M. ®EJJOPOHYVYK (Kwuis, Ykpaina)
3irmanTac I'YI)KMHCKAC (BinbHioc, JInutsa)
Bacus I1. TEJIYOTA (Kuis, Ykpaina)

Borpan AIIKOBK (ITosHanb, [Tonbiia)

[Opren KEJUIEPMAHH (Azenaiga, ABcTpanis)
Onekcanpp €. XOTOCOBIIEB (Xepcon, VkpaiHa)
Cepriit 1. KOHIPATIOK (Kuis, Ykpaina)
Ipnna B. KOCAKIBCBKA (Knuis, Ykpaina)
Kapons MAPTOJIB]I (Bparucnasa, Cnosaydnsa)
Esiarap HEBO (Xarida, I3pains)

[itep PEVIBEH (Cenr-Jlyic, CIIIA)

Mupocnas B. IIEBEPA (Kuis, Ykpaina)
Haranisa M. IIVSH (Kuis, Ykpaina)

Mapura M. CYXOMJIVH (Kuis, Ykpaina)
Cycymy TAKAMALY (Ly, Smowis)

@inin BEPJIOOB (Meiice, Benbris)

Oxcana M. BUHOTPAJTTOBA (Knuis, Ykpaina)
Conomon I1. BACCEP (Xaitda, I3pains)

Onena K. 30JIOTAPbOBA (Kuis, Ykpaina)

BignosiganpHuii cekperap
Mapis JI. AJIETHIKOBA

Ha o6xnmapguuui: Alisma plantago-aquatica L., T0350BXHi1
3pi3 KOPEHEBOro areKca 3i CXM30reHHMM TUIIOM aepeHXiMum
(mmB. crarTio OBuapeHko, IlleBuenko Ha cTop. 197-205y
I[bOMY HOMepi).

®doro © lannna IlleBueHko



NATIONAL ACADEMY OF SCIENCES OF UKRAINE
M.G. KHOLODNY INSTITUTE OF BOTANY OF THE NAS OF UKRAINE

KRAINIAN
OTANICAL

OURNAL

2025
Vol. 82
3 (488)

YKPAIHCbKUM

BOTAHIYHMM XXYPHAT

CONTENTS

Cell Biology and Molecular Biology

FEDIUK O., BILYAVSKA N., AKIMOV Yu.,
ZOLOTAREVA O. Atypical cristae in bundle
sheath mitochondria in leaves of Atriplex tatarica
(Chenopodiaceae s. str. | Amaranthaceae s. 1.)

OVCHARENKO Yu., SHEVCHENKO G. Plant
strategy to adapt to life in water: peculiarities of root
system organization in Sagittaria sagittifolia and
Alisma plantago-aquatica (Alismataceae) ...........

Plant Taxonomy, Geography and Floristics

MOSYAKIN S.L., FEDORONCHUK M.M.,
MCcNEILL J. Simplifying the nomenclature of Sorbus
sensu lato: new nomenclatural solutions in Aria and
Hedlundia (Rosaceae) ............................

BEZUSKO L.G., TSYMBALYUK Z.M.,

NITSENKO L.M. Participation of some rare and
relict plant species in the palynofloras of the
Allerod-Holocene deposits of the Forest-Steppe
zone of Ukraine ............... ... ... ... ...

PUBLISHED BIMONTHLY

SCIENTIFIC JOURNAL

KYIV

3MICT

KnitnaHa Ta MonekynapHa 6ionorisa

OETIOK O.M., BUIIBCBKA H.O., AKIMOB 10.M.,
30JIOTAPbOBA O.K. ATunosi kpucru B
MITOXOH/IpisX OOK/Ia{THOK CYAMHHIUX ITYYKiB B
nuctkax Atriplex tatarica (Chenopodiaceae s. str. /
Amaranthaceae s.l.) ........... . i,

OBYAPEHKO I0., HIEBYEHKO I. Crparteria
afjaITanii pOC/INH 0 SKUTTS Y BOAL: 0COOMMBOCTI
opraHisauii kopeHeBoi cucremu Sagittaria sagittifolia
ta Alisma plantago-aquatica (Alismataceae) . . . ......

CucremMarnka, QpIropucTinka, reorpadis pocnns

MOCHAKIH CJI., PENOPOHYYK M.M,,

MaxHUI [Ix. CipolieHHs HOMEHK/IATYpH Y TPyIIi
Sorbus sensu lato: HOBI HOMEHK/IATYpHI pillleHHs B
ponax Aria ta Hedlundia (Rosaceae) ...............

BE3YCBKO JLL, HMMBAJIIOK 3.M.,

HUIEHKO JI.M. Y4acTb fiesKux pigKicHUX Ta
PeTiKTOBYX BUJIIB POCINH y HaniHOPIOpax BifKIanis
annepeny-ronoueny Jlicocrenosoi 3oum YKpainu . . ..

FOUNDED IN 1921

189

225

© M.G. Kholodny Institute of Botany, NAS of Ukraine, 2025

© Publisher PH "Akademperiodyka" of the NAS of Ukraine, 2025



Mycological Records
AKULOV O.Yu., ROMANCHENKO O.V. New for

MikonoriuyHi sHaXigKu

AKYJIOB O.10., POMAHYEHKO O.B. Hosi gy

Ukraine records of heterobasidioid fungi ........... 234 repuropii YkpaiHu sHaxifKu rerepobasumieBux

TPUOIB . .. vv ittt 234
Biotechnology, Physiology and Biochemistry BiorexHonoris, ¢isionoris, 6ioximia
TOPCHIY N.M.,, ZOLOTAREVA O.K,, TOIYIN H.M., 30JIOTAPbOBA O.K.,
DADYKA V.V,, FEDIUK O.M., ONOIKO O.B. ITAJIVKA B.B., PE[JIOK O.M., OHOMKO O.b.
The light-dependent alteration in carbonic anhydrase CaiTnosanexxHi 3MiHU Kap6oaHTiIpasHoi aKTUBHOCTI
activity in leaves of Crassula ovata (Crassulaceae) . ... 242 nuctkiB Crassula ovata (Crassulaceae).............. 242
Fungi and Fungi-like Organisms Ipu6u i rpubononi6Hi opranismMu
ALIMAMMADOVA-HUSUYEVA AA,, AJIIMAMMAJIOBA-TYCYEBA A.A., BICBKO H.A,,
BISKO N.A., MYTROPOLSKA N.Yu.,, MMUTPOITIOJIbCHKA H.IO.,, T'YPIHOBIMY H.B.,
GURINOVYCH N.V., AGHAYEVA D.N. ATAEBA JI.H. AHTNMiKpOOHA aKTUBHICTb KY/IBTYP
Antimicrobial activity in cultures of some xylotrophic IesIKUX KCmmoTpodHux 6asnpiomireTis 3 Asepbaii-
basidiomycetes from Azerbaijan................... 252 IDKAHY ottt e 252
Plant Taxonomy, Geography and Floristics Cucremaruka, pnopucruka, reorpadist pocniux
BILONOHA V.M., KYYAK V.H., KOZLOVSKYY V.I. BIJIOHOTA B.M., KK B.I., KO3JJOBCBKII B.I.
Distribution patterns of Dactylis glomerata subsp. Ocobnusocri nomupenus Dactylis glomerata subsp.
slovenica (Poaceae) in the Ukrainian Carpathians.... 258 slovenica (Poaceae) B Ykpaincpkux Kapmarax. ... . ... 258
In Memoriam BrpaTtn maykn
In memory of Dmytro V. Dubyna CaiTiit mamM’ATi BUJATHOTO YKPaIHCHKOTO 60TaHiKa
(17.04.1949 — 23.03.2025), an outstanding Ukrainian Ivurpa Bacunposnya Jy6unn (17.04.1949 —
botanist . . ... .. 267 23.03.2025) 1.t 267

Approved by the Academic Council of the M.G. Kholodny Institute of Botany, NAS of Ukraine

(Resolution No. 6 of 17 June 2025)

Editorial office address: M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine

2 Tereshchenkivska Str., Kyiv 01601, Ukraine

Tel.: +380 44 235 4182
E-mail: secretary_ubzh@ukr.net
Web: https://ukrbotj.co.ua

Media ID (imenTndikarop memia): R30-03012. Decision of the National Council of
Television and Radio Broadcasting of Ukraine of 21.03.2024 No. 890

Technical editor O.Ye. Bondarenko

Layout N.S. Reshetnykova

Submitted for printing on 02.07.2025. Format 84 x 108/16. Typeface. Minion Pro

Conventional printed sheets 9,14. Physical printed sheets 10,87. Circulation 102 copies. Order no. 7713

Publisher PH "Akademperiodyka" of the NAS of Ukraine
4 Tereschenkivska Str., Kyiv 01024, Ukraine

Certificate of entry to the State Register of Publishing Agents
series [IK No. 544 of 27.07.2001



https://doi.org/10.15407/ukrbotj82.03.189
SHORT COMMUNICATION

Atypical cristae in bundle sheath mitochondria in leaves of

Atriplex tatarica (Chenopodiaceae s. str. | Amaranthaceae s. 1.)

Olha FEDIUK ‘2*, Ninel BILYAVSKA =, Yuri AKIMOY, Olena ZOLOTAREVA
M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine,
2 Tereshchenkivska Str., Kyiv 01601, Ukraine

* Author for correspondence: olgamuronivna@ukr.net

Abstract. Electron microscopic analysis of leaf ultrastructure patterns of Atriplex tatarica (Chenopodiaceae s. str. | Amaran-
thaceae s. 1.) revealed a prominent feature in mitochondria in bundle sheath cells (BSCs). Our studies of developing leaves of
A. tatarica collected in the Novobilychi neighborhood of Sviatoshyn District (Kyiv City, Ukraine) demonstrated that the in-
ternal mitochondrial structure in BS cells is significantly different from that in other cells. Many BSc mitochondria have two
types of cristae, normal and atypical ones. The atypical cristae represented with curved lamellae are oriented along the longi-
tudinal axis of a mitochondrion or at some angles to it. Such mitochondria appear to be widely distributed within the BS cells
in leaves of A. tatarica and are highly abundant (probably between 70 and 90%), but have not been observed in mitochondria
from cells of other chlorenchymal and epidermal tissues. These abnormal mitochondria can only be identified by the presen-
ce of atypical cristae; no other differences in their fine structure have been observed. In many cases, such mitochondria are
found in close proximity to chloroplasts. A functional connection between the architecture of atypical cristae and their phy-
siological function in BS cells is possible. The close proximity of these mitochondria to chloroplasts indicates that they may
play an important role in cellular energy or metabolite transport.

Keywords: Atriplex tatarica, bundle sheath cells, C, photosynthesis, cristae, mitochondria, ultrastructure

Atriplex L. is a plant genus with about 250 currently
recognized species belonging to the family Amaran-
thaceae s. 1., subfamily Chenopodioideae (often reco-
gnized as a separate family Chenopodiaceae s. str.)
(see Kadereit et al., 2010; Zerdoner Calasan et al.,
2022; POWO, 2025-onward). The genus is quite
diverse and widely distributed. It includes many
desert and seaside plant species, halophytes, and
often plants of anthropogenic plant communities.

Representatives of Amaranthaceae subfam. Cheno-
podioideae (Chenopodiaceae s. str.) are important
components of the flora and vegetation in arid and
saline regions; they also often occupy arable fields,
roadsides, wastelands, and other disturbed habitats
(Akhani et al., 1997; Kochédnkova, Manddk, 2008;
Serd et al., 2023).

Only a few clades of Atriplex are represented
by C, plants, but most species of the genus are C,
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plants (one of the largest C, clades in eudicots, ac-
cording to Zerdoner Calasan et al., 2022), with a
characteristic leaf anatomy known as Kranz anato-
my (Hatch, 1987). The C, pathway of photosyn-
thesis is thought to have played an important role
in the evolutionary success of the genus Atriplex, as
most successful of its species that now are distribu-
ted almost throughout the world use the C, metab-
olism (see Rudov et al., 2020; Zerdoner Calasan et
al., 2022, and references therein). A representative
of this family belonging to the C, type clade, Atri-
plex tatarica L., is considered a weedy plant that is
native throughout a wide area of Middle and West-
ern Central Asia, Asia Minor, southeastern Europe,
and North Africa (Akhani et al., 1997), as well as
Ukraine (Skripnik, 1987). Based on flow cytometry
data, the biochemical type of photosynthesis in A.
tatarica is classified as NAD-ME, resembling that
of the related NAD-ME species A. rosea L. (Pfundel
et al., 1996).

In contrast to many other groups of C, Cheno-
podiaceae, Atriplex exhibits a typical Kranz anato-
my, characterized by a layer of bundle sheath cells
(BSCs) surrounding each vascular bundle and ra-
dially arranged palisade cells, and relatively little
variation in C, leaf types (Kadereit et al., 2010). The
outer layer is comprised of mesophyll cells (MCs),
which are not differentiated into spongy and pali-
sade parenchyma. A distinguishing feature of MCs
and BSCs is their structural and functional het-
erogeneity. MCs are characterized by their dimin-
utive size, dispersed arrangement, and the presence
of grana in their chloroplasts. In contrast to BSCs,
MCs rarely contain starch. The BSCs are charac-
terized by their larger size, thickened cell walls,
and close proximity to leaf veins. The chloroplasts
within BSCs may lack grana and frequently con-
tain starch grains. The Rubisco enzyme is localized
within BSCs, and the typical Calvin cycle occurs.
Primary photosynthetic CO, fixation is performed
in the cytosol of the MC. The resulting C, acid is
then converted to either malate or aspartate, which
are transported to the BSCs where they are decar-
boxylated, releasing CO, in the vicinity of Rubisco.
The cooperative functioning of the two photosyn-
thetic cells, which are biochemically and ultrastruc-
turally distinct (Hatch, 1987), results in a multiple
elevation in substrate (CO,) concentrations around
the carboxylating enzyme Rubisco (Sage, 2004),
thereby minimizing photorespiration (von Caem-
merer, Furbank, 2003).

190

The C, cycle necessitates additional biochem-
ical steps, leading to higher energy consumption
as compared to C; photosynthesis. The fixation of
one CO, molecule requires 5 ATP and 2 NADPH
for C, plants, which drive the NAD-ME photosyn-
thetic subtype, whereas for the C, cycle this ener-
gy requirement is 3 ATP and 2 NADPH (Edwards,
Voznesenskaya, 2010; Walker et al., 2020). Howev-
er, available research on the mechanisms that regu-
late energy balance in these different subtypes of C,
plants is limited, and in particular the ultrastructur-
al features of mitochondria in MCs and BSCs have
received little attention. The aim of this study was to
examine the internal structure of mitochondria in
BSCs of A. tatarica leaves collected on the suburbs
of Kyiv.

Field experiments were carried out in June
2023 in the region of the western suburbs of Kyiv.
Seven plants were collected in the Novobilychi
neighborhood, Sviatoshyn District of Kyiv City
(50°28'37.0"N, 30°2129.0"E), between the railway
and the roadside (Fig. 1A); we then selected for
sampling three leaves from each plant (Fig. 1B).

For ultrastructural analysis of leaf mitochondria,
2 x 2 mm sections were cut from the middle zone of
the leaves (Fig. 1C). A pre-fixation of the material
was carried out at room temperature (18-22 °C) as
described earlier (Fediuk et al., 2017). After vacu-
um infiltration with 2.5% glutaraldehyde in 0.1 M
phosphate buffer (pH 7.2) for 8 h at 4 °C, the sam-
ples were buffer-washed (2 x 20 min) and postfixed
with 1% OsO, in 0.1 M cacodylate buffer, pH 7.2,
overnight at 4 °C. The prepared plant materials were
dehydrated in a graded ethanol series and infiltrat-
ed via acetone series. Then, samples were soaked
in epoxy resin mixtures and acetone, embedded in
Epon-araldite resin and transferred to a thermo-
stat for polymerization at 37 and 60 °C. Ultra-thin
sections were made with a LKB-V ultramicrotome
(LKB, Sweden), stained with Pb citrate, and exam-
ined in a JEM-1300 transmission electron micro-
scope (JEOL, Japan) with magnification of 50 000
or 100 000x. The images of 50 mitochondria were
analyzed as described earlier (Fediuk et al., 2018)
for each variant. Morphometric image analysis of
the mitochondria and determination of transverse
dimension of the grana were carried out using an
Image] computer program (NIH Image, USA).

In higher plants, mitochondria are usually spher-
ical, sausage-shaped, or linear, and their morpholo-
gy is highly variable (Logan, 2003). They are usually
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Fig. 1. Studied population of Atriplex tatarica. A: geographic
location of the studied population; B: a representative plant
of A. tatarica from that population; C: leaf blade with a
white mark indicating the material sampling place for
ultrastructural investigation (arrow)
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distributed in the cytoplasm (Stickens, Verbelen,
1996) with diameters ranging from 0.2 to 1.5 um
(Jaipargas et al., 2015).

In the BSCs of Atriplex tatarica leaves, a signifi-
cant proportion of the mitochondria appear elon-
gated; moreover, we found that they contain not
only normal cristae, but also atypical cristae, which
form specific structures that occupy a considerable
fraction of the volume of these organelles (Fig. 2A).
Atypical cristae are curved lamellae that are often
arranged parallel to each other along the longitudi-
nal axis of the mitochondrion. When viewed lon-
gitudinally, these structures appear as a series of
curved lamellae that are connected at some points.
The diameter of these structures has been measured
to be 10-15 nm, with lengths reaching 500-700
nm. The ultrastructure of these mitochondria con-
sists of interconnected sectors with widened elec-
tron-transparent zones resembling normal cristae,
and narrower sectors with electron-dense mem-
branes and an electron-opaque central layer (Fig.
2B). Typically, their terminal sectors are occluded;
numerous intramitochondrial granules are often
observed between them (Fig. 2C). The number
of elements in each structure varies considerably
(from a few to more than 10 per section), as does
their number in a mitochondrial section (1-3 per
organelle). Such mitochondria appear to be wide-
ly distributed within the BSCs of A. tatarica leaves
(Fig. 2A) and are highly abundant (probably be-
tween 70 and 90%), but have not been observed in
mitochondria from cells of other chlorenchymal
and epidermal tissues. The abnormal mitochondria
can only be identified by the presence of atypical
cristae; no other differences in their fine structure
are observed. In many cases, such mitochondria are
found in close proximity to chloroplasts (Fig. 2A).

Mitochondria represent the energy center of
eukaryotic cells and the main site of ATP synthe-
sis during aerobic respiration producing various
metabolites involved in programmed cell death,
oxidative stress, and other important cellular pro-
cesses (Tang, Zhu, 2023). Most of the ATP required
by the cell is produced by ATP synthases localized
on the inner membranes of mitochondria. These
membranes of a typical mitochondrion have nu-
merous deep folds or indentations called cristae
(singular: crista). In addition to their function in
energy transduction, the F F-ATP synthase su-
percomplexes play a structural role in determining
cristae morphology (Giraud et al., 2002; Paumard et
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al., 2002; Bornhovd et al., 2006; Davies et al., 2012).
This depends on their ability to form dimeric and
higher oligomeric supracomplexes. The use of elec-
tron microscopy and cryo-electron tomography
techniques has revealed the very precise organiza-
tion of these enzymes in eukaryotic species, from
yeasts to vertebrates (Strauss et al., 2008; Velours et
al., 2009; Davis et al., 2012; Anselmi et al., 2018).
ATP synthases have been shown to form dimers,
organized in ribbon-like rows of dimers, that in-
duce curvature along tubule and lamellar edge rows
extending over hundreds of nanometers. These
rows are observed only in cristae, particularly along
their sharply curved edges. Cristae are thought to
increase the membrane area available for oxidative
phosphorylation, and thus they play an important
role in optimizing ATP synthesis (Strauss et al.,
2008; Davis et al., 2012). When ATP synthase oli-
gomers disintegrate, the internal structure of mi-
tochondria is disrupted, the cristae decay, and ab-
normal intramembrane morphologies are observed
(Venkatraman et al., 2023). It has been shown that
the contents of dimeric F,F -ATPase in the mito-
chondria of human placenta correlates with the
atypical cristae morphology (Castillo et al., 2011).

In addition, the IF, inhibitory protein, which
suppresses ATP synthase activity, plays a critical
role in its oligomerization and, consequently, in the
structure of mitochondrial cristae (Campanella et
al., 2008). In vivo studies have shown that IF, ex-
pression in various mammalian cells promotes an
increase in the number of oligomeric aggregates
of ATP synthase. Conversely, its ablation reduces
the content of ATP synthase oligomers, leading to
changes in the structure of mitochondrial cristae
(Romero-Carramifana et al., 2023).

Thus, the critical role of ATP synthase oligomers
and its IF, subunit in maintaining the typical cristae
structure of yeast and mammalian mitochondria
has been established.

Unlike the mitochondria of these organisms, the
mechanisms of cristae formation and the factors
responsible for the atypical structures of plant mi-
tochondria, including C,-pathway mitochondria,
have been the focus of only limited research.

Mitochondria are well known to be directly or
indirectly involved in the C, pathway (Fan et al.,
2022), although it is important to note that their
role varies between different C, subtypes (Yin et al.,
2018). Changes in the mitochondrial dynamics and
cristae structure can be viewed as a mechanism by
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Fig. 2. Ultrastructure of mitochondria in BS cells of leaves of Atriplex tatarica. A: a group of mitochondria (longitudinal
section) located between a cell wall and a chloroplast, in which normal cristae and atypical cristae are distinctive;
B: a transverse section of mitochondria with curved atypical cristae; C: terminal sites of atypical cristae (arrow).
Abbreviations: AC — atypical cristae, C — normal cristae, Ch — chloroplast, CW — cell wall, M — mitochondria
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which the cell regulates mitochondrial function-
al efficiency and respiratory capacity (Baker et al,,
2019). The presence of specific cristae in BSC mi-
tochondria has previously been reported in two
Cleome s. . species with different forms of cristae
anatomy (Koteyeva et al., 2014), although the pres-
ent research seems to be the first to identify atypical
intramembrane structures that differ from normal
cristae in BS cells.

In conclusion, the mitochondrial population
in BSCs of A. tatarica leaves is not homogeneous;
many of the mitochondria have two types of cristae,
both normal and atypical ones. Atypical cristae are
represented by curved plates, which are often ar-
ranged parallel to each other in the central part of
such a structure and are connected in some places;
they are oriented along a longitudinal axis or at
some angles to it in these organelles. The mitochon-
dria have both similar features with analogues in
other species and significant differences from them,
such as the high frequency of occurrence, curved
contours and uneven formation of plates. The close
proximity of such mitochondria to chloroplasts
suggests that they may play an important role in the
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transport of metabolites. It is possible that there is a
morphological and functional connection between
the atypical cristae architecture and their physio-
logical function in BS cells. We believe that these
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ATHNOBi KPUCTU B MITOXOHAPifAX OOKIAANHOK CYAMHHNX IYYKiB B IMCTKAX
Atriplex tatarica (Chenopodiaceae s. str. | Amaranthaceaes. 1.)

O.M. OENIIOK, H.O. BUTABCBKA, 10.M. AKIMOB, O.K. 30JIOTAPbOBA
IncturyT 6oranikn iMm. M.T. Xonopunoro HAH Ykpainu,
By Tepemenkiscbka 2, Kuis 01601, Ykpaina

Pedepar. EneKTpOHHO-MIKpOCKOIIYHMII aHaMi3 YIbTPacTpyKTypu MUCTKIB Atriplex tatarica (Chenopodiaceae s. str. /
Amaranthaceae s. .) BUABMB XapaKTepHY 0COOMMBICTb MITOXOHAPIN y KIiTHHAX OOK/IaAMHKM CyAMHHOrO mydka (BS). Ho-
CTTifKeHHs ICTKIB A. tatarica, 1m0 po3BUBAOTHC, 3ibpannx y HoBob6innyax CestrommHcbKoro paiony micra Kuesa (Ykpa-
{Ha), ITOKa3a/IM, 0 BHYTPIlIHA CTPYKTypa MITOXOHApil y K1iTuHax BS 3HauHO BifpisHA€TbCA Bif iHmmx kiituH. Barato
MiTOXOHIpilt BS MatoTh iBa TV KpUCT (HOPMAJIbHI Ta aTUIIOBI). ATUIIOBI KPUCTH TIpeiCTaB/IeH] BUTHY TUMU ITACTYHKAMI,
OpIEHTOBAHVMI B3[OBX MO3A0BXHBOI OCi ab0 mix mesikuMu KyTamu fo Hel. Taki MiTOXOHZPII, SIK BUJAETHCSI, LIMPOKO PO3-
MOBCIOZKeHi B kaitTuHax BS mictkiB A. fatarica i € myxe noumpenumu (iMoBipHO, Bix 70 5o 90%), ane He 6y/nu BUSIB/IEH] B
MITOXOH/IpifAX KITUH {HIINX X/IOPeHXIMHUX Ta eMifiepMa/bHUX TKaHVH. AHOMa/IbHI MiTOXOHApIl MOXXHa ifeHTUdiKyBaTH
JIMIIe 32 HAABHICTIO aTUITOBUX KPUCT; HIIMX BiIMiHHOCTEl Y TOHKIII CTPYKTYpi He CIloCTepiraeTbcA. Y 6ararbox BMUITagKax
TaKi MITOXOHJPIi 3HAXOAATHCS B Ge3mocepeHiil 6IU3bKOCTI 0 XIOPOIUIacTiB. MOX/INBO, iCHYE 3B'130K MK apXiTeKTypoo
aTUIIOBMX KPMCT Ta iXHbOIO (isionorivHoo GyHKIi€0, BpaXoBYIOUM Te, IO KIITHHM BS MaloTh JofaTKOBi HOTpeby B eHepril
HOPiBHAHO 3 KITiTMHaMM Me30diny. Bmabke po3TalryBaHH:A MiTOXOH/PIil 10 XTOPOIIacTiB y KiiTnHax BS Bkasye Ha Te, 10
BOHJI MOXYTb BifjirpaBaTyi BOX/INBY POJIb Y TPAHCIIOPTI eHepril 60 MeTaboIiTiB.

Kmrouosi cmoBa: Atriplex tatarica, C, boTocuHTes, KTTMHN O6OTOHKY CYIMHHOTO TTy4YKa, KPUCTH, MiTOXOHApIi, yrbTpa-
CTPYKTypa
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Plant strategy to adapt to life in water: peculiarities
of root system organization in Sagittaria sagittifolia
and Alisma plantago-aquatica (Alismataceae)
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M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine,
2 Tereshchenkivska Str., Kyiv 01601, Ukraine

* Author for correspondence: galli.shevchenko@gmail.com

Abstract. The roots of aquatic plants are known to grow continuously in the low-oxygen environment, frequently encounte-
ring hypoxia, a common environmental stress that affects plant growth. Hypoxia disrupts normal physiological and metabolic
processes, making necessary to adapt and maintain productivity. Studies on Sagittaria sagittifolia and Alisma plantago-aqua-
tica (Alismataceae) have demonstrated that root aerenchyma formation is a crucial mechanism for mitigating the detrimental
effects of hypoxia in both species. Alisma plantago-aquatica develops the schizogenous root aerenchyma, whereas S. sagitti-
folia forms a lysigenous aerenchyma. The actin cytoskeleton plays a specific role in the formation of both aerenchyma types.
The differences in root aerenchyma development between S. sagittifolia and A. plantago-aquatica highlight their evolutionary
adaptation to distinct aquatic environments, reflecting both their phylogenetic divergence within the family Alismataceae and
high developmental plasticity.

Keywords: actin microfilaments, aerenchyma, Alismataceae, aquatic plants, lateral roots

Introduction

Since oxygen has low solubility in water (~9.1 mg/L
at 20 °C), flooded or waterlogged plants frequently
experience hypoxia. Hypoxia disrupts root meta-
bolism, leading to reduced nutrient uptake and ul-
timately affecting overall plant growth (Yamauchi,
2024). To cope with oxygen deficiency, plants have
evolved various adaptive responses that minimize

damage and maintain essential functions such as
nutrient and water uptake. Several strategies enable
plants to survive hypoxic conditions, including: (a)
the formation of adventitious roots near the water
surface, which facilitates oxygen uptake; (b) deve-
lopment of the root aerenchyma, where air-filled
spaces in the root cortex enhance internal oxygen
transport between the root and shoot, thereby redu-
cing reliance on soil oxygen (Takahashi et al., 2014).
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Fig. 1. General view of the fibrous root systems. A: Sagittaria
sagittifolia (image from Gao et al., 2016); B: Alisma plantago-
aquatica. Bar: 1 cm

In addition to morphological adaptations, plants
undergo key metabolic changes to resist hypoxia,
including a shift to anaerobic respiration, activa-
tion of ethylene signaling, and induction of antioxi-
dant defense mechanisms (Basit et al., 2024; Daniel,
Hartman, 2024). However, prolonged hypoxia can
still be detrimental if oxygen transport and alterna-
tive metabolic pathways are insufficient to sustain
cellular functions (Basit et al., 2024).

In this article, we discuss the strategies em-
ployed by two aquatic perennial plants, Alisma
plantago-aquatica L. and Sagittaria sagittifolia L.,
both members of the family Alismataceae (order
Alismatales, monocots, angiosperms), for growth
under identical environmental conditions. Alis-
ma plantago-aquatica is described as a monocen-
tric, short-rooted plant. Its annual acrosympodial
monocarpic shoots are positioned in the water-
air interface and typically consist of three to four
branching orders (Sandulescu et al., 2017). This
species is widely distributed across the North-
ern Hemisphere, including Europe, most of Asia,
northern and eastern Africa, and is also known as
introduced and partly naturalized in North Amer-
ica, Australia, and some other parts of the world
(Uotila, 2009-onward, in Euro+Med Plantbase:
http://ww2.bgbm.org/EuroPlusMed/PTaxonDetail.
asp?Nameld=35621&PTRefFk=7300000; POWO,
2025-onward:  https://powo.science kew.org/tax-
on/urn:lsid:ipni.org:names:30019518-2; Ukrainian
Biodiversity Information Network, UkrBIN, 2025-
onward: https://www.ukrbin.com). It has been also
assessed for the IUCN Red List of Threatened Spe-
cies and listed as Least Concern, which means that
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this species is not threatened at present (Lansdown,
Beentje, 2017).

Sagittaria sagittifolia is characterized by semi-
rosette monocarpic shoots (Bercu, 2017). It has a
broader ecological range, occurring from subarc-
tic to tropical environments (Uotila, 2009-onward;
POWO, 2025-onward; UkrBIN, 2025-onward, etc.).

Both species, S. sagittifolia and A. planta-
go-aquatica, inhabit standing and shallow waters
such as bays and riverbanks, where their roots usu-
ally remain continuously submerged. Molecular
phylogenetic analyses, particularly those based on
chloroplast genome sequencing, have confirmed
that S. sagittifolia and A. plantago-aquatica are
closely related within Alismataceae (Ito et al., 2020).
However, morphological and reproductive differen-
ces highlight the evolutionary divergence between
these genera (Nicolau et al., 2024). Sagittaria sagit-
tifolia typically possesses sagittate (arrow-shaped)
leaves, whereas A. plantago-aquatica has broadly
lanceolate leaves with entire margins. Additionally,
S. sagittifolia produces unisexual flowers, while A.
plantago-aquatica has bisexual flowers. Although
numerous studies describe the aboveground struc-
tures of A. plantago-aquatica and S. sagittifolia, in-
formation on their root morphology and anatomy
remains scarce, especially in the context of their
ecophysiology and ecological adaptation. Both
species are known to develop fibrous root systems
with aerenchymatous roots, which facilitate oxygen
transport in hypoxic environments.

In this study, we focus on the morphology of
roots of S. sagittifolia and A. plantago-aquatica, with
particular emphasis on aerenchyma formation and
the role of the cytoskeleton in this process. Under-
standing the structural and functional adaptations
of the root system under low-oxygen conditions
will contribute to a clearer understanding of the
mechanisms that enable plants to withstand envi-
ronmental stress.

Materials and Methods

Roots of the aquatic plants S. sagittifolia and A.
plantago-aquatica were collected from the coastal
zone of the Dnipro River in the urban-type settle-
ment of Koncha-Zaspa, Kyiv Region, south of Kyiv
City. Root apices (1 cm in length) were washed
with phosphate buffer (pH 6.9) and fixed in 3.7%
formaldehyde for one hour. The samples were then
embedded in alcohol-soluble wax and polymerized.
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Root system adaptation in aquatic plants

Longitudinal sections (10 pm thick) were obtained
using a MS-2 microtome. Sections were rehydrated
through a graded ethanol series (96%, 70%, and
50%), followed by staining of actin microfilaments
with phalloidin-FITC (6.6 puM, Sigma Co.). The
stained sections were mounted on slides in a glyce-
rol (80%) and phosphate buffer (20%) mixture and
analyzed using a Zeiss LSM 5 PASCAL confocal la-
ser scanning microscope equipped with standard
filters (BP 450-490, LP 520). Images were processed
using the LSM 5 PASCAL software and subsequen-
tly converted to the TIFF format with a resolution
of 300 pixels per inch.

Results and Discussion

Both plant species, A. plantago-aquatica and S. sagit-
tifolia, develop a fibrous root system (Fig. 1) characte-
rized by numerous thin, branching roots that extend
in various directions from the base of the plant stem,
rather than originating from a single main root.

The fibrous root system is a common feature
of monocotyledonous plants, including grasses
and many aquatic species. This system provides a
large surface area, facilitating efficient water and
nutrient uptake from the surrounding environ-
ment. Such an adaptation is particularly beneficial
in low-nutrient aquatic habitats, where maximiz-
ing nutrient absorption is essential for survival.
Fibrous roots exhibit rapid growth and an exten-
sive branching pattern, which enhances anchorage
and helps prevent displacement by water currents
or waves (Nibau et al., 2008). A distinctive fea-
ture of the root system of S. sagittifolia is the pres-
ence of specialized structures, including tubers
(starch-storage organs) and rhizomes (horizontal-
ly growing underground stems that produce new
shoots and roots).

In low-oxygen environments, some plants de-
velop adventitious roots above the water surface
to access oxygen directly from the air. These roots
typically originate from non-root tissues, such
as stems or leaves (Karlova et al., 2021). In both
S. sagittifolia and A. plantago-aquatica, the root
system facilitates the formation of adventitious
roots, which emerge as a new layer from the stem.

Formation of different aerenchyma types and
involvement of the cytoskeleton

To facilitate internal oxygen transport, A. planta-
go-aquatica and S. sagittifolia develop aerenchyma

— extensive intercellular spaces in the root cortex
that enhance oxygen transport from the root to the
shoot. However, the types of aerenchyma present in
these species have not been thoroughly characteri-
zed to date.

Our analysis of A. plantago-aquatica roots classi-
fies its aerenchyma as schizogenous, meaning that
the intracellular spaces are formed through the sep-
aration of cell files (Fig. 2A).

The first separation of cell files occurs already in
the meristem (Fig. 3A). The process of cell separa-
tion during root aerenchyma development is com-
mon to many species (Seago, Fernando, 2013). This
process begins with the dissolution of pectic sub-
stances in the middle lamella, the layer that binds
adjacent plant cells. The dissolution of these sub-
stances leads to the separation of cells and cell files,
thereby creating intracellular spaces. In many cases,
cells within the separated files undergo plasmolysis
and partial degradation, as they are deprived of nu-
tritional support from the root. Specific molecular
mechanisms regulate aerenchyma formation and
coordinate the extensive reorganization of cell walls
(Nakano, 2015).

The cytoskeleton, particularly actin filaments
(AFs), plays a role in the formation of schizogenous
aerenchyma. In normal meristematic cells, AFs
form a dense meshwork surrounding the nucleus
and vacuoles (Fig. 3A, B).

There is an increased vacuolization in cells from
the separating files. In these cells, AFs lose their
filamentous structure, and actin accumulates near
the cell walls (Fig. 3B). This observation probably
points to exocytosis, as it is known that in the cor-
tical cell region, AFs form a specific network to
facilitate the delivery and docking of Golgi vesicles
to the plasma membrane. These vesicles contain
polygalacturonases and pectinesterases, enzymes
that degrade the pectin components of the mid-
dle lamella, ultimately leading to cell separation
(Federici et al., 2006; Pelloux et al., 2007). Cells
within the separated files often collapse, as they
are deprived of intercellular connections due to
destruction of plasmodesmata and disruption of
symplastic growth.

In S. sagittifolia, the root aerenchyma is primarily
lysigenous (Schussler, Longstreth, 1996). The pres-
ence of inner spaces in the root cortex supports this
observation (Figs 2B; 3D). In the root cells of S. sag-
ittifolia involved in aerenchyma development, AFs
undergo gradual degradation, which coincides with
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Fig. 2. Apical part of a root of Alisma plantago-aquatica showing schizogenous aerenchyma (A) and that of Sagittaria
sagittifolia exhibiting lysigenous aerenchyma (B). AR — aerenchyma cavities. Staining with phalloidin-FITC. Bars: 50 pm

the general stages of cellular degradation (Fig. 3C,
D).

During the early stages of cell degradation, AFs
continue to perform the exocytosis function. In
the case of lysigenous aerenchyma, in addition to
pectinases degrading pectin in the middle lamella,
cell wall degradation is also facilitated by cellulases
and xyloglucan endotransglucosylases/hydrolases
(XTHs), which disrupt the cellulose and hemicellu-
lose structures (Luo et al., 2023).

In highly vacuolized or plasmolyzed cells, AFs
lose their filamentous structure and form thick
cables (Fig. 3D), while remnants of actin aggregate
near the cell walls (Fig. 3C). Thus, the actin cy-
toskeleton remains preserved in cells until the final
stages of their collapse and lysis.

In contrast to animal cells, there are some dis-
crepancies regarding the final stages of lysigenous
aerenchyma formation in plants. Traditionally,
this type of aerenchyma is characterized by cell ly-
sis, which results in the formation of extensive gas
spaces. The formation of lysigenous aerenchyma
in root cells involves several key physiological and
biochemical processes, including: induction of the
ethylene-mediated signaling cascade, accumulation
of reactive oxygen species (ROS), and degradation
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of the cell wall (Steffens et al., 2011). These process-
es ultimately lead to programmed cell death (PCD)
and the lysis of cortical cells (Evans, 2003; Yamauchi
etal., 2018a, 2018b).

The certain role in the formation of aerenchy-
ma is attributed to changes in the auxin transport
induced by hypoxia. There are reports about asso-
ciation of auxin accumulation and actin filament
disruption in hypoxic roots during the aerenchyma
formation process. This may occur due to affection
of PIN cycling (auxin efflux carriers) by disruption
of actin filaments during hypoxia. Auxin-induced
actin reorganization promotes cellular responses
needed for adaptation, such as cell wall loosening,
separation of cell files (in schizogenous aeren-
chyma), or programmed cell death (in lysigenous
aerenchyma) (Yamauchi et al., 2018b; 2020).

Programmed cell death is a highly regulated
process, and its major characteristics (depending
on the type of PCD and tissues) include chroma-
tin condensation, DNA fragmentation, vacuolar
rupture, tonoplast degradation, and cytoplasmic
collapse (Kawai, Uchimiya, 2000; Takahashi et al.,
2014). In the case of S. sagittifolia, we did not ob-
serve nuclear DNA fragmentation during aerenchy-
ma formation (Fig. 3C, D). Instead, the nuclei in the
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Fig. 3. Separation of cell files during the formation of schizogenous aerenchyma in the meristem. A, B: root of Alisma
plantago-aquatica; C, D: lysigenous aerenchyma in Sagittaria sagittifolia. AR — aerenchyma cavities, N — nucleus, snowflakes
(*) — accumulation of actin. Staining with phalloidin-FITC. Bars: 5 um (B), 10 um (A, D), 20 pm (C)

cells undergoing collapse appeared to be shrunk-
en (Fig. 3C). This observation does not contradict
the general hallmark features of PCD typically
observed in plant cells (Yamauchi et al., 2018b).
In our previous research on the semiaquatic plant
species Sium latifolium L. (Apiaceae/ Umbelliferae;
order Apiales, asterids, eudicots), we also observed

neither chromatin condensation nor nuclear frag-
mentation (Shevchenko et al., 2016), which disagree
with the common PCD characteristics. It should be
noted that some authors suggest that hypoxic plants
exhibit multiple forms of programmed cell death
beyond classical apoptosis markers, including auto-
phagy-like and necrosis-like mechanisms, which
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—
100 pm

Fig. 4. Initiation of lateral roots (LRs) in the apical meristem of Sagittaria sagittifolia. A: general view of the root apex; B: LR

formation in the meristem. Bars: 100 pm (A), 20 pm (B)

may act in parallel or during stress adaptation and
aerenchyma formation (Reape, McCabe, 2010; van
Doorn et al., 2011; Ye et al., 2021).

It is worth mentioning that despite the many
well-documented types of lysigenous aerenchy-
ma formation in various plant species, the mecha-
nisms of its development remain highly variable,
and there is still no established pattern for the final
PCD stages preceding the formation of inner root
spaces (van Doorn et al,, 2011). Additionally, there
are cases where not all PCD markers are identified,
but extensive cavities appear in the root cortex. In
these cases, the cells are not dead, but rather col-
lapsed, shrunken, or partially degraded. It was the
case with the already mentioned species Sium lati-
folium (Shevchenko et al., 2016), and a similar ob-
servation was made in Sagittaria latifolia, where no
dead cells were found in the roots, sparking a debate
on whether this type of aerenchyma should be clas-
sified as lysigenous (Schussler, Longstreth, 1996) or
as schizogenous, involving collapsed but not dead
cells (Longstreth, Borkhsenious, 2000). Cell collapse
often ends up in cell death or development of PCD.

Nevertheless, we can conclude that highly di-
verse processes accompany root aerenchyma
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formation in plants. This variety of mechanisms
allows plants to form aerenchyma in the most effi-
cient and rapid manner, depending on the oxygen
deficit in the environment. The causes for the differ-
ences in aerenchyma types remain unclear. Lysige-
nous aerenchyma appears to facilitate more efficient
oxygen transfer. In this regard, the connection be-
tween lysigenous aerenchyma and root parameters
is plausible, suggesting that this type of aerenchy-
ma may be more effective in oxygen exchange for
plants with thicker roots. Besides, S. sagittifolia has
a broader habitat amplitude as compared to that of
A. plantago-aquatica, thus implying its high plas-
ticity in adaptation. Overall, understanding the
mechanisms behind aerenchyma formation pro-
vides valuable insights into plant adaptations to
hypoxic environments and unveils strategies for im-
proving crop resilience to flooding.

Formation of lateral roots

It is considered well established that hypoxic condi-
tions in waterlogged soils and other substrates can
stimulate cell division in the pericycle, leading to
the formation of new lateral roots (LRs) (Du, Sche-
res, 2018). The formation of LRs is also considered
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a specific adaptation to the environment, as LRs ex-
pand the plant's ability to search for more favora-
ble conditions (Nibau et al., 2008). This adaptation
helps plants enhance oxygen uptake and maintain
nutrient acquisition (Motte, Beeckman, 2019). Ad-
ditionally, the development of aerenchyma in LRs
improves oxygen supply, and the altered root archi-
tecture enables plants to access better-aerated zones
(Yamauchi et al., 2018a). However, under extreme
hypoxia, reducing LR formation helps conserve
energy (Karlova et al., 2021).

In most plants, lateral roots originate from peri-
cycle cells above the meristem in the differentiation
zone (Dubrovsky, Laskowski, 2017). However, in
several taxa of angiosperms, lateral root formation
occurs in the apical part of the root meristem itself
(Dubrovsky, Laskowski, 2017; Du, Scheres, 2018).
In comparison with A. plantago-aquatica, where
LRs appear at the level of the proximal elongation
zone, S. sagittifolia is characterized by LR initiation
at the level of the meristem (Fig. 4).

To date, this type of LR initiation has been de-
scribed for some representatives from the families
of eudicots (Cucurbitaceae, Polygonaceae, Convol-
vulaceae), monocots (Pontederiaceae, Araceae, Bu-
tomaceae), and ferns (Pteridaceae). Some authors
associate the shift of the LR initiation zone from
the elongation zone to the meristem with the evo-
lution of monopodial branching (Motte, Beeckman,
2019). Although this type of LR initiation is found
in many aquatic plants, such as Pistia stratiotes L.
(Araceae), Pontederia crassipes Mart. (Eichhornia
crassipes (Mart.) Solms: family Pontederiaceae)
(Clowes, 1985), and Butomus umbellatus L. (Bu-
tomaceae) (Zhupanov, Brykov, 2014), it has also
been observed in terrestrial plants like Cucurbita
pepo L. (Cucurbitaceae) and Fagopyrum esculentum
Moench (Polygonaceae) (O’Dell, Foard, 1969; Zhu-
panov, Brykov, 2014), suggesting that this feature is
not specifically adaptive to waterlogging. Neverthe-
less, specifically for aquatic plants, it may serve as
an adaptive response by enabling faster anchoring
in shallow, fast-flowing water.
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Crpareris aganTanii pocIMH A0 KUTTA Y BOfi: 0COOMNBOCTI opraHisamii
KOpeHeBoi cucteMu Sagittaria sagittifolia Ta Alisma plantago-aquatica (Alismataceae)

10. OBYAPEHKO, I. IIEBYEHKO
IncturyT 6otaniku im. M.I. XonogHoro HAH VYkpaiuu,
By TepemenkiBcbka 2, Kuis 01601, Ykpaina

Pedepart. Kopeni Boguyx poc/iuH, sKi IOCTiIHO POCTYTh B YMOBaX HU3bKOTO BMICTY KICHIO, 3a3HAIOTD TillOKcii — momm-
PEHOTO eKOJIOriYHOTrO CTPecy, 10 BIUIMBAE Ha AKiCTb pocty. Iimokcis mopyurye HopmanbHi disionoriyni Ta Metabomivni
Hporecn y KITHHAX, 10 notpebye amanranil s 36epexxeHHs mpoaykruBHOCTI. Jlocmimkenns Sagittaria sagittifolia ta
Alisma plantago-aquatica Tokasamm, o GOpMyBaHH:A aepeHXiMM B KOPEHAX € K/II0YOBMM MeXaHi3MOM IpPOTWAIl BIUIMBY
TiNoKcii y npenctaBHUKIB poyau Alismataceae. Y xopeHax A. plantago-aquatica yTBOPIOETbCA CXM30T@HHA aepeHXiMa, TOfi
K v S. sagittifolia — nmisureHHa aepeHximMa. AKTMHOBUIT IMTOCKENET Biflirpa€ ponb y GopMyBaHHI 060X TUIIB aepeHXiMIL.
BigmiHHOCTI y pO3BUTKY KOpeHeBoI aepeHximu Mix S. sagittifolia Ta A. plantago-aquatica TiIKpecTIO0OTb IXHIO eBOMIOLIITHY
aJlalTalliio /IO Pi3HUX TUIIB BOJHOTO CepelOBNIIA, IO BifoOpakae AK (ioreHeTUYHY JUBEPTEHINI0 BCePENVHI POAVHY
Alismataceae, Tak i BUCOKY IIACTUYHICTb PO3BUTKY.

KmouoBi coBa: aepenxiMa, akTHHOBI dinaMeHTH, 6i4Hi KopeHi, BogHi pocvuy, Alismataceae
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Abstract. Various options for generic delimitation in Maleae (Rosaceae), specifically the taxa earlier included in Sorbus L. s. 1.,
are discussed. Following the positive decision of the General Committee regarding our recent proposal to conserve the name
Aria (Pers.) Host against the earlier names Chamaemespilus Medik. and Torminalis Medik., we conclude that for simplifica-
tion of the taxonomic schemes and nomenclature in the group of Sorbus and its relatives, an expanded circumscription of
Aria (including Chamaemespilus and Torminalis) is desirable; in particular, for preserving numerous names already available
in Aria, especially those used for better known species. The European taxa of Sorbus s. 1. accepted by Sennikov and Kurtto
(2017) and in Atlas Florae Europaeae mostly in hybridogenous genera Karpatiosorbus Sennikov & Kurtto (combining in their
genomes the subgenomes of the segregate genera Aria and Torminalis) and Majovskya Sennikov & Kurtto (with subgenomes
of Aria and Chamaemespilus) are here transferred to Aria s. 1. The names applied to hybridogenous genera Normeyera Sen-
nikov & Kurtto and Scandosorbus Sennikov (= Borkhausenia Sennikov & Kurtto, nom. illeg.) that supposedly emerged from
hybridization events combining Aria x Chamaemespilus x Sorbus and Aria x Sorbus x Torminalis, respectively, are here tre-
ated as synonyms of the hybridogenous generic name Hedlundia Sennikov & Kurtto (Aria s. 1. x Sorbus), and the taxa earlier
treated in Normeyera and Scandosorbus are here transferred to Hedlundia. In total, 104 new species-rank combinations are
validated: 91 in Aria and 13 in Hedlundia. Comments are provided on hybrids (but not for hybridogenous species) between
Aria and Sorbus, for which the nothogeneric name xArsorbus Su Liu & Z.H. Feng was recently proposed.

Keywords: Aria, Chamaemespilus, Hedlundia, Karpatiosorbus, Majovskya, nomenclature, Normeyera, Rosaceae, Scandosorbus,
Sorbus, taxonomy, Torminalis

Introduction specifically the taxa earlier included in Sorbus L. s. 1.

(sensu lato). We also propose here some nomencla-
In this article we briefly discuss various options for  tyra] actions aimed at simplification of the genus-
generic delimitation in the tribe Maleae (Rosaceae),  and species-level nomenclature, in particular, the
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Sorbus sensu lato: new nomenclatural solutions in Aria and Hedlundia

reduction of the number of genera and nothogene-
ra to a more rational and easier-to-handle number,
which, as we hope, will be more convenient to many
users of scientific names in this important group of
the European dendroflora.

The group of Sorbus s. L. is characterized not only
with extensive hybridization between species in dif-
ferent evolutionary lineages (clades) but also the es-
tablishment of many of these as stabilized apomic-
tic or sexually reproducing species. Thus, the group
is characterized by “exceptional diversity resulting
from the interplay of polyploidisation, hybridiza-
tion, and apomixis” (Hajrudinovi¢-Boguni¢ et al.,
2023; see also Vit et al., 2012; Hajrudinovi¢-Bo-
gunic¢ et al., 2015; Majesky et al., 2017; Levin et al.,
2018; Feulner et al., 2019; Lepsi et al., 2019; Velebil
et al., 2022, and references therein). Due to these
factors, sometimes morphologically quite different
stabilized “microspecies” (morphotypes and geno-
types) may emerge or evolve from different hy-
bridization events between the same species. Thus,
it is problematic or even sometimes impossible to
use the concept of nothospecies and nothogenera
to “microspecies” of that group because, according
to Art. H.4.1 of the International Code of Nomen-
clature for algae, fungi, and plants (ICN; Turland
et al., 2018, 2025; see additional references below),
“a nothotaxon is circumscribed so as to include all
individuals recognizably derived from the crossing
of representatives of the stated parent taxa (i.e. not
only the F1 but subsequent filial generations and
also back-crosses and combinations of these). There
can thus be only one correct name corresponding
to a particular hybrid formula; this is the earliest
legitimate name (Art. 6.5) at the appropriate rank
(Art. H.5), and other names corresponding to the
same hybrid formula are synonyms of it”.

In the present article we are dealing with hy-
bridogenous genera and hybridogenous species:
for distinctions between hybridogenous taxa and
nothotaxa, especially in Sorbus s. L., see comments
in Sennikov and Kurtto (2017) and Mosyakin and
McNeill (2023). In particular, we proposed to define
hybridogenous genera and species as follows: “For
the purposes of this Code, a hybridogenous genus is
a genus that is derived from and has evolved from
an intergeneric hybridization event or events and
that contains one or more hybridogenous species,
i.e. evolutionarily stabilized species that, although
of hybrid origin, are regularly treated similarly to
other species of non-hybrid origin® (Mosyakin,

McNeill, 2023: 462). However, our proposal to
amend Art. H.11.1 of the International Code of No-
menclature for algae, fungi, and plants was not ac-
cepted.

Generic delimitation in the group of Sorbus s. 1.

Both traditional morphological and, especially, new
molecular phylogenetic and genetic data (Mor-
gan et al,, 1994; Campbell et al.,, 1995, 2007; Evans,
Campbell, 2002; Potter et al., 2007; Li Q.-Y. et al,,
2012; Lo, Donoghue, 2012; Li M. et al., 2017; Levin
et al., 2018; Sun et al., 2018, 2024; Liu et al., 2019,
2020; Németh et al., 2020; Ulaszewski et al., 2021;
Hajrudinovi¢-Bogunic¢ et al., 2023; Andersen et al.,
2024; Wang et al., 2024, etc.) have much impro-
ved our understanding of the complex evolutiona-
ry patterns in the group and, among other results,
clearly demonstrated that the genus Sorbus in its
traditional rather wide circumscription (see Hed-
lund, 1901; Gabrielian, 1972, 1978; Kalkman, 2004;
Rich et al,, 2010, etc.) is a non-monophyletic group.
Consequently, various nomenclatural solutions re-
flecting this taxonomic pattern have been proposed
(see, e.g., Phipps et al., 1990; Robertson et al., 1991;
Ohashi, ITketa, 1993; Aldasoro et al., 1998; Lu, Ku,
2002; Mezhenskyj et al., 2012; Sennikov, 2014, 2018;
Lepsi et al., 2015; Fedoronchuk, 2017, 2022; Senni-
kov, Kurtto, 2017; Mezhenska et al., 2018; Kurtto et
al., 2018; Christenhusz et al., 2018; Rushforth, 2018,
2019a; Mosyakin et al., 2022; Fay, Rich, 2022a, and
references therein).

In our opinion (see Mosyakin et al., 2022), the
currently preferred approaches to the genus-lev-
el taxonomy and nomenclature of taxa of Europe-
an or western Eurasian Maleae (Rosaceae) earlier
placed in the genus Sorbus are either too compli-
cated, recognizing numerous segregate and hybri-
dogenous genera and nothogenera (see Sennikov,
Kurtto, 2017; Kurtto et al., 2018; see also new seg-
regate Asian genus-rank taxa: Rushforth, 2018) or
too simplistic, preferring a huge catch-all genus
Pyrus L. s. 1. (including Aria (Pers.) Host, Aronia
Medik., Chaenomeles Lindl., Chamaemeles Lindl.,
Chamaemespilus Medik., Cormus Spach, Cotoneas-
ter Medik., Cydonia Mill., Docynia Decne., Eriobot-
rya Lindl., Heteromeles M. Roem., Malus Mill., Mi-
cromeles Decne., Osteomeles Lindl., Photinia Lindl.,
Pourthiaea Decne., Pseudocydonia (C.K. Schneid.)
C.K. Schneid., Rhaphiolepis Lindl., Sorbus s. 1.,
Stranvaesia Lindl., etc.) (see the treatment by Fay
and Christenhusz in The Global Flora: Christenhusz
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et al., 2018). Since many taxa of Sorbus s. L. are pop-
ular ornamentals or minor fruit trees widely used
in horticulture, landscape design, and forestry, and
many geographically restricted species are of con-
servation concern (see Rivers et al., 2019), both
these extreme approaches are probably not conven-
ient for taxonomists, horticulturalists, conserva-
tionists, and other practitioners of the mentioned
applied fields; see further discussion in the article
by Fay and Rich (2022a), who, for the time being
and for pragmatic considerations, in their series of
articles (Fay, Rich, 2022b; Rich et al., 2022a, 2022b,
etc.) preferred to use the genus Sorbus in its tradi-
tional wide circumscription.

In contrast, Rushforth (2018, 2019a, 2019b,
2019¢) accepted a much finer generic subdivision
of the “Sorbus” group, with many additional genera
recognized, such as Sorbus s. str., Cormus, Aria, Cha-
maemespilus, Torminalis, Micromeles, Pleiosorbus Li
H. Zhou & C.Y. Wu (Zhou, Wu, 2000; see, howev-
er, Lu, Ku, 2002), five hybridogenous genera newly
proposed by Sennikov and Kurtto (2017, see below),
and five newly established genera, Alniaria Rush-
forth, Dunnaria Rushforth, Griffitharia Rushforth,
Thomsonaria Rushforth, and Wilsonaria Rushforth.

As a partial response to these concerns, in our re-
cent publication (Mosyakin et al., 2022) we proposed
to conserve the generic name Aria (Pers.) Host
against earlier names Chamaemespilus Medik. and
Torminalis Medik. The main nomenclatural reasons
for that proposal were summarized as follows: “If
this proposal is accepted, the name Aria will be the
correct name for a combined genus including Cha-
maemespilus and Torminalis, but it will not preclude
the use of the two latter generic names for those who
would prefer to keep them as separate genera dis-
tinct from Aria s. str. Also, if Aria s. L. is recognized,
only one generic name will be needed for the hybri-
dogenous genus resulting from hybridization of Aria
s. 1. and Sorbus s. str., while many other names of hy-
bridogenous genera and nothogenera will become
unnecessary” (Mosyakin et al., 2022: 481).

The Committee for Vascular Plants in its decision
(see Applequist, 2024: 293) succinctly but compre-
hensively commented that “Sorbus L. sensu lato is a
very complicated group, now known to be polyphyl-
etic. A variety of competing generic-level treatments
have been published. These include an ultra-lump-
ing treatment that is unlikely to gain acceptance
and the treatment of Sennikov & Kurtto (in Mem-
oranda Soc. Fauna Fl. Fenn. 93: 1-78. 2017), which,
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though thoughtful and well-informed, is considered
by Mosyakin & al. to be too complicated to be ac-
ceptable to the public. The treatment Mosyakin &
al. favor, following Sun & al. (in BioMed Res. Int.
2018: 7627191. 2018), would break Sorbus s. 1. into
two genera, the pinnate-leaved species (Sorbus) and
the simple-leaved species. The latter genus would
combine the segregate genera of Aria (Pers.) Host,
Chamaemespilus Medik., and Torminalis Medik”
The Committee found these arguments as “reason-
able grounds for conservation” and emphasized that
“The proposed action [conservation — SM] would
not impair the use of Sennikov & Kurtto’s treatment,
for those who favor it”

Accordingly, our proposal to conserve the name
Aria against two earlier names, Chamaemespilus,
and Torminalis, was recommended for acceptance
by the Committee for Vascular Plants (see Apple-
quist, 2024) and after that was accepted by the Gen-
eral Committee (see Wilson, 2024: 1082). Conse-
quently, the name Aria is now conserved against the
two earlier generic names.

This nomenclatural decision necessitates, in our
opinion, several nomenclatural adjustments aimed
at considerable simplification of the nomenclature
of many European and some western Asian taxa
earlier mainly placed in Sorbus sensu lato.

In nomenclatural actions we follow the Interna-
tional Code of Nomenclature for algae, fungi, and
plants. In addition to the currently available online
version, the Shenzhen Code (Turland et al., 2018),
and while the new Madrid Code (Turland et al.,
2025, in press) is still in preparation or in press, we
used the official publications in Taxon reflecting the
changes introduced by the XX International Botan-
ical Congress (Turland, Wiersema, 2024; Turland et
al., 2024; Turland, 2025) and the Madrid Code ver-
sion in Spanish translated and edited by Greuter et
al. (2025).

Results and Discussion

If we recognize two larger, more widely circum-
scribed genera, Sorbus for the pinnate-leaved spe-
cies and Aria (including Chamaemespilus and Tor-
minalis) for simple-leaved species, then we need
only one hybridogenous genus to house the hybri-
dogenous species and infrageneric taxa that have
emerged from hybridization events between Sorbus
and Aria, instead of the three hybridogenous gene-
ra proposed by Sennikov and Kurtto (2017; see also
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Kurtto et al., 2018), morphological distinctions of
which are mainly minor and rather unreliable (see
also the identification key in Rushforth, 2018).

Consequently, the genera Normeyera Sennikov &
Kurtto and Scandosorbus Sennikov (= Borkhausenia
Sennikov & Kurtto, nom. illeg.), members of which
supposedly emerged from hybridization events
combining Aria x Chamaemespilus x Sorbus and
Aria x Sorbus x Torminalis, respectively, should
be treated as synonyms of the hybridogenous ge-
neric name Hedlundia Sennikov & Kurtto (Aria
s. I. x Sorbus), and thus the taxa earlier treated in
Normeyera and Scandosorbus are here transferred
to Hedlundia, which we accept as a hybridogenous
genus, members of which resulted from hybridiza-
tion events between Aria s. 1. (incl. Chamaemespilus
and Torminalis) and Sorbus.

Moreover, under a wider circumscription of Aria
sensu lato (including Chamaemespilus and Tormi-
nalis), the genera Karpatiosorbus Sennikov & Kurt-
to (combining in their genomes the subgenomes
of the segregate genera Aria and Torminalis) and
Majovskya Sennikov & Kurtto (with subgenomes of
Aria and Chamaemespilus) are no longer necessary
and their taxa should be placed in Aria sensu lato.

In our opinion, our proposed nomenclatural
actions will considerably simplify the overly com-
plicated nomenclature of predominantly European
or western Eurasian taxa earlier placed in Sorbus
sensu lato. However, in our present publication we
do not consider the recently validated generic seg-
regates proposed for predominantly Asian taxa by
Rushforth (2018), Alniaria, Dunnaria, Griffitharia,
Thomsonaria, and Wilsonaria, because phylogenetic
relationships of these taxa still remain insufficiently
understood. Probably at least some of them in the
future will be merged with Aria or Micromeles.

Some special cases and comments

It should be noted that some taxa accepted by Sen-
nikov and Kurtto (2017) in Karpatiosorbus and Ma-
jovskya already have names available in Arig, as well
as some taxa which they placed in Normeyera and
Scandosorbus already have names available in Hed-
lundia.

As an example, we provide here an explanation
for the species recently accepted as Karpatiosorbus
xhybrida (Borkh.) Sennikov & Kurtto (see Sen-
nikov, Kurtto, 2017, and POWO, 2025-onward:
https://powo.science.kew.org/taxon/urn:lsid:ipni.
org:names:77164944-1).

Aria decipiens (Bechst.) M. Roem., Fam. Nat. Syn.
Monogr. Rosiflorae 3: 129. 1847 = Crataegus
hybrida Bechst., Diana (Waltershausen) 1: 81.
1797, nom. illeg., non L. 1761 = Azarolus hy-
brida Borkh., Theor. Prakt. Handb. Forstbot. 2:
1239. 1803 = Pyrus decipiens Bechst., Forstbot.
1: 236. 1810 = Sorbus decipiens (Bechst.) Petz. &
G. Kirchn., Arbor. Muscav.: 301. 1864 = Karpa-
tiosorbus xhybrida (Borkh.) Sennikov & Kurtto,
Memoranda Soc. Fauna Fl. Fenn. 93: 47. 2017.

The name Aria decipiens (Bechst.) Roem. was su-
perfluous (but not illegitimate) when published in
1847; however, it has the legitimate basionym, Pyrus
decipiens Bechst. (see above), and thus Art. 52.4 of
the ICN (Turland et al., 2018, 2025 (in press); see
also Greuter et al., 2025) is applicable here: “A name
that was nomenclaturally superfluous when pub-
lished is not illegitimate on account of its superfluity
if it has a basionym (which is necessarily legitimate;
see Art. 6.10)...”. Also, a new combination in Aria
based on Azarolus hybrida Borkh. would be illegiti-
mate because of the earlier homonym Aria hybrida
(L.) Beck (in FL. Nieder-Osterreich 2: 711. 1892).
Consequently, Aria decipiens (Bechst.) Roem. is the
correct name in Aria for this taxon.

Also, for the species recently accepted as Karpa-
tiosorbus latifolia (Lam.) Sennikov & Kurtto (see
Sennikov, Kurtto, 2017, and POWO, 2025-onward:
https://powo.science.kew.org/taxon/urn:Isid:ipni.
org:names:77164952-1), the combination Aria lati-
folia is available:

Aria latifolia (Lam.) M. Roem., Fam. Nat. Syn.
Monogr. 3: 128. 1847 = Crataegus latifolia Lam.,
Fl. Frang. 3: 486. 1779 = Sorbus latifolia (Lam.)
Pers., Syn. PL 2: 38. 1806 = Pyrus latifolia (Lam.)
R. Thomps., Hort. Soc. Lond., Cat. Fr.: 183. 1826
= Torminaria latifolia (Lam.) Dippel, Handb.
Laubholzk. 3: 388. 1893 = Sorbus aria subsp.
latifolia (Lam.) Rouy & E.G. Camus in Rouy &
J. Foucaud, Fl. France 7: 22. 1901 = Tormaria lat-
ifolia (Lam.) Mezhenskyj, Netradytsiyni plodo-
vi kultury: 28. 2012, pro hybr. = Karpatiosorbus
latifolia (Lam.) Sennikov & Kurtto, Memoranda
Soc. Fauna Fl. Fenn. 93: 47. 2017.

The recently accepted name Karpatiosorbus par-
viloba has been already transferred to Aria by Sen-
nikov and Kurtto (in Rich et al., 2018):

Aria parviloba (T.C.G. Rich) Sennikov & Kurtto,

Edinburgh J. Bot. 76: 178. 2018 (vol. of 2019) =

Sorbus parviloba T.C.G. Rich, Watsonia 27: 306.
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2009 = Karpatiosorbus parviloba (T.C.G. Rich)
Sennikov & Kurtto, Memoranda Soc. Fau-
na Fl. Fenn. 93: 49. 2017 = Pyrus parviloba
(T.C.G. Rich) M.E. Fay & Christenh., Global Fl.
4:115.2018.

It has been recently demonstrated (Németh
et al, 2020) that the taxa known as Sorbus lil-
jeforsii T.C.G. Rich (also Scandosorbus lilje-
forsii (T.C.G. Rich) Sennikov or Pyrus liljeforsii
(T.C.G. Rich) M.E. Fay & Christenh.), Sorbus semi-
pinnata Borbas (also Hedlundia semipinnata (Bor-
béas) Sennikov & Kurtto, Sorbus dacica Borbas,
nom. superfl; see Somlyaly, Sennikov, 2016), Sorbus
paxiana Jav. (also Karpatiosorbus paxiana (Jav.)
Sennikov & Kurtto or Pyrus paxiana (Jav.) M.E. Fay
& Christenh.), Sorbus tauricola Zaik. ex Sennikov
(also Aria tauricola (Zaik. ex Sennikov) Fedor., Kar-
patiosorbus tauricola (Zaik. ex Sennikov) Sennikov
& Kurtto, or Pyrus tauricola (Zaik. ex Sennikov)
M.E Fay & Christenh.) originated from triparen-
tal hybridization events involving taxa from S. aria
agg., S. aucuparia, and S. torminalis. In our scheme
treating Aria in a wide sense, these taxa should be
placed in Hedlundia. Consequently, Hedlundia
semipinnata is the correct name for the taxon earli-
er known as Sorbus semipinnata or “Sorbus dacica”.
For other species, we provide below the new combi-
nations in Hedlundia.

We also added here new combinations in Aria
for some geographically restricted taxa recently
described by German botanists in Sorbus (Meyer,
Meierott, 2021). One of those new species already
has a combination available in Hedlundia, H. lip-
pertiana (N. Mey. & Meierott) N. Mey. (Sorbus lip-
pertiana N. Mey. & Meierott) (Hassler, Muer, 2024).

One species recently described from Slovakia as
Sorbus petraea Velebil, M. Lepsi & P. Lepsi (Velebil
et al., 2022) is transferred below to Aria. According
to the authors (Velebil et al., 2022: 323), “The most
similar species to Sorbus petraea in the area studied
are S. collina and S. danubialis”, the taxa now recog-
nized as Aria collina (M. Lepsi, P. Lepsi & N. Mey.)
Sennikov & Kurtto (2017: 23) and A. danubialis
(Jav.) Sennikov & Kurtto (2027: 21), respectively.

We omitted here some still taxonomically un-
placed and/or invalidly published names, for exam-
ple, “Sorbus carniolica” Karpati, nom. inval. (“Pyrus
carniolica” (Karpati) M.E. Fay & Christenh., nom.
inval.), “Sorbus istriaca” Karpati, nom. inval. (“P
istriaca” (Karpati) M.E Fay & Christenh., nom. in-
val.), etc.
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Some better known or widespread species already
have names available in their proper genera, e.g. Aria
sudetica (Tausch) Beck (= Pyrus sudetica Tausch,
xChamaearia sudetica (Tausch) Mezhenskyj, pro
hybr., Majovskya sudetica (Tausch) Sennikov & Kurt-
to, Sorbus sudetica (Tausch) Bluff, Nees & Schauer,
etc.) and Hedlundia hybrida (L.) Sennikov & Kurtto
(= Crataegus hybrida L., Sorbus hybrida (L.) L., Pyrus
hybrida (L.) Sm., Aria hybrida (L.) Beck, xAriosorbus
hybrida (L.) Mezhenskyj, pro hybr, etc.).

Validation of new combinations for European taxa

The nomenclatural combinations needed for Eu-
ropean taxa under a wider circumscription of Aria
(including Chamaemespilus and Torminalis) are
provided below.

The species concept for species-rank taxa listed
here mainly follows the treatments of Sorbus s. L. by
Sennikov and Kurtto (2017; updated in Sennikov,
2018) and in Volume 17 of the Atlas Florae Euro-
paeae (Kurtto et al., 2018), with some additions or
minor modifications. Additional information, full
synonymy, and citations of types are available from
the article by Sennikov and Kurtto (2017) and other
cited sources, and are not repeated here.

ARIA (Pers.) Host, Fl. Austriaca 2: 7. 1831, nom. cons.

= Sorbus subgen. Aria Pers., Syn. Pl. 2: 38. 1806 =
Pyrus sect. Aria (Pers.) DC., Prodr. 2: 635. 1825
= Sorbus sect. Aria (Pers.) Dumort., FL. Belg.: 93.
1827.

= Chamaemespilus Medik., Philos. Bot. 1: 138. 1789,
nom. rej.

= Torminalis Medik., Philos. Bot. 1: 134. 1789, nom.
rej. = Hahnia Medik., Gesch. Bot.: 81. 1793, nom.
superfl.

= Torminaria (DC.) Opiz, Oekon. Neuigk. Verh. 58:
522. 1839 = Pyrus sect. Torminaria DC., Prodr. 2:
636. 1825.

= Karpatiosorbus Sennikov & Kurtto, Memoranda
Soc. Fauna Fl. Fenn. 93: 46. 2017.

= Majovskya Sennikov & Kurtto, Memoranda Soc.
Fauna Fl. Fenn. 93: 63. 2017.

Aria acutiserrata (C. Németh) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus acutiserrata
C. Németh, Kitaibelia 14: 90. 2009, as ‘acutiser-
ratus’ = Karpatiosorbus acutiserrata (C. Németh)
Sennikov & Kurtto, Memoranda Soc. Fauna Fl.
Fenn. 93: 61. 2017 = Pyrus vertesica M.E. Fay &
Christenh., Global Fl. 4: 125. 2018 (non Pyrus
acutiserrata Gladkova, Novosti Sist. Vyssh. Rast.
24: 104. 1987).
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Aria adamii (Karpati) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus adamii Karpati, Hung. Acta
Biol. 1: 112. 1949, as ‘adami’ = Karpatiosorbus adamii
(Karpati) Sennikov & Kurtto Memoranda Soc. Fau-
na FL Fenn. 93: 57. 2017 = Pyrus adamii (Karpati)
M.E Fay & Christenh., Global Fl. 4: 94. 2018.

Aria adeana (N. Mey.) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus adeana N. Mey., Ber. Bay-
er. Bot. Ges. Sonderband (Beitr. Sorbus Bayern):
139. 2005 = Karpatiosorbus adeana (N. Mey.)
Sennikov & Kurtto, Memoranda Soc. Fauna FL
Fenn. 93: 52. 2017 = Pyrus adeana (N. Mey.)
M.E. Fay & Christenh., Global F1. 4: 94. 2018.

Aria admonitor (M. Proctor) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus admonitor M. Proc-
tor, Watsonia 27: 207. 2009 = Karpatiosorbus ad-
monitor (M. Proctor) Sennikov & Kurtto, Mem-
oranda Soc. Fauna Fl. Fenn. 93: 48. 2017 = Pyrus
admonitor (M. Proctor) M.E. Fay & Christenh.,
Global FI. 4: 94. 2018.

Aria albensis (M. Lep$i, Boublik, P. Lepsi & Vit)
Mosyakin, Fedor. & McNeill, comb. nov. = Sorbus
albensis M. Lepsi, Boublik, P. Lepsi & Vit, Preslia
81: 76. 2009 = Karpatiosorbus albensis (M. Lep-
$i, Boublik, P. Lepsi & Vit) Sennikov & Kurtto,
Memoranda Soc. Fauna Fl. Fenn. 93: 51. 2017 =
Pyrus albensis (M. Lep$i, Boublik, P. Lepsi & Vit)
M.E Fay & Christenh., Global Fl. 4: 94. 2018.

Aria alnifrons (Kovanda) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus alnifrons Kovanda, Verh.
Zool.-Bot. Ges. Osterreich 133: 356. 1996 =
Karpatiosorbus alnifrons (Kovanda) Sennikov
& Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93:
50. 2017 = Pyrus alnifrons (Kovanda) M.F. Fay &
Christenh., Global FL. 4: 95. 2018.

Aria amici-petri (Mikolas) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus amici-petri
Mikolas, Thaiszia 13: 128. 2004 (vol. of “2003”)
= Karpatiosorbus amici-petri (Mikolas) Sennikov
& Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93:
54. 2017 = Pyrus amici-petri (Mikolas) M.E Fay
& Christenh., Global FI. 4: 95. 2018.

Aria andreanszkyana (Karpati) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus andreanszkya-
na Karpati, Agrartud. Egyet. Kert- Szologaz-
daségtud. Kardnak Evk. 1(14): 34. 1950 = Karpa-
tiosorbus andreanszkyana (Karpati) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 58.
2017 = Pyrus andreanszkyana (Karpati) M.E Fay
& Christenh., Global FI. 4: 95. 2018.

Aria badensis (Diill) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus badensis Diill, Ber. Bayer.
Bot. Ges. Sonderband (Beitr. Sorbus Bayern): 131.
2005 = Karpatiosorbus badensis (Diill) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 54.
2017 = Pyrus aurelia-aquensis M.E. Fay & Chris-
tenh., Global FL. 4: 96. 2018 (non Pyrus badensis
hort. ex K. Koch, Dendrologie 1: 192. 1869).

Aria bakonyensis (Jav.) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus franconica f.
bakonyensis Jav., Magyar Bot. Lapok 25: 87. 1927
(dated as “1926”) = Sorbus bakonyensis (Jav.) Jav.,
Kertészeti Lapok 32: 284. 1928 = Karpatiosorbus
bakonyensis (Jav.) Sennikov & Kurtto, Memo-
randa Soc. Fauna Fl. Fenn. 93: 59. 2017 = Pyrus
bakonyensis (Jav.) M.E Fay & Christenh., Global
Fl. 4: 96. 2018.

Aria balatonica (Karpati) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus balatonica Karpati, Hung.
Acta Biol. 1: 121. 1949 = Karpatiosorbus balatoni-
ca (Karpati) Sennikov & Kurtto, Memoranda Soc.
Fauna Fl. Fenn. 93: 60. 2017 = Pyrus balatonica
(Karpati) M.E Fay & Christenh., Global Fl. 4: 96.
2018.

Aria barabitsii (C. Németh) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus barabitsii C. Né-
meth, Acta Bot. Hung. 54: 138. 2012 = Karpatio-
sorbus barabitsii (C. Németh) Sennikov & Kurtto,
Memoranda Soc. Fauna Fl. Fenn. 93: 60. 2017 =
Pyrus barabitsii (C. Németh) M.E. Fay & Chris-
tenh., Global Fl. 4: 98. 2018.

Aria barrandienica (Vit, M. Lepsi & P. Lepsi) Mo-
syakin, Fedor. & McNeill, comb. nov. = Sorbus
barrandienica Vit, M. Leps$i & P. Lepsi, Preslia
84: 82. 2012 = Karpatiosorbus barrandienica (Vit,
M. Lepsi & P. Lepsi) Sennikov & Kurtto, Memo-
randa Soc. Fauna Fl. Fenn. 93: 52. 2017 = Pyrus
barrandienica (Vit, M. Lepsi & P. Lepsi) M.E. Fay
& Christenh., Global Fl. 4: 98. 2018.

Aria barthae (Karpati) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus barthae Karpa-
ti, Agrartud. Egyet. Kert- Szologazdasagtud.
Kardnak Evk. 1(14): 37. 1950 = Karpatiosorbus
barthae (Karpati) Sennikov & Kurtto, Memo-
randa Soc. Fauna Fl. Fenn. 93: 60. 2017 = Pyrus
barthae (Karpati) M.E. Fay & Christenh., Global
FL 4: 98. 2018.

Aria bodajkensis (Barabits) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus bodajkensis Barabits,
Tilia 13: 19. 2007 = Karpatiosorbus bodajkensis
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(Barabits) Sennikov & Kurtto, Memoranda Soc.
Fauna FL Fenn. 93: 59. 2017 = Pyrus bodajkensis
(Barabits) M.E. Fay & Christenh., Global Fl. 4: 98.
2018.

Aria bohemica (Kovanda) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus bohemica Kovan-
da, Acta Univ. Carol., Biol. 1961(1): 77. 1961 =
Karpatiosorbus bohemica (Kovanda) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 51.
2017 = Pyrus bohemica (Kovanda) M.E Fay &
Christenh., Global FI. 4: 98. 2018.

Aria borosiana (Karpati) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus borosiana Karpa-
ti, Agrartud. Egyet. Kert- Szologazdasagtud.
Karanak Kozlem. 12: 144. 1948 = Karpatiosorbus
borosiana (Karpati) Sennikov & Kurtto, Memo-
randa Soc. Fauna Fl. Fenn. 93: 57. 2017 = Pyrus
borosiana (Karpati) M.E. Fay & Christenh., Glob-
al FI. 4: 98.2018.

Aria bristoliensis (Wilmott) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus bristoliensis Wil-
mott, Proc. Linn. Soc. Lond. 146: 76. 1934 = Kar-
patiosorbus bristoliensis (Wilmott) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 48.
2017 = Pyrus bristoliensis (Wilmott) M.E Fay &
Christenh., Global Fl. 4: 99. 2018.

Aria carolipolitana (N. Mey. & Meierott) Mosyakin,
Fedor. & McNeill, comb. nov. = Sorbus caroli-
politana N. Mey. & Meierott, Ber. Bayer. Bot.
Ges. 91: 61. 2021 = Karpatiosorbus carolipo-
litana (N. Mey. & Meierott) N. Mey. in M. Has-
sler & T. Muer, Fl. German. 3: 644. 2024.

Aria cochleariformis (Meierott) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus cochleariformis
Meierott, Ber. Bayer. Bot. Ges. Sonderband (Be-
itr. Sorbus Bayern): 176. 2005 = Karpatiosorbus
cochleariformis (Meierott) Sennikov & Kurtto,
Memoranda Soc. Fauna Fl. Fenn. 93: 53. 2017
= Pyrus cochleariformis (Meierott) M.E. Fay &
Christenh., Global FL. 4: 100. 2018.

Aria concavifolia (C. Németh) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus concavifolia
C. Németh, Stud. Bot. Hung. 47: 299. 2016 = Kar-
patiosorbus concavifolia (C. Németh) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 58.
2017 = Pyrus concavifolia (C. Németh) M.E. Fay
& Christenh., Global FI. 4: 100. 2018.

Aria cordigastensis (N. Mey.) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus cordigastensis
N. Mey.,, Ber. Bayer. Bot. Ges. Sonderband (Beitr.
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Sorbus Bayern): 143. 2005 = Karpatiosorbus cor-
digastensis (N. Mey.) Sennikov & Kurtto, Memo-
randa Soc. Fauna Fl. Fenn. 93: 52. 2017 = Pyrus
cordigastensis (N. Mey.) M.E. Fay & Christenh.,
Global Fl. 4: 101. 2018.

Aria croceocarpa (P.D. Sell) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus croceocarpa PD. Sell,
Watsonia 17: 392. 1989 = Karpatiosorbus croceo-
carpa (PD. Sell) Sennikov & Kurtto, Memoranda
Soc. Fauna Fl. Fenn. 93: 50. 2017 = Pyrus croceo-
carpa (PD. Sell) M.E Fay & Christenh., Global Fl.
4:101. 2018.

Aria decipientiformis (Karpati) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus decipientifor-
mis Karpati, Agrartud. Egyet. Kert- Szologaz-
daségtud. Kardnak Evk. 1(14): 36. 1950 = Karpa-
tiosorbus decipientiformis (Karpati) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 57.
2017 = Pyrus decipientiformis (Karpati) M.E. Fay
& Christenh., Global FI. 4: 101. 2018.

Aria degenii (Jav.) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus degenii Jav., Magyar Bot.
Lapok 25: 85. 1926 publ. 1927 = Karpatiosorbus
degenii (Jav.) Sennikov & Kurtto, Memoranda Soc.
Fauna FL. Fenn. 93: 58. 2017 = Pyrus degenii (Jav.)
M.E. Fay & Christenh., Global Fl. 4: 101. 2018.

Aria devoniensis (E.E Warb.) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus devonien-
sis E.F. Warb., Watsonia 4: 46. 1957 = Karpa-
tiosorbus devoniensis (E.F. Warb.) Sennikov &
Kurtto, Memoranda Soc. Fauna FIL. Fenn. 93: 48.
2017 = Pyrus devoniensis (E.F. Warb.) M.E. Fay &
Christenh., Global FI. 4: 102. 2018

Aria dolomiticola (Mikolas) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus dolomiticola
Mikolds, Thaiszia 6: 2. 1997 (vol. of “1996”) =
Karpatiosorbus dolomiticola (Mikolas) Sennikov
& Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93:
56. 2017 = Pyrus dolomiticola (Mikolas) M.E. Fay
& Christenh., Global Fl. 4: 102. 2018.

Aria dominii (Karpati) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus dominii Karpa-
ti, Acta Bot. Hung. 52(3-4): 383. 2010 [“Sorbus
dominii” Karpati, Bot. Kozlem. 52: 140. 1966,
nom. inval.] = Karpatiosorbus dominii (Karpa-
ti) Sennikov & Kurtto, Memoranda Soc. Fauna
FL. Fenn. 93: 56. 2017 = Pyrus dominii (Karpati)
M.FE. Fay & Christenh., Global Fl. 4: 102. 2018,
nom. inval. [the cited “basionym” of 1966 was
not validly published, see above].
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Aria dracofolia (C. Németh) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus dracofolia C. Né-
meth, Kitaibelia 14: 93. 2009, as ‘dracofolius’ =
Karpatiosorbus dracofolia (C. Németh) Sennikov
& Kurtto, Memoranda Soc. Fauna Fl. Fenn.
93: 62. 2017. = Pyrus dracofolia (C. Németh)
M.E Fay & Christenh., Global Fl. 4: 102. 2018.

Aria dubronensis (N. Mey., Feulner & T.C.G. Rich)
Mosyakin, Fedor. & McNeill, comb. nov. = Sorbus
dubronensis N. Mey., Feulner & T.C.G. Rich, Ber.
Bayer. Bot. Ges. 90: 94. 2020.

Aria eugenii-kelleri (Karpati) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus eugenii-kelleri
Karpati, Hung. Acta Biol. 1: 113. 1949 = Karpa-
tiosorbus eugenii-kelleri (Karpati) Sennikov &
Kurtto, Memoranda Soc. Fauna FL. Fenn. 93: 60.
2017 = Pyrus eugenii-kelleri (Karpati) M.F. Fay &
Christenh., Global Fl. 4: 103. 2018.

Aria eximia (Kovanda) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus eximia Kovanda,
Preslia 56: 170. 1984 = Karpatiosorbus eximia
(Kovanda) Sennikov & Kurtto, Memoranda
Soc. Fauna FL Fenn. 93: 51. 2017 = Pyrus eximia
(Kovanda) M.E Fay & Christenh., Global Fl. 4:
103. 2018.

Aria eystettensis (N. Mey.) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus eystettensis N. Mey., Ber.
Bayer. Bot. Ges. Sonderband (Beitr. Sorbus Bay-
ern): 165. 2005 = Karpatiosorbus eystettensis
(N. Mey.) Sennikov & Kurtto, Memoranda Soc.
Fauna Fl. Fenn. 93: 53. 2017 = Pyrus eystettensis
(N. Mey.) M.E Fay & Christenh., Global FlL 4:
103. 2018.

Aria fischeri (N. Mey.) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus fischeri N. Mey., Ber. Bay-
er. Bot. Ges. Sonderband (Beitr. Sorbus Bayern):
172. 2005 = Karpatiosorbus fischeri (N. Mey.)
Sennikov & Kurtto, Memoranda Soc. Fauna FL
Fenn. 93: 54. 2017 = Pyrus fischeri (N. Mey.)
M.E Fay & Christenh., Global Fl. 4: 103. 2018.

Aria franconica (Bornm.) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus franconica Bornm., Beih.
Bot. Centralbl. 36(2): 186. 1918 = Karpatiosorbus
franconica (Bornm.) Sennikov & Kurtto, Memo-
randa Soc. Fauna Fl. Fenn. 93: 52. 2017 = Pyrus
franconica (Bornm.) M.E Fay & Christenh.,,
Global Fl. 4: 104. 2018.

Aria futakiana (Karpati) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus futakiana Karpati, Fl. Slov-
enska IV/3: 441. 1992 = Karpatiosorbus futakiana

(Karpati) Sennikov & Kurtto, Memoranda Soc.
Fauna FL. Fenn. 93: 56. 2017 = Pyrus futakiana
(Karpati) M.E. Fay & Christenh., Global Fl. 4:
104. 2018.

Aria gayeriana (Karpati) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus gayeriana Karpa-
ti, Agrartud. Egyet. Kert- Szologazdasagtud.
Karénak Evk. 1(14): 35. 1950 = Karpatiosorbus
gayeriana (Karpati) Sennikov & Kurtto, Memo-
randa Soc. Fauna Fl. Fenn. 93: 58. 2017 = Pyrus
gayeriana (Karpati) M.E Fay & Christenh., Glob-
al Fl. 4: 105. 2018.

Aria gemella (Kovanda) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus gemella Kovanda, Verh. Zo-
ol.-Bot. Ges. Osterreich 133: 329. 1996 = Karpa-
tiosorbus gemella (Kovanda) Sennikov & Kurtto,
Memoranda Soc. Fauna Fl. Fenn. 93: 50. 2017 =
Pyrus gemella (Kovanda) M.E Fay & Christenh.,
Global Fl. 4: 105. 2018.

Aria gerecseensis (Boros & Karpati) Mosyakin, Fe-
dor. & McNeill, comb. nov. = Sorbus gerecseensis
Boros & Karpati, Hung. Acta Biol. 1: 107. 1949 =
Karpatiosorbus gerecseensis (Boros & Karpati) Sen-
nikov & Kurtto, Memoranda Soc. Fauna Fl. Fenn.
93: 60. 2017 = Pyrus gerecseensis (Boros & Karpati)
M.E. Fay & Christenh., Global Fl. 4: 105. 2018.

Aria griseotormaria (N. Mey. & Meierott) Mosyakin,
Fedor. & McNeill, comb. nov. = Sorbus griseotor-
maria N. Mey. & Meierott, Ber. Bayer. Bot. Ges.
91: 69. 2021. = Karpatiosorbus griseotormaria
(N. Mey. & Meierott) N. Mey. in M. Hassler &
T. Muer, Fl. German. 3: 646. 2024.

Aria haesitans (Meierott) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus haesitans Meierott,
Ber. Bayer. Bot. Ges. Sonderband (Beitr. Sorbus
Bayern): 180. 2005 = Karpatiosorbus haesitans
(Meierott) Sennikov & Kurtto, Memoranda Soc.
Fauna Fl. Fenn. 93: 52. 2017 = Pyrus haesitans
(Meierott) M.E. Fay & Christenh., Global Fl. 4:
106. 2018.

Aria haljamovae (Bernatova & Majovsky) Mo-
syakin, Fedor. & McNeill, comb. nov. = Sorbus
haljamovae Bernatova & Madjovsky, Biologia
(Bratislava) 58: 784. 2003; Sennikov & Kurtto,
Memoranda Soc. Fauna Fl. Fenn. 93: 64. 2017
= Majovskya haljamovae (Bernatova & Ma-
jovsky) Sennikov & Kurtto, Memoranda Soc.
Fauna Fl. Fenn. 93: 64. 2017 = Pyrus haljamovae
(Bernatova & Majovsky) M.E. Fay & Christenh.,
Global Fl. 4: 106. 2018.
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Aria herbipolitana (Meierott) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus herbipolitana Mei-
erott, Ber. Bayer. Bot. Ges. Sonderband (Beitr.
Sorbus Bayern): 183. 2005 = Karpatiosorbus her-
bipolitana (Meierott) Sennikov & Kurtto, Memo-
randa Soc. Fauna Fl. Fenn. 93: 53. 2017 = Pyrus
herbipolitana (Meierott) M.E. Fay & Christenh.,
Global Fl. 4: 106. 2018.

Aria holubyana (Karpati) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus holubyana Karpati,
Bot. Kozlem. 52: 137. 1966 = Karpatiosorbus hol-
ubyana (Karpati) Sennikov & Kurtto, Memoran-
da Soc. Fauna Fl. Fenn. 93: 55. 2017 = Pyrus hol-
ubyana (Karpati) M.E Fay & Christenh., Global
Fl. 4: 107. 2018.

Aria hoppeana (N. Mey.) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus hoppeana N. Mey.,
Ber. Bayer. Bot. Ges. Sonderband (Beitr. Sorbus
Bayern): 150. 2005 = Karpatiosorbus hoppeana
(N. Mey.) Sennikov & Kurtto, Memoranda Soc.
Fauna Fl. Fenn. 93: 52. 2017 = Pyrus hoppeana
(N. Mey.) M.E Fay & Christenh., Global Fl. 4:
107. 2018.

Aria houstoniae (T.C.G. Rich) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus houstoniae
T.C.G. Rich, Watsonia 27: 370. 2009 = Karpati-
osorbus houstoniae (T.C.G. Rich) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93:48.
2017 = Pyrus houstoniae (T.C.G. Rich) M.E. Fay
& Christenh., Global FL. 4: 107. 2018.

Aria joannis (Karpati) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus joannis Karpati, Acta Bot.
Hung. 52: 140. 1966 = Karpatiosorbus joannis
(Kérpati) Sennikov & Kurtto, Memoranda Soc.
Fauna Fl. Fenn. 93: 55. 2017 = Pyrus joannis
(Karpati) M.E. Fay & Christenh., Global Fl. 4:
108. 2018.

Aria karpatii (Boros) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus karpatii Boros, Agrartud.
Egyet. Kert- Szologazdasagtud. Kardnak Ko-
zlem. 13: 153. 1949 = Karpatiosorbus karpatii
(Boros) Sennikov & Kurtto, Memoranda Soc.
Fauna Fl. Fenn. 93: 60. 2017 = Pyrus karpatii
(Boros) M.E. Fay & Christenh., Global FL. 4:
109. 2018.

Aria klasterskyana (Karpati) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus klasterskyana
Karpati, Fl. Slovenska IV/3: 437. 1992 = Karpa-
tiosorbus klasterskyana (Karpati) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 55.
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2017. = Pyrus klasterskyana (Karpati) M.F. Fay &
Christenh., Global FL. 4: 109. 2018.

Aria kmetiana (Karpati) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus kmetiana Karpa-
ti, FL. Slovenska IV/3: 440. 1992 = Karpatiosorbus
kmetiana (Karpati) Sennikov & Kurtto, Memo-
randa Soc. Fauna Fl. Fenn. 93: 56. 2017 = Pyrus
kmetiana (Karpati) M.E. Fay & Christenh., Glob-
al FL. 4: 109. 2018.

Aria latisedes (N. Mey. & Meierott) Mosyakin, Fe-
dor. & McNeill, comb. nov. = Sorbus latisedes
N. Mey. & Meierott, Ber. Bayer. Bot. Ges. 91: 65.
2021 = Karpatiosorbus latisedes (N. Mey. & Mei-
erott) N. Mey. in M. Hassler & T. Muer, Fl. Ger-
man. 3: 649. 2024.

Aria magocsyana (Karpati) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus magocsyana
Karpati, Acta Bot. Hung. 52: 388. 2010 = Kar-
patiosorbus magocsyana (Karpati) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 57.
2017 = Pyrus magocsyana (Karpati) M.E Fay &
Christenh., Global Fl. 4: 111. 2018.

Aria meierottii (N. Mey.) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus meierottii N. Mey., Ber. Bay-
er. Bot. Ges. Sonderband (Beitr. Sorbus Bayern):
169. 2005 = Karpatiosorbus meierottii (N. Mey.)
Sennikov & Kurtto, Memoranda Soc. Fauna FL
Fenn. 93: 54. 2017 = Pyrus meierottii (N. Mey.)
M.E Fay & Christenh., Global Fl. 4: 111. 2018.

Aria mergenthaleriana (N. Mey.) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus mergenthaleri-
ana N. Mey., Ber. Bayer. Bot. Ges. Sonderband
(Beitr. Sorbus Bayern): 154. 2005 = Karpatio-
sorbus mergenthaleriana (N. Mey.) Sennikov
& Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93:
53. 2017 = Pyrus mergenthaleriana (N. Mey.)
M.E Fay & Christenh., Global Fl. 4: 112. 2018.

Aria meyeri (S. Hammel & Haynold) Mosyakin,
Fedor. & McNeill, comb. nov. = Sorbus meyeri
S. Hammel & Haynold, Kochia 8: 2. 2014 = Karpa-
tiosorbus meyeri (S. Hammel & Haynold) Sennikov
& Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 54.
2017 = Pyrus meyeri (S. Hammel & Haynold) MLE
Fay & Christenh., Global Fl. 4: 106. 2018.

Aria milensis (M. Lep$i, Boublik, P. Lepsi & Vit)
Mosyakin, Fedor. & McNeill, comb. nov. = Sorbus
milensis M. Lepsi, Boublik, P. Lepsi & Vit, Preslia
80: 235. 2008 = Karpatiosorbus milensis (M. Lep-
$1, Boublik, P. Lepsi & Vit) Sennikov & Kurtto,
Memoranda Soc. Fauna Fl. Fenn. 93: 51. 2017 =
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Pyrus milensis (M. Lepsi, Boublik, P. Lepsi & Vit)
M.E. Fay & Christenh., Global FI. 4: 112. 2018.
Aria moenofranconica (N. Mey. & Meierott) Mo-
syakin, Fedor. & McNeill, comb. nov. = Sorbus
moenofranconica N. Mey. & Meierott, Ber. Bay-
er. Bot. Ges. 91: 57. 2021 = Karpatiosorbus moe-
nofranconica (N. Mey. & Meierott) N. Mey. in

M. Hassler & T. Muer, Fl. German. 3: 650. 2024.

Aria omissa (Velebil) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus omissa Velebil, Preslia 84:
377. 2012 = Karpatiosorbus omissa (Velebil) Sen-
nikov & Kurtto, Memoranda Soc. Fauna FL. Fenn.
93: 50. 2017 = Pyrus omissa (Velebil) M.F. Fay &
Christenh., Global FL 4: 125. 2018.

Aria paxiana (Jav.) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus paxiana Jav., Magyar Bot.
Lapok 25: 89. 1927 (vol. of “1926”) = Karpatio-
sorbus paxiana (Jav.) Sennikov & Kurtto, Mem-
oranda Soc. Fauna FL. Fenn. 93: 62. 2017 = Pyrus
paxiana (Jav.) M.E Fay & Christenh., Global Fl.
4:115.2018.

Aria pelsoensis (C. Németh) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus pelsoensis C. Né-
meth, Stud. Bot. Hung. 46: 50. 2015 = Karpatio-
sorbus pelsoensis (C. Németh) Sennikov & Kurt-
to, Memoranda Soc. Fauna Fl. Fenn. 93: 59. 2017
= Pyrus pelsoensis (C. Németh) M.F. Fay & Chris-
tenh., Global Fl. 4: 115. 2018.

Aria perlonga (Meierott) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus perlonga Meierott,
Ber. Bayer. Bot. Ges. Sonderband (Beitr. Sorbus
Bayern): 187. 2005 = Karpatiosorbus perlonga
(Meierott) Sennikov & Kurtto, Memoranda Soc.
Fauna Fl. Fenn. 93: 53. 2017 = Pyrus perlonga
(Meierott) M.E. Fay & Christenh., Global Fl. 4:
115.2018.

Aria petraea (Velebil, M. Lepsi & P. Lepsi) Mosyakin,
Fedor. & McNeill, comb. nov. = Sorbus petraea Ve-
lebil, M. Lepsi & P. Lepsi, Preslia 94: 320. 2022.

Aria polgariana (C. Németh) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus polgariana C. Né-
meth, Acta Bot. Hung. 54: 132. 2012 = Karpa-
tiosorbus polgariana (C. Németh) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 59.
2017 = Pyrus polgariana (C. Németh) MLE. Fay &
Christenh., Global FL 4: 116. 2018.

Aria portae-bohemicae (M. Lepsi, Boublik,
P. Lepsi & Vit) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus portae-bohemicae M. Lep-
$i, Boublik, P. Lepsi & Vit, Preslia 81: 72. 2009

Karpatiosorbus portae-bohemicae (M. Lep-
§i, Boublik, P. Lepsi & Vit) Sennikov & Kurtto,
Memoranda Soc. Fauna Fl. Fenn. 93: 51. 2017
= Pyrus portae-bohemicae (M. Lepsi, Boublik,
P. Lepsi & Vit) M.E. Fay & Christenh., Global Fl.
4:116.2018.

Aria pseudobakonyensis (Karpati) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus pseudobakonyensis
Karpati, Hung. Acta Biol. 1: 117. 1949 = Kar-
patiosorbus pseudobakonyensis (Karpati) Sen-
nikov & Kurtto, Memoranda Soc. Fauna FL
Fenn. 93: 60. 2017 = Pyrus pseudobakonyensis
(Karpati) M.F. Fay & Christenh., Global Fl. 4:
117.2018.

Aria pseudolatifolia (Boros) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus pseudolatifolia
Boros, Magyar Kir. Kert. Tanintéz. Kozlem. 3:
51. 1937 = Karpatiosorbus pseudolatifolia (Boros)
Sennikov & Kurtto, Memoranda Soc. Fauna FL
Fenn. 93: 58. 2017 = Pyrus pseudolatifolia (Boros)
M.E Fay & Christenh., Global Fl. 4: 117. 2018.

Aria pseudosemi-incisa (Boros) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus pseudosemi-incisa
Boros, Magyar Kir. Kert. Tanintéz. Kézlem. 3: 53.
1937 = Karpatiosorbus pseudosemi-incisa (Boros)
Sennikov & Kurtto, Memoranda Soc. Fauna Fl.
Fenn. 93: 61. 2017 = Pyrus pseudosemi-incisa
(Boros) M.E. Fay & Christenh., Global FL 4: 117.
2018.

Aria pseudovertesensis (Boros) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus pseudovertesen-
sis Boros, Magyar Kir. Kert. Tanintéz. Kozlem.
3: 53. 1937 = Karpatiosorbus pseudovertesensis
(Boros) Sennikov & Kurtto, Memoranda Soc. Fau-
na Fl. Fenn. 93: 62. 2017 = Pyrus pseudovertesensis
(Boros) M.E Fay & Christenh., Global Fl. 4: 117.
2018.

Aria puellarum (Meierott) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus puellarum Mei-
erott, Ber. Bayer. Bot. Ges. Sonderband (Beitr.
Sorbus Bayern): 190. 2005 = Karpatiosorbus
puellarum (Meierott) Sennikov & Kurtto, Mem-
oranda Soc. Fauna FL. Fenn. 93: 53. 2017 =
Pyrus puellarum (Meierott) M.E Fay & Chris-
tenh., Global Fl. 4: 117. 2018.

Aria ratisbonensis (N. Mey.) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus ratisbonensis
N. Mey., Ber. Bayer. Bot. Ges. Sonderband (Be-
itr. Sorbus Bayern): 158. 2005 = Karpatiosorbus
ratisbonensis (N. Mey.) Sennikov & Kaurtto,
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Memoranda Soc. Fauna Fl. Fenn. 93: 53. 2017 =
Pyrus ratisbonensis (N. Mey.) MLE. Fay & Chris-
tenh., Global Fl. 4: 117. 2018.

Aria redliana (Karpati) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus redliana Karpati,
Hung. Acta Biol. 1: 118. 1949 = Karpatiosorbus
redliana (Karpati) Sennikov & Kurtto, Memo-
randa Soc. Fauna Fl. Fenn. 93: 62. 2017 = Pyrus
redliana (Karpati) M.F. Fay & Christenh., Global
Fl. 4: 118. 2018.

Aria remensis (Cornier) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus remensis Cornier,
Bull. Mens. Soc. Linn. Lyon 78: 36. 2009. = Kar-
patiosorbus remensis (Cornier) Sennikov & Kurt-
to, Memoranda Soc. Fauna Fl. Fenn. 93: 50. 2017
= Pyrus gallica M.F. Fay & Christenh., Global FI.
4: 104. 2018 (non Pyrus remensis Poit. & Turpin,
Pomol. Frang. 3: tab. 200. 1846).

Aria rhodanthera (Kovanda) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus rhodanthera
Kovanda, Verh. Zool.-Bot. Ges. Osterreich 133:
321. 1996 = Karpatiosorbus rhodanthera (Kovan-
da) Sennikov & Kurtto, Memoranda Soc. Fau-
na Fl. Fenn. 93: 51. 2017 = Pyrus rhodanthera
(Kovanda) M.E Fay & Christenh., Global Fl. 4:
118.2018.

Aria rhombiformis (C. Németh) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus rhombiformis
C. Németh, Stud. Bot. Hung. 47: 305. 2016
= Karpatiosorbus rhombiformis (C. Németh)
Sennikov & Kurtto, Memoranda Soc. Fauna
FL. Fenn. 93: 58. 2017 = Pyrus rhombiformis
(C.Németh) M.E Fay & Christenh., Global FI. 4:
118. 2018.

Aria schnizleiniana (N. Mey.) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus schnizleiniana
N. Mey., Ber. Bayer. Bot. Ges. Sonderband (Be-
itr. Sorbus Bayern): 146. 2005 = Karpatiosorbus
schnizleiniana (N. Mey.) Sennikov & Kurtto,
Memoranda Soc. Fauna Fl. Fenn. 93: 52. 2017 =
Pyrus schnizleiniana (N. Mey.) M.E. Fay & Chris-
tenh., Global FI. 4: 120. 2018.

Aria schuwerkiorum (N. Mey.) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus schuwerkiorum
N. Mey., Ber. Bayer. Bot. Ges. Sonderband (Beitr.
Sorbus Bayern): 162. 2005 = Karpatiosorbus schu-
werkiorum (N. Mey.) Sennikov & Kurtto, Memo-
randa Soc. Fauna Fl. Fenn. 93: 53. 2017 = Pyrus
schuwerkiorum (N. Mey.) M.E. Fay & Christenh.,
Global Fl. 4: 120. 2018.
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Aria sellii (T.C.G. Rich) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus sellii T.C.G. Rich,
New J. Bot. 4: 7. 2014 = Karpatiosorbus sellii
(T.C.G. Rich) Sennikov & Kurtto, Memoranda
Soc. Fauna Fl. Fenn. 93:50. 2017 = Pyrus sellii
(T.C.G. Rich) M.E. Fay & Christenh., Global Fl.
4:121. 2018.

Aria semi-incisa (Borbas) Beck, Fl. Nieder-Oster-
reich 2(1): 714. 1892 = Sorbus aria f. semi-inci-
sa Borbas, Ertek. Természettud. Koréb. Magyar
Tud. Akad. 11(113): 34. 1879 = Sorbus aria var.
semi-incisa (Borbas) Borbas, Foldmivelési Erde-
keink 10(48): 520. 1882 = Sorbus semi-incisa
(Borbas) Borbas, Foldmiv. Erdek.: 520. 1882. =
Karpatiosorbus semi-incisa (Borbds) Sennikov &
Kurtto, Memoranda Soc. Fauna FI. Fenn. 93: 61.
2017. = Pyrus semi-incisa (Borbas) M.E. Fay &
Christenh., Global Fl. 4: 121. 2018.

Aria seyboldiana (S. Hammel & Haynold) Mosyakin,
Fedor. & McNeill, comb. nov. = Sorbus seyboldia-
na S. Hammel & Haynold, Jahresh. Naturk. Wiirt-
temberg 171: 52. 2015 = Karpatiosorbus seyboldiana
(S. Hammel & Haynold) Sennikov & Kurtto, Mem-
oranda Soc. Fauna Fl. Fenn. 93: 54. 2017 = Pyrus
seyboldiana (S. Hammel & Haynold) M.E Fay &
Christenh., Global FL 4: 121. 2018.

Aria simonkaiana (Karpati) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus simonkaiana Karpati, Agrar-
tud. Egyet. Kert- Szologazdasagtud. Karanak Evk.
1(14): 38. 1950 = Karpatiosorbus simonkaiana
(Karpati) Sennikov & Kurtto, Memoranda Soc.
Fauna FL. Fenn. 93: 62. 2017 = Pyrus simonkaiana
(Karpati) ML.E Fay & Christenh., Global Fl. 4: 121.
2018.

Aria slovenica (Kovanda) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus slovenica Kovanda, Acta
Univ. Carol., Biol. 1961(1): 73. 1961 = Karpatio-
sorbus slovenica (Kovanda) Sennikov & Kurtto,
Memoranda Soc. Fauna Fl. Fenn. 93: 54. 2017 =
Pyrus slovenica (Kovanda) M.F. Fay & Christenh.,
Global FL. 4: 121. 2018.

Aria subcuneata (Wilmott) Mosyakin, Fedor. &
McNeill, comb. nov = Sorbus subcuneata Wil-
mott, Proc. Linn. Soc. Lond. 146: 76. 1934 = Kar-
patiosorbus subcuneata (Wilmott) Sennikov &
Kurtto, Memoranda Soc. Fauna FI. Fenn. 93: 49.
2017 = Pyrus subcuneata (Wilmott) M.E. Fay &
Christenh., Global FI. 4: 122. 2018.

Aria tobani (C. Németh) Mosyakin, Fedor. & McNeill,
comb. nov. = Sorbus tobani C. Németh, FL

ISSN 2415-8860. Ukrainian Botanical Journal. 2025. 82 (3)



Sorbus sensu lato: new nomenclatural solutions in Aria and Hedlundia

Pannonica 5: 177. 2007 = Karpatiosorbus tobani
(C. Németh) Sennikov & Kurtto, Memoranda
Soc. Fauna FlL. Fenn. 93: 58. 2017 = Pyrus tobani
(C. Németh) M.E. Fay & Christenh., Global Fl. 4:
123.2018.

Aria udvardyana (Somlyay & Sennikov) Mosyakin,
Fedor. & McNeill, comb. nov. = Sorbus udvardya-
na Somlyay & Sennikov, Phytotaxa 164: 268.
2014 = Karpatiosorbus udvardyana (Somlyay &
Sennikov) Sennikov & Kurtto, Memoranda Soc.
Fauna Fl. Fenn. 93: 59. 2017 = Pyrus udvardya-
na (Somlyay & Sennikov) M.F. Fay & Christenh.,
Global FL. 4: 124. 2018.

Aria vallerubusensis (C. Németh) Mosyakin, Fe-
dor. & McNeill, comb. nov. = Sorbus valleru-
busensis C. Németh, Kitaibelia 14: 97. 2009 =
Karpatiosorbus vallerubusensis (C. Németh) Sen-
nikov & Kurtto, Memoranda Soc. Fauna Fl. Fenn.
93: 62. 2017 = Pyrus vallerubusensis (C. Németh)
M.E. Fay & Christenh., Global FI. 4: 124. 2018.

Aria vallusensis (C. Németh) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus vallusensis
C. Németh, Stud. Bot. Hung. 47: 310. 2016 = Kar-
patiosorbus vallusensis (C. Németh) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 59.
2017 = Pyrus vallusensis (C. Németh) M.E Fay &
Christenh., Global Fl. 4: 124. 2018.

Aria vertesensis (Boros) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus vertesensis Boros,
Magyar Kir. Kert. Tanintéz. Kézlem. 3: 52. 1937

= Karpatiosorbus vertesensis (Boros) Sennikov
& Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93:
62. 2017. = Pyrus vertesensis (Boros) M.E. Fay &
Christenh., Global Fl. 4: 125. 2018.

Aria veszpremensis (Barabits) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus veszpremen-
sis Barabits, Tilia 13: 17. 2007 = Karpatiosorbus
veszpremensis (Barabits) Sennikov & Kurtto,
Memoranda Soc. Fauna Fl. Fenn. 93: 60. 2017 =
Pyrus veszpremensis (Barabits) M.F. Fay & Chris-
tenh., Global FI. 4: 125. 2018.

Aria zertovae (Karpati) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus zertovae Karpati,
Bot. Kozlem. 52: 137. 1966, as “Zertovae” = Kar-
patiosorbus zertovae (Karpéti) Sennikov & Kurt-
to, Memoranda Soc. Fauna Fl. Fenn. 93: 55. 2017
= Pyrus zertovae (Karpati) M.E. Fay & Chris-
tenh., Global FI. 4: 126. 2018.

Aria zuzanae (Bernitova & Madjovsky) Mosyakin,
Fedor. & McNeill, comb. nov. = Sorbus zuzanae

Majovsky & Bernatova, Biologia (Bratislava) 58:
784. 2003 = Majovskya zuzanae (Bernitova &
Majovsky) Sennikov & Kurtto, Memoranda Soc.
Fauna Fl. Fenn. 93: 64. 2017 = Pyrus zuzanae
(Majovsky & Bernatova) M.E. Fay & Christenh.,
Global Fl. 4: 126. 2018.

HepLunDIA Sennikov & Kurtto, Memoranda Soc.
Fauna FI. Fenn. 93: 33.2017.

= Borkhausenia Sennikov & Kurtto, Memoranda
Soc. Fauna Fl. Fenn. 93: 44. 2017 (nom. illeg.,
non Borckhausenia G. Gaertn., B. Mey. & Scherb.,
non Borckhausenia Roth)

= Normeyera Sennikov & Kurtto, Memoranda Soc.
Fauna FL Fenn. 93: 64. 2017.

= Scandosorbus Sennikov, Ann. Bot. Fenn. 55: 322.
2018.

Hedlundia atrimontis (Bernatova & Majovsky)
Mosyakin, Fedor. & McNeill, comb. nov. =
Sorbus atrimontis Bernatova & Majovsky, Bi-
ologia (Bratislava) 58: 786. 2003 = Normeyera
atrimontis (Bernatova & Madjovsky) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 65.
2017 = Pyrus atrimontis (Bernatova & Majovsky)
M.F. Fay & Christenh., Global Fl. 4: 96. 2018.

Hedlundia caeruleomontana (Bernitovd & Ma-
jovsky) Mosyakin, Fedor. & McNeill, comb.
nov. = Sorbus caeruleomontana Bernatova &
Majovsky, Biologia (Bratislava) 58: 786. 2003 =
Normeyera caeruleomontana (Bernatova & Ma-
jovsky) Sennikov & Kurtto, Memoranda Soc.
Fauna FL. Fenn. 93: 65. 2017. = Pyrus caeruleo-
montana (Bernatova & Madjovsky) M.E. Fay &
Christenh., Global Fl. 4: 99. 2018.

Hedlundia diversicolor (Bernatovda & Majovsky)
Mosyakin, Fedor. & McNeill, comb. nov. =
Sorbus diversicolor Bernatova & Majovsky, Bio-
logia (Bratislava) 58: 788. 2003 = Normeyera di-
versicolor (Bernatova & Majovsky) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 65.
2017 = Pyrus diversicolor (Bernatova & Majovsky)
M.E Fay & Christenh., Global FI. 4: 102. 2018.

Hedlundia doerriana (N. Mey.) Mosyakin, Fe-
dor. & McNeill, comb. nov. = Sorbus doerria-
na N. Mey., Ber. Bayer. Bot. Ges. 86: 228. 2016
= Normeyera doerriana (N. Mey.) Sennikov &
Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93: 66.
2017 = Pyrus doerriana (N. Mey.) M.E Fay &
Christenh., Global FL. 4: 102. 2018.

Hedlundia hostii (J. Jacq. ex Host) Mosyakin, Fe-
dor. & McNeill, comb. nov. = Aria hostii ]. Jacq.
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ex Host, Fl. Austriaca 2: 8. 1831 = Sorbus hostii
(J. Jacq. ex Host) Heynh., Nom. Bot. Hort.: 685.
1841 = Pyrus hostii (J. Jacq. ex Host) Endl,
Cat. Hort. Vindob. 2: 440. 1842 = Aronia hostii
(J. Jacq. ex Host) Carriere, Rev. Hort. (Paris) 45:
470. 1873 = Aria chamaemespilus subsp. hostii
(J. Jacq. ex Host) Bonnier & Layens, Tabl. Syn. PL.
Vasc. France: 103. 1894 = Chamaemespilus hostii
(J. Jacq. ex Host) Rouy & E.G. Camus in G. Rouy
& J. Foucaud, Fl. France 7: 26. 1901 = xChamar-
iosorbus hostii (]J. Jacq. ex Host) Mezhenskyj in
Mezhenskyj et al., Netradytsiyni plodovi kul'tu-
ry: 29. 2012 = Normeyera hostii (J. Jacq. ex Host)
Sennikov & Kurtto, Memoranda Soc. Fauna FIL
Fenn. 93: 65. 2017.

Hedlundia intermedia (Ehrh.) Mosyakin, Fedor. &
McNeill, comb. nov. = Pyrus intermedia Ehrh.,
Gartenkalender 4: 197. 1784 = Lazarolus inter-
media (Ehrh.) Borkh., Arch. Bot. (Leipzig) 1(3):
88. 1798 = Sorbus intermedia (Ehrh.) Pers., Syn.
PL 2: 38. 1806 = Aria intermedia (Ehrh.) Schur,
Enum. PL Transsilv.: 207. 1866 = Hahnia inter-
media (Ehrh.) Samp., Anais Fac. Sci. Porto 17:
47. 1931 = xTormariosorbus intermedia (Ehrh.)
Mezhenskyj in Mezhenskyj et al., Netradytsi-
yni plodovi kul'tury: 29. 2012 = xSorbotoraria
intermedia (Ehrh.) Mezhenskyj in Mezhenskyj
et al., Netradytsiyni plodovi kul'tury: 29. 2012,
nom. inval. = Borkhausenia intermedia (Ehrh.)
Sennikov & Kurtto, Memoranda Soc. Fauna FIL
Fenn. 93: 44. 2017 = Scandosorbus intermedia
(Ehrh.) Sennikov, Ann. Bot. Fenn. 55: 323. 2018.

Hedlundia liljeforsii (T.C.G. Rich) Mosyakin,
Fedor. & McNeill, comb. nov. = Sorbus lilje-
forsii T.C.G. Rich, Nordic J. Bot. 25: 339. 2008 =
Borkhausenia liljeforsii (T.C.G. Rich) Sennikov
& Kurtto, Memoranda Soc. Fauna Fl. Fenn. 93:
46. 2017 = Scandosorbus liljeforsii (T.C.G. Rich)
Sennikov, Ann. Bot. Fenn. 55: 323. 2018 = Pyrus
lilieforsii (T.C.G. Rich) M.E Fay & Christenh.,
Global FI. 4: 110. 2018.

Hedlundia margittaiana (Jav.) Mosyakin, Fedor.
& McNeill, comb. nov. = Sorbus hostii subsp.
margittaiana Jav., Exsicc. (Fl. Hung.) 8: 27. 1927
= Sorbus margittaiana (Jav.) Karpati, Feddes
Repert. Spec. Nov. Regni Veg. 62: 304. 1960 =
Normeyera margittaiana (Jav.) Sennikov & Kurt-
to, Memoranda Soc. Fauna FL. Fenn. 93: 65. 2017
= Pyrus margittaiana (Jav.) M.E. Fay & Chris-
tenh., Global FL 4: 111. 2018.
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Hedlundia montisalpae (Bernatova & Majovsky)
Mosyakin, Fedor. & McNeill, comb. nov. = Sorbus
montisalpae Bernatova & Madjovsky, Biologia
(Bratislava) 58: 788. 2003 = Normeyera montisal-
pae (Bernatova & Majovsky) Sennikov & Kurtto,
Memoranda Soc. Fauna FL Fenn. 93: 66. 2017
= Pyrus montisalpae (Berniatova & Madjovsky)
M.E Fay & Christenh., Global FI. 4: 112. 2018.

Hedlundia paxiana (Jav.) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus paxiana Jav., Mag-
yar Bot. Lapok 25: 89. 1926 publ. 1927 = Karpati-
osorbus paxiana (Jav.) Sennikov & Kurtto, Mem-
oranda Soc. Fauna Fl. Fenn. 93: 62. 2017 = Pyrus
paxiana (Jav.) ML.E. Fay & Christenh., Global FL
4:115.2018.

Hedlundia salatini (Bernatova & Méjovsky) Mo-
syakin, Fedor. & McNeill, comb. nov. = Sorbus
salatini Bernatova & Médjovsky, Biologia (Bra-
tislava) 58: 790. 2003 = Normeyera salatini
(Bernatova & Majovsky) Sennikov & Kurtto,
Memoranda Soc. Fauna Fl. Fenn. 93: 66. 2017 =
Pyrus salatini (Bernatova & Méjovsky) M.E. Fay
& Christenh., Global Fl. 4: 120. 2018.

Hedlundia schinzii (Dill) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus schinzii Dill, Ber.
Bayer. Bot. Ges. 34: 61. 1961 = Normeyera schinzii
(Diill) Sennikov & Kurtto, Memoranda Soc. Fau-
na Fl. Fenn. 93: 65. 2017 = Pyrus schinzii (Diill)
M.E Fay & Christenh., Global FI. 4: 120. 2018.

Hedlundia tauricola (Jav.) Mosyakin, Fedor. &
McNeill, comb. nov. = Sorbus tauricola Zaik. ex
Sennikov, Willdenowia 43: 39. 2013 [Zaik., Nov-
osti Sist. Vyssh. Rast. 22: 137. 1985, nom. inval.]
= Karpatiosorbus tauricola (Zaik. ex Sennikov)
Sennikov & Kurtto, Memoranda Soc. Fauna FL
Fenn. 93: 63. 2017 = Pyrus tauricola (Zaik. ex
Sennikov) ML.E Fay & Christenh., Global Fl. 4:
123. 2018 = Aria tauricola (Zaik. ex Sennikov)
Fedor., Chornomors’k. Bot. Zhurn. 18(4): 314.
2022 [Fedor., Ukrayins'’k. Bot. Zhurn. 74: 10.
2017, nom. inval.].

Nomenclatural comments on some Caucasian
and other western Asian species of Aria

Several taxa of Sorbus s. 1., mainly Caucasian or wes-
tern Asian ones (see earlier treatments by Gabrieli-
an, 1972, 1978, etc.), have been already transferred
to Aria by Mezhenskyj (in Mezhenska et al., 2018):
Aria albovii (Zinzerl.) Mezhenskyj (= Sorbus albo-
vii Zinserl.), Aria buschiana (Zinzerl.) Mezhenskyj
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(= Sorbus buschiana Zinserl.), Aria fedorovii (Za-
ikonn.) Mezhenskyj (= Sorbus fedorovii Zaikonn. =
Pyrus alma M.F. Fay & Christenh.), Aria migarica
(Zinzerl.) Mezhenskyj (= Sorbus migarica Zinserl.),
Aria schemachensis (Zinzerl.) Mezhenskyj (= Sorbus
schemachensis Zinserl.), Aria subtomentosa (Albov)
Mezhenskyj (= Sorbus aria var. subtomentosa Al-
bov = Sorbus subtomentosa (Albov) Zinserl.), and
Aria velutina (Albov) Mezhenskyj (= Sorbus aria
var. velutina Albov = Sorbus velutina (Albov) C.K.
Schneid.). An interesting nomenclatural case of one
additional transfer made by Mezhenskyj in this group
will be discussed in a separate comment. In the
same book (Mezhenska et al., 2018), he also made
numerous new combinations in Hedlundia and Mi-
cromeles for Asian taxa.

When making new combinations in Aria for the
mentioned western Asian (mainly Caucasian) taxa,
Mezhenskyj (in Mezhenska et al., 2018) comment-
ed: “For Sorbus subfusca (Ledeb.) Boiss. there is al-
ready available name Aria szovitsii Decne. provided
by Joseph Decaisne (Decaisne, 1874)” [Ukrainian
original text: “Is Sorbus subfusca (Ledeb.) Boiss.
BXe icHye HasBa Aria szovitsii Decne., HajaHa
Kosedpom [lekernom (Decaisne, 1874)”]. This state-
ment needs taxonomic and nomenclatural clarifica-
tion, which is provided below.

Boissier (1872: 658) made a new combination
Sorbus subfusca (Ledeb. ex Nordm.) Boiss. (based
on Crataegus subfusca Ledeb. ex Nordm., in Nord-
mann, 1837). Decaisne (1874: 165) coined the name
Aria szovitsii Decne., listed “Sorbus Aria y concolor,
Boiss., FL orient. 11, p. 658 ?” as a probable (!) syno-
nym, and provided under his new taxon name the
following note: “Obs. Je suis porté a croire que le
Crataegus subfusca, Ledeb., devra se classer dans le
genre Aria, opinion vers laquelle semble également
incliner M. Boissier (FL orient., II, p. 659)” [ am
inclined to believe that Crataegus subfusca Ledeb.
should be classified in the genus Aria, an opinion to-
wards which Mr. Boissier also seems to incline..”’]. It
is not explicitly clear from this note whether or not
he considered C. subfusca a synonym of his A. szovit-
sii, or just mentioned Ledebour’s taxon as one more
possible addition to the genus Aria. In any case, the
two names are now considered taxonomically ap-
plicable to the same taxon and thus we provide here
the new combination for it in the genus Aria, using
the oldest available species-rank epithet:

Aria subfusca (Ledeb. ex Nordm.) Mosyakin, Fedor.

& McNeill, comb. nov. = Crataegus subfusca Ledeb.

ex Nordm., Bull. Sci. Acad. Imp. Sci. Saint-Péters-

bourg 2: 313. 1837 = Pyrus subfusca (Ledeb. ex

Nordm.) Regel, Trudy Imp. S.-Peterburgsk. Bot.

Sada 1: 126. 1871 = Sorbus subfusca (Ledeb. ex

Nordm.) Boiss., Fl. Orient. 2: 658. 1872 = Pyrus

mars M.E Fay & Christenh., Global Fl. 4: 111.

2018 (nom superfl., see comments below).

When proposing Pyrus mars, the replacement
name for Crataegus subfusca Ledeb. ex Nordm., Fay
and Christenhusz (in Christenhusz et al., 2018: 111)
added “not: Pyrus subfusca Regel” However, the
name published by Regel (1871) is definitely a new
combination for which the basionym (in modern
terms) was cited by Regel when he listed the names
that, in his opinion, should be excluded from Cra-
taegus and placed in other genera. Thus, he effec-
tively transferred the name Crataegus subfusca to
Pyrus. However, in the IPNI the basionym of the
name Pyrus subfusca is not mentioned (https://ipni.
org/n/731271-1, accessed 15 March 2025), which
caused the confusion and the unnecessary replace-
ment name.

The nothogeneric name for non-stable hybrids
between Aria and Sorbus: now available

Several nothogeneric names have been proposed
for various hybrids between segregate genera of
the informal Sorbus group, for example: xCha-
maearia Mezhenskyj (Mezhenskyi et al., 2012: 27,
with xChamaearia sudetica (Tausch) Mezhenskyj)
for Aria x Chamaemespilus, xChamariosorbus
Mezhenskyj (Mezhenskyj et al., 2012: 29, with
xChamariosorbus hostii (Jacq.) Mezhenskyj) for
Aria x Chamaemespilus x Sorbus, etc.

However, as rather convincingly demonstrated
by Sennikov and Kurtto (2017: 8), the name Ari-
osorbus Koidzumi (earlier often cited as “xArio-
sorbus”) cannot be applied to spontaneous and ar-
tificial hybrids between Aria and Sorbus. Thus, the
spontaneous non-stabilized hybrids between Sorbus
and Aria until recently had no suitable nothoge-
neric name complying with the provisions of Art.
H.6.1 and H.6.2 of the ICN. In accordance with that
conclusion, we (Mosyakin and McNeill) discussed
and considered in our email exchange a possi-
ble nothogeneric name for non-stabilized hybrids
between taxa belonging to Aria s. 1. and Sorbus
(“xAribus”, nomen provisorum). However, the
nothogeneric name xArsorbus Su Liu & Z.H. Feng
and the nothospecies-rank nomenclatural combi-
nation XArsorbus thuringiaca (Nyman) Z.H. Feng
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& Su Liu have been recently published (Feng et
al., 2024: 25), and these names are now applicable
to the taxon earlier known under the names Aria
xthuringiaca (Nyman) Beck, Hedlundia xthuringi-
aca (Nyman) Sennikov & Kurtto, or Sorbus xthur-
ingiaca (Nyman) Fritsch, if its members are treated
as non-stabilized hybrids, not as representatives of a
hybridogenous species. In the latter case (if treated
as a hybridogenous species), it should be placed in
Hedlundia; see also comments in our proposal (Mo-
syakin, McNeill, 2023) to amend Art. H.11.1 of the
ICN; this proposal, however, was rejected (see Tur-
land, Wiersema, 2024; Turland et al., 2024).

Conclusions

Following the decision of the General Committee
to conserve the name Aria against Chamaemespi-
lus and Torminalis, 104 new nomenclatural combi-
nations (91 in Aria and 13 in Hedlundia) are made
here for various taxa earlier placed in Sorbus or se-
veral segregate genera. In particular, the European
taxa of Sorbus s. |. accepted by Sennikov and Kurtto
(2017) and in Atlas Florae Europaeae (Kurtto et al.,
2018) mostly in hybridogenous genera Karpatiosor-
bus (combining the subgenomes of Aria and Tor-
minalis) and Majovskya (with subgenomes of Aria
and Chamaemespilus) are here transferred to Aria.
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CrpoleHHsI HOMEHK/IAaTypu y rpyni Sorbus sensu lato:
HOBi HOMEHK/IATypHi pilteHHs B popax Aria ta Hedlundia (Rosaceae)

CJI. MOCSKIH !, M.M. ®EJJOPOHYYK !, [Ix. MakHIJI 23

'TeruryT 6oraniku iM. M.I. Xonoproro HAH Ykpainu, Byn. Teperenkiscoka 2, Kuis 01601, Ykpaina
2 Epun6yp3bKuit KoponmiBchkuit 6oranivnmit cag, Egunbypr, lornanpis, Cnonydene Koponisctso

3 Koponiscbkuit Myseit Ourapio, Toponto, Onrapio, Kanaza

Pedepar. O6roBoprooThCs pi3Hi BapiaHT! pO3MeXyBaHH: PofiB y Tpubi Maleae (popuna Rosacede), 30KpeMa THUX TaKCO-
HiB, AKi paHille BkIouamu fo 36ipHOro popy Sorbus L. s. L. ITic/sa mo3uTuBHOrO pimeHHs [eHepalbHOIO KOMITETY 3 HO-
MEHK/IaTypH 1070 HaIol HellloflaBHbOI Iporosniiii sakoHcepByBartu Aria (Pers.) Host mpoTu pawilie ony6nikoBaHIX Ha3B
Chamaemespilus Medik. ta Torminalis Medik., My BBa)ka€eMo, 110 [/Isf CIIPOLEHHS TAKCOHOMIYHNX CXeM i HOMEHK/IATypu
B rpymi Sorbus Ta CIIOPiTHEHUX TaKCOHIB 6a)KaHUM € po3IIMpeHe po3yMiHHA pony Aria (Bxmodatoun Chamaemespilus i
Torminalis); 30kpeMa, 1A 36epeXXeHHA YMCTEHHMX Ha3B, AKi BXe JOCTYIHI B Arid, 0cO6MMBO TUX, [0 BUKOPYCTOBYIOTD-
st yis O6ibLI BifoMux BuAIB. M1 BK/IIOYaEMO TYT O PORy Aria s. l. eBpomericpki Takconn popy Sorbus s. L., sxi panime
6y HaBeneni CennikoBuM ta Kyprro (2017), a takox i B “Araci ¢piopu €Bpomnn’, mepeBaXKHO B TiOPMJOreHHNX Poiax
Karpatiosorbus Sennikov & Kurtto (B1am SKOro IIOENHYIOTb y CBOIX reHOMax cybrenomu Aria ta Torminalis) Ta Majovskya
Sennikov & Kurtto (3 cyérenomamn Aria Ta Chamaemespilus). Ha3su ribpupgorennnx ponis Normeyera Sennikov & Kurtto
ta Scandosorbus Sennikov (= Borkhausenia Sennikov & Kurtto, nom. illeg.), siki /iMOBipHO BMHMK/IN B pe3ynbrati ribpuan-
3anii Aria x Chamaemespilus x Sorbus Ta Aria x Sorbus x Torminalis, BilTIOBiTHO, TYT pO3IIIAAIOTHCA AK CUHOHIMM Tibpu-
morenHoi popoBoi HasBu Hedlundia Sennikov & Kurtto (Aria s. 1. x Sorbus), a Takconu, ski paHiuie Bxiodanyu fo Normeyera
ta Scandosorbus, nepeneceni no Hedlundia. 3aranom 3piitcieno 104 HoBi kombinanii BugoBoro paury: 91 B Aria ta 13 B
Hedlundia. Hagaui xomeHTapi mozo ribpuzis (ane He st ribpugoreHHNx BUAiB) MK Aria Ta Sorbus, [yis SIKUX HEI[OFABHO
6y710 3aIIPOIIOHOBAHO HOTOPOAOBY Ha3By X Arsorbus Su Liu & Z.H. Feng.

KmouoBi coBa: Aria, Chamaemespilus, Hedlundia, Karpatiosorbus, Majovskya, Normeyera, Rosaceae, Scandosorbus, Sorbus,
Torminalis, HOMEHK/IaTypa, TAKCOHOMis
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ERRATA ET CORRIGENDA

Corrigendum to “Simplifying the nomenclature of Sorbus sensu lato:
new nomenclatural solutions in Aria and Hedlundia (Rosaceae)”
[Ukrainian Botanical Journal 82(3): 206-224. 2025]

Sergei L. MOSYAKIN *

, Mykola M. FEDORONCHUK !

, John McNEILL 23

I M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine,

2 Tereschenkivska Str., Kyiv, 01601, Ukraine

2 Royal Botanic Garden Edinburgh, Edinburgh EH3 5LR, Scotland, United Kingdom
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In the article “Simplifying the nomenclature of Sor-
bus sensu lato: new nomenclatural solutions in Aria
and Hedlundia (Rosaceae)” by Sergei L. Mosyakin,
Mykola M. Fedoronchuk, and John McNeill pu-
blished 9 June 2025 [Ukrainian Botanical Journal,
82(3): 206-224] (Mosyakin et al., 2025), the author-
ship of the basionym of the new combination Hed-
lundia tauricola was incorrectly cited as “(Jav.)”,
while it should be “(Zaik. ex Sennikov)”. This cor-
rectable error does not preclude valid publication of
the new nomenclatural combination; see Art. 41.6
of the International Code of Nomenclature for algae,
fungi, and plants (Turland et al., 2018, 2024, 2025):
“For names published on or after 1 January 1953,
errors in the citation of the basionym or replaced
synonym, including incorrect author citation (Art.
46), but not omissions (Art. 41.5), do not preclude
valid publication of a new combination, name at
new rank, or replacement name”.

REFERENCES

The corrected entry for H. tauricola is provided below.

Hedlundia tauricola (Zaik. ex Sennikov) Mo-
syakin, Fedor. & McNeill, comb. nov. = Sorbus
tauricola Zaik. ex Sennikov, Willdenowia 43: 39.
2013 [Zaik., Novosti Sist. Vyssh. Rast. 22: 137.
1985, nom. inval.] = Karpatiosorbus tauricola
(Zaik. ex Sennikov) Sennikov & Kurtto, Memo-
randa Soc. Fauna Fl. Fenn. 93: 63. 2017 = Pyrus
tauricola (Zaik. ex Sennikov) M.E. Fay & Chris-
tenh., Global Fl. 4: 123. 2018 = Aria tauricola
(Zaik. ex Sennikov) Fedor., Chornomors’k. Bot.
Zhurn. 18(4): 314. 2022 [Fedor., Ukrayins'k. Bot.
Zhurn. 74: 10. 2017, nom. inval.].
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YyacTp geaKux pifKiCHUX Ta peTiKTOBMX BU/IiB POCINH y aniHOpIOopax
BiIK/IaJliB annepeny-ronoueny JlicocrenoBoi 30H1 YKpaiHu

JTropmuna I. BE3YCBKO 2, 30a M. HUMBAJTIOK* 2, Trogmuna M. HUITEHKO
Incturyt 60Tanixy iMm. M.I. Xonoguoro HAH Vkpaiuu,
By Tepemenkiscbka 2, Knis 01601, Ykpaina

* ABTOp mis MUCTYBaHHs: palynology@ukr.net

Pedepar. YsarampHeHO pesyabTaTy aHAIi3y BUJOBMX CKIAfOBMX ManiHO(IOp BiNK/IafiB anmepefy-TONOLEHY [eB ATH
($hoHOBUX PO3PpisiB, po3TalIOBaHNX Ha TepuTOpii cydacHoi JlicocTernoBoi 30HM YkpaiHu. BcTaHOBIIEHO, o y dopMyBaHHi
BUJIOBOI CKJIaJI0BOI I[VIX BUKOITHYX NaliHO(/IOp, 6panmy ydacTb pinkicHi Ta pemiktosi Bumu (Betula humilis, Dryas octopetala,
Pinus cembra, Linnaea borealis, Thalictrum foetidum, Scheuchzeria palustris, Pinguicula vulgaris, Utricularia intermedia ta
U. minor), npepcrasieHi y YepBoHilt kausi Ykpainu (2009). Brepiue 3a ysaraqpHeHUMM MaTepianaMu maneoropuCcTIIHIX
TOCIi/KeHb BCTAHOB/ICHO IIPOCTOPOBO-4acOBY AudepeHIialliio IomypeHHs UKX BUAIB Ha IIpaBobepexcki Ta JIiBobepexoki
JlicocTernoBOI 30HN BIPOLOBXK a/lepeRy—TooleHy. Pe3ynbTaTy MaiHOMOTIYHIX JOCTIKEHb CBifYaTh, 10 JIiBoOepesxs
mocrmimKeHoi TepuTopil, opiBHAHO 3 ii [IpaBobepesxIKAM, Ma€ OIIbII BICOKWIT CTYIiHb Mae0(IOPUCTNYIHOI BUBYEHOCTI.
JI/1A KOXKHOTO 3 PiIKICHUMX Ta PeTiKTOBUX BHUJiB OOIPYHTOBAaHO BEPXHIO MEXY Yy4acTi B CKIai POCIMHHOTO IIOKPUBY
JlicocTenoBoi 30HM BIPOJOBX OCHOBHUX IIepiOfliB anjepefy-TONOlleHy Ta MifATBEP/PKEHO 3arajibHy TEeHJIEHIIilo
PperpecuBHOrO XapaKTepy Cy4YacHUX apeasniB iXHboro mnomupeHHA. OTpuMaHi faHi CBif4aTh Npo INepCHeKTUBHICTDH
BUKOPMCTAHHS I1a/e0(QIOPUCTUYHIX MaTepiamiB [Isg MOfanbinol fmeTamisanil ManeoOOTAHIYHMX PEKOHCTPYKLi Ta
IpOBefieHHs I1a/le0piTOXOPOIOTiYHNX, XOPOIOTiYHUX HOCTIIKEHb, a TaKOX pO3poOKM IpobineMy permiKTiB Ta IXHIX

pedyriymis.

KmrouoBi cmoBa: amnepen-ronores, Jlicoctenosa 30Ha, nmaneodIopucTuKa, mamiHoQIopa, pifikicHi Ta pemikToBi BUAM,
Ykpaina

Bcryn 4yacoBoi mudepeHIianii MOMMpPEHHS MOJe/b-

_ ) . HUX BuAiiB ¢riopu Ykpaiun (Bezusko et al., 2018,
YTpOZOBX OCTAaHHIX POKiB CIOCTEPIraeThbcsA 3p0C-  2019). Y 1bOMY KOHTEKCTi BaXK/IMBIMI € Y3arajib-
TaHHSA MOXUIMBOCTEJl 3aCTOCYBaHHA PE3YIbIATIB  yeyus BimomocTeil PO y4acTb y BUIOBIil cK/a-
na71e0pIOPUCTUIHUX JOCH/KEHD BiAKNAAIB al/le-  nopiii BMKOIIHMX najTiHOQIOp NUIKOBKX 3epeH
pefy-TOToleHy TpM PEKOHCTPYKIIIl MPOCTOPOBO- T3 criop piKiCHUX Ta PETIKTOBUX BUIIB POCTUH
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L.G. BEZUSKO, Z.M. TSYMBALYUK, L.M. NITSENKO

(Bezusko et al., 2013; Tsymbalyuk, Bezusko, 2017).
HaaBHiCTb penpe3seHTaTMBHUX BUKOIHUX IIajli-
HOGIIOp [I03BOJIAE€ BM3HAYATH /I KOXKHOTO MO-
JEbHOTO TAaKCOHY Ta 9aCOBOIO 3pi3y MOJETIbHUIA
perioH y MeXXaxX piBHMHHOI YacTuHM YKpainu. IIpu
IpOBefieHHI  Maeo(IOPUCTUYHUX  HOCTiIKEeHb
HaMM BUKOPUCTOBYETbCSA 30HATbHO-TEPUTOPiaib-
HMII TPUHLMAIL, 3aIPOIOHOBAHMII 3aCHOBHUKOM
YKPaiHChKOI Ma/JiHOMOTiYHOI INKOMM 3 BUBYEH-
HA BiJK/Ia[iB BE€PXHbOTO KallHO30I0 aKafleMiKOM
IOmurpom KocrboBuuem 3eposum (Bezusko et al.,
2011). Hanpukapn, icropii moOmmMpeHHsS [esKux
PiIKICHMX Ta pelTiKTOBMX BUJIB, fAKi IpefcTaBiIe-
Hi B UepBoHnilt kuusi Ykpainu (Red Data Book...,
2009), mpucssiueHo ysaranbHeHHs i [IpaBobe-
pexoks Ta JliBobepexoksa JlicoBoi 3oum (Bezusko
et al., 2020). PexoHcTpyitoBaHa icTopisa mommpeH-
HA IUX BUJIB y IPOCTOpPi Ta 4aci € OCHOBOIO JiA
MOfIA/TBIIIOL JleTasmi3alii maseo60TaHIYHNX PEKOH-
CTPYKIIiil Ta po3poOKy mpobmeMn permiKTiB Ta ix-
HiX pedyriymiB. OTpuMani BigomMocTi npo iHauBi-
IyajbHy iCTOpPil0 NOWMPEHHA OKPEMUX PifKiCHMUX
Ta PEMKTOBUX BIJIB IEPCIEKTUBHO BPAXOBYBATH
Ipy OOIPYHTYBaHHI 3aBIaHb IXHBOTO 30epeXKeHHs
Ta OXOpOHU. PosmmpenHs cmmcky BUAIB pOCINH,
AKi GpopMyIOTh BUKOIIHI ITasliHO(IOpY, epenbadae
BUKOPUCTaHHs Pe3y/bTaTiB CIIelia/IbHUX IIaldiHO-
MOPQOJIOTiYHNUX JOCTIIKEeHb Ta IPAKTUYHUX PO3-
po6oxk. JocnimxeHHsa MOpdoIOrii MUIKOBUX 3epeH
CYYacHUX POC/IVH, Y TOMY YMCIIi 1 "4epBOHOKHIIXK-
HUX' BUAIB ¢iopy YKpaiHm, AjIs Lijeit majeomnanti-
HOJIOTil IIPOBOJATBCA 13 3a/ly4€HHAM JAaHUX CBiT-
JIOBOI Ta CKaHYBaJIbHOI €€KTPOHHOI MiKPOCKOIII
(Tsymbalyuk, Bezusko, 2017; Tsymbalyuk et al,
2008, 2019, 2021a, 2021b).

Merta cTarTi — Yy3araJbHUTM OTPUMaHi HaMu
pesynbTaTy BUJIOBOTO BM3HA4YE€HHA NWIKY pifKic-
HUX Ta PENiKTOBUX BUJIB POCIMH Y CKIaJi Iaji-
HOQJIOp BifK/IafiB a//lepesy-To/NoLeHy Cy4acHOI
JlicoctenoBoi 30HM YKpaiHu i PEeKOHCTPYIOBaTU
IJI1 KOKHOTO 3 IJMIX MOJIEIbHMX TAaKCOHIB iCTOpir0
IXHBOTO IOIIMPEHHS y IIPOCTOPI Ta Yaci.

Marepianu Ta MeTOAU

OCHOBHIUM METOZIOM JOCTiKeHb OyB CIIOpO-
BO-IIWJIKOBMII aHami3. Y MpOCTOpi HamMu pos-
IJIANAETBCSL TEPUTOpPisl mpaBoOepexHOi Ta JiBO-
OepexxHoi wactuH cydacHoi JlicocTenoBoi 30HU
Ykpaiun y BusHaueHux HyuHi Mexax (mmB. Didukh
et al., 2011; Mala, 2016). ¥ uaci ocHoBHa yBara 6yma
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30CepeKeHa Ha OCTAaHHbOMY K/IIMaTMYHOMY PUTMi
MiSHBONIBOMIOBUKIB I (MiKcTagian anneper — AL i
crapian misHii gpiac — DR-3) Ta rononexi (pe6o-
peanbuuit — PB, 6opeansuuit — BO, aTmanTianmit
— AT, cy66opeanpanit — SB Ta cybaTmaHTHYHNMI
— SA wacn). Bik MeXX IMX OCHOBHMX YaCOBUX iH-
TepBajiB BMU3HAYAIOTh TaKi Pa/lioOBYITIELEBl HaTn
— DR-2/AL — 11800 BP (Before Present — Bik 10
HMHinHboro vacy), AL/DR-3 — 11000 BP, DR-3/
PB — 10300 BP, PB/BO — 9300 BP, BO/AT — 8000
BP, AT/SB — 4600 BP ta SB/SA — 2500 BP (Bezu-
sko et al., 2011). MarepianoM 14 aHami3y Ta y3a-
rajibHEHHA BifJlOMOCTEN PO Y4acTb NMUJKY pifKic-
HIX i pe/liKTOBUX BUIiB CIyTyBa/Ii BUJJOBi CK/IalOBi
BUKOITHVX IaJIiHOQIOp BifKIafiB amiepeny-rouo-
LieHy JieB ATU (POHOBYX PO3pisiB, pO3TaIIOBAaHNX Ha
[TpaBob6epesxoxi: Kapnmniska (IlemeTiBchkuit p-H,
XmenpHunbka 061.), Knonoroscoke (O6yxiBchbKmit
p-H, KniBcbka 0671.), Ta JliBoGepexcoki: HareBcbke
(Konotomcekuit p-H, Cymcbka 0671.), Jlomuna (Bo-
ropyxiBcbkuit p-H), Jlomanbcbke (XapkiBChbKuin
p-#), KomapiBka (Istomcpkmit p-H) — Xapkis-
cbka 001, Opxuis (JIybencokuit p-n), IlepeBon
(JIy6enrcpkuit p-u) — ITontaBcpka 0671. Ta Yymrax
(3omoronicekuii p-H, Yepkacbka 0011.).

IIpn mpoBemeHH] MaiHOMOTIYHUX JOCTI/IKEHb
IWIKOBI 3epHa mobpoi 36epexxeHocti Oymm ifmeH-
T]ikOBaHi O POANHHOIO, POJOBOTO Ta BULOBOTO
piBHIB. BukopucrToByBanmuch TpanuliliiHi BU3HaY-
Huku (Kupriyanova, 1965; Kupriyanova, Aleshina,
1972, 1978; Bobrov et al., 1983) Ta crenjianbHi na-
niHOMOpdOIOriyHi po3poOKM /1A Lineir cropo-
BO-NM/IKOBOro aHamizy (Monoszon, 1976; Artyu-
shenko, Romanova, 1984; Tsymbalyuk et al., 2008,
Tsymbalyuk, Bezusko, 2017). JlaTuHCbki HasBu
POCIUH HAaBOAATBbCA MEPEBAKHO 3a CINUCKOM CY-
IVMHHUX pociyH Ykpainu (Mosyakin, Fedoronchuk,
1999), 3 feAKUMM YTOYHEHHSAMI.

PesynbraTi Ta 06rOBOpeHHA

Hamnu 6ynm mpoaHanmisoBaHi BUEOBI CKIamoBi ma-
NMiHOQIOp BifKIafiB amiepeny-TONOLEHY HeB ATU
¢$boHOBMUX PO3pi3iB, PO3TAIIOBAHMX HA TEPUTOPIl
cydachoi Jlicoctenosoi 3oHn Ykpainu. OTpumani
Ppe3y/IbTaTy JO3BOMVMINM BCTAaHOBUTH Y (hOpMyBaH-
Hi KOJNEKTVBHOI BUKOIIHOI NajiHOQIOpM KOCHi-
IDKeHVUX BifK/IafiiB y4acTb IWIKY JeBATU BUJIB
pocnyH, fAKi cbOrofiHi mpepcrabieHi B YepBoHii
kun3i Ykpaiau (Red Data Book..., 2009). I1i Bugn
MalTh PisHMII NPUPOJOOXOPOHHMII cTaTyc: Dryas
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Tabmups 1. YaacTh NMIKY PifKiCHIX Ta peTiKTOBMX BU/IB y HaniHO(IOpax BifKIamiB aiepeny-ronouneHy
ITpaBo6epexcks JlicocTenoBoi 30HM YKpaiHu

Table 1. Participation of pollen of rare and relict plant species in palynofloras of the Allered-Holocene deposits
of the Right Bank of the Forest-Steppe zone of Ukraine

I[TaniHoGopy BifKIafliB a/Iepeny—-ToNoLeHy . .
Takcon SA | SB | AT | BO | B | DR.3 | AL Pospis Parion (O6macTn)
Betula humilis - - - + + + + | Kmomoroscpke |O6yxiBcpkuit (KuiBcpka)
- - - + - - - | KapmmmiBka IleneriBchbknit (XMenbHUIIbKA)
Dryas octopetala - - - + + + + | KmomoroBcpke | O6yxiBcpkuit (KuiBcpka)
Linnaea borealis - - + + - - - | Kionoroscbke | O6yxiBcbkumit (KuiBcbka)
Pinus cembra - - - - - - + | Komorosceke | O6yxiBcokuit (KuiBcbka)
Thalictrum foetidum - - - - - + + | Knomoroscoke | O6yxiBcokmit (KuiBcpka)
Scheuchzeria palustris - + - + - - + | Knomoroscbke |O6yxiBchkuit (KuiBcbka)
Utricularia minor - + - - - - + | Kromoroscbke | O6yxiBcokuit (KniBcpka)

SA — cybarmanriynuit, SB — cy66opeansuuit, AT — armantnanmit, BO — 6opeanpunit, PB — npe6opeanbHuit gacu roo-
neny, DR-3 — misHiit gpiac, AL — ayutepern; "+" — y4acTb IWIKOBYX 3e€peH Y BUKOIHMX NaliHO(Iopax; "-" — BifcyTHiCTD
[IMJIKOBYX 3€PeH Y BUKOIHNUX IT/IIHO(/IOpaXx.

SA — Subatlantic, SB — Subboreal, AT — Atlantic, BO — Boreal, PB — Preboreal times of Holocene, DR-3 — Late Dryas,
AL — Allergd; "+" — participation of pollen grains in fossil palynofloras; "-" — absence of pollen grains in fossil palynofloras.

octopetala L. — pipxicumit (Andriyenko, Mosyakin, Ha uuHinrHi 0oco61mmBocTi nommpenHs 6ararbox
2009); Betula humilis Schrank, Scheuchzeria palus- ~ abopureHHUX BUJIB Cy4acHOI (IOpyM BIUIMHYIN
tris L., Pinus cembra L., Pinguicula vulgaris L. (An-  rmo6anbHi Ta perioHasbHi Moii MisHbOTO IIENCTO-

driyenko, 2009a, 2009b; Melnyk, Savchuk, 2009;  ueny (mus. Bezusko et al., 2011; Ehlers, 2020, 2022)
Tasenkevych et al,, 2009), Utricularia intermedia  Ta mepexif Bifj UMK/IB JIbOJOBUKIB'S O Cy4acHOI
Hayne, U. minor L. — Bpasmusuit (Andriyen-  emoxu, ronoueny (zus. Kleopov, 1990; Kunes et al.,
ko, 2009¢, 2009d); Linnaea borealis L., Thalictrum  2015; Willner et al., 2021, etc.). YsaranbHeni ma-
foetidum L. — sumxarounit (Didukh, 2009; Tsaryk,  neodnmopuctuuni marepianu (tabn. 1, 2) ciguars,

Andriyenko, 2009). Yotupy Bunu — B. humilis, 10 y KOXHOTO 3 MOJE/IbHNUX BUAIB PifKiCHMX Ta
D. octopetala, T. foetidum ta P. cembra — Big3Hade-  penikTOBUX pocnuH Oyna iHAMBimyanbHa icTopis
Hi B YepBoHilt kuusi Ykpainu (Red Data Book...,  mommpenHs Ha Tepuropii JlicocTernoBoi 30HM AK y
2009) sik pemiktu. AHasmi3 pe3ynbTaTiB BULOBOIO  IIPOCTOPi, Tak i B yaci. Hanpuknan, Dryas octopeta-
BU3HAYEHHs MWIKY PIAKICHMX Ta peiKTOBMX BM-  la € BUJOM, KMl CbOTOZIHI BifcyTHIil y ropi pis-

ZIiB POC/IMH IIOKAa3aB, IJ0 y4acTb IIWJIKY BUOPAHNMX  HMHHOI YaCTMHU YKpaiHM, aje maneodnropucTudHi
BUAIB € Pi3HOI0 B CKaafi mamiHodIop BigkmafiB TaHi IT0Ka3asu, 10 BiH BXOAMB JJO CK/Iafly IIEPUTTIA-
annepeny-ronoueny JlicocternoBoi 3oy Ykpaium. — HianbHuX (iToreHosis, MOMMpeHNX Ha TOCIIHKY-
ITunkosi sepHa nuxX BULiB OyM ifeHTHdiKOBaHi B BaHiil TepuTOpii BIPOJOBX OCTAHHBOTO KIiMaTUd-
CK/TaJii BUKOITHUX HastiHodIop BifkaaaiB BoxX ¢o- HOTO pUTMY HisHbonmboRoBMKIB’s (AL i DR-3) ta
HOBHUX PO3pisiB, sAKi 3HAXOISTHCS HAa MpaBobOepeXX- B paHHbOMY TOJIOLeHi. Po3maz mepuriAniaJibHOro
HilT YacTuHi gocmimKyBaHoi Tepuropil. [Ipy poMy  pOCIMHHOTO KOMIUIeKCy Bifnbyscs B PB Ta BO wacu
iXHS y4acTb Ta PI3HOMAHITHICTb Oy GIIBIIMMI Y ~ PAHHBOTO TOJOLEHY Ta IPU3BIB O HOCTYIIOBOTO
cxapi nmaninogopu Bifknanis pospisy Knomoros-  3uukHeHHA D. octopetala 3i ckmamy pocIMHHOTO
cbke (Tabm. 1). nokpuBy Ha IIpaBobepexxki Ta JIiBoOepexxxi cy-

Ha nert yac g1a BigKnafiB aniepeny-ronoueHy yacHoi Jlicocrenosoi sonn. IIpu npomy nommnpes-
JliBo6epexxoksi cydacHoi JlicoctenoBoi 3ouu 6ynmu  HA D. octopetala B ckmapi mepuraAnianbHux ¢iro-
OTpMMaHi TaneoIOPUCTUYHI XapaKTepPUCTUKM  IIeHO3iB BCTAHOBIEHO B MikcTamiami AL, cramiami

mnst ceMu ¢GoHOBux pospisiB. ITopiBusno 3 IIpa-  DR-3 Ta B PB i BO wacu paHHBOro rojoneHy Ha
BOOEpeXOKsM, BiJK/IAfyu aniepeny-ronoueHy miei  Teputopil mpasBobepesxHoi dvactunm Jlicoctemo-
TepuTOpil MalTh OiNbII BMCOKMIT CTyIiHb Haje-  Boi 3oHM. Ha JliBo6Gepesxki Iieit Bupi TpamiaBcs B
odnopuctiyHoi BUB4YeHOCT] (TabI. 2). CK/Mafi MepurnALiaTbHUX POCIMHHMUX YTPYIOBaHb

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypHan. 2025. 82(3) 227



L.G. BEZUSKO, Z.M. TSYMBALYUK, L.M. NITSENKO

Tabmuiis 2. Y4acTh NMIKY PigKiCHIX Ta PeTiKTOBNX BU/IB y maniHo(Iopax BifKIafiB anrepesy-romomneny

JliBo6epesxoks JlicocTenoBoi 30H1 YKpaiHu

Table 2. Participation of pollen of rare and relict plant species in palynofloras of the Allerad-Holocene deposits

of the Left Bank of the Forest-Steppe zone of Ukraine

Taxcon [TaniHOGIOPY BiIK/IaZliB a/IlepeRy—-TOoNOoLeHy Pospis Paiton (O6acts)

SA | sB | AT | BO | PB |DR3| AL
Betula humilis - - - + - + + |Yamescbke |Konoroncpkmit (Cymcbka)

- - - + + + + | Yymrax 3onoroHnicbknit (Hepkacbka)

- - - + + + + | Opxuns Jly6encokmii (IlontaBcpka)

- - - - + - - |IepeBop JIy6encokmii (IlonraBcpka)

- - - - + + - | JIomuHa BoropyxiBcokuit (XapkiBcbka)

- - + - - - |Jlomanbcbke | XapkiBchkuit (XapkiBcbKa)

- - - + - - - |KomapiBka |Isromcpkmit (XapkiBcbka)
Dryas octopetala - - - - - + + |Yamescbke | KonoTonchkmit (CymcbKa)

- - - - + + + | Yymrax 3onoronicbkuii (Yepkacbka)

- - - - + + + | Opxunsa JIy6encokuit (ITonraBcbka)

- - - - + - - | Ilepesog Jly6encokmit (ITonraBcpbka)

- - - - - + - |JlommHa BoropyxiBcpkuit (XapkiBcbka)
Linnaea borealis - - - - + + - | Yamescpke | Konoromcpkuii (Cymcbka)

- - - + + + - | Yymrak 3onoronicbkniit (Yepkacpka)

- + + - - + - | Opxunsa Jy6encpkumit (ITonTaBcbka)

- - - + + + - | JlommHa BoropyxiBcpkuit (XapkiBcbka)

+ + + - - - - |Jlomanbcbke | XapkiBcbkuit (XapkiBcbKa)

- - + - - - - |KomapiBka |Isromcbkmit (XapkiBcbka)
Scheuchzeria palustris - + - + - - - |Yamescpke | Konoronchkmit (Cymcpka)

- - + + - - + | Yymrak 3onoronicbkuii (Yepkacbka)

- + + + - - - |JlommHa BoropyxiBcpkuit (XapkiBcbka)

- + - - - - - | Jlomanbcpke | XapkiBcbkuit (XapkiBcbka)
Pinguicula vulgaris - - + - - - + |Yamescoke |Konoromncokmit (CymchbKa)

- + + - - - - |JlommHa BoropyxiBcpkuit (XapkiBcbka)
Utricularia intermedia - + - - - - - |Yamescpke |Konoroncokuit (Cymcpka)

+ - - - - - - |Jlomanbcbke | XapkiBebkuit (XapkiBcbKa)

- + + - - - - |KomapiBka |Isromcbknmit (XapkiBcbka)
Utricularia minor - + + + - - - | Yymrak 3onmoronicokuit (Yepkacpka)

- + + - - - + | Opxunsa JIy6encpkuit (ITonTaBcbka)

+ + + - - - — | Jlomaubcpke | XapkiBcbkuit (XapkiBcbKa)

B AL, DR-3 Ta BIpofioBX IIeplIOi IIOJIOBMHI PaH-
Hporo ronoueny (PB yac). HasBHi Ha 11eit qac mae-
odopucTyHi #aHi cBig4aTh, 1[0 MOAIOHOW Oyra
icropis mommpenss D. octopetala six B 4yaci, Tak i B
npocrtopi Ha IIpaBobepexxxi Ta JliBobepexxki Jli-
coBoi 30Hu Ykpaiuu (Bezusko et al., 2020).

Pinus cembra TakoXX BifHOCUTBCA [O BUMIIB, AKI
BificyTHi B cydvacHiil ¢uopi piBHMHHOI 4acTVMHU
Ykpainn. Ileit Bupj iMoBipHO Mir Opaty HesHau-
Hy y4acTb y CKJIaZi POCIVMHHOCTI B MbKcTapiaimi
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annepern Ha Teputopii [TpaBobepexoks JlicocTemno-
Bol soun (KniBcbka o6mactb). TuM 4acoM He MOXK-
Ha TaKOXX BUIK/TIOYATH i MOXK/IMBOCTI BITPOBOTO 3a-
HOCy NWIKY P. cembra 3 mpaBo6epe>XHOI YacTUHY
cyuacHoi JlicoBoi 3ouu (Bezusko et al., 2020).

Io Buzis, sxi popmyBanyu nepursiiianbHi ¢ito-
LleH03) Ha TepuTopii JlicocTenoBoi 30HM BIPOFOBXK
a/Ulepefly-TONOLeHY, BXOAUTb TakoX Betula hu-
milis (HOMeHK/IaTypa BUAy IpPUIHATA BiAIOBiTHO
no Olshanskyi, Mosyakin, 2020; Applequist, 2023).
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[TaneonopucTnyHi faHi cBifyare, mo Ha IIpaBo-
6epexoki JIicocTernoBol 30HM y4acTh L[bOTO BUAY B
CK/IaJli pOCIMHHOTO MOKPUBY MiATBEPAKYETbCS LA
mpyroi nonosuHu panHboro (BO wac), a Ha JliBoGe-
pexoxi — A mepiuoi monoBuHM cepegHboro (AT
vac) ronmoueHy. Har6ipur Momozi 3a BikoM oKanbHi
MicuesHaxomKeHHs B. humilis 3a Mexxamu cy4acHo-
ro apeay IMOBipHO 3HaxoaumiCh Ha JIiBobepesxKi,
Ha TepuTopii cydacHux Cymcbkoi, Yepkacnkoi, Ilosn-
TaBCbKOi Ta XapkiBcbkoi obmacreit. 3a maneogo-
pUCTMYHMMMK MaTepianamu B. humilis Tpanisascs y
CK/IaJli pPOCIMHHOTO NOKPUBY cy4acHoi JIicoBoi 30HU
YKpainu BIPOJOBX BCiX OCHOBHMX YaCOBMX 3pisiB
amnepeny-ronoueny (Bezusko et al., 2020).

Otpumani mnameodnopucTuyHi [aHi CBig4YaTh
npo y4actb Thalictrum foetidum y cknapni pocnuH-
Horo mokpuBy Ha IIpaBobepexxxki cydacnoi Jlico-
crenioBoi 30HM (KniBcbka 0071.) TinbKy BIIPOFOBXK
OCTaHHbBOTO K/IIMAaTUYHOTO PUTMY Ii3HbONbOMO-
BukiB’st (AL Ta DR-3). IloBHicTIO CBiueHHS T100-
IVHOKMX MiCLIe3pOCTaHb LIbOr0 BUJY 3HUK/IM 3 Te-
puropii ITpaBobepexcksa cydacHoi JlicoBoi 30HM B
cy660peanbHuit yac (gpyra IIONOBMHA CEPETHBOIO
rononeny) (Bezusko et al., 2020).

Icropii mommpenus Linnaea borealis Ha piBHMH-
Hill YaCTUHi YKpaiHy BIPOJOBX ajlIepesy—TooLe-
HY Ta HaJiHOMOPQOJIOriyHi 03HAKM, BOKIUBI 111
BUIOBOI imeHTMGiKaii BMKOIHOTO IMIKY LbOTO
BUJlY, HaBeJIeHi B HAIIOMY IIOIIEPEJHbOMY y3arajb-
HeHHi (Tsymbalyuk, Bezusko, 2017). Pesynbratn
naneoIOPUCTUYHUX HOCTIIKeHb, OTPUMaHi y
LbOMY JOC/TIIDKEHHI JI/IA BiiK/IajiB ¢dboHOBMX PO3-
pisiB Hamescbke Ta JlommHa, gemo posmmpoOOTh
Haui BioMmocTi mpo icropito mommpenHs L. bo-
realis Ha JliBo6epexxxi JlicocTenoBoi 30Hu. Bcra-
HOBJIEHO y4acTb L. borealis y cxmajii pocIMHHUX
yIpyIIOBaHb Ha Tepurtopili boropyxiscpkoro p-ny
XapkiBcpkoi o6nmacti Bipoposx cragiany DR-3 Ta
B paHHbOMY rononueHi (PB i BO wacnu). Y3aranpHeHi
najeoIOpUCTIYHI MaTepiaay MOKasamy, 10 el
Buf 6paB y4acTh y GOpMYBaHHI POCIMHHOTO MO-
KpuBY Ha Tepuropii XapKiBcbKoi o6acti B misHbO-
My fipiaci-ronoueHi. PagioByrnenesa gara 2210460
BP Bm3Havae Bik Mexi, mic/Isg AKOI 1€l BUJ BXKe,
JIMOBipHO, He OpaB ydacTi B CK/Iafi POCIVHHOTO
IOKPYBY B CYOQTJIaHTVYHUII Yac TOJIOLEHYy Ha Te-
puropii XapkiBcbkoro p-Hy XapKiBcbKoi 006/1aCTi.

Y cxnani maniHogop Bifknafis amrepemy-ro-
noueHy IlpaBobepesxks JlicocrenoBoi 3ouM Ykpa-
iHM Bigmiveni mmikosi 3epHa Utricularia minor
(mbxcrapian AL Ta SB gac rononeny). Ha repuropii

JliBoOepexxksa vy  ckmafi IpubepexHO-BOJZHOI
pociuHHOCTI Opanmu yyacts Pinguicula vulgaris
(mbxcrapian AL, AT Ta SB wacu ronoueny), U. in-
termedia (AT, SB, SA wacu ronoueny) ta U. minor
(mbxcrapian AL, BO, AT, SB Ta SA vacu ronoueny).

Ha mincraBi pesynbrariB nameodmIopuCcTUYHUX
[OCTiIKeHb MO)KHa BCTAaHOBUTU Yy4acTb Scheu-
chzeria palustris y CcKIaji pOCIMHHOTO IOKPUBY
ITpaBobepexxs JlicocTenoBoi 3ouu. Ha Tepuropii
KuiBcbkoi 06macti 1ieif Buj TPAIUIABCS BIPOZOBXK
amepeny ta BO i SB uacis romoneny. Ha niBoGe-
pexHiit yactusi JlicocrenoBoi 30um y4yacTs S. palus-
tris y CKaajji pOCAMHHOIO IIOKPUBY BCTAHOBIEHO Ha
Tepurtopii YepkacbKkoi 06/1acTi BIIPOKOBK MiXKCTai-
any AL ta BO i AT yacis ronoueny. Pekoncrpyiio-
BaHO TAaKOX icTopito mommpenss S. palustris Bupo-
moBx romoueHy Ha tepuropii Cymcpkoi (BO, SB
wacn) Ta XapkiBcbkoi (BO, AT, SB wacn) obmacreit.

YsaranpHeHi nazeoIOpUCTIYHI MaTepianm cBif-
YaTb IIPO PETPeCUBHNII XapaKTep IommpeHHs B. hu-
milis, D. octopetala, P. cembra, L. borealis, T. foetidum,
S. palustris, P. vulgaris, U. intermedia ta U. minor y
CKNIaJii Cy4acHOrO pOCIMHHOro mokpusy Jlicocre-
10BOI 30HM. [I/11 KOXKHOrO 3i 3rajlaHuMX pifKicHMUX
Ta PETKTOBMX BUJIiB MO)KHa BCTaHOBUTU BEpPXHIO
MeXY MOLIMpPeHHsI y IpocTopi Ta yaci Ha [TpaBobe-
pexoki Ta JIiBobepexxki JlicocTernoBoi 30HM.

Hanpukmnan, Mexa MK cepefHiM Ta paHHIM
ronoreHoM (AT/BO) € BepXHbOIO MeXeI y4acTi
B. humilis Ta D. octopetala B cknafi pOCTMHHOTO
nokpuBy Ha Ttepuropili KmiBcpkoi obmacti. Bera-
HOBJIeHa Mexa ¢ikcye dyac, micna skoro B. humi-
lis Bxxe, HaltiMOBipHillle, He 6paB y4acTi y dpopmy-
BaHHI POC/IMHHMX yTPyIOBaHb Ha XMe/IbHUYYMHI.
3a maneodnopuctuuHuMn Marepianamu, SB/AT e
BepPXHbOI0 Mexxelo ydacti L. borealis y ckmapni poc-
nmuHHOrO mNOKpuBY KwuiBmyun. Pinus cembra mir
TPAIUIATUCA B CKJIAJi JIiCOBOI POCIMHHOCTI Ha Te-
puropii KuiBcbkoi obmacti B MbkcTagiam amepen
(BepxHsa Mexa noumpenHsa DR-3/AL). Ha Kuisuu-
Hi BepxHio Mexy yuacti T. foetidum y bopmyBanHi
POCIMHHUX YTPYIIOBaHb 3a(ikCOBAaHO B YacCOBOMY
iHTepBai MK paHHIM IOJIOLEHOM Ta Ii3HbOIbOJO-
BukiB’siMm (PB/DR-3), a s S. palustris Ta U. minor
— MiX cepepHiM Ta misHiM romorenoM (SA/SB).

Ha JliBo6epexxxi JlicocTernoBoi 30HU BepXHs
Mexa roumpeHHs B. humilis y cknapi pocnMHHO-
ro nokpusy Ha Teputopii Cymcpkoi, IlonTaBcbkoi
ta Yepkacbkoi obmacTeit ¢ikcyerbcs Ha Mexi apy-
roi IIOJIOBMHM PaHHBOIO Ta CEPESHBOIrO TONOLEHY
(AT/BO). 3 reputopii IlmpsatuHcbKOro paiiony
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[TonraBcbkoi o6macTi Lieit BUA 3HMKAE paHimre i
BEPXHIO MEXY BCTAaHOBJIEHO MiX IIEpIIOIO Ta JpYy-
rol0 IOJIOBMHAMU paHHbOro ronoueny (BO/PB).
[Maneodnopuctuyni Marepianu [O3BOMSIOTH BCTa-
HOBUTY BEPXHIO Mexy y4acti B. humilis y cxmapi
POCIMHHOrO NOKpUBY Ha XapKiBIIMHI Ha MeXi cy-
660peanbHOrO Ta ATTAHTUYIHOTO YaCiB CEPeHbOTO
rofoleHy. Bepxus Mexa noumpenss D. octopetala
(PB/DR-3) migrBepmxeHna g Cymcbkol Ta Xap-
KiBcpKoi, a (BO/PB) — mnsa IMonraBcbkoi Ta Yep-
Kacbkoi obmacreit. Bepxus mMexa yuacri L. borealis y
CKJIaJi POCIMHHOTO IOKPUBY (pikcyeTbest Mk Iep-
LIOK0 Ta JAPYTOI0 IOJIOBMHAMMU PAaHHbOTO I'OOLEHY
(BO/PB) na Cyminni; Ha Yepxammuui — (AT/BO),
Ha [TonraBumni — (SA/SB).

Y rornoneHi BepxHs MeXa IOMUpeHHA S. palustris
(SB/AT) BcraHOBIeHa Ha YepkamuHi, a Ha Cym-
mwyHi Ta XapkiBuyai — (SA/SB). BepxHs mexa mo-
mmpenHa P, vulgaris (SB/AT) BcranoBnena Ha Cy-
mmyHi. Ha XapkiBmmHi neit Bup 3HUKAE 3i CKmany
POCIMHHOCTI Ha MeXi MK CepefHiM Ta Ii3HiM Io-
nouenoM (SA/SB). Ha Cymuuni U. intermedia mo-
CTYIIOBO 3HUKA€ BIPOLOBX CyOOOpeanbHOro 4yacy
(BepxHs Mexxa momupenHsa SA/SB), a Ha Xapkis-
IVHI — y Cy6aTIaHTUYHMII Yac TooLeHy. Bepxus
Mexa ydacTi U. minor y cKnajii pOCIMHHOTO IIOKpH-
By mifTBepmKeHa Ha [lonTaBmuni Ta Yepkammai —
(SA/SB). Ha XapkiBIMHI BepXHIO MEXY ITOLIVPEH-
H IIbOTO BUAY 3a(hiKCOBAHO B Mi3HOMY TOJIOLIEH.

IIpo perpecuBHMIT XapaKTep MOMINPEHHS IeB A-
TV MOJENbHUX BUJIIB PiIKICHMX Ta PeIiKTOBUX BU-
TiB IOMATKOBO CBiZj9aTh Pe3y/NbTaTy IOPiBHAIBHOTO
aHa/Ii3y HaBEJEHMX JAHX IIPO BEPXHIO MEXY IXHbOI
y4acTi B CKIa/ii pocnMHHOro nokpusy Jlicoctenosoi
30HM B Pi3Hi YacOBi iHTepBa/N a/lJIEPERY—TONOLEHY
3 BiJOMOCTAMM IIPO IXHE Cy4YacHe IOUIMPEHHS Ha
TOCTIKyBaHiil TEPUTOPIl B MeXKaX afMiHICTpaTuB-
Hux perionis (Red Data Book..., 2009).

OTtpumaHi faHi MiATBepIXKYIOTh yyacTh B. hu-
milis y cknapi pocmmaHOro nokpusy Jlicocrenosol
30HU GesmocepenHbo Ha Tepurtopii KuiBcbkoi Ta
Cymcbkoi, S. palustris — KuiBcbkoi Ta CyMcbKoi,
U. intermedia — Cymcpkoi Ta XapkiBcpkoi, U. mi-
nor — KuiBcbkoi, Yepxacpbkoi, ITonraBcbkoi Ta
XapkiBcbkoi obmacreil. Y3arajpHeHHs Ianeodio-
PUCTUYHMX MaTepiajliB I03BOJLAE POSIIMPUTHY HalIl
BiZIOMOCTi ITpO pocTOpOBY AndepeHIiaLio yyacti
y dopmyBaHHi poc/mHHOro NOKpuBY JlicocTenoBoi
30HU B amnepexi-romoueni. B. humilis — Xwmenb-
HunbKa, IlontaBcbka, Yepkacbka, XapkiBcbKa,
D. octopetala — KniBcbka, CymcbKa, [lonraBcpka,
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Yepxacbka, XapkiBcbka, L. borealis — CyMcbKa,
ITonraBcbka, Yepkacbka, XapKiBCbKa, P. cembra —
Kuiscoka, T. foetidum — KuiBcbka i S. palustris —
Yepxacbka Ta XapKiBcbKa 0671acTi.

BucHoBKI

[Tpoanani3oBaHO BUOBUIT CKJIaf TamHOGIOP BifKIa-
IiB ajUtepeny-TrooLeHy heB’siti (OHOBMX PO3pisiB
cyuacHoi JlicocrenoBoi 30HM Ykpainu. BcTaHOoBEHO,
1o y GpopMyBaHHI BUJOBOTO CK/IAJy LMX BMKOITHUX
naninodnop 6panyu y4acTh MMIKOBI 3epHa PiAKiCHMX
Ta PEMKTOBMX BUJiB, IPeACTaBIeHNX y YepBoHil
kHu3i Ykpainn (Red Data Book..., 2009) — Betula hu-
milis, Dryas octopetala, Pinus cembra, Linnaea borealis,
Thalictrum foetidum, Scheuchzeria palustris, Pinguicula
vulgaris, Utricularia intermedia ta U. minor.
3’sicoBaHo, 1110 JIiBOOepeXxxKsi OCTiIKeHOI Tepu-
Topii, nopiBHAHO 3 ii [IpaBobepexoKsIM, Mae OibII
BYICOKWII CTYIIiHb N1a/1e0(IOPUCTIYHOI BUBYEHOCTI.

Briepuie 3a ysaraibHeHMMM MaTepiajlaMyl I1ajieo-
GbIOpUCTHYHNX HOCTIIKeHb BCTAHOBJIEHO IIPOCTO-
POBO-4acoBy AuQepeHIalnilo HOUMpPeHHs [eB sATu
pimkicHux Ta penikToBuX BupiB Ha IIpaBobepexcki
ta JliBobGepexcki JlicocTenoBoi 30HM BIPOFOBX ajl-
TIepefy-TO/OLIeHY.

J7a KOXKHOTO 3 pifiKiCHMX Ta peliKTOBMX BUJIIB
06IpyHTOBaHO BepXHi Mexi IXHbOI y4yacTi B CKIafi
POCIMHHOTO NOKpUBY JIicOCTENOBOI 30HM B OCHOBHI
4acoBi iHTEpBa/MM annepefy-TroNoLeny, 1o JO3BO-
7€ BUKOPUCTOBYBATH 1Ii JaHi AK NOMAaTKOBI KpuTe-
pii B mamiHocTparurpadii ZocmimpKeHUX BigkIamiB
Ta MifTBEPIPKY€ 3arajbHy TEH/IEHIIII0 PErPeCcBHOTO
XapaKTepy Cy4aCHUX apeasiB iXHbOTO IOIINPEHHA.

Iopsaku

Astopu BaAuHi [anHi boiixo ta Ceprito Mocsakiny
3a I[iHHI HOpajgy Ta GOIOMOTry mpu odopMIeHH]
PYKOINCY, i pelleH3eHTaM 3a IXHi KOPMCHI KOMEH-
Tapi.

JOTPMMAHHA ETUYHNX HOPM

ABTOpM TOBIZOM/ISIIOTH PO  BifICYTHICTD OYAb-SIKOTrO
KOHQJIKTY iHTepeciB.
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Participation of some rare and relict plant species in palynofloras
of the Allered-Holocene deposits of the Forest-Steppe zone of Ukraine

L.G. BEZUSKO, Z.M. TSYMBALYUK, L.M. NITSENKO
M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine,
2 Tereshchenkivska Str., Kyiv 01601, Ukraine

Abstract. Results of our analysis of species components of palynofloras of the Allered-Holocene deposits of nine sections
located in the territory of the modern Forest-Steppe zone of Ukraine are summarized. It is demonstrated that rare and relict
species (Betula humilis, Dryas octopetala, Pinus cembra, Linnaea borealis, Thalictrum foetidum, Pinguicula vulgaris, Scheuch-
zeria palustris, Utricularia intermedia, and Utricularia minor; all listed in the Red Data Book of Ukraine, 2009) participated
in the formation of the species composition of these fossil palynofloras. For the first time, the spatiotemporal differentiation
of the distribution of these species on both the Right Bank and the Left Bank of the Forest-Steppe zone during the Allerod-
Holocene was established based on the generalized data of paleofloristic studies. Results of palynological studies indicate
that the Left Bank of the studied territory, compared to the Right Bank, has a higher degree of paleofloristic study. For each
of the rare and relict species, the upper limit of participation in the composition of the vegetation cover of the Forest-Steppe
zone during the main Allered-Holocene stages was substantiated, and the general tendency of the regressive character of the
modern areas of their distribution was confirmed. The obtained data indicate the perspective of using paleofloristic materials
for further detailing of paleobotanical reconstructions, as well as for paleophytochorological, chorological research, analyses
of relicts and their refugia.

Keywords: Allered-Holocene, paleofloristics, rare and relict species, palynoflora, Forest-Steppe zone, Ukraine
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Hosgi gnsa Trepuropii YKpainu sHaxigKn
rerepo6asumieBux rpu6is

Onekcanpp 10. AKYJIOB * (&, Onekcangp B. POMAHYEHKO
XapkiBcbKMit HallioHanbHUI yHiBepcuteT imeHi B.H. Kapasina,
maiigan CBo6opu 4, Xapkis 61077, Ykpaina

* ABTOp f/is1 MUCTYBaHH:: akulov@karazin.ua

Pedepar. Y crarri mpencrasieno indopmarioo mpo Tpu Buan rerepobasupiesux rpubis (Eichleriella leucophaea, My-
cogloea macrospora i Platygloea disciformis), sAxi paninre He 6ynm 3apeectpoBaHi B Ykpaini. Cepenl HUX JyXe pifKicHUM €
Mikomapasutuanmii rpub Mycogloea macrospora. JIna imenTndikanii 3paskiB BUKOPUCTOBYBaIacA CBiT/IOBa MiKPOCKOIIif.
Ha ocHoBi anamisy jiTepaTypHMX mKepen 1 BIAaCHMX FaHMX y3aranbHeHO iHdopMmariio mpo MopdormoriuHi o3Haku,
CUCTeMaTH4YHe IOJIOXKeHHSI, MOLIMPEHHs Ta CyOCcTpaTHy crenjiamisaniio nux rpru6is. [TogaHO TaKOX KOPOTKI iCTOpm4HI
HOTaTKM IIOJ0 IXHbOI TAKCOHOMII.

KmouoBi cnoBa: Basidiomycota, npyKkankosi rpubu, KopTunioiny, MikomapasutusM, Ilogimd, [IpupopHuil 3aoBifHMIK

"Meno6opu', cybcTparHa creniamisanis, TepHomninbcbka 0671acTh, GIOPUCTIIHI 3HAXITKM

Beryn

TeTepo6as3upieBi rpubu — oOfHA 3 HANIUCTEHHI-
LIKX, aJleé BOJHOYAC HaMMEHII JOCHi)KEHUX TIPyII
y cknani Basidiomycota. Bona mictuth mapasutis
BULINMX POC/INH, TBapuH i rpubis, canporpodiB Ha
pi3HOMaHITHMX CyOCTpaTax Ta MiKOpM3OyTBOPIO-
BauiB. Halikpallle BMBYEHMMU IIpeNCTaBHUKAMHU
i€l rpynu € o6miraTHi napasuTy BUIIMX POCINH,
Taki fK ipXkacTi Ta caKoBi rpubu. Y mopiBHAHHI
3 HUMMU JIPDKJIKOBA, IPVDKAIKOBa Ta KOPTUIIiOI[HA
exoMopdu BuBueHi 3HayHO ripie (McLaughlin et
al., 2021; Schoutteten et al., 2024).

DinpliicTe NpeAcTaBHMKIB reTepobasmpieBux
rpubiB  XapaKTepUsylTbCA IPOCTUMU CHOPO-
HomeHHsAMuU. IlnomoBi Tina, AKIO BOHU HasBHI,

OOBOMI IPUMITUBHI, 4acTo npiéHi, MaJIOIIOMITHI,
edemepoinni. Yepes me ix ckIafHO BUABIATU Y
IpUpoAi i He MeHII cKIagHO po3pisHATH (Oberwin-
Kkler, 2012; Cao et al., 2021).

3 HO3UILl CUCTEMATUKY, reTepobasupiesi rpubm
posnoziseni MibX TpboMa MifiBifiaMu Bigainy Basi-
diomycota. OpHak 151 6aratbox MpeCcTaBHYUKIB 1€l
TPYIM [OCi HeMa€ MOJIEKY/IAPHO-TEHETUYHNX JAHNX,
IO YCK/IQ/IHIOE IIMTaHHA IXHBOI inoreHii Ta kacu-
¢ikanii. baraTo mpepcTaBHMKIB reTepobasniieBux
BUOKpeM/IeHi BUKIIOYHO Ha OCHOBI MOPQO/IOridHmx
Ta eKOJIOTIYHMX O3HaK, i iXHili cyyacHuii craryc i
CUCTeMATUYHE IIO/I0KEHHS HaBiTh Ha PiBHI popy 0cCi
3aMNIIaThCA Auckyciitaumu (Zhao et al., 2017).

Cepep rerepo6asnpieBux rpubiB iCHye BeMKUi
BiJICOTOK NIPMXOBAaHOTrO pisHOMaHiTTA. Hanpuknap,
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pin Cerinomyces G.W. Martin noHe#ZaBHa Hapaxo-
ByBaB 14 IpefCTaBHUKIB, a IiC/IA TaKCOHOMI4HOI
peBisii 3 BUKOPMCTAHHAM MOJIEKY/IAPHO-T€HETUY-
HUX MapKepiB, Oyl0 OmmcaHO e 23 HOBUX IS
Hayku Buu. I1po icHyBaHHSA BeIMKOI KiTbKOCTi He-
ONMMCAaHUX BUJIB CBifUaTh TaKOXX MeTabapKOZMH-
TOBi JOCTIIKeHHs pisHUX IPUPOJHUX CyOCTpariB
(Savchenko et al., 2021; Boekhout et al., 2022).

3a BUHATKOM IpeNCTaBHUKIB NMOPAAKY Puccini-
ales, B YkpaiHi rerepo6asupiesi rpuby Hikomu He
6y 00’eKTOM INIMOOKVX i IiijlecIpsMOBaHUX JO-
CIIiZPKeHb. Y JliTepaTypi 3rafiyloThCs JIMIIE IOOM-
HOKI 3Haxifgkm, 37ebinpiioro gobpe BIi3HaBaHUX
MmakpomineTiB (Andrianova et al., 2006), mpore 1i
BiZIOMOCTI He BiffoOpa’kaloTh peasbHOrO PiBHS pi3-
HOMAHITTs IPYIN.

HesamoBro mo modyaTky IIOBHOMAcCIITaOHOTO
BTOprHeHHA P® B VYkpainy Oyma omy6mikoBaHa
CTaTTA NPO 3HAXifAKy B YKpaiHi pifkicHoro rere-
pobasugieBoro rpuba Naohidea sebacea (Berk. &
Broome) Oberw., sika MicTUTb pesynbraTi MOpdo-
JIOTIYHOTO Ta MOJIEKYIAPHO-TEHETUYHOTO JIOCIi-
mkenHs 3paski (Akulov et al.,, 2022). Ognak 1eit
MOO/IMHOKMII BUIAJOK He MOXKHA CHpMiIMaTH AK
O3HaKy 3pOCTaHHs iHTepecy 10 reTepobas3nmieBux
rpubiB y xpaini. My mmboko nepekoHaHi, 1o 11
rpyna norpebye 3Ha4HO GiNbIIOI yBaru BiTYM3HA-
HUX MiKOJIOTiB.

Marepianu Ta MeTogU

MarepiaioM 114 HalMCaHHA CTAaTTi CIyTyBaan
rep6apHi 3paskuy, 3i6pani Hamn Ha TepuTopii [Tpu-
pomHoro samnoBifHuka "Menobopu" Ta CyMbKHMX
Tepuropiit Ykpaincpkoro Iloginna y 2023 p. Kpim
Toro, iHpopMalio 1npo 3Haxinku Bupy Mycogloea
macrospora 6yn10 OTPMMAaHO Bif Mikojori-ama-
TOpiB 3aBASKM [ponucaM B IHTepHeT-cHinbHO-
i "Tpubn VYxpaiun" (https://www.facebook.com/
groups/1054204501266549/). HOns  ineHTndikamii
3pasKiB, y TOMY 4K/ 3i0paHuxX aMaTopami, BUKO-
pucTOBYBanacs cBiTnoBa Mikpockomis. JJocmimkeHi
3pasku 36epiraiorbcsa B MikonorivnoMy repbapii
XapKiBChKOrO HalliOHA/IbHOTO YHIBEPCUTETY iMeHi
B.H. Kapasina CWU-Myc.

Mikpomopdonoriuni cTpykTypm 3paskiB Bu-
BYAa/IM 3 BUKOPUCTAaHHAM Mikpockoma Granum
R 60 Premium Trino. Tum4acoBi Mikpompemnapa-
TV BUTOTOBJIANM 3aTa/JbHONPUIHATUMM METOJa-
M y 3%-My pO3uMHi TifpOKcuAy Kamio. 3amipu
po3MipiB MiKpOCTPYKTYp poOWIN 3a [JOIOMOTOI0

¢dorokamepn Sigeta M3CMOS 14 M Ta creniani-
30BaHoI nporpamu ToupView.

PesynbpraTi Ta 06TOBOpEHH

Hyoxde HaBOgMMO leTa/IbHI ONMCY T2 OPUTiHAJIbHI
imocTpanii, KOPOTKi iCTOPMYHI JOBigKM, a TaKOX
inpopmanito mpo mommMpeHHs Ta CyOCTparHi
yHO7I00aHHS BUSAB/ICHNX HOBYX /11 YKpaiHU BUJIB.
Eichleriella leucophaea Bres., Annls Mycol. 1(2):

116. 1903. (puc. 1, 2) = Hirneolina leucophaea

(Bres.) Bres., in Saccardo, Syll. fung. (Abelli-

ni) 17: 209.1905 = Exidiopsis leucophaea (Bres.)

K. Wells, Mycologia 53(4): 352. 1961.
= Eichleriella incarnata Bres., Annls Mycol. 1(2):

115. 1903.

[InopmoBi Tia KOPTULIOIZHOTO TUILY, OFHOPIYHI,
oKpyrnol ¢opMy, y MOJIOJOMY CTaHi po3IpocTep-
i, mkipscti, 1,5-3,0 (iHoni mo 6) cM y giam., go 0,5
MM 3aBTOB., IPOPMUBAIOTbCA 3-IIifi KOpM TLIOK, 3a-
3BUMYall i307IbOBaHi, ajie iHOMI 3/TMBAIOTHCA. 3 YacOM
30BHIIIHIN Kpall IUVIOKOBMX Ti/l YaCTKOBO BiffisA-
€TbCA i BOHM HaOyBaIOTh YaIIONOAiOHOI ab0 ByXO-
nopni6noi ¢opmu. BinbHwit 3oBHIimIHIN Kpait iHOAI
3arOPHYTUI i XBWIACTUIL. AOriMeHianbHa ITOBEPXHS
BiJl CBIT/IO-KOPpMYHEBOI 10 TEMHO-KOPUYHEBOI, iHO-
Ii 30HaMbHA, MOPCTKA ab0 MOKPUTA PO3CITHUMMU
mpibHuMK 6opopaBoukamu. limMeHodop rmameHb-
KIil, BOCKOTMOMNiOHMIL, Ormifo-KpemoBoro abo O7i-
JO-Ciporo KONbopy, Ipy CTapiHHi Ta repbapusaii
IVIONOBMX TiI HaOyBae 4epBOHYBATOTrO BifTiHKY.
lidanpHa cTpyKTypa MOHOMITMYHA, Tihy 3 MPsK-
kamu. Cy6ikysapHi ridpu Big O1ij0-KOpMYHEBOTO O
TEMHO-KOPUYHEBOI'O KO/IbOPY, AY>KE€ TOBCTOCTiHHI,
pO3TalloBaHi B ITapa/e/lbHNX IIyYKaX i 4acTo Ii/ib-
HO CKJIe€Hi MK coboro, 2,5-4,0 Mkm 3aBuL [idu
TpaMy Bif riaiHOBUX HO Kyxe OJiTO-KOpMYHEBUX,
3 YiTKMMM Ta HEPEryAsApPHO IOTOBIIEHMMM CTiHKa-
MM, HeNIPaBWIbHOI (OPMM, YaCTKOBO CKJICEHI MiX
coboro, mepeBaxxHo (2,0-)2,2-5,1(-5,2) 3aBuL., Mic-
LIAMM PO3AYTi 10 8 MKM, iHOZII BKPUTI PO3CiAHM-
M1 KyTacTumu kpucranamu. Cy6rimenianphi rigu
riajIiHoOBi, TOHKOCTiHHI MO TOBCTOCTiHHUX, 2-5
MKM 3aBll. LlucTuau TpannAmoTbca HeYacTo, Bepe-
TeHONOoAi6HI 10 OyraBonopi6Hux, 20-25 X 4,5-6,0
MKM, iHopi BigcyTHi. lenpporidinn uncaenHi, mo-
KPMBAIOTh IIOBEPXHIO IiIMEHII0 i B JeAKNX YaCTUHAX
YTBOPIOIOTH CyLibHMII Wap fo 60 MKM 3aBTOB.,
6araToK/MiTUHHI, IycTo posramyxeHi, 0,5-1,0 MkM
fiaM. y BepxHiil yactuHi. MeTa6asupii enincoigHo
ainenopioni, (12,0-)12,3-22,1(-22,8) x (8,8-)9,0-
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0.10. AKYJIOB, O.B. POMAHYEHKO

Puc. 1. 3aranbpanit Burnay mwioposux Ttin Eichleriella leuco-
phaea in vivo

Fig. 1. General view of basidiomata of Eichleriella leuco-
phaea in vivo

;
!

Puc. 2. Mixpoctpykrypu Eichleriella leucophaea: momnoni
6asupnii (A), spina 6asupgis (B), geupporidign (C), 6asumi-
ocriopu (D). Posmip mrpuxa 25 MKM

Fig. 2. Microstructures of Eichleriella leucophaea: young ba-
sidia (A), mature basidia (B), dendrohyphidia (C), basidio-
spores (D). Bar 25 um

236

12,3(~13,1) MKM, YOTMPUCIIOPOBI, 3 TIOB3[J0BXHIMI
XPECTONOAIOHO PO3TAIIOBAHMMY CENTaMM Ta IIO-
TOBXEHUMU CTepurmMaMu o 50 MKM 3aBH., iHKO/mM
i3 cMJIbPHO 3peflyKOBaHOK HiXKOMN. Basupiocnopn
BY3bKOLM/LIHAPUYHI, 37IETKa 3irHYTi, 3a JIiTeparyp-
Humy fanumu (Prieto-Garcia et al., 2010; Malyshe-
va, Spirin, 2017) ixHiit po3mip cranoBuTh (12,2-)
12,5-20,0(~21,3) X (4,2-)4,4-6,1(~6,2) MKM, a y 70-
CIIPKEHUX 3paskiB 3 Ykpainn 15,3-16,2 x 4,7-5,2
MKM, 3 BUP)XEHUM alliKaJIbHNM BifIpOCTKOM, IJIa-
IEHDbKIi, He aMi/IOiHi, He JeKCTPMHOIHI.

IMommpenns B VYkpaiui: TepHoninvcvka 0071.,
TepHONiNbCHKUIT P-H, OKOM. C. 3apBaHuUIA, Tpa-
60Buit mic 6is1 MapilicbKOro ZYXOBHOTO LIEHTPY
YI'KII, 22.01.2023, 3i6pa O.I0. Axynos, CWU-
Myc AB1596; YopTKiBcbKMit p-H, oKol. c. KpyTu-
niB, Ilpuponunit 3anosigHuk "Mepno6opnu”, Kpac-
HstHcpKe [TH]IB, rpaboBmii jic, Ha Omanmx rizkax
Carpinus betulus L., 28.01.2023, 3i6pas O.10. Aky-
nos, CWU-Myc AB1224.

3aranbHe NONIMPEHH:: IOMipHa 30Ha €BpOIN
(ABcrpis, Icmanis, Itamis, Himeyunna, [Tonpuia,
Pocis, Ykpaina, @panuis) (Bresadola, 1903; Wells,
1961; Prieto-Garcia et al., 2010; Malysheva, Spirin,
2017).

Cy6cTparHi ynogo6aHHa: MepTBi npuKpimneHi
a60 HefjaBHO omasIi TiIKM JTUCTAHUX JepeB Ta Ky-
wis (Berberis vulgaris L., Carpinus betulus, Prunus
padus L., Quercus ilex L., Robinia pseudoacacia L. Ta
iH.), IepeBa’kHO B XOJIONHY IIOPY POKY.

¥ 1895-1900 pp. b. Eixnep BuBYaB pisHOMa-
HiTTa rpnbiB Ilipmammsa — ykpaiHCbKOro eTHid-
HOTO Kpaw, AKUI Hapasi pO3TallOBaHUM Y IiB-
IneHHo-cxifHin Ionpmi, a B TOJ nepiox nepe6yBaB
y cxmapi Pociiicekoi Immepii (Eichler, 1900). Y
1903 p. itaniricbkuit mikonor JIx. bpesaygona omy-
O7mikyBaB pe3ynbraTy poOOTH HaJ, TUMM 3pa3KaMu
JI0TO KOJIEeKITii, AKi IMIININCSA HEBU3HAYEHUMMU. 30-
KpeMa, HuM OyB OIIVICAaHMII HOBMII [/I HAyKV pif
Eichleriella 3 nBoma Bumamu: E. incarnata Ha rin-
Kax Berberis vulgaris ta E. leucophaea — na rinkax
Carpinus betulus. Eichleriella leucophaea xapaxre-
pusyBaBcs cTepeoigHuMu (mopiOHMMY 1o Stereum
Spp.) IIOJOBMMMU TinaMy 4auononioHoi ¢dopmu 3
[JIaIEHbKUM CBiT/IO3a0apBIEHNM BOCKOIIOIiOHIM
rimenodopom (Bresadola, 1903).

Y 1961 p. amepukancpkuit mikonor K. Bemc 3a-
IpONOHYBaB IepeHectu Bup E. leucophaea no pony
Exidiopsis. Bin HaBiB meranpHuit Mopdonoriqynmit
OINIC IBOTO BUAY, @ KpiM TOrO NPUITYCTUB, ILIO
amepukaHcbkuit Bup Eichleriella schrenkii Burt ta
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esporneiicbknii E. leucophaea e xoncnenngivinnmm
(Wells, 1961).

Ynpoposx XX cT. 6y/10 omycaHo Kinbka HOBUX
JUIsL HayKU BUAIB oni6bHOI Mopoorii Ta BUCIOB-
JIIOBA/IVCA Pi3HI IYMKM CTOCOBHO IXHBOTO CTATYCy i
CHUCTeMaTUYHOrO IOoXKeHHs. JIume B 2017 p. 6yna
IIpOBEMleHA PEBisiA i€l Ipyny BU/IB i3 3aTy9eHHAM
MOJIEKYIAApPHO-TeHeTUYHNX MapKepis. Ha ocHoBi
OTpUMAaHUX JjaHux Oyno BigHOBNeHO pin Eichleri-
ella i moxasaHo, 110 Hapasi BiH HapaXOBYeE [eCsITh
BupiB. [Tpu nbomy Hassa E. incarnata Gyna 3BefieHa
o cuHoHiMiB E. leucophaea, a aMepuKaHChKWIT BUJ,
E. schrenkii 6yB npy3HaYeHMiI TUIIOM HOBOCTBOpe-
Horo pony Amphistereum Spirin & Malysheva (Ma-
lysheva, Spirin, 2017).

3a pesynbraTaMy TeHeTUYHOTO aHai3y 3apas
BUE BigHOCATH o popuuu Exidiaceae R.T. Moore,
nopspky Auriculariales, xnacy Agaricomycetes, mifi-
Bippiny Agaricomycotina, Binginy Basidiomycota.
Mpycogloea macrospora (Berk. & Broome) McNabb,

Trans. Br. Mycol. Soc. 48(2): 187. 1965. (puc. 3, 4)

= Dacrymyces macrosporus Berk. & Broome, Ann.

Mag. Nat. Hist., Ser. 4 11: 343. 1873.
= Fusarium obtusum (Cooke) Sacc., Syll. fung.

(Abellini) 4: 708. 1886 = Fusisporium obtusum

Cooke, Grevillea 5 (no. 34): 58. 1876.

ITnopmoBi Tinma cKymdyeHi, >KelTaTMHO3HI, HamiB-
IIPO30pi, CllepIly 3’sIB/IAI0ThCA K MiHIaTIOpHI IO-
nymedku 0,25-0,5 MM y giaMm., IKi 3TOJOM CATaIOTh
3 MM y giaM. i 31MBalOTbCS y ropbucTi Macu fo 2
CM 3aBJl., YePBOHYBATO-POXEBi B CBDKOMY CTaHi,
CTAIOTh POTOHOAIOHNMMIY i KPeMOBO-XKOBTUMM IIPU
BUCUXaHHi. ¥ pPO3pisi IJIOJOBI Tila 3 BUPA3HOIO
30BHILIHBOIO KETATMHO3HOIO 30HOI0 i MaJIEHbKOIO
M'SICUCTOI0 LIEHTPa/IbHOI 30HOMW. 'ipu 2-4 MKM y
fiiaM., epeBa)KHO TOHKOCTIHHI, 6a3ajbHi 3 IpsXK-
Kamu. I'iMeHIT CK/Iajla€TbcA 3 OUKApIOTMYHUX IIa-
padis (mukapiodis) i 6asmpiit. Juxapiogisu rycro
posranyskeHi 61151 OCHOBM, MEHIII pO3Tay>KeHi Ta
3irHyTi Ha KiHUAX, 1,7-2,5 MKM Yy JiaM., CeNnToBa-
Hi, 3 TPOX) NOTOBLIEHMMY CTiHKaMM, BUCTYIIAIOTh
Hayi 1mapom 6asupiit. [Tpo6asmpii mamomomitHi,
npubmsHo 5-7 x 1-2 MkM, ummixgpuyuHi. Me-
Tabasupii aypukynApioinHi, 4-KITHHHI, UMTiH-
mpudHi abo BeperTeHOMOAiOHI, mpsiMi abo 3/merka
3irHyTi, IIEPETATHYTI 61711 CenT, TOHKOCTIHHI, Ti-
aninoBi, (38-)55-66(-70) x 3-5 MKM, JIeTKO Bifmo-
KpeM/IIOITbCA Tpu fospiBanHi. Crepurmu po 8
MKM 3aBJ. basupiocniopy numiHApKUYHI, IMaieHbKi,
TPOXM CIUIIOLIEH] 3 opHOro 60Ky, riamiHosi, (8-)
10-13 x 4,0-5,5 MKM, 3 BUpPaXEeHUM alliKaJbHUM

BMPOCTOM Ha OJHOMY 3 KiHIIiB. XapaKTe€pUCTUKA
TOCTi/KEHNX HaMU 3pasKiB LI/IKOM 30iraloThCs 3
niteparypuumMu fanumu (McNabb, 1965; Bandoni,
1998).

IBiitnukom Mycogloea macrospora € amepuKaH-
cokmit Bup, M. carnosa L.S. Olive, axuit Mae MeHIIi
Mertabasumii (21-50 MxM 3aBm.) i MeHun 6asupmi-
ocmopu (8,5 MkM 3aBz.) (Bandoni, 1998). IInomosi
Tina M. macrospora 3a 30BHIIIHIM BUITIAJLOM Ta-
KOXX MOXKHa cIuTyTaty 3i cnopopoxisavu Tulasnella
aurantiaca (Bonord.) J. Mack & Seifert (= Hormo-
myces aurantiacus Bonord.), ale BOHU JIeTKO po3-
pisHs0ThCs MiKpockomiuHo (Mack et al., 2021).

Ilomupenna B VYkpaini: Isano-Ppankiscoka
0671., okon. M. IBano-®paHKiBCcbK, rpaboBmil ic,
Ha CTpOMax cymuacrtoro rpmba Diatrype stig-
ma (Hoffm.) Fr. Ha onanux rinkax Carpinus betu-
lus L., 16.01.2022, si6pana C. banyx; — Kuiscvka
067., M. Kuis, HanionampHmit npupopHmil Imapk
"TonmociiBebkmit”, muctaunit nic 6ing KnraiBcbKux
CTaBKiB, Ha TOMY X cybcrpari, 18.01.2025, 3i6paB
€. Pynenko, CWU-Myc AB1597; — Teproninocoxa
0671., TepHOIIIbCHKMIT P-H, IPpabOBUIL Tic B OKOMN-
1sAx M. Tepe6oBs, Ha ToMy X cybcTpari, 3i6paB
O.0. Akynos, 25.02.2024; YopTKiBCbKMil p-H,
okoiL. ¢. Kpacue, IIpuponnuit 3anosigunk "Mepo-
6opn’, Kpacusuceke ITH]IB, ny6oBo-rpaboBumit
JIic, Ha TOMY X cyocTpari, 02.04.2023, 3i6pas O.10.
Axynos, CWU-Myc AB1259, CWU-Myc AB1260;
YoprkiBchbKMit p-H, okon. ¢. Tymopis, boraniunmii
3aka3HMK "SI6myHiBCbKMiT', HA TOMY X CyOcTpari,
24.02.2024, sibpana M. 3axapoBa; — YepHiseuvra
067., YepHiBeupkuit p-H, okon. c. KocTpmkiBka,
rpaboBuit 1ic, Ha TOMY X cybcTpari, 3ibpana T. 3a-
MamrHiok, CWU-Myc AB1223.

3aranpHe mommpenHsa: €spomna (Bemuka bpu-
taHiA, VYkpaina), IliBuiuna Amepuka (CIIIA),
Oxeanisn (ABctpanis, HoBa 3emaupis) (Berkeley,
Broome, 1873; Cooke, 1876; Olive, 1950; McNabb,
1965; Bandoni, 1998).

Cy6cTpaTHi ymomo6aHHA: MikomapasuT Ha
cTpoMax cymuactoro rpuba Diatrype stigma Ha
OIaJ/IMX TiNKaX JUCTAHUX JIePeB, IIOJOHOCUTD Mif,
9ac 3MMOBMX Biymr abo paHo HaBecHi. 3ayBaxknu-
MO, 110 /1Ba 3 HABEEHMX BHIIle 3pa3KiB, 3i0paHi Ha
[IOYATKY KBiTHs, IlepeOyBany y MEPTBOMY CTaHi.

3rigHo 3 niteparypHuMu maHumu, Mycogloea
macrospora € HOBOJIi IMOMMPEHNM BUIOM Ha Tepu-
TOpii bpuTaHChKMX OCTPOBIB, ane foci He BioMa y
KOHTMHEHTa/IbHill €Bpomni. BuAsneHHa cemn 3Ha-
XiIOK IIbOTO BNy B YOTUPHOX aIMiHICTPaTMBHMX
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Puc. 3. 3aranbHuit BUMIAL II0K0BUX Tin Mycogloea macro-
spora in vivo

Fig. 3. General view of basidiomata of Mycogloea macrospo-
ra in vivo

Puc. 4. Mikpocrpykrypu Mycogloea macrospora: 6asunio-
criopu (A), minerniit i Mmonoga 6asuzis (B), spini 6asupii (C).
Posmip mTpuxa 25 MKkM

Fig. 4. Microstructures of Mycogloea macrospora: basidio-
spores (A), mycelium with young basidia (A), mature basi-
dia (C). Bar 25 um

06macTAX YKpalHM HPOTATOM TPbOX POKIB MOXKe
CBIIUMTM MPO JIOr0 3HAYHE IOLIMPEHHS B rpabo-
BUX Jicax kpainu. Ha Haimy mymky, O6pak ingop-
Malil Ipo HbOTO B JIiTepaTypi MoxKe OyTyU 3yMOB-
JIEHUJI HEJOCTAaTHbOIO yBarol HayKOBILIB 1O Li€l
rpynyu rpu6iB, 3MMOBUM IIepiOfiOM JIOTO IIIOJOHO-
HIEHHs, a TAKOX TUM, 1[0 MiC/I BUCUXaHHA IIOfI0-
Bi Tijla CTAIOTh Maj>Ke HEIIOMiTHUMIL.

BpaxoByroum BifCYyTHICTb MOJIEKY/IAPHO-TEHE-
TUYHUX IAHUX A1 M. macrospora, My HaMaraamucs
OTPMMATH JIOTO KYy/IbTYPY, a TAKOX €KCTparyBaTu
IOHK 6esnocepenupo 3 maogoBux Tin. IIpote Bci
CrIpo6y 3aBEPLINIICS HEBJATIO.

Bupu pory Mycogloea L.S. Olive xapakTepnayioTh-
¢ JpiOHMMM TIOAYIIKONORIOHMMM 6asupioMami,

238

AKi pOCTYTb Ha IUIONOBUX TiaX iHmMMX rpu6is abo
nopyd i3 Humu. Hapasi B popi BU3HAIOTD ciM BUIiB,
BMOKPEeMJ/IEHVX Ha OCHOBI MOP(O/IOTiYHMX O3HAK Ta
cy6CTpaTHo'1' crenjaisanii. Yci nmpegcTraBHUKM popy
€ CHellia/li3oBaHMMM MiKoIlapasuTaMM, FOCIOAAp:-
MM SIKMX MOXYTb OyTU SIK CyM4YacTi, Tak i 6asupie-
Bi Tpuby, IepeBaKHO pisHOMaHITHI IipeHOMIiLeTH.
ITpencTaBHUKM POAY MAIOTb MONEPEYHO CENTOBaHI
(aypukynspioigni) 6asupii, siki micis po3piBaHHS

JIETKO BiJOKpeMTIOI0ThCs Biff pobasupii. Lst o3Ha-

Ka {HTepIpeTyeTbCA AK IPUCTOCYBAHHA IO PO3IIOB-

cromkeHHsa notokamu Bopu (Bandoni, 1998; Schout-

teten et al., 2024).

Ha panmit MoMeHT Tinbku ogyH Bug, Mycogloea
nipponica Bandoni, 6yB Ky1bTuBOBaHMIT i cekBe-
HoBaHHMIT. [ToKasaHo, 10 Lell BIUf € JUMOPdHUM,
TOOTO Mae canpoTpodHY TaIIoifHY [ApPLKIKOBY
Mopdy i AuKapioTM4HY MilenianpHy Mikollapasu-
tyHy Mopdy. IlocmioBHOCTI HYK/IEOTHAIB /I
IHIMX BUAIB, BKIIOYAIOUM TUII popy M. carnosa,
Hapasi BifcyTHi. OT>Xe, MOHOGIIETHYHICTD ponY
IIOKM 1110 He moBeneHa (Schoutteten et al., 2024).

Bup 6yB ymepie onpwIofgHeHWiT 6e3 omucy B
1872 p. mix HasBoto Dacrymyces macrosporus Berk.
& Broome, B excukarax I'JI. PaGenxopcra "Fungi
europaei exsiccati" (Ne 1540). Poxom misHiue 6pu-
taHcbKi Mikomoru M.Jx. Bepxi Ta X.E. Bpym (Ber-
keley, Broome, 1873) Brepiite 3aiiiCHIIN JIOTO OIINAC,
3a3Ha4YMBIIY, 10 BiH Iapasutye Ha Diatrype stigma
i ogoHOCKUTD 3 IpynHA Ho OepesHs. HesamexxHo
Bifg Hux, M.K. Kyk (Cooke, 1876) onncaB uert cammit
Bup, 11if Ha3Boxo Fusisporium obtusum Cooke.

Y 1950 p. JI.C. Onus (Olive, 1950) BrokpeMuB
pin Mycogloea 3 Tunom M. carnosa. [lemo misHinre
P.®. MakHa66 (McNabb, 1965) 31iiicHUB TaKCOHO-
MiuHY peBi3ilo aypukysipioigHux rpu6is bpuran-
CbKIX OCTPOBIB, IOBiB CMHOHIMi4HiCTb Dacrymyces
macrosporus i Fusisporium obtusum Ta 3aIpOIOHY-
BaB s IXHBOTO HaliMeHYBaHHs KoMOiHarito My-
cogloea macrospora (Berk. & Broome) McNabb.

Hapasi pig BXoguTb O CK/Iafy pOAVHNI Spiculo-
gloeaceae Denchev, nopsapky Spiculogloeales, xnacy
Spiculogloeomycetes, nipBinniny Pucciniomycotina,
Bippiny Basidiomycota.

Platygloea disciformis (Fr.) Neuhoff, Arkiv for Bo-
tanik 28A (no 1): 56. 1936. (puc. 5, 6) = Tremella
disciformis Fr., Syst. mycol. (Lundae) 2(1): 216.
1822, bas. = Achroomyces disciformis (Fr.) Donk,
Taxon 7: 164. 1958.

= Tachaphantium tiliae Bref., Untersuchungen aus
dem Gesammtgebiete der Mykologie 7: 79, t. 4:
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12-15. 1888 = Platygloea tiliae (Bref.) Sacc., Syl-
loge Fungorum 6: 771. 1888 = Stictis tiliae Lasch,
Klotzschii herbarium vivum mycologicum. Edi-
tio prima. Centuria VII: no. 638. 1844 = Achro-
omyces tiliae (Lasch) Hohn., Annls Mycol. 2(3):
272.1904.

ITromoBi Tizla BOCKOINOAiOHOI ab0 KeJTaTuHOIO-
Ii6HOI TeKCTYpH, pO3PUBAIOTH KOPY Ti/IOK y BUITIA/]
3a0KpYI/IeHMX 200 IJIACKVX JVUCKIB fiaMmeTpoM 1,5-
4,0 MM i 3aBBMIIKK 6/1M3bKO 1,0-1,5 MM, I71ajeHb-
Ki, B MO/IOIOMY CTaHi 6pyaHO-6ii, 3 4acOM CTAI0Th
Kopu4HeBMMM 1 3MopmeHumu. [idm rianinosi,
TOHKOCTiHHi, 0e3 npspKok. [imMeniln ckmagaeTbes 3
BEJIMKYX 03yl i YMCTIEHHNX PO3TaTyKeHUX Cell-
TOBAaHUX HUTKOMOAiOHMX mapadis (mamxapiodis).
[Tpo6asupii 4iTKO BUpakeHi, 3 TPOXU IOTOBIIe-
HUMM CTiHKamy. Mertabasupii uwiiHgpuyHi, me-
peBaxkHo 3 3 centamu, 90-180(-300) x 9-12 MKM.
basigiociopy ummiHgpUYHI 10 aTaHTOIJHUX, PO3-
Mmipom 25-37(-48) X 6-7(-9) MKM, 3 3€pHUCTUM
BMicTOM ab0 KpamenbKaMu >KUPY, 3[aTHi IPopo-
CTaT¥ BTOPMHHMMM CHOpaMu. XapaKTepUCTUKU
HDOCIIPKEHNX HaMI 3pasKiB LiTKOM 36iraroTbca 3
niteparypuumu fauumu (Neuhoff, 1936; Bandoni,
1956; Wojewoda, 1981).

IMoumpenns B VYkpaiui: Teproninvcoka 007.,
YoprkiBcbkuil p-H, okon. c. Kpacue, IIpupopguuii
samoBigHMK "Menobopn”, BikusHcpke ITH]IB,
ny6oBo-rpaboBuit jtic, Ha omanmux rinkax Tilia
sp., 11.03.2023, 3i6paB O.I0. Akymos, CWU-Myc
AB1253; okon. c. Kpytunis, [Tpupogauii 3anoBigHMK
"Meno6opu”, Kpacusaucoke ITH]IB, ny6oBo-rpabo-
BuII 7ic, Ha omanux rinkax Tilia sp., 25.02.2023, 3i-
6pas O.10. Axynos, CWU-Myc AB1287.

3aranpHe nommpenHsa: €spona ([anis, Hinep-
nanau, Himewunna, Ionpima, CnoBayunHa, Ykpa-
ina, @innsupis, Opannis, Yexis, [Isenis) (Neu-
hoff, 1936; Bandoni, 1956; Wojewoda, 1981).

Cy6cTparHi ynogo6aHHA: canpoTpod Ha oma-
JIMX TiIKaX MUCTSHUX fepeB (mepeBakuo Tilia spp.,
iHomi Takox Betula spp. Ta Ulmus spp.), I10g0HO-
CUTB TIif Yac 3MMOBMUX Bifjur ab0 paHO HaBeCH.

Pin Platygloea J. Schrét. (tun mopsigky Platy-
gloeales R.T. Moore) 0yB Brokpemenui y 1887 p.
HimMenpkuM Mikonorom V. Illperepom s o6’en-
HaHHA BUJAIB 3 aypikyrapioimHumm 6asupiamm,
gyl IJIOOBi Tina 3a GOPMONI i TEKCTYpOK Bif-
pisusiorbest Bin Auricularia Bull. et pig xapak-
TepU3yBaBCs IUIACKUMMU a00 CMabKO BUIYKIMMIU
[JIONOBUMMM Ti/IaMU IIi/IBHOI BOCKOIIOHiOHOI KOH-
CUCTEHLii, 3 INIafIecHbKMM, CIPAMOBaHUM BIrOpy

Puc. 5. 3aranpanit Burag wiogosux Tin Platygloea discifor-
mis in vivo

Fig. 5. General view of basidiomata of Platygloea disciformis

DL

e

Puc. 6. Mixpocrpykrypu Platygloea disciformis: 6asugio-
cniopu (A), merabasupii (B). Posmip mrpuxa 40 MKkM

Fig. 6. Microstructures of Platygloea disciformis: basidio-
spores (A), metabasidia (B). Bar 40 um
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riMeHieM, YOTUPUCIIOPOBUMM CENTOBAHUMMU aypPu-
Ky/sIpioigHuMM 6a3UAisiMM i IPOCTUMM TiamiHOBHU-
mu 6asupiociopamu (Schroter, 1887).

IIpoTArom TpmBasoro yacy BBa)Kaau, O BUAU
LbOrO POAY 3MaTHI BUKOPUCTOBYBATU Pi3HI €KO-
norivHi cTparerii Ta MOXXyTb OyTH i campoTpoda-
M1, i Mikonapasurtamu. IIpote, Bxe y cepenuui XX
CT. BUCJIOBW/IV HPUITYLEHHS IPO TeTepOreHHICThb
pony (Bandoni, 1956). Ile npumymenHs miaTsep-
IMIOCSA MIC/A BIPOBAPKEHHA MOJIEKY/IAPHO-TeHe-
TUYHUX METOJiB mocmijpkeHHA. Hapasi yci cexse-
HOBaHi MIKOITapa3uTH, sAKi CIIOYATKY PO3I/IA/IA/INCS
Ak Platygloea, BUABUIICA HaJeXHUMM [0 Pi3HUX
kiaciB Basidiomycota, i ofieH 3 HUX He € Hpef-
cTaBHUKOM nopsnky Platygloeales. Hapasi BBaxxa-
erbcs, mwo pin Platygloea s. str. o6’ennye campo-
tpodui Buau (Schoutteten et al., 2024).

CraHoOM Ha ChOTO[HI pifi BIiZTHOCATD O POIAVHMU
Platygloeaceae Racib., mopsapky Platygloeales, xnacy
Pucciniomycetes, nipsinniny Pucciniomycotina, Bij-
miny Basidiomycota.

BucHoBxnu

Terepo6asupieBi rpuby — dYuc/IeHHa Ta pisHOMa-
HiTHa rpyna B cknafi Basidiomycota. Kpim o6mi-
raTHUX IapasuTiB pociuH (ip>kacTux i CaXkKOBUX),
OIMbLIICTD NpPEeACTAaBHMKIB 3a/JMIIAETBCS CTAOKO
BUBYEHOIO, IONPY 3HAYHUI PiBE€Hb IMPUXOBAHOTO
Pi3HOMAHITTSA, HMiATBEPIKEHNI Cy9aCHUMM TaKCO-
HOMIYHMMM peBi3issMM Ta MeTabapKOIMHTOBUMMU
mocmimkeHHsaMu. barato BumiB Bimomi muime 3a
HOOAMHOKVIMY, YacTO JaBHIMM 3Haxifkamm, 6e3
TeTanbHMX OMNMUCIB i MOJNEKYIAPHO-TEeHETUIHUX
TAHMX, TOMY IXHE CUCT€MAaTHM4HE IIOT0XEHHS, I10-
IIVPeHHs Ta eKOJIOTiuHi 0COOMMBOCTI IOTPeOYIOTH
yTouHeHHA. B Ykpaini nmpejcraBHMKM L€l rpynn
(xpim Pucciniales) pawniire He 6y 06’€eKTOM CIie-
I1ia/Ii30BaHMX MiKOJIOTIYHMX JOCTIJKE€Hb, & OKpeMi

CIIMCOK ITOCUJIAHb

3HaXi KM He BiTOOPaXXarTh peabHOrO PiBHA pi3-
HOMAHITTA.

IMig yac obcrexenus 6iotm I[IpmpomHoro 3a-
noBigunka "Menmobopu" Ta CyMDKHUX TepuTO-
piit Ykpaincpkoro Ioximnsa (TepHominbcbka 0671.)
HaMMl BMABJIEHO TPM pifkicHi Buam rerepobasu-
nieBux rpub6is: Eichleriella leucophaea, Mycogloea
macrospora ta Platygloea disciformis, panime He
3apeecTpoBaHi B YKpaiHi. Yci Tpu BuaM MaroTh
CIIINIBHY OCOOMMBICTh — YTBOPIOIOTD IJIONOBI Tima
B XOJIOHY IOPY poKy. Bupu M. macrospora ta P. di-
sciformis HaseXaTb O XUTTEBOI POPMU PIKATIOK
3 mpibHUMM edeMepOIfHUMY IUIOZOBMMU TilaMu.
I1i 0co6MMBOCTI MOKYTb MOSICHIOBATY, YOMY BOHU
HEYaCTO PEECTPYIOTHCSA MiKOTOTaMIA.

Ho iiMoBipHO Ay»e pifKicHMX BUAiB y €Bpori
Ha/IeKUTh MikodinpHmit rpub Mycogloea macros-
pora, sxwit fouuHi 6yB Biommit muite 3 Benmkoi
bpurasnii. Bin mapasurye Ha crpomax Diatrype stig-
ma, 10 PO3BUBAIOTbCA Ha TiNKax rpaba, i popmye
IpiOHi, HeOBroBiUHi, a/le TOBOM NPUMITHI fACKpa-
BO 3a0apB/ieHi IUIONOBI Tina. 3aBIsAKYU 3aTy4eHHIO
MikororiB-amaropis i3 Facebook-cminsHoTn "Tpnbn
YKpainu" HaM BJA/I0CS OTPUMATH TONATKOBY iHOP-
Mallilo Ipo 3HaXifKM 1boro BUAy B IBano-dpaHkis-
cbkiit, KuiBcokiit Ta YepHiBerpKiit 06/macTsix.

Y migcyMKy MOXKHA CTBEPIDKYBATH, IO YKpaiHa
XapaKTEPU3YETbCA BENMKUM PiSHOMAHITTAM reTe-
pobasupieBux rpu6is, mpoTe 3HAYHA YaCTUHA IXHIX
NIpENCTABHIKIB JOCI 3a/IMIIAETHCA HEBUABIEHOIO.

JOTPMMAHHA ETMYHNX HOPM

ABTOpM TOBiOM/IIIOTH IIPO BiACYTHICTb OYyEb-SIKOTO
KOHQIIKTY iHTepeciB.
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New for Ukraine records of heterobasidioid fungi

O.Yu. AKULOV, O.V. ROMANCHENKO
V.N. Karazin Kharkiv National University,
4 Svobody Square, Kharkiv 61077, Ukraine

Abstract. The article presents information about three species of heterobasidioid fungi (Eichleriella leucophaea, Mycogloea
macrospora, and Platygloea disciformis) that have not been previously registered in Ukraine. Among them, M. macrospora is
the rarest mycoparasitic species. Most of the records are reported from Medobory Nature Reserve (Ternopil Region, Western
Forest-Steppe). Light microscopy was used for the specimen identification. Based on the analysis of literature sources and
personal data of the authors, information about morphological characteristics, distribution, and substrate specialization of
the reported fungi is summarized. Additionally, brief historical notes on the taxonomy of these species are provided.

Keywords: Basidiomycota, corticioids, floristic records, jelly-like fungi, Medobory Nature Reserve, mycoparasitism, Podillia,
Ternopil Region, substrate specialization
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CaiTno3anme)xHi 3MiHN KapOoaHTixpa3HOI AKTMBHOCTI TNCTKiB
Crassula ovata (Crassulaceae)

Haraniss M. TOITYIN * 2, Onena K. 30JI0TAPBOBA (2,
Bikropis B. JAJTVIKA, Onbra M. ®EJTIOK (), Onena 5. OHOVIKO
IncturyT 6oranikn iMm. M.I. Xonopunoro HAH Ykpainu,

By Tepemenkiscbka 2, Kuis 01601, Ykpaina

* ABTOD M4 MUCTYBaHHA: ntopchiy@ukr.net

Pedepar. Kap6oanrifpasa (Carbonic anhydrase, CA, EC 4.2.1.1) — apyruit 3a KiZbKicTio 610K y TMCTKaX BUIIUX POCTIH
micis pubynoso-1,5-6ic-ocdarkapbokcunasn/oxcnrenasn (PBPK/O), npepcrasnennit Tppboma pisHnmy popmuamn. CA
Bifiirpae BupimanbHy ponb y noctadanni CO, jo PBPK/O i monermienti rigparauii CO, 3 yrBopennam HCO,, akuit notim
BMKOPUCTOBYEThCA K cybcTpar msa pochoenonmipysarkapbokcunasu y C,- i CAM-pocmunax. Hespakaoun Ha KT040BY
pons CA y CAM-dorocunresi, gani mopmo ii isopopm, akTuBHOCTI Ta n0Kamisanil y CAM-pocinH 3anmInaioTbest gyKe
obmexxeHNMI. MeTO0 TaHOTO HOCIIKEHHs OY/I0 BUABUTH Ta oxapakrepusyBaru popmu CA, a TAKOXX BUBHAYUTH PiBEHDb
i posmogin CA akTMBHOCTI cepeq po3unHHMX 6inkiB nmuctkiB MopenbHoi CAM-pocnuun Crassula ovata, afantoBaHoi 0
TeMpsABM Ta cBiTna. Bemmunna CA akTuBHOCTI y dpakiii posunHHMX 6iKiB Bapitosana Bix 30 mo 85 WAU/Mr 6inka 3ae>xHo
Bif yacy fo6u, Komu Oymu 3i0pani 3pasku mmCTKiB. 3Haune 3HIDKeHHA CA aKTVMBHOCTI y 3arajbHill MMCTKOBIN (pakiil
PO3UMHHMX O1KIiB cHOCTepiranocs mpu mepexofii Bifl TeMpsABU HO CBiTIa. B excTpaxTi i3 "cBiTnoBux" muctkis C. ovata 3a
IOIIOMOTOI0 e/IeKTPOPOPETIIHOIO PO3AiIeHHs B IPUCYTHOCTI JopenwIcynibdary HaTpilo i Bisyamisanii CA akTMBHOCTI
MeTozioM mporoHorpadii 6yna inenTndikoana eayHa isopopma GepMeHTY 3 MoneKyIApHOIO Macoko 29 k/la. Y "ciTmoBux"
i "reMHOBUX" /IMCTKAaX, METOAAMI HATHBHOTO eneKTpodopesy i mporonorpadii BUABIEHO Ba BICOKOMOIEKYILIPHI OiIKOBI
KoMIUTeKcH, AKi MaoTb CA aktuBHicTb. [ifpaTasHa akTMBHICTD LMX KOMIIIEKCIB Y aflaITOBaHMX [0 TEeMPSABU JMCTKAX
pociuH Oya 3HaYHO HIDKYOI0 IOPIBHIHO 31 "cBiTmoBMMM" mucTkamu. OTpuMaHi faHi CBifYaTh PO CBIT/IIO3a/IEKHY 3MIHY
axtusHOCTi CA Ta ii moKamisariio B mucTkax C. ovata IpOTArOM LMKy "HeHb-Hid'.

KmouoBsi cmoBa: CAM-dotocunres, Crassula ovata, kapboanrigpasa, mpotoHorpadis

Beryn puctoBytorb CAM-MeTabomi3M, MPUCTOCOBaHI 1O

JKUTTS B CYXOMY KIIiMaTi 3aBHsKM TOMY, 10 (ik-
Y pocnunHOMy cBiTi icHye Tpu ocHoBHi TMmM Qo-  carig meopraniunoro kap6ony (C )y surmazpi CO,
tocunresy: C,, C, i CAM-kucnotumit merabonisMm  BibyBaeTbcs y ABi cTapii, posaineni B yaci. Y Hiu-
toscronctoux (Crassulaceae). Pocmmmn, sixi Buko-  muit yac CO, mudyHmye B MUCTKN Yepes BimKpuTi
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CaiTnosanexxHi 3MiHu Kap6oaHTifpa3Hoi aKTUBHOCTI MNCTKIB Crassula ovata

IPOANXM, TEePeTBOPIOETHCA 3a YYacTI0O aKTMBHOI
kap6oanrifpasu (Carbonic anhydrase, CA) y uu-
TorasMi Ha G6ikap6onar (HCO,™), sakuit 3’eq-
HYETbCSI 3 (PochOeHONIIipyBaTOM 3 YTBOPEHHAM
OKcajoaneTaTy i jgaai g6myuHoi kucmoru. Masar
aKyMY/IIOETBCA Y BaKyoJAX 3aBIAKM aKTMBHOCTI
toHomnactHOi H*-AT®-asm Ta Masmar-ceneKkTms-
Horo aHioHHoro kaHany (Heyduk, 2022). Bpens y
CAM-poc/uH npoauxu 3aKpuTi, A67y4Ha KICIOTa
TPAHCHOPTYETbCA Y LUTOIIA3MY LIIAXOM IachB-
HOI mudysii, JeKapOOKCUTIOETBCS 3 YTBOPEHHIM
CO,, skuit pedikcyerbcss y HOTOCMHTETUYIHOMY
LUK/ BifHOB/IeHH: KapOony (uukii Kanpsina), sax
i y C;-pocmun (Liittge, 2004; van Tongerlo, 2021).
Takum umHOM, 6inblra yacTMHAa (OTOCHHTETHY-
Hoi oikcanii C  sigbysaerbca y CAM-pocnun
IIpM 3aKPUTHX IIPOAMXAX, IO JO3BOJIAE 3MEHIIUTH
BTpaTy BOJY 3 JINCTKIB 6e3 0OMexxeHHA (POTOCUH-
tesy. 3rigno 3 C. Osmond (1978), npoTsrom gobu
piBeHb ra3000MiHY Ta CTYIIHb PO3KPUTTS HPOAMU-
xiB y CAM-poc/IuH NOAIAI0ThCA Ha YOTUPK (asi:
dasa I — nornmunanusa CO, y Tempssi, dasa [T —
normuanns CO, pano Bpanii, pasa I1I — sakput-
TS IPOAVXIB y cepenmHi fHA Ta ¢asa IV — nos-
TopHe normuHanua CO, y Apyriil TOMOBUHI [HA.
ITig vac ¢asu III, KoMy NPOAUXM LIIBHO 3aKpPUTI,
BifOyBa€eTbCA JIeKapOOKCUITIOBAHHA YTBOPEHOTO
B TeMpsBi Manmaty Ta pedikcanias CO, sa pomo-
Morowo  pubynoso-1,5-6ic-pocdarkapboxcumasn/
okcrrenasu (PBOK/O). Ilicna 3aBepuieHHA ¢asu
IeKapOOKCITIOBAHHA TPOAVXM MOXYTb BifKpu-
TUCA B Apyriit monoBuHi fHA (dasa IV) i pocmmua
posnounnae 3Buyaitnuit C,-poTocuures, AKmit
crocrepiraerbcs y 6ararbox Bupis CAM-pocinu
(Winter, Smith, 2022). Bucokuit piBeHb CO,, Ha-
korm4eHuit y ¢asi I1I, oueBuaHO, € BaXXK/IMBUM 11
peryIoBaHHA IPOIIeCy, B AKOMY IIeHTpalbHy POJb
Bigirpae CA, mo nigrpumye pH-3anexny piBHoBa-
ry HCO,/CO, y yuronmasmi ta cTpomi X10port-
JIACTY, @ TAKOXX 3a0e3Iedye OCTa4aHHA CybcTpary
(CO,) mo PBOK/O.

Kap6oanrigpasu (Carbonic anhydrases, CAs)
— HajimommpeHimi MeranodepMeHTy, 1o Mic-
TATh LVHKOBI JIiraHAM, AKi KaTali3yrTh B3a€EMO-
nepersopenns CO, i HCO, . Pociunu mawoth
TpU TUIIM KapOoaHrifipas: a-, B- i y-, sAKi excipe-
CYIOTbCA y PiSHMX TKaHMHAX i KJIITUHHUX KOMIIapT-
menrax (DiMario et al., 2017). ¥ pocnuuax CAs
3HAXO[ATbCA B LIUTOIIA3Mi, CTPOMI XJIOPOIL/IACTIB
Ta MiToxoHzapiax. Lli gepmenTN BimirpaloTh Kiio-
YOBY ponb y Oaratbox (isionmoriyHmx mnporecax,

BK/IIOYAa0uN (POTOCMHTE3, [UXaHHS, TPaHCIOPT
CO, Ta cekpelil €eIeKTPOIITIB (DiMario et al,,
2017; Zolotareva et al., 2023). BoHu Hanexartb 10
Halle(eKTUBHIMMX (epMEHTIB y JyXKe IINPOKOMY
criekTpi KucmorHocTti. Bcranosneno, mo CAs 6e-
PYTb y4acTb y perynauii pH xnopomacTis i 3axu-
marTh pepMeHTI CTPOMU Bif meHarypauii mig yac
MIBMAKYX Ta pi3KMX 3MiH yMOB ocBiTneHHs (Maren,
1988). Hait6ibl IPyHTOBHE AOCIiIPKeHHSA OO
npucssadee yyacti f-CA y MeXxaHi3Mi KOHIIEHTPY-
BaHHsA Kap6ony, skuit misuutye pisenb CO, y 6es-
nocepenHiit 6mmsbkocti o PBOK/O i, sik Hacnmifoxk,
3HIKYeE PporopmxanHa (Moroney et al,, 2013).

Hespaxxatoun Ha BaxmmBy ponb CA y ¢yHKIi-
onyBanHi CAM-¢doTocuuTesy, mani mwogpo ii i3o-
¢dopm, akTyBHOCTI Ta nokanisanii y CAM-pocnnu
3a/IMIIAIOTBCS Ay>Ke OOMEXeHUMM i IpefcTaBieHi
nuire B ogHoMy pociimpkenti (Tsuzuki et al., 1982),
IPUCBSIYEHOMY KapOoaHTigpasaM pisHOMaHITHUX
CAM-Bupis. IIpoTe BUBYEHHA PiBHA, perynAnii Ta
nokanisanii CA aKTUBHOCTI y W€l rpynu pocimu
He NPOBOAMIOCS JJOTEIep.

O6’ekToM JpoCIipKeHHsT OyB MOJENbHUI B
CAM-pocnun — Crassula ovata (Mill.) Druce. Ie
BiuHO3enmeHuit cykyneHt popunn Crassulaceae, mo
HOXOAMTD i3 IiBAEHHOI Ta MHiBeHHO-cXigHOI Ad-
PYKM, IIMPOKO BilOMUII K AEKOpPaTVBHA POCIVHA
I BUPOIYBAaHHA Yy 3aKpUTOMY Ta BiIKpUTOMY
1pyHTi. Pocnmuau C. ovata TonepaHTHi fo mmpo-
KOTO JiiallasoHy TeMIlepaTyp i BOJIOrOCTi, i HaBiTh
MOXYTb BUTPUMYBAaTH HeBennKi saMoposku. Cras-
sula ovata € B&XIMBUM MOJe/IbHIM BUIOM JJIS1 BU-
BueHHA pery/anii CAM-dorocnHTe3y Ta BifKpuT-
TA NPOJVIXiB, IO MiJTBEPIKYETHCA YNMCIEHHUMNI
pocmimxenHamu (Loucks, Ownby, 1978; Rustin et
al., 1988; Kawamitsu et al., 2002; Males, Griffiths,
2017, etc.).

Meroro pobotu Oy1o BUSABUTU Ta OXapaKTepu-
syBaru isopopmu CA, a TaKOXX BU3HAYNUTHU PiBeHb
Ta po3noain CA aKTMBHOCTI cepefi PO3YMHHUX Oif-
KiB muctkiB MogenbHoi CAM-pocinuu C. ovata,
aJJalITOBAHOI 10 TEMPABY Ta CBIiTIIA.

Marepianu Ta MeToau

PocnuuaHmii MaTepian Ta yMOBU BMpPOIIYBaHHA.
Pocnmuau C. ovata BupolyBany y TOpIIMKax Ipu
TemiepaTypi +23 °C, Bomorocti nositpsa 60%, ryc-
TuHi mOTOKY $oToHiB 200 MKMOIB M~2c™! Ta do-
tonepiony 14/10 rop. "CsitnoBi" muctku pus po-
crifpKeHHs1 Bioupanu B cepenuHi gHs (dasa I1I),
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KOJIM TIPOAMXY 3aKpUTi, "TeMHOBI" — B 6.00 paHKY
(dasal), micmsa 10-roguHHOI TEeMHOBOI iHKYOAIil.

Excrpakuis po3unHHux 6inkis. PosunuHi 6in-
K1 3arajapHOi ¢pakuii "cBiTmoBux" i "TeMHOBUX"
JICTKIB eKcTparyBanm 3rigHo 3 A. Makino si cmi-
BaBT. (1992). Konuenrpauito 6i1ka B eKCTpaKTax
BM3Havamu Ha crekrpodoromerpi 3a M. Bradford
(1976).

BusHaueHHsA (OTOCMHTETMYHUX MirMeHTIB.
ExcTpakuilo mirMeHTiB IPOBOLMIN Y T€MPABi An-
MeTMICYIbGOKCUIOM 1O 3HeOapBIeHHS JIMCTKIB
nporsAroM 7 rog npu 65 °C srigao 3 M. Tait Ta D.
Hik (2003). Kounentpauito xnopodinis (Chl) ta
kapoTtuHoinis (Car) pospaxoByBay 3a piBHAHH-
mu 3tigHo 3 A. Wellburn (1994). BMmict mirmeHTis
BMpaXkasiu B MT Ha OIMHUIIIO CYXOi MacH.

BumipioBaHHA THUTPOBAHOI KMCIOTHOCTi. Tu-
TPOBaHY KMCIOTHICTh y 3pas3KaX JMCTKiB BUMIpIO-
BaJIMl METOOM KVCTIOTHO-/TY>KHOTO TUTPYBaHHA 32
S. von Caemmerer ta H. Griffths (2009). 3pasku
JIMCTKIB MiC/IA 3BaKYBAaHHA KWUITATUIN Y AUCTHU-
JIbOBaHill BOJi NIPOTATOM 5 XB Ta OXOJIOKYBaJN
10 KiMHaTHOI TemnepaTypu. EKcTpakTy TUTpyBanmu
0,01 M NaOH (pH 7) go nosiBu po>keBoro 3abaps-
neHHs iHpukaropa ¢enondraneiny (20 MK1 y pos-
BegenHi 1 : 5). KinbkicTh HakONMYeHOI B IMCTKaX
KUC/IOTY BU3HAYA/IM 3a KiJIbKiCTIO BUKOPUCTAHOTO
Ha TUTpyBaHHA NaOH.

Omuinka rigparasnoi CA akTuBHoOCTi. ['inpaTas-
Hy CA akTuBHicTb BusHavanu 3rifHo 3 C. Capasso
3i cmiBaBT. (2012). AHasmi3 I'PyHTYETbCA Ha MOHi-
TOpMHTY 3MiHM pH poO3uMHy npu KaraaiTM4HOMY
nepersopenti CO, na HCO,™ npu 0 °C. Y nBi ripo-
6ipku, moMileHi y kpyoxany 6aHio, BHOCHIH 10 0,5
M 25 MM Tpic (pH 8,3) 3 Bo6aBIsHHAM pO3UUHY
pH-ingnkaropa 6pomrumonosoro cuxboro (5TC)
10 OTPUMAHHS BUIMMOTO CHBOTO 3abapB/ieHH:. B
OfiHY 3 pobipok BHOcWIM Bif 10 mo 50 MKy dpax-
uii posunHHux 6inkiB C. ovata, a B gpyry npobip-
Ky (KOHTpO/Ib) — eKBiBaJIeHTHUIt 06’eM 6Gydepa.
ITorim py>xe mBupko gogasamy 0,5 M Boayu, Ha-
cuuenoi CO, i peectpyBanu yac, HeoOXiHMI A/
3MiHM KO/IbOPY PO3YMHY 3 CUHBOTO Ha >KOBTUIL
HIBupkicTh peaxuii po3spaxoBYBanM B ONVHUIAX
Bin6ypa-Aunnepcona (WAU) sk (T, - T)/T, pe T i T
— 4Yac y CeKyH/IaX, HeoOXifHWIT /14 3MiHM 3a6apBs-
JIEHHA PO3YMHY B HEKaTa/JiTMYHIiN Ta KaTaIiTHYHI
peaxuiax, BiAnosigHoO.

Haruauit enexrpodopes posumHHuX Oin-
KiB. HeznenarypyBanbHmit enexrpodopes y Imo-
niakpunamigHomy reni (ITAAT) posunHHMX 6inKiB
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3aranpHOl ¢pakuii "cBiTnoBUX" i "TeMHOBUX" TUCT-
KiB mpoBopmau 3a Meropukoio L. Ornstein ta B.
Davis (1964) y xamepi Mini-PROTEAN Tetra Cell
(Bio-RAD) npu 75 mMA (180 B) 3a temmeparypu
0 °C nmpotsarom 1,5 rog.

Bisyanisanis CA y ITAAT ligparasHy akTus-
Hictp CA y ITAAT Bisyanisysamn 3a L. Edwards ta
R. Patton (1966). Ieni inky6ysamu 30 xB mpu 0 °C
y 50 MM BeponamoBomy 6ydepi (pH 8,1) 3 nobas-
naHHAM po3urHy BTC [o mosBM TeMHO-CUHBOTO
3abapsieHH:. 3adapOoBaHi rei nomiman y Bogy,
Hacuyeny CO,. ¥V micusax nokanmisanii 6inkis, ski
nposs/saioTh CA aKTUBHICTD, BiféyBanocs yTBO-
PEeHH:A XXOBTUX CMYT 4epes 3MiHy kombopy BTC 3
cunboro (myxuuit pH) Ha >xoBtuit (xucnnit pH).

Amnaniz CA akrusBHocTi y [JJIC-Na-ITAAT (me-
top, mpotoHorpadii). Pozunnni 6inkn "cBitmoBux"
i "remHoBux" mictkiB C. ovata aHajisyBaau MeTo-
mom JJJC-Na-ITAAT-enexrpodopesy sriguo U.
Laemmli (1970), y HeBigHOBIIOBaIbHMUX YMOBax
(6e3 2-MepKanmTOETAHONMY Ta KNI ATiHHA 3pa3KiB)
3a V. De Luca 3i cniBaBt. (2015) a/s1 36epexxeHHs
dbepmenTaruBuoi aktuHocti CA. Enexrpodopes
nposopmm y 12%-my pospinatouomy rei (0,375 M
Tpic-HCI, pH 8,8). KonleHnTpytounit renb MicTus
4%-umit akpmnamip y 0,125 M Tpic-HCI (pH 6,8).
Tpic-rninyuoBuit 6ydep (25 MM Tpic-HCI, 192
MM IIMH) BUKOPUCTOBYBA/IN K BEPXHIil i HIDK-
Hiit po6ounit 6ydep. [Jo 060X reniB Ta BEpXHbOTO
pobouoro 6ydepa nogasamm JIC-Na fo xinuesoi
KoHUeHTpauii 0,1%. Y koxHy myHKy BHOCUMIM 20
MKr Oinka. s JJIC-Na-ITAAT BUKOpUCTOBYBaIn
6inkosi mapkepu III (6,5-200 x/Ta) (PanReacAppli-
cam). [Ticns enexrpodopesy qacTuny renis papoy-
Banmu Kymacci 6makutanm G-250, inmmi saMouyBanm
B 2,5% Triton X-100 (m1s BigHOBIEHHS 3aiHriboBa-
Hoi IJC-Na rifparasHoi aktuHocti CA) mpors-
roM 1 roj npm nocTiiHOMY IepeMilllyBaHHi, a II0-
tim pBivi mpomuBamm 100 MM Tpic-HCI (pH 8.2),
Axuit MictuB 10%-Buii isonponanon, nporarom 10
xB. [Ina Bisyanisauii rigparasHoi akTuBHOCTI CA B
re/ix ix sabapsmoBamu BTC y konuenTpaunii 0,1%
y 100 MM Tpic-HCI (pH 8,2) mpotsrom 30 xs, a mmo-
TiM 3aHyproBan y Bony, Hacudeny CO,. [Iporonn
BOJIHIO, IO YTBOPIOIOTHCA IIiJi Yac KaTaji30BaHOL
peaxiii, BifnosigaoTh 3a 3MiHy konbopy bTC 3 cu-
HbOTO Ha >KOBTUI y 30Hax nokaniszanii CA.

Cratuctmuyna o6po6ka pesynpraris. Jocri-
IPKEHHA IPOBOAMIN Y TPHOX 6i0/TOTiYHNX 1 IT'ATU
aHaJIITMYHMX TOBTOpax. PesyinbraTy HaBefeHi fAK
CepefHi BeMYMHY 31 CTAaHIAPTHUM BiIXVMJIEHHAM.
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CaiTnosanexxHi 3MiHu Kap6oaHTifpa3Hoi aKTUBHOCTI MNCTKIB Crassula ovata

BiporignicTp pisHniii Bubipox BU3Ha4eHO 3a [JOIO-
Morolo t-Kputepia CrplofeHTa 3a p < 0,05. Anani3
IIPOBOAVMIN 3a JIOIIOMOrolo nporpamm Statistix v.
10.0 (Analytical Software, Tallahassee, FL, USA).

PesynbpraTi Ta 06rOBOpeHHs

Bumict Chl y cykyneHTHUX pOC/IVH 3a3BU4ail € He-
BUCOKMM 1 3a/JIeXXUTb Bifi piBHA OCBIiT/IEHHA Ta
BOJIOTIOCTAYaHHA. 32 YMOB HAIIIOTO eKCIIepUMeH-
Ty pocmau C. ovata BUpOILyBanu 3a IOMIipHOTO
OCBIT/IEHHS Ta Pery/IAPHOro HOMNUBY. Y "CBITIOBUX"
nuctkax C. ovata (tab6n. 1) cnisBiguomenus Chl a
ta Chl b cranoBuno 6mm3pKo 2,07, 110 XapaKTepHO
I TIHBOBUTPUBAIMX POCINUH, AKiI 3POCTAIOTh y
3aTiHKy (Syvash et al., 2018). ITpu nboMy icToTHOI
pisHuLi y BMicTi GOTOCMHTETMYHYX HMIrMEHTIB MiXK
"cBiTmoBuMu" i "TemHoBuMMK" nucTKaMu (maHi He
MPUBOAATHCS) He BifiMiueHO.

®orocunTeryHa ¢ikcarnis C, 3a yyacTio K doc-
dboenonmipysarkapbokcunasu (cybcrpar HCO,"),
Tak i PBOK/O (cyberpar CO,) moTpebye Karasmi-
TUYHOTO MPUCKOPEHHs B3aemornepeTBopenHs CO,
< HCO,™ 4epes Te, 0 CIIOHTaHHA peakIjis € 3a-
HaaTo nosinbHOI0 (DiMario et al., 2017) i He Moxxe
HiTpUMYyBaTy HaJeKHY LIBUAKICTH MeTabOMIYHIX
nponeciB. Ockinbku OEIIK akTuBHA y TeMpsBi, a
PB®K/O — Ha cBitni (nepeBaxkHo y ¢asi III) go-
LinbHO OYy/I0 BCTaHOBUTH, SK 3MiHIOETbCs CA ak-
TUBHICTb Ha KX eTanax CAM-uuky.

Ha nepuromy etamni HiYHOro KapOOKCUTIOBaHHS
(pasa I) mpu CAM-dorocunresi CO, meperso-
proerbess Ha HCO,™ 3a ywactio B-CA. Pisennr CA
AKTVBHOCTI BM3HAYa/Iy y 3araabHilil gpakuii pos-
YMHHUX OiNKiB, i30/1bOBaHIN 3 IMCTKIB micia 10 rox
TeMHOBOI ekcnosntiii C. ovata (pasa I), i mopiBHIo-
BaJIM 3 pe3y/bTaTaMV BM3HAYEHHHA €H3MMaTUYHOI
AKTUBHOCTI B €KCTPAKTi JMUCTKIB, 3i0paHux micis
OCBiT/IeHHA pociuH Buponowx 10 rox (¢asa III).
Bemmunua CA akTMBHOCTI y ¢pakiii po3uymMHHUX
6inkiB BapiroBana Bif 30 o 85 WAU/wmr 6inka 3a-
JIOKHO Bif wacy mobu, komy Oymu 3i0paHi 3pasku
MUCTKiB. 3HauHe 3HIDKeHHs CA aKTMBHOCTI CIO-
cTepiranocs Npu nepexofi Bifi TEMPABU [0 CBiTIa
(puc. 1). IToxasaHno, mo rigpatasHa akTuBHICTb CA
y "cBiTnoBux" muctkax C. ovata 3HaYHO HOCTYyIa-
nmacsi CA aKTMBHOCTI 'TeMHOBUX' UCTKIB. IcToTHa
pisHMIIA Yy piBHAX (epMEHTAaTMBHOI aKTUBHOCTI
6inKkiB, ekcTparoBaHux i3 "cirmoBux" Ta "TeMHO-
BUX' JIMCTKIB, CBifunTh NpO KI0490BY poinb CA B
nepsuHHil Hiunii dikcanii CO, (Cushman et al.,

100

80

60

40

20 +

KA aktuBnicrs, WAU/Mr Oinka

"TemHoBi'" JHcTKH '"'cBiTaOBi" JHCTKHA

Puc. 1. Jlo60Bi xonuBaHHs rifparasHoi aktuBHOCTI CA
po3urHHMX 61/KiB, i301b0OBaHMX 3 MuCTKiB Crassula ovata

Fig. 1. Daily fluctuations of hydratase activity of CA of solu-
ble proteins isolated from leaves of Crassula ovata

2008) i 3HauHe 3HVOKEHHA ii aKTMBHOCTI B JIEHHIN
¢dasi nukny (dasa III). Ii pesynbratu ysromxy-
10TbCA i3 cHOPMY/IbOBAHNM Y HOIEpefHiX poboTax
yaBneHHAM 1po B-CA AK OCHOBHOrO (epMeHTa,
KU Oepe y4acTb y IepeTBOPEHHI aTMOCepHOro
CO, 8 HCO,™ y C,- i CAM-pocnunax (Borland et
al., 2014; Ming et al,, 2015; DiMario et al., 2017).
Ilisuime Oynma IoOKa3aHa BUCOKA €KCIpecid TreHy
B-CA Ha mepuioMy erami HIYHOTO KapOOKCUIIO-
BaHHA IS TaKMUX OOJIraTHUX CAM-pocnus, fK
aHaHac i kamanxoe (Wai et al., 2019).

Ina susasnenHa CA aKTMBHOCTI cepef PO34MH-
Hux 6inkiB C. ovata i BUSHAYeHHS MOJIEKYILAPHOI
macu (MM) ensumy 6y nposenennit JJJIC-Na-IIA-
AT-enexrpocdopes i3 Bisyasisauie€o rigpaTa3Hol ak-
TUBHOCTI MeTonoM nportoHorpadii srigo go V. De
Luca 3i cmiBaBr. (2015). 3a jaHuMu, IpeCTaBIeHN-
MM Ha puc. 2, ¢ppakiis po3dnHHMX 6inKiB "cBiTIO-
BUX' /MCTKIB C. ovata MicTwia nuire ogHy isodop-
My depmenTy. OCKibKM MapKepHi OiNKM MiCTATH
a-CA 3 MM 29 x]/la, npu Bisyasnisauii rigparasHoi
AKTUBHOCTI B I'eli, B AKOMY OJHOYACHO PO3IiIANINCA
MapkepHi 6inku i posunnni 6inku C. ovata, i mosno-
JKEHHS 4iTKO BUSIBISIETHCs (puc. 2, B1) i 36iraerpcst

Tabmuust 1. Bmict porocuHTe TMIHUX TIrMeHTiB

(mr/r cyxoi macn) y "cBiTnoBux" miucrkax Crassula ovata
Table 1. The content of photosynthetic pigments

(mg/g dry weight) in "light" leaves of Crassula ovata

Chla | Chlb [ Chla+b | Car

795+1,02 3,83+1,00 11,78+2,1 1,46 + 0,14
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MM
K/la

MM
k/a

212
118

Al A2 B1 B2

66

45

29 29

14 _."

Puc. 2. [IIC-Na-enexrpodopes posunHHux 6inkis (A), Bu-
ninennx i3 "cBitnosux" muctkis Crassula ovata: Al, A2 —
enextpodoperpamnu, modapbosani Kymacci 6makurHnM
G-250, ;e A1 — O6inkoBi MapKepy 3 IO3HaYKaMM IXHIX
MOJIEKY/ISIPHMX Mac, A2 — po34YMHHi 6inKu, eKcTparoBaHi
3i "cBiTmoBux" muctkis C. ovata. Ilporonorpamu (B): Bl —
6inKoBi Mapkepy, siki MictsiTs CA (29 x]la), akTHBHY 3a rifi-
parasHoIo peakui€ro, B2 — posunuHi 6i1KM, eKcTparoBasi
3i "cBiToBux" muctkis C. ovata

Fig. 2. SDS-electrophoresis of soluble proteins (A), isolated
from "light" leaves of Crassula ovata: Al, A2 — electropho-
regrams, stained with Coomasse blue G-250, A1 — protein
markers with their MW indicated, A2 — soluble proteins
isolated from "light" leaves. Protonograms (B): B1 — pro-
tein markers, including CA (29 kDa), active in the hydratase
reaction, B2 — soluble proteins isolated from "light" leaves
of C. ovata

i3 30HOI0 CA aKTMBHOCTI po3unmHHMX 6iKiB (puc. 2,
B2). Ile mo3Bomnsie 3po6UTH BIUCHOBOK, 110 MM Mmo-
HoMepHOI popmu CA cranoButs 29 kJla. Ha Bigmi-
HY Bif i3opepmentiB CA TBapuH, sKi IepeBaKHO
HaJIe)XaThb 10 a-TUITY i € MOHOMepamM, pocimHHI CA
IpefcTaBleHi a-, B- 1 y-Tumamm Ta oniroMepHIMM
dopmamu. Ilepesaxnor popmoro pocmmuunx CA
€ CA B-tumy, 110 BUSABIIAE KaTaITMYHY aKTUBHICTb
JMIIe B ONiroMepHoMy cTaHi. @PYyHKIIIOHa/bHOKO
opuanero B-CA e guMep, X04a HAMIOIIPEHIIION0
isodopmoro B-CA e rerpamep (DiMario et al., 2017).
Tunosumu isopopmamu B-CA e Takox rexcamepu
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ta okramepn (Kimber, Pai, 2000). 3pakaroun Ha Te,
[0 B MOHOMepHOMYy craHi nominentupu B-CA He
BVABJIAIOTh KaTaJiTWYHOI aKTMBHOCTI y PO3YMHI i
3[aTHI KaTa/lisyBaTy B3a€MOIICPETBOPEHHs (opM
BYTi/IbHOI KMCJIOTM JIMILE TPy OJliroMepisanii, Ha
nporoHorpami 6inkis C. ovata (puc. 2) Mu criocrepi-
raEMO BMpasHe )KOBTe 3abapB/IeHHsI B 30Hi, sIKa Bifi-
nosigae Mmonomepy 29 k/la, 10 CBifYNTD ITPO AKTUB-
He KarajiTuyhe nepetBoperns CO, 3 yTBOpeHHAM
npotoHiB. To6to, micns Buganenus J1C-Na i3 remro
MOHOMepY, 11J0 CKOHLIEHTPOBaHi y BiflIoBifHiit 6in-
KOBill 30HiI, MOXKYTb CIIOHTaHHO (OpMYyBaTH KaTa-
TMTUYHO aKTUBHI oniromepn. Takumit cammit BUCHO-
BOK OyB 3pob6nennit paniie V. Del Prete 3i criBaBT.
(2015, 2016) mpu aHai3i mpoTOHOrpaM HGaKTepianb-
Hux CA B- a6o y- tumis.

bikap6oHaT, SAKUII YTBOPIOETbCS HA MeEpLIiil
¢asi HiuHOro KapOOKCHMTIOBaHHA, (iKCyeTbCA 3a
y4acTI0 LUTO30/IbHOTO (epMeHTy (ocdoeHommi-
pyBaTKapOOKCWIa3y 3 YTBOPEHHSAM OKCajioaleTa-
Ty, AKMI1 HerallHO BiJHOBIIOETbCA Ao Manary. Oc-
TaHHIi i3 IUTOIIa3MI TPAHCIIOPTYETHCA Y BEIUKY
LIeHTpaJIbHy BaKyo/Ib KIiTMH Me30]iny BHACTIIOK
€/IEKTPOXIMIiYHOIO Tpaji€HTa, KU T€HEepyeTh-
cs aKTMBHUM 3aKayyBaHHAM H* BaxyomsapHoro
V-AT®-azow (Huang et al., 2021; Heyduk, 2022).
Y pesynbrari Bif6yBa€eTbcA BaKyo/lApHE HAaKOIM-
yenHsa K, ockinpku, ax nokasano (Ceusters et
al., 2021; Winter, Smith, 2022), ko)keH MONIb Ha-
KONMYEHOTO MajlaTy BPiBHOBAXYETbCA 2 MOJAMU
H*. TakuM 4MHOM, 3pOCTaHHA 3arajibHOi KMCIIOT-
HOCTi NIPOTATOM HOYi CBif4UTb IPO AKTUBHICTDH
CAM-doTocuHTe3y i MOXke OyTH JIETKO BUABIEHA
IPY TUTPYBaHHI eKCTPAKTIB i3 MUCTKIB. Y HaIIOMY
IOCTiP)KeHHi 3arajibHa KiJIbKiCTh KUCJIOTU, HAKO-
nudeHa 3a Hivu xaitunamu C. ovata, ckmamana 58,2
MKMonb H*Y/kr cupoi macy, mo gobpe y3romxy-
€TbCcA i3 maHuMM, orpuManmmy panime (Tsuzuki
et al., 1982). HaroMicTb, y feHHMII Yac TUTPOBaHA
KUC/IOTHICTD 3HVDKYBalacA i CKmajgana nume 15,27
MKMomnb HY/Kr cupoi Macu. 3MeHIIeHHA BHYTpill-
HbOKJIITMHHOI TUTPOBAaHOI KMC/IOTHOCTI BI€Hb Bifi-
OyBa€eTbCsI BHACTIOK JeKapOOKCUTIOBAHHS MajIaTy
3 HactynHomw pedikcaniero CO, y unkni Kanbpina.
Brens, mig yac ocHOBHOI (a3u mekapOOKCUTIOBaH-
HA A6myyHOI KuCnoT! y nmrorasmi, Bmict CO,
3pOCTa€ [0 BMCOKMX BHYTPIllIHIX KOHILIEHTpALIiil
i pedikcyerbcss PBOK/O y nuxni Kanpsina. [Tpu
upoMy KoHuentpanis CO, naskono PBOK/O po-
carae 1%, a saragpHa K1ucnoTHicTh CAM-KIiTHH
3H1KyeTbes (Tsuzuki et al.,1982).
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Pisnuio MbK akTMBHICTIO Ta ii posnofinoMm ce-
pe po3YMHHMX Oi/IKiB MCTKIB y TeMpsBi i Ha CBiT-
i BUBYAIM TAaKOX LIIAXOM el1eKTPO(OPETUIHOTO
poszinenHsa 6inkis i Bisyanisanii CA akTMBHOCTI y
ITAAT mipu 36epe>KeHHi HATMBHOTO CTaHy OiKiB. 3a
YMOB HeJleHaTyPyBa/IbHOTO eleKTpodopesy BUABK-
yucs aBi 4itki 3o0HM CA aKTMBHOCTI, AKi BifIIoBi-
JaroTh noninentugaMm 3 MM y mexxax 440-880 k]la
(puc. 3). Lli cMyru Manu pisHuii piBeHb pepMeHTa-
TUBHOI aKTVMBHOCTI, IIPO 11O CBiIYNTh HEOZHOYACHA
MOsIBa >KOBTOTO 3a0apBleHHS B LMX IUITHKAX Mif
Jac IXHbOI Bisyanisanii. Y "cBiTnoBux" i "remHOBuUX"
JIMCTKAaX METOJAMM HATMBHOTO eneKTpodopesy i
nporoHorpadii 6y70 BMUABIEHO IBa BUCOKOMOJIE-
Ky/IspHi OinkoBi kommtekcy, siki malotb CA ak-
tuBHicTh (puc. 3). ligpaTasHa aKTMBHICTb HaHUX
KOMIIZIEKCIB Yy aflalTOBaHUX [O TeMPABU MCTKaX
pocnuH Oyia 3HAYHO HVDKYOK0 MOPIBHSHO 3i "CBIiT-
noBumu". OTpumani faHi CBif4aTh Mpo CBiT/IO3a-
nexny 3miny aktuHocTi CA B jmucrkax C. ovata
HpoTAroM LUKIy "meHb-HiY'. Kmouosi depmentn
CAM-1MKIy [eMOHCTPYIOTb HifIBUILEHY eKcIIpe-
cito MPHK Ta 6inkiB i 3pocTaHHA eH3MMaTUYHOI
aktuBHOCTi. Kpim CA, Bigmiyanmacsa mocuaeHa eKc-
mpecis  docdoenonmipyBarkapbokcnnasy (mepe-
TBOpIoE (ochoeHONIipyBaT Ha OKcajmoanerar) i
MajIaTjeriiporeHasy (IIepeTBOPIOE OKCAIoaLleTaT
Ha MazaT) (Cushman et al., 2008).

Yuactp nuromrasmarnynoi CA y sabesmedeH-
Hi mormHandsa CO, y TeMpsBi i nepBUHHI CTa-
mii xapooxkcumoBanHss CAM-LUKIY He BUK/IMKAE
>KopHux cyMHiBiB. ITpu npomy ponb CA y dikca-
nii CO, B XyoponacTax y cBiTnosiit dasi nuxy
He BHU3HAYeHa. 3a pesynpTaTaMm HaHOI pobOTH
(puc. 3) B muctkax C. ovata siK Ipu OCBIT/IEHHI,
TaK i B TEeMpsABI, BUABIEHI BUCOKOMOJIEKY/IAPHI
KOMIIIeKCH, fAKi BkmoyaroTb CA. 3a 4ncieHHUM
mocmimpkenusamu (Sainis, Harris 1986; Gontero et
al., 1993; Jebanathirajah, Coleman, 1998; Ander-
son et al., 2009; Babadzhanova et al., 2010; Semeni-
hin, Zolotareva, 2015), nopi6Hi MynbTIdepMeHTHI
kommnekc (M®K), axi BKIOYAKOTh Bif OBOX M0
BOCbMM €H3VIMAaTWYHUX KOMIIOHEHTIB, BUABJIEHI B
xnopomnactax. byno supineHo kinmpka MOK, aki
6epyTb yuacTb y umkii Kanbpsina-bencona. 3okpe-
Ma, B XJIOPOIUIaCTaX IINMHATy BUABIEHMUI KOMII-
JIEKC, 110 BK/IIOYae pubdosodocdar isomepasy, doc-
¢dopubynokinasy i PBOK/O (Sainis, Harris, 1986).
Y crpoMainbHiit ¢ppakiil X7IopoIacTiB ropoxy 6yB
inenTndikoBaHUT MYIBTUOITKOBUIT KOMIUIEKC, 110
BKJIIOYA€ ITiLepanbaerif-3-pocdarnerigporenasy,

MM
K“T_-[a A B

880 —

440 —

Puc. 3. IIpoToHOrpaMy posuMHHMX 6inKiB MUCTKiB Crassu-
la ovata micnsa HaTUBHOTO eneKTpodopesy 3 MO3HAYKAMU
IIOJIOKEHH: OiIKOBMX MapKepiB i3 3a3Ha4eHHAM IXHIX Mo-
JIEKY/LIPHUX Mac. A — pO34MHHI OUIKM /MUCTKIB micisa 10
rop excnosuuii pociuuu C. ovata y Tempssi. B — posunnmni
6inky mucTkiB micast 10 rop excrosuuii pocnnun C. ovata
Ha cBiTi. B siKOCTI 61M1KOBMX MapKepiB BUKOPUCTAHO MOHO-
Mep (440 x[la) i pumep (880 x[Ta) peputuny

Fig. 3. Protonograms of soluble proteins of leaves of Cras-
sula ovata after native electrophoresis, with marks of the
positions of protein markers indicating their MW. A — so-
luble proteins of leaves after 10 hours of exposure of C. ova-
ta plant in the dark. B — soluble proteins of leaves after 10
hours of exposure of C. ovata plant in the light. Ferritin mo-
nomer (440 kDa) and dimer (880 kDa) were used as protein
markers

dochopubynokinazy, i Hepenmukmit 6imox CP12
(Nicholson et al., 1987). I3 cTpomanpHOI dpakiii
xnopomnactie TioTiony (Nicotiana tabacum) 6yB
i3071bOBaHMIT KOMIUIEKC 3 MOJIEKY/IAPHOIO0 MacOo
600 x[la (Jebanathirajah, Coleman, 1998). Oxpim
pubosodocdar izomepasu, pocopubdynokinasn i
PB®K/O, Bin MicTUB 4eTBEPTIIT KOMIIOHEHT MYIIb-
TU(EPMEHTHOTO KOMIIIEKCY — KapOoaHTrifpasy.
CA, aconiitoBana 3 PBOK/O y nipenoizi Mikpo-
Bogopocteit (DiMario et al., 2017), Bigirpae 6esmno-
CepefHI0 po/lb y 3abe3leyeHH] IOCTAuYaHHA CyO-
crpary Kap6okcunasHoi peakuii — CO,. PEBOK/O
— OAVH i3 HayBaXX/IMBIINX QepMeHTIB Y IPUPOLi,
OCKIZIbKM BUKOHYE TOJIOBHY (YHKIIiI0 B MeXaHi3Mi
Hagxomkenns C y 6ionoriunmit kpyroo6ir. Heo6-
XiiHicTh mpsAmoro nocradanus CO, mo PBOK/O
06yMOBJIeHa IIPUPOJIOIO IIbOTO €H3UMY, KNI KaTa-
nisye npuennanna CO, mo pubynoso-1,5-6ic-oc-
¢dary Ha mepmiit crapii nuxny Kanbsina, a
TaKOX 3a0esIedye peakililo OKVCHEHHS puOy/Io-
30-6ic-pocdaty Ha mepruiit crafil mporecy ¢oro-
nuxaHHA. Peakiiif kapOOKCHIIOBaHHA, Ky KaTa-
nisye PbOK/O, nporikae BilHOCHO IOBiIbHO 3i
IBUJKICTIO uiie Kinbka Monekyn CO, 3a cekynay
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i e nimiTyro4or crapiero Bcboro nukny Kambsina.
KapbokcmmasHa i okcureHasHa peakiili KOHKYpY-
I0Tb 32 aKTVBHUII LIEHTP 1[bOTO (hepMEeHTY i MBI -
KiCTh KO>KHOI 3 HUX 3aJIeXKUTDh BiJl CIIiBBiTHOIIIEHH S
CO,/0,. Koncranra Mixaenica ansa kap6okcumas-
noi peakuii PBOK/O nopisuroe 10 + 4 mxM CO,,
mns okcurenasHoi — 0,5 MM O, (Sharkey, 2019).
Yepes TaKy BMCOKY PisHMLIO MK KOHCTaHTaMU
Mixaerica OKCUreHasHa peakllisg aKTUBYETbCA MIPU
sHIDKeHHI KoHuenTpanii CO, i, BigmosigHo, mpo-
IIeC 3CYBAa€ThCA Y HAPAMKY (DOTOIMXAaHHA.

PB®K/O 3asBuuail axkTUBHA JIMIIE BJEHb,
ocKinmbky pubynoso-1,5-6ic-pocdar He perenepy-
€TbCA Y TeMpBi. [cHYye Kinbka c11oco6iB KooppyHa-
uii aktuBHOCTi PBOK/O 3 akTMBHicTIO iHIMX dep-
MeHTiB 1Ky Kanpsina. Tak, smarompkeHiit po6ori
(depMeHTiB, 1110 Ha/leXKaTh JO OZHOTO MeTabo/IiYHO-
ro LIJISIXY, @ TAKOXK Pery/siLil MeTabosmisMy pocinH
3arajoM, MO>KHa JOCATTHU 3aBIAKM IXHIN acoIjialrii.
3aBAAKM 30/MVDKEHHI0 MAaKpOMOJEKYT (epMeHTiB
B €IMHOMY KOMIUIEKCI HiBemIOOTbCA AudysiitHi
0OMeXeHHsI Ha IIepeHeceHHs MeTabomiTiB MiX Io-
CIiJOBHUMM peakuissmy uukiry. MynbrudepMmeHTHI
acoliaTy MOXYTb YTBOPIOBATUCA 1 PO3MAJaTUCA
3aJIe)XKHO BiJj IIBUJKOCTI €H3MMAaTUYHUX peaklili,
00’emHaHKX B mpoueci. BinpHi popmu pepmenTis i
pisHi popmMu iXHBOI HaZMOJIEKY/ISIPHOI OpraHizamii
nepeOyBaloTh y AVHAMIYHill piBHOBa3i ofHa 3 Of-
HOIO, /IO TOTO JX IXHE CIIiBBiIHOIIEHHS 3a/IEKUThb
Bifi BUAY opraHismy, TMIy KaiTvHU Ta i QyHKIiO-
HajipHOTO cTaHy (Mattia, Otto, 2015).

IcnyBannsa acouianii CA i PBOK/O y xnopomn-
nacriB C3-pocnun 6yno nokasaso J. Jebanathirajah
ta Coleman (1998) pis pocnus Tabaxy i G. Lazova
ta A. Stemler (2008) — mns ropoxy. Ilicna mopa-
panHA JJJIC-Na xommnexc CA i PEOK/O posue-
IUTI0BaBCA i BusABLAmm MoHoMepHy popmy CA (La-
zova, Stemler, 2008). Takuit camuit epexr JIIC-Na
MU CIIocTepirany i y Hamomy focmimkerHi (puc. 2).
IIpu npomy 6yI0 mOKa3aHoO, IO €AVHOI0 i30¢op-
moio CA B muctkax C. ovata € oninenTuyn 29 x/la.
OTKe MOKHa ITPUITYCTUTH, 1[0 IIPY OCBIT/IEHH] 1ieii
IIOJTIIIENITHJ] IPUENHYETHCA 10 JEAKUX €H3UMIB 1[I~
x1y KanbBiHa, opMyIouM KOMIIIEKC, 32 y4acTIO
AKOTO MOXKe OYT) JOCATHYTO NPUIIBUJIIIEHHS pe-
akuii kap6okcumosants CO,,.
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Bucnosxu

Mexanismn perynanii CAM-merabonismy, AKuin
3abe3nevye afjanTalil0 Ta BYDKVBAHHA POCIVH B
yMOBaX €KCTPeMajbHOTO K/IiMaTy, IpUBEepTaloTh
Bce OiNbLIy yBary uyepes 3pOCTalOuy apyiy3aliio
kinimaty. IIpn BuBuenni mopenbHoi CAM-pocinuan
Crassula ovata 6ymno nokasaHo, 1m0 CA aKTUBHICTb,
Ky BM3HAuamu y 3araapHiil ¢pakiii pos3dumH-
HUX OiNKiB MMCTKiB, Masa KoOo0Bi KonuBaHHA. Ha
nepsuHHOMY eTanmi CAM-1uKIy y TeMpABi, Ipu
Bigkputux npopgmuxax CA aKTMBHICTb 3arajabHOi
¢dpaxuii 6inkiB 3pocTana, 10 CBiYUTH PO YYaCcTh
uporo ¢epmenty y normmuanui CO, i itoro koH-
BepTaliii o 6ikapboHaTy — cybcrpary ¢pocoeHo-
nmipyBaTkapOOKcuIasu. Y AeHHMI 4ac aKTUBHICTDb
(bepMeHTy 3HAYHO 3HIDKYBa/lacs i peecTpyBamocs
(bopMyBaHHA BICOKOMOJIEKY/IIPHIX KOMIIIEKCIB 3
CA akTuBHicTIO. I]le MO>XXe BKasyBaTy Ha 3a/y4eH-
HA CA B cBiTn0BY hasy CAM-1uK/1y i mocTavyaHHA
cybcrpary mo PBOK/O. Orpumani gani cigyars
PO CBiT/IO3aNeXHy Bapianioo aktuBHOCTi CA Ta
3MiHy BHYTPIIIHBOK/IITMHHOIL JIOKa/Ii3alii eH3umy
B micTKax C. ovata IpOTArOM UMKy "fleHb-Hid'".
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CaiTnosanexxHi 3MiHu Kap6oaHTifpa3Hoi aKTUBHOCTI MNCTKIB Crassula ovata

The light-dependent alteration in carbonic anhydrase activity
in leaves of Crassula ovata (Crassulaceae)

N.M. TOPCHIY, O.K. ZOLOTAREVA, V.V. DADYKA,
O.M. FEDIUK, O.B. ONOIKO

M.G. Kholodny Institute of Botany, NAS of Ukraine,

2 Tereschenkivska Str., Kyiv 01601, Ukraine

Abstract. Carbonic anhydrase, CA (EC 4.2.1.1), is the second most abundant protein in leaves of higher plants after ribulose-
1,5-bisphosphate carboxylase/oxygenase (RuBisCO), which is represented by three different families. CA plays a pivotal role
in supplying CO, to RuBisCO and facilitating the hydration of CO, to form HCO,", which is then utilized as a substrate for
phosphoenolpyruvate carboxylase (PEPC) in C,- and CAM-plants. Despite the pivotal role of CA in CAM-photosynthesis,
there is a paucity of data on its isoforms, activity, and localization in CAM-plants. The objective of this study was to identify
and characterize the forms of CA and to determine the level and distribution of CA activity among the soluble proteins of
leaves in model CAM-plant Crassula ovata adapted to darkness and light. The level of CA activity in the fraction of soluble
proteins varied from 30 to 85 WAU/mg protein depending on the time of day when leaf samples were collected. A notable
decline in CA activity in the total leaf fraction of soluble proteins was observed during the transition from the dark to the li-
ght phase. A single isoform of the enzyme with a molecular mass of 29 kDa was identified in the extract from leaves of "light"
C. ovata using electrophoretic separation in the presence of sodium dodecyl sulfate after visualization of CA activity by pro-
tonography. Two high molecular weight protein complexes exhibiting CA activity were detected in "light" and "dark" leaves
by native electrophoresis and protonography methods. The hydratase activity of these complexes in dark-adapted leaves was
significantly lower, compared to light-adapted ones. The data obtained indicate a light-dependent alteration in CA activity
and its localisation in leaves of C. ovata during the "day-night" cycle.

Keywords: CAM-photosynthesis, carbonic anhydrase, Crassula ovata, protonography
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Abstract. Antimicrobial activity of several strains of Laetiporus sulphureus, Phellinus igniarius, and Pleurotus ostreatus against
Gram-positive and Gram-negative bacteria Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, and
Pseudomonas aeruginosa was studied. It has been demonstrated that under the influence of ethyl acetate extracts of the cul-
ture liquid of L. sulphureus 2780, the inhibition zones of growth of all investigated species of bacteria varied within 7.5-12.0
mm. The extracts of the biomass and culture fluid of L. sulphureus 2780, Phellinus igniarius 2781, and Pleurotus ostreatus 2779
inhibited the growth of Staphylococcus aureus (inhibition zones — 7.5-10.0 mm) and Bacillus subtilis (inhibition zones —
9.5-12.5 mm). The results indicate the potential of the strains L. sulphureus 2780, Ph. igniarius 2781, and P. ostreatus 2779 from
the IBK Mushroom Culture Collection as antimicrobial agents against the Gram-positive bacterium Bacillus subtilis.

Keywords: antibacterial activity, biomass, cultural fluid, Laetiporus sulphureus, Phellinus igniarius, Pleurotus ostreatus

Introduction

The widespread, and often unjustified, use of antibi-
otics is known to contribute to the emergence and
dissemination of drug-resistant strains of patho-
genic microorganisms (Theuretzbacher, 2013; Ur-
ban-Chmiel et al., 2022; Ho et al., 2025, etc.). The
growing resistance of these pathogens to existing
treatments underlines the urgent need to identi-
ty new effective producers of natural antibiotics or

other antibacterial agents. Recently, the interest of
researchers in higher basidiomycetes as potential
sources of biologically active substances, including
antibiotics, has increased. The literature provides
the reports on the antimicrobial activity of extracts
derived from fruiting bodies, mycelial biomass, and
cultural fluids of various species of higher basidio-
mycetes. In particular, many species of basidial xy-
lotrophic mushrooms have been found to produce
a complex of biologically active substances with
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Antimicrobial activity in cultures of some xylotrophic basidiomycetes from Azerbaijan

antimicrobial properties (Krupodorova et al., 2016,
2019; Mykchaylova, Poyedinok, 2021; Mustafin et
al., 2022; Vazquez-Armenta et al., 2022; Agarwal et
al., 2023; Narmuratova et al., 2023).

Notably, a significant portion of the published
data is focused on the antimicrobial activity of var-
ious types of extracts obtained from macrofungal
fruiting bodies. For example, the ethanol extracts of
basidiocarps of Laetiporus sulphureus (Bull.) Mur-
rill have been shown to possess a moderate antimi-
crobial activity against both Gram-positive bacteria
Staphylococcus aureus, Staphylococcus epidermidis,
Bacillus subtilis, and Micrococcus luteus, as well as
Gram-negative bacteria Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, and Pseu-
domonas mirabilis (Nowacka et al., 2014). Howev-
er, some authors did not report any activity of such
extracts against Klebsiella pneumoniae (Turkoglu et
al., 2007). In the other research, aqueous extracts of
Laetiporus sulphureus fruiting bodies exposed ac-
tivity only against Gram-positive Micrococcus flavus
and Listeria monocytogenes (Siljegovi¢ et al., 2011).
Similarly, it was found that ethanol, aqueous, ace-
tone, ethyl acetate, and chloroform extracts showed
inhibition of the growth of Staphylococcus aureus,
Streptococcus pyogenes, Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa (Younis
etal., 2019).

The ethanol and ethyl acetate extracts of fruiting
bodies of Pleurotus ostreatus (Jacq.) P. Kumm. were
reported as a source of antibacterial activity against
Gram-positive bacteria Bacillus cereus and Staphy-
lococcus aureus, as well as Gram-negative bacteria
Escherichia coli, Escherichia cloacae, Pseudomonas
mirabilis, Pseudomonas aeruginosa, Serratia marc-
escens, and Salmonella typhi (Sutthisa, Anujakka-
wan, 2023). Moreover, it was demonstrated that
antibacterial activity of the investigated microor-
ganisms depended on the chosen solvent. The etha-
nol extracts exhibited noteworthy inhibitory effects
on the growth of Bacillus cereus, Escherichia cloacae,
Pseudomonas aeruginosa, Serratia marcescens, and
Salmonella typhi. At the same time, ethyl acetate
extract exposed antimicrobial activity only against
Escherichia coli (Sutthisa, Anujakkawan, 2023).
Other authors reported antimicrobial activity of
the ethyl acetate extracts of fruiting bodies of Pleu-
rotus ostreatus against Escherichia coli and Bacillus
subtilis (Agarwal et al., 2023), while, according to
the other report, the water extract of basidiocarps
of the same fungus exhibited antibacterial activity

against Pseudomonas aeruginosa and Staphylococ-
cus aureus (Bawadekji et al., 2017).

Based on the specimens deposited at the Myco-
logical Herbarium (BAK) of the Institute of bota-
ny MSERA, 827 species of mushrooms belonging
to 210 genera are currently reported in Azerbaijan
(Sadiqov, Aghaeva, 2016; Mustafabayli et al., 2021).
Of them, Laetiporus sulphureus, Phellinus igniarius
(L.) Quel., and Pleurotus ostreatus are xylotrophic
macromycetes commonly occurring in Azerbaijan,
including Guba District.

Our research aimed to investigate the antimicro-
bial activity of biomass and culture fluid extracts of
strains of Laetiporus sulphureus, Pleurotus ostreatus,
and Phellinus igniarius against Gram-negative and
Gram-positive bacterial species.

Materials and Methods

Mushroom strains and cultivation conditions.
Three mushroom strains (Laetiporus sulphureus
2780, Phellinus igniarius 2781, and Pleurotus ostrea-
tus 2779) were isolated in pure culture from carpo-
phores growing on deciduous tree species in Guba
District, Azerbaijan, in the autumns of 2019-2020
(Fig. 1). These strains were deposited in the IBK
Mushroom Culture Collection of the M.G. Kho-
lodny Institute of Botany, National Academy of Sci-
ences of Ukraine (Bisko et al., 2023), and used for
further experiments.

Mycelial cultures were grown in Petri dishes (90
mm diam.) on glucose-peptone-yeast agar medi-
um (GPYA), composed of, g/l: glucose 24.0, pep-
tone 2.0, yeast extract 3.0, KZHPO 4 1.0, KHZPO 4 1.0,
MgSO, x 7H,0 0.25, agar 20, distilled water 11 (pH
6.0), at the temperature 27 + 0.1 °C. The medium was
sterilized by autoclaving for 20 min at 121 °C. Myce-
lia of the studied strains in the active growth stage (5
disks 7 mm diam.) were used as an inoculum which
was inoculated in 250 ml Erlenmeyer flasks, contain-
ing 50 ml glucose-peptone-yeast medium (GPY).
The mushroom strains were cultivated by the sub-
merged method to obtain mycelial biomass and cul-
ture liquid for 7 days at the temperature of 27 + 0.1
°C. The biomass was separated from the culture lig-
uid through a nylon filter, dried at 60 °C for constant
weight, and grinded to a powdery state.

Preparation of biomass and culture liquid ex-
tracts. To obtain the extract of the biomass using
ethyl acetate as a selected solvent (Agarwal et al.,
2023), the ethyl acetate was added to biomass in a
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Fig. 1. Fruiting bodies of the studied mushroom species
used for isolation. A: Laetiporus sulphureus 2780; B
Phellinus igniarius 2781; C: Pleurotus ostreatus 2779

ratio of 2 : 1 (v/w) and incubated for 7 days at the
temperature of 27 + 0.1 °C on a rotary shaker (150
rpm, darkness). Then this mixture was centrifuged.
The clear supernatant was stored at 5.0 £ 0.1 °C in
the refrigerator for further analysis.

To obtain an ethyl acetate extract of the culture
liquid, ethyl acetate in a ratio of 2 : 1 (v/v) was add-
ed to culture liquid and incubated in the refrigera-
tor in darkness at the temperature of 5.0 + 0.1 °C for
24 hours. Then the ethyl acetate was removed, evap-
orated using a vacuum evaporator. The dry residue
was dissolved in methanol. The extract was stored
at 5.0 £ 0.1 °C for further study.

Test bacterial cultures. The cultures of two
species of Gram-positive bacteria, Bacillus subti-
lis ATCC 6633 and Staphylococcus aureus ATCC
65388, and three species of Gram-negative bacteria,
Escherichia coli ATCC 25922, Klebsiella pneumo-
niae M 123, and Pseudomonas aeruginosa ATCC
27833, from the Ukrainian Collection of Micro-
organisms, UCM (D.K. Zabolotny Institute of
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Microbiology and Virology, National Academy of
Sciences of Ukraine) were used. Bacterial cultures
were grown in tubes on the Mueller-Hinton agar
medium (Oxoid). The bacterial colony of each test
culture was transferred into a tube containing ster-
ile water, shaken to obtain a homogeneous suspen-
sion, bringing the inoculum density to 5 x 10 cells/
ml. A suspension of bacteria from these tubes (0.2
ml) was spread on the surface of the Mueller-Hin-
ton agar medium in Petri dishes. Extracts of the
biomass and the culture liquid (10 ul) were applied
to standard bioMérieux firm discs (6 mm diam.),
dried at 35-40 °C for 30 min and placed on the sur-
face of the Mueller-Hinton agar medium in Petri
dishes pre-inoculated with the investigated bacteri-
al cultures. After that, Petri dishes were incubated
at 37 £ 0.1 °C for 24 hours. Antibacterial activity
was measured in terms of inhibition zone size (in
mm) around discs. Antibiotic gentamicin sulfate (4
mg/ml, Ukraine) was used as a positive control. The
ethyl acetate was used as a negative control.
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Table 1. Antibacterial activity of ethyl acetate extracts of biomass and cultural liquid of

Laetiporus sulphureus 2780, Phellinus igniarius 2781, and Pleurotus ostreatus 2779 *

Inhibition zone (mm) (Mean + SD)
Test bacteria Laetiporus sulphureus Phellinus igniarius Pleurotus ostreatus
Culture liquid Biomass Culture liquid Biomass Culture liquid Biomass
Escherichia coli 85+0.3 - 7.5+0.1 7.5+£0.2 - -
Staphylococcus aureus 7.5+0.2 8.0£0.2 7.5+0.1 7.5+0.1 10.0 £ 0.2 85+0.2
Klebsiella pneumoniae 9.0+0.1 - - 8.0+0.2
Bacillus subtilis 12.0+£0.2 12+0.2 125+0.3 9.5+0.1 122 +0.2 10.0 £ 0.2
Pseudomonas aeruginosa 9.0+0.1 9.0+0.2 8.0+0.1 9.0+0.1 - 8.0+0.1

* Positive control — gentamicin sulfate — inhibition zone 18.5 + 0.3 mm; negative control — ethyl acetate — inhibition zone 0;

"o

no antibacterial activity.

Statistical analysis. All experiments were car-
ried out in triplicate. All data were statistically pro-
cessed for analysis. The Student’s t-test was applied
to determine significance, and a p-value of < 0.05
was considered statistically significant. The results
were recorded as means * standard deviation using
Microsoft Excel 2010.

Results and Discussion

As seen in Table 1, the ethyl acetate extracts obta-
ined from both the biomass and the culture liquid
of the studied mushroom strains showed some acti-
vity against Gram-positive bacteria, Staphylococcus
aureus and Bacillus subtilis. Nevertheless, inhibition
zones toward Bacillus subtilis were larger than tho-
se in case of Staphylococcus aureus (Table 1). The
tested strains of macromycetes exhibited distinct
levels of activity also against Gram-negative bacte-
ria. Both the culture liquid and biomass extracts of
L. sulphureus and Ph. igniarius inhibited the growth
of Pseudomonas aeruginosa. At the same time, an-
timicrobial activity against Klebsiella pneumoniae
was observed only for extracts of culture liquids of
L. sulphureus and P. ostreatus. Our results demons-
trated that all investigated mushroom species were
the most active against Bacillus subtilis (Table 1).
The ethyl acetate extracts obtained both from the
culture liquid and biomass of Ph. igniarius were not
inhibitory against Klebsiella pneumoniae. Similarly,
ethyl acetate extracts obtained both from culture
liquid and biomass of P ostreatus had no inhibi-
tory effect against Escherichia coli. Overall, inhibi-
tion zones produced by all mushroom strains were
smaller as compared to those of the antibiotic gen-
tamicin sulfate (Table 1).

Previously published data reported that the my-
celial mass and culture liquid extracts of other

nine strains of L. sulphureus from the IBK Mush-
room Culture Collection of the M.G. Kholodny
Institute of Botany possessed some activity against
Pseudomonas aeruginosa (Dzyhun et al., 2011). For
three of those strains, antimicrobial activity against
Staphylococcus aureus was also detected for bio-
mass extracts, as well as for a culture liquid extract
for one of the strains. In the case of Escherichia coli,
such activity was observed for culture liquids of
three strains and for the mycelial mass of one strain.
Of nine strains of L. sulphureus, a single strain only
exposed some activity against Bacillus subtilis (Dzy-
hun et al,, 2011). Recently, the antimicrobial activi-
ty of L. sulphureus biomass against Escherichia coli,
Bacillus subtilis, and Staphylococcus aureus was re-
ported (Nicolcioiu et al., 2017).

Thus, the obtained results indicate that the stud-
ied strains L. sulphureus 2780, P. ostreatus 2779,
and Ph. igniarius 2781, three widespread species
of xylotrophic fungi in forests of Azerbaijan, pos-
sess antimicrobial activity against both Gram-pos-
itive (Staphylococcus aureus, Bacillus subtilis) and
Gram-negative bacteria (Escherichia coli, Klebsiella
pneumoniae, and Pseudomonas aeruginosa).

Conclusion

Our research demonstrated that the ethyl acetate
extract of the culture liquid of L. sulphureus 2780
exhibited the widest spectrum of antimicrobial ac-
tivity against all studied microorganisms. The ex-
tract of culture liquids and biomass of L. sulphureus
2780, Ph. igniarius 2781, and P. ostreatus 2779 pro-
ved to be highly active against Bacillus subtilis. The
greatest growth inhibition effect for Staphylococcus
aureus was shown by the extract of culture fluid of
P. ostreatus 2779. These promising results also indi-
cate that further studies on these and other selected
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Pedepar. [JocmimKeHO aHTUMIKPOOHY aKTUBHICTb KyNbTYp Laetiporus sulphureus, Phellinus igniarius i Pleurotus ostreatus
HpPOTH TPaM-TIO3UTUBHMX Ta TpaM-HeraTMBHuX ItamiB Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Klebsiella
pneumoniae ta Pseudomonas aeruginosa. BctaHOB/IeHO, [0 TIifj BIVIMBOM eTW/IAIETATHUX €KCTPAKTIB KY/IbTypanbHOI pi-
myEn mramy L. sulphureus 2780 30HM iHTiOyBaHHA POCTY BCiX HOCTimKeHMX BUAIB O6akTepiit cranoBMMM 7,5-12,0 MM. Sk
eKcTpakTy 6iomacy, Tak i KynbrypanbHoi pigunan L. sulphureus 2780, Phellinus igniarius 2781 Ta Pleurotus ostreatus 2779
npurHivyBanu pict Staphylococcus aureus (3oum inribyBanus — 7,5-10,0 mm) i Bacillus subtilis (3ouu inribyBanus — 9,5-
12,5 mm). OTpuMaHi pe3y/nbraTy CBi4aTh PO HEPCIEKTUBHICTD BUKOPUCTAHH:A mTaMiB L. sulphureus 2780, Ph. igniarius
2781 ra P. ostreatus 2779 3 IBK Koyexuii Ky/bTyp LIaIMHKOBUX IpUOIB AK aHTUMIKpOOHMX areHTiB IIPOTH IpaM-IIO3UTUBHOL
6akrepii Bacillus subtilis.

KmiouoBi cmoBa: Laetiporus sulphureus, Phellinus igniarius, Pleurotus ostreatus, aHTu6aKTepialbHa aKTUBHICTDb, 6ioMaca,
KY/IbTypPaJIbHa pifiyiHa
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Distribution patterns of Dactylis glomerata subsp. slovenica (Poaceae)
in the Ukrainian Carpathians

Volodymyr M. BILONOHA * (9, Volodymyr H. KYYAK ,[Volodymyr I. KOZLOVSKYY|
Institute of Ecology of the Carpathians, National Academy of Sciences of Ukraine,
4 Kozelnytska, Lviv 79026, Ukraine

* Author for correspondence: v_bilonoha@ukr.net

Abstract. Dactylis glomerata subsp. slovenica (Poaceae) is widespread in the Alps, Carpathians, Sudetes, the Giant Mountains
(Krkonose), and adjacent foothills. Some localities are also known in the northern Apennines, in the foothills of the French
Pyrenees, Balkans, and the Caucasus, and occasionally outside the mentioned mountain systems in Poland, Germany, France,
and Ukraine. In the Ukrainian Carpathians, it occurs in isolated populations in all main mountain ranges up to 1620 m above
sea level, preferring tall herbaceous communities of the subalpine belt. Relatively strong restriction of D. glomerata subsp.
slovenica to habitats with neutral or sub-acidic soils limits its advance on new areas in the Carpathians. The primary threats
to the taxon are its geographical isolation, substrate requirements, and secondary successions associated with the expansion
of Alnus alnobetula (A. viridis). Instead, reduced grazing or haymaking may have a positive impact on population size within
existing localities or dispersal into areas with suitable soil conditions.

Keywords: Carpathians, Dactylis slovenica, distribution, ecology, Ukraine

Introduction

Dactylis glomerata subsp. slovenica (Domin) Do-
min is a vigorous grass with strong and thick arched
flower culms. In contrast to D. glomerata subsp. glo-
merata, it is often up to 2 m tall, mostly smooth or
slightly rough, bright or pale green, with swelling of
the culm base and spread loose tuft. The differences
between these two subspecies have been thorough-
ly described by Doroszewska (1961) and Mizianty
(1988a).

Dactylis glomerata subsp. slovenica occasionally
occurs throughout the Ukrainian Carpathians from
the Beskydy Mts in the west to the Hryniava and
Chyvchyny mountain ridges in the east (Prokudin
etal., 1977; Mizianty, 1988b; Malinovski et al., 2002;
Antosyak et al., 2009). Additionally, some specimens
have been found in the foothills at much lower alti-
tudes (Mizianty 1988b; KRAM herbarium; https://
www.gbif.org/uk/species/5940394). In Ukraine, un-
der the latest assessment of the conservation status,
the taxon was evaluated as "Endangered” or "Data
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Distribution patterns of Dactylis glomerata subsp. slovenica in the Ukrainian Carpathians
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Fig. 1. Distribution of Dactylis glomerata subsp. slovenica in the Ukrainian Carpathians (circles — confirmed records, left to
right — Mt. Nehrovets, Mt. Rebro, Mt. Hoverla, Mt. Breskulets, Mt. Pozhyzhevska, Mt. Dantser, Sarata; triangles — herbarium
and literature data, left to right — Mt. Stinka, Volovets, Synevir, Mt. Pietros)

Deficient” (Malinovski et al., 2002). Previously, for
Transcarpathia, according to Kricsfalusy (1999),
D. glomerata subsp. slovenica was classified as a IV
(rare) category of rarity and included in the Region-
al Red List. However, since new records are regular-
ly reported (e.g. Mt. Pozhyzhevska, Mt. Rebro, Mt.
Nehrovets), the current data on distribution of this
taxon in the Ukrainian Carpathians and its ecolog-
ical and coenotic characteristics need to be updated
and supplemented.

Moreover, the spread of many rare and rarely re-
ported species of plants and plant communities in
the Carpathians has been significantly affected by
the recent decline in grazing intensity and ongo-
ing climate change (Hlasny et al., 2016; Kobiv et al.,
2017; Kobiv, 2018; Kobiv, Kobiv, 2020; Kyyak et al.,
2022). Another threat to D. glomerata subsp. sloven-
ica is the colonizing of its habitats by Alnus alnobe-
tula (Ehrh.) K. Koch (A. viridis (Chaix) DC.) due
to secondary successions (Blazkova, Brezina, 2003;
Kyyak et al,, 2018) that often results in reduced
population viability or even its local extirpation.

These factors emphasize the importance of com-
prehensive studies on the current distribution and
abundance of D. glomerata subsp. slovenica in the
Ukrainian Carpathians, its vulnerability, and imple-
menting the relevant conservation measures, wher-
ever needed. Therefore, the aim of this article is to
provide data on the distribution patterns, ecological
and coenotic characteristics, and some demograph-
ic parameters of the populations of D. glomerata
subsp. slovenica.

Materials and Methods

The objects of the present study were the habitats
of D. glomerata subsp. slovenica, those known from
earlier publications and the new ones discovered
during our field research in the Ukrainian Carpa-
thians (Fig. 1).

To study the distribution patterns, ecological
and coenotic features, and existing threats to the
habitats of D. glomerata subsp. slovenica were sur-
veyed in the subalpine zone and at the upper forest
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line in the Gorgany, Svydivetska, Chornohora, and
Chyvchyny mountain ranges.

The research materials were collected in habitats
of D. glomerata subsp. slovenica at Mt. Nehrovets,
Mt. Rebro, Mt. Hoverla, Mt. Breskulets, Mt.
Pozhyzhevska, Mt. Dantser, and near the village of
Sarata. The specimens and observations were col-
lected in one-time and long-term stationary sur-
veys. The general contours of habitats, altitude, and
exposure were determined. A list of associated vas-
cular plants was compiled.

In the Chornohora Mts, the trial plots were estab-
lished for a more detailed study of the main popu-
lation parameters in localities on the slopes of Mt.
Danzer, Mt. Breskulets, and Mt. Pozhyzhevska. To
study the peculiarities of individual development,
tufts of varying sizes and ages were excavated, the
ramets werer counted, and the presence or absence
of connections between them was assessed. The ratio
of vegetative to reproductive plants in the population
of D. glomerata subsp. slovenica was studied using the
ontogenetic approach when every ramet was consid-
ered as a separate individual (Kyyak, 2013).

In small populations, a continuous count of in-
dividuals was carried out and their reproductive
status was determined. In populations with an area
of more than 500 m?, the density and proportion of
reproductive individuals were estimated on quad-
rats of 1 x 1 m in size in total of 10-14 units. To
determine the prevailing mode of reproduction in
the population, all seedlings and ramets were calcu-
lated on 0.25 m? quadrats. The sample size in each
studied population was 8 to 10 quadrats.

To evaluate its dependence on soil parameters,
10 pre-reproductive (v) and 10 reproductive (g)
individuals of D. glomerata subsp. slovenica were
relocated outside the habitat with a substrate with
a subacid or neutral pH to a similar elevation with
a typical acidic brown forest soil (pH 3.5-3.7). The
main physicochemical properties of the soils in the
sample plots were studied using standard methods
(Nikitin, 1972; Antonova et al., 1984; Mineev et al.,
2001). The accepted names of associated vascular
plants found in communities of D. glomerata subsp.
slovenica are mainly given according to Plants of the
World Online (https://powo.science.kew.org/).

Results and Discussion

Under the studied conditions, D. glomerata subsp.
slovenica forms loose tufts with relatively short and
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slow-growing rhizomes. The integrity of the tuft is
maintained at least until the plant reaches a repro-
ductive state. Over time, the central part of the tuft
gradually dies off, which leads to its partitioning.
Subsequently, such parts function autonomously for
an indefinitely long period, retaining the ability to
vegetative and seed reproduction. The seed recruit-
ment in most of the habitats found in the subalpine
zone is episodic and during the observation period
did not have a significant impact on the demographic
parameters of D. glomerata subsp. slovenica. In the
population near the village of Sarata (47°45'50.64"N,
24°59'30.68"E) seed reproduction is limited by re-
gular hay cutting and it is fragmented and propaga-
tes mainly clonally. Seed reproduction is successful
along small streams and wet ditches only.

The habitat on Mt. Pozhyzhevska is located in
a narrow snowbed, has an elongated shape, and
extends for 30 m along the southeast slope (48°
8'36.44"N, 24°31'43.02"E). Its width does not exceed
7 m. Most individuals of D. glomerata subsp. sloven-
ica are concentrated in 2 loci measuring 9.0 x 1.5 m
and 6 x 3 m. The latter one, for example, stably
contains only 5 clones. The largest of them reach-
es almost 1 m in diameter with up to 52 vegetative
ramets with an average value of 22.4 per clone in lo-
cus. The rest are fragments of old degrading clones
or individuals of seed origin. Aging clones are often
empty in the central part with weak shoots located
mainly concentrically.

Dactylis glomerata subsp. slovenica in a plant
community is most often accompanied by Achil-
lea millefolium L., Calamagrostis villosa (Chaix) J.E.
Gmel., Cirsium waldsteinii Rouy, Cirsium erisithales
(Jacq.) Scop., Deschampsia cespitosa (L.) P. Beauv.,
Epilobium angustifolium L., Filipendula ulmaria (L.)
Maxim., Geranium sylvaticum L., Hypericum richeri
subsp. grisebachii (Boiss.) Nyman, Luzula luzuloides
(Lam.) Dandy & Wilmott, Rumex rugosus Campd.,
Senecio nemorensis L., etc. (Table 1). Tree and shrub
species — Alnus viridis, Juniperus communis subsp.
nana (Baumg.) Syme., Picea abies (L.) H. Karst., and
Pinus mugo Turra, are concentrated mainly on the
periphery of the habitat.

According to the exposure and slope steepness,
the habitat of D. glomerata subsp. slovenica at Mt.
Rebro (48°15'36.60"N, 24°10'42.60"E) is similar to
the habitat at Mt. Pozhyzhevska. The difference is
that the area is subject to pastoral influence. The
core of the population is located in the upper part
of a narrow snowbed. The site is strictly bounded by
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topographic, ecological, and coenotic conditions,
which limits the population's possibilities for in-
creasing its area and numbers.

The floristic composition of the plant community
is typical for subalpine tall herb vegetation with a
clear trend to increase the canopy thickness of Al-
nus alnobetula both in the central and peripheral
zones of the habitat. Under such circumstances, the
population of D. glomerata subsp. slovenica is di-
vided into separate fragments. Seed and vegetative
propagation are weakened here. Due to the current
graze and secondary succession, the population is
under threat of extinction.

In contrast to the previous two localities, the
habitats of D. glomerata subsp. slovenica at Mt. Bre-
skulets (48°9'21.50"N, 24°31'23.14"E) and Mt. Hov-
erla (48°9'38.13"N, 24°30'56.78"E) (in the Chorno-
hora range) occupy a much larger area (about 21 ha
in total) and cover almost the entire their southeast
steep slope within the altitude range of 1400-1560
m a.s.l. The spatial structure of the population is
determined by the features of the nano relief, the
thickness of the topsoil cover, the size and config-
uration of rubble patches, snow accumulation, and
groundwater outflow as well as occurrence of Pinus
mugo and Alnus alnobetula. The most frequently oc-
curring herbaceous plants in the habitat are Aden-
ostyles alliariae (Gouan) A. Kern., Calamagrostis
villosa, Cirsium waldsteinii, Deschampsia cespitosa,
Epilobium angustifolium, Hypericum richeri subsp.
grisebachii, Luzula luzuloides, Pulmonaria filarszk-
yana Jav., and Rumex alpinus L.

The population on the southeastern slope of Mt.
Dantser (48°8'33.10"N, 24°32'35.73"E) is located in
the leveled area under the rocky ledges where inter-
layer waters enriched with compounds with an al-
kaline reaction come to the surface. Thus, in terms
of humidity and soil parameters, it is similar to the
Mt. Breskulets habitat. However, it is significantly
smaller and amounts to about 0.1 ha.

Accompanying species of plants in the phyto-
cenosis are Achillea millefolium, Aconitum molda-
vicum, Alnus viridis, Calamagrostis villosa, Cirsi-
um waldsteinii, Cirsium erisithales, Deschampsia
cespitosa, Epilobium angustifolium, Filipendula.
ulmaria, Geranium sylvaticum, Hypericum richeri
subsp. grisebachii, Luzula luzuloides, Pinus mugo,
Senecio nemorensis, and others.

At Mt. Negrovets, the population of D. glomera-
ta subsp. slovenica is located below the mountain-
top (1620 m a.s.l.) in the upper part of the snowbed

on the eroded northeastern slope (48°29'50.75"N,
23°432.23"E). In general, this habitat is compara-
ble to those in Pozhyzhevska and Rebro Mts. This
population is one of the smallest in terms of num-
bers and area (0.01 ha) and is under threat of soil
erosion. As compared to other habitats, this habitat
differs most in the species composition of the plant
community.

The shape and size of the studied populations,
in our opinion, are mainly determined by the soil
properties, in particular, the low pH level of the soil
outside the habitat.

To confirm this, a comparison of the main phys-
icochemical parameters of soils within two different
types of habitats of D. glomerata subsp. slovenica on
the Pozhyzhevska and Breskulets mountains and
outside these habitats was carried out (Table 2).

The soils inside the habitats of D. glomerata
subsp. slovenica differs significantly in their phys-
ical and chemical properties from the widespread
typical mountain brown soils (Dystric Cambisols)
of the Chornohora range. Actual acidity (pH of
aqueous solution) is 1.30-1.76 pH units lower with
hydrolytic acidity 3.1-4.4 mg-eq/100 g, and the de-
gree of base saturation is up to 13 times higher at
average than in the typical brown soil. The amounts
of absorbed bases in terms of quantitative content
are similar. However, in terms of qualitative compo-
sition, the studied soils contain 5-10 times less ex-
changeable Al and, accordingly, several times more
exchangeable Ca and Mg than typical brown soils in
the Chornohora range in general (Table 2). It can be
assumed that the soils on the test sites belong to the
subtype of poorly developed loamy saturated soils
(Eutric Regosols). This type of sub-acidic soil with
a pH of 5-6 occupies small areas and is limited to
the sites with increased migration of ground and/or
interlayer waters enriched with neutral or alkaline
compounds (Skiba et al., 2006).

Such differences in substrate parameters have a
substantive impact on D. glomerata subsp. sloven-
ica. Within the habitat, under optimal conditions
(an open, reasonably moist site with a relative-
ly deep soil and a neutral or alkaline reaction), an
adult plant can have up to 20-40 vegetative and
generative ramets in total. On acidic soils, the on-
togenesis of D. glomerata subsp. slovenica is inten-
sively simplified, and plants lose the ability to ac-
quire characteristics typical of adult individuals. In
particular, plants transplanted outside the habitat
on acidic soils (Dystric Cambisols) quickly reduced
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Table 1. List of plant species in the localities of Dactylis glomerata subsp. slovenica

Hacq.
Aconitum bucovinense
Zapal.

Adenostyles alliariae
(Gouan) A. Kern.

Agrostis capillaris L.

Carduus kerneri

maramarosiensis (Jav.)
Czerep.

Chaerophyllum
hirsutum L.

Cicerbita alpina (L.)
Wallr.

Cirsium arvense (L.)
Scop.

Cirsium erisithales
(Jacq.) Scop.

integerrimus Medik.
Daphne mezereum L.

Deschampsia cespitosa
(L.) P. Beauv.

Digitalis grandiflora
Mill.

262

— < — — 5] —
o 4|3 4| 9 s 2| % 4| @
Bl £ -] 55| 8 S| £ 8] 9| B
=gl 22| 8« 2¢g|z¢4 —gl22| g« 28¢g| ¢4
. § S &S| =<2 o . = S| <] D e
Location | & o g Qo Location | & 2 g OR=
=E| S & 5 g =ZE| S E S E
LY = ) ~ WS LY = o) Y| g
Taxon EL | NRo o| sX |z o|| Taxon 0| Ro ol oY |zo
1183|2851 |28 1| c3|28[51| 28
S3S| s = | = >SS | = = | =
— — — —
Alchemilla glabra + + + + + || Doronicum austriacum | + +
Neygenf. Jacq.
Achillea millefolium + + + Epilobium alpestre + +
L.s. 1 (Jacq.) Krock.
Aconitum moldavicum Epilobium

angustifolium L.
Filipendula ulmaria
(L.) Maxim.

Galium intermedium
Schult.

Gentiana acaulis L.

Alnus alnobetula + Gentiana asclepiadea L.
(Ehrh') K. KOCh (4. Gentianella praecox
viridis (Chaix) DC.) (A. Kern. & Jos. Kern.)
Angelica sylvestris L. + Dostal ex E.Mayer
Aquilegia vulgaris L. + Geranium sylvaticum L.
Astrantia major L. + Geum rivale L.
Calamagrostis villosa + Heracleum

(Chaix) J.E. Gmel. sphondylium subsp.

transsilvanicum
(Schur) Brummitt

Simonk.

Centaurea kotschyana Homogyne alpina (L.)
Heuft. Cass.

Centaurea Hylotelephium vulgare

(Haw.) Holub

Hypericum richeri
subsp. grisebachii
(Boiss.) Nyman
Jacobaea subalpina
(W.D.J. Koch) Pelser &
Veldkamp

Juniperus communis
subsp. nana (Baumg.)
Syme.

. L Knautia dipsacifoli
Cirsium waldsteinii K”a” ia dipsacifolia
reutzer
Rouy o i (L)
Cotoneaster actuca alpina (L.

A. Gray

Laserpitium krapfii
Crantz

Leucanthemum vulgare
Lam.

Leucopoa carpatica
(F. Dietr.) H. Scholz
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Table 1 (continued)
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Wilmott Symphytum cordatum + + +
Myosotis alpestris EW. + wgllf?ft' & Kit. ex
Schmidt .
Parnassia palustris L. + + Symphytum +
tuberosum L.
Picea abies (L.) + + +
Tanacetum corymbosum +
H. Karst. :
(L.) Sch. Bip.
Pinus mugo Turra + + +
Taraxacum sect. + + + +
Pleurospermum + Taraxacum
austriacum (L.) Hoffm. (Taraxacum officinale
Poa chaixii Vill. + + EH. Wigg. agg.)
Polygonatum + (Tlip ﬁ;oi eSrlflp apposa +
verticillatum (L.) All. chb.) chur
Potentilla aurea L. " Thalictrum thalictroides | +
(L.) A.J. Eames & B.
Prunella vulgaris L. + Boivin
Pulmonaria + + Thymus alpestris + +
filarszkyana Jav. Tausch ex A. Kern.
Ranunculus + + Traunsteinera globosa +
platanifolius L. (L.) Rchb.
Rubus idaeus L. + + + + Tussilago farfara L. + + + + +
Rumex acetosa L. + Urtica dioica L. + + +
Rumex alpinus L. + + Vaccinium myrtillus L. + + + + +
Rumex rugosus Campd. | + + + Valeriana dioica subsp. | +
Salix caprea L. + + + + simplicifolia (Rchb.)
Nyman
Salix silesiaca Willd. + + + + ) L
Valeriana tripteris L. + + + +
Sambucus racemosa L. + + + . L
Veronica urticifolia +
Scabiosa lucida subsp. + Jacq.
barbata Nyar.
Y Viola declinata Waldst. | + +
Senecio nemorensis L. + + + + & Kit.
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Table 2. Physicochemical properties of soil inside and outside habitats of Dactylis glomerata subsp. slovenica in the

Chornohora Mts.
. Sum of Hydrolytic Base
Location Soil Depth, | pH | Corganic, exchangeable bases | acidity | saturation,

cm H,0 % o

mg-eq/100 g o
Mt. Pozhyzhevska Eutric Regosols 0-7 | 5.25 6.00 18.00 4.50 80.00
Mt. Breskulets Eutric Regosols 0-5 | 5.70 2.30 18.10 3.10 85.50
Mt. Pozhyzhevska Dystric Cambisols | 0-7* | 3.94* 14.33% 3.92* 56.96* 6.44%

* According to Kozlovskyy (2017)

the activity of vegetative renewal and did not form
rhizome daughter plants, lost the ability to produce
generative shoots, and died within 2-3 years.

Conclusion

Dactilis glomerata subsp. slovenica in the Ukraini-
an Carpathians occurs as isolated populations in all
main mountain ranges up to 1620 m a.s.l. Optimal
for D. glomerata subsp. slovenica are the phyto-
coenotic conditions of tall herb communities of the
subalpine belt at the altitudes of 1400-1600 m a.s.L,
which Malynovski and Kricsfalusy (2002) attributed
to the class Mulgedio-Aconitetea. Most populations
are self-sustainable with an adequate proportion
of generative individuals, and regular fruiting, but
with the predominance of vegetative reproduction.
The sites with access to groundwater seeps, snow-
beds, banks of streams, and rivers are typical. The
distribution and size of each separate population are
limited to sub-acidic or neutral pH and sufficiently
moistured soils. The predominance of acidic soils in
the region explains the characteristics and relatively
limited distribution of D. glomerata subsp. slovenica
in the Ukrainian Carpathians, and the conservati-
veness of the size and shape of the population area.
Since D. glomerata subsp. slovenica is strongly con-
fined to moist habitats, the decrease in groundwater
and the duration and thickness of the snow cover
in the winter period may pose a threat to a popu-
lation. The main threat to populations of D. glome-
rata subsp. slovenica are the secondary successions
caused by a complex of natural and man-induced
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Oco6nuocri nommupenns Dactylis glomerata subsp. slovenica (Poaceae)
B Ykpaincpkux Kapmarax

B.M. BUIOHOTA, B.I. KVIK,[B.I. KO3JTOBCbKI|

IncruryT exonorii Kapnar HAH Ykpainn,

KosenpHunpbka 4, JIbBiB 79026, Ykpaina

Pedepart. Dactylis glomerata subsp. slovenica (Poaceae) nommpennit B Anbiax, Kapmarax, Cygerax, KapkoHomax Ta mpu-
ner/mx nepenrip'sax. Okpemi Micle3HaxOmKeHHs BifjoMi TakoXX Ha MiBHOUI AmleHHiH, y nepeprip’sx ®paniyspkux Ilipe-
HeiB, Ha bankanax i KaBkasi, a Takox 3pifmka 3a Mexxamy 3rajlaHux Tipcbknx cuctem y IMonbumii, Himewunni, @panmii Ta
Ykpaini. B Ykpaincpkux KapnaTax nigsuz npeacrasieHni i3onboBaHMMH MOMY/IALIAMYU B YCiX OCHOBHMX IPCbKMX MacuBax
BUCOTOIO 10 1620 M H.p.M., HQJJal04y IIepeBary BMCOKOTPAaBHMM YIPYLIOBaHHAM Cy0asIbIlilicbKoro noscy. Ilpuypodenicts D.
glomerata subsp. slovenica 1o HeITpanbHIX a060 CIAOOKUCINX IPYHTIB 06MeXYe JIOTO MOIIVIPEeHH: Ha HOBi TepuTOpii 3a Mexi
icaytounx ocemuin. OCHOBHUMN CTPUMYIOYMMI YMHHIKAMI [ TAKCOHA € reorpadivyHa i30/1s1is, mapamMeTpn cybcTpary ta
BTOPMHHI CyKIecii, AKi oB’s13aHi 3 ekcnaHcieto Alnus alnobetula. HaToMicTb, 3MeHILIEHHS BUIIACY YM iHTEHCHMBHOCTI CiHO-
KOCIHHS MOXYTb MaTy IIO3UTUBHUII BIUIMB Ha YMCEIbHICTD IIOMYIIALII y MeXXaxX iCHYI0UMX JIOKAJIiTeTiB ab0 CIIpUATH JI0T0
IOLUVPEHHIO Ha TEPUTOPIl 3 BiJIIOBIITHNMY I'PYHTOBMMM YMOBAMM.

KmouoBi cmoBa: Dactylis slovenica, exonorisi, Kapmary, noumpenss, Ykpaina
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CBiTniit maM’ATi BUFATHOTO YKpalHCHKOTO 60TaHiKa
Omutpa BacunpoBuya Jyownu (17.04.1949 — 23.03.2025)

In memory of Dmytro V. Dubyna (17.04.1949 — 23.03.2025),

an outstanding Ukrainian botanist

23 6epesns 2025 poKy panToOBO IIIIOB 3 JXUTTS
Ivurpo Bacunbosuy [lybmHa — 3HaHUMIT 60TaHIK
MDKHApOJHOTO piBHSA, TOJIOBHMII HayKOBUI CIIiB-
pobitauk IHcTnTyTy 60Tamikm im. M.I. Xomogx-
Horo HAH VYkpainu, moktop 6i0/10riYHNX HayK,
npodecop, maypear ep>kaBHoi mpemii Ykpainu B
rajysi Haykyu Ta TeXHiKM, Iefaror, aBrop QyHza-
MeHTA/MbHIX IIPalb 3 IpobmeM reoboTanikm, dito-
1[eHOIOTi1, GIopUCTUKY, Tigpo6OTaHiKM, eKOIOril,
diTocosonorii, icTopii Hayku, aje B HEPUIy Yepry
— IIPOCTO 4yJOBa, CBiT/IA, Myzpa i foOpa mopuHa.
114 BTpara cTama BaXKKMUM Y/IapOM JI/i YKpaiHChKOI

6oTaHiuHOl cHibHOTH, OCKinbkM JImmrpo Bacu-
NbOBUY OYB CIIPaBXXHIM LIEHTPOM TKiHHA 1714 Oa-
raThoX KOJIET 3 Pi3HMX perioHiB YKpainu, i Hay-
KOBIIiB Pi3HOTrO BIiKY i OCBifgy.

Ovmrpo Jlybmna nHapommscs y ceni YepBona
Cnobopa, mo no6musy Yepkac, 17 kBitHs 1949
POKY, Y CeIAHCBKIiN cimi. Barpko, Bacunp IIpo-
KomoBud, i Matu, Mapia CepriiBHa, IpanooBamm y
konrocmi. ligych mo MaTtepuHiit minii, Cepriii €B-
IOKVMOBIY, OYB nmicHMKOM; HuM [IMutpo Bacuibo-
BMY JIy>Ke IMUIIABCA i BBaXKaB, 10 oMYy Iepefana-
¢ pmimoBa M060B mo mpupomu. [IMHUTpO 3pocTas
pasoM 3 6paToM MMKOJIOI0 Ta ABOMA CeCTpaMm —
Hinoro i Karepunorw. Jursaui pokn [Imutpa 6ymu
HEepPO3pUBHO TOB’s13aHi 3 [[HIMpOM Ta ManbOBHM-
4Ol HAaBKOJMMIIHBOIO npupopon IlogHinpos’s,
KpPacolo SIKOI BiH 3aXOIUIIOBABCA B)K€ B JUTHUHCTBI,
110 BIUIMHYJIO Ha BUOip 71oro MaitbyTHHOI mpode-
cii, a TakoX, IMOBipHO, 06YMOBMIIO 11 0COOMMBMIT
iHTepec JO BOGHOI Ta HAaBKOJIOBOJHOI POC/IMHHOC-
Ti. JIMUTPY HOBe/IOCA CTAaTH CBifIKOM 3aTOITIEHH:A
pinHoro cena Bogamu KpeMeHUYYLIbKOTO BOJOCXO-
BMILA, O CIIPAaBM/IO HA HBOTO JIy>Ke CUJIbHE Bpa-
JKeHHA i, MabyTb, 0OYMOBW/IO MOTAT IO BUBYEHHS
OVHAMIKM POCIMHHOTO IOKPUBY, Y TOMY YMCIi W
KaTacTpo¢ivHUX 3MiH.

Popuna migTpumyBasna IparHEHHA [iTeN MO
HapyaHHA. Ilicna 3akiHyenHA wKomm y 1966 pouwi
JIMMUTPO BCTYNMB Ha TNPUPOFHNMYMIT (aKyTbTeT
Yepkacbkoro IefarorivuHoro iHctTuryTy (HMHI —
Yepkacbkuii Hal[iOHaJIbHUI YHiBEpCUTET iMeHi
Borgana XMenpHMLIBKOTO). 3 MEpIIOro KypCy BiH
3aXONnMBCA caMe OOTaHIKOK0, YOMY IOCIIPUAIN
BMK/IaJjadi BMINY, 30KpeMa JiCO3HaBElb, NOKTOP
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J.B. Oy6uHa mip yac HaB4aHHA y YepKacbKOMY Ilefaroriu-
HoMYy iHcTuTyTi (1970 p.)

6ionoriunux Hayk, npogecop s Cemenosuy Cu-
IOPYK, Ta TeoboTaHiK-1Tyko3HaBelb OekcaHapa
Hukndopisna Monska, ska it samydmia oro no
HayKoBOI pOoOOTH 3 HOCTIPKEHHsI POCIMHHOIO II0-
KpuBy periony. IlTepuri HaykoBi my6mikanii [IMurpa
BacumpoBuua 6ynm came y CIiBaBTOPCTBi 3 i10TO
BukaagadeM i HactaBuukoM O.H. Monakoro (Mo-
nsKa, [Jy6sina, 1968, 1970, 1971).

OTpuMaBLIM JAUIUIOM 3 BifJ3HAKOIO, 3 CEpIHA
1971 po 6epesua 1972 p. Imutpo BacmmboBuy
mpanoBaB y Tputichbkilt cepefHilt MIKomi BUnTE/IEM
6iomorii Ta ximii (PactiBcpknmit pajion Kuiscbkol
o6bmacti). ¥ 1972 p. BiH BCTYNUB [0 acHipaHTypu
IlenTpanbHOro pecny6/mikaHCbKOrO OOTaHIYHOrO
cangy im. M.M. Ipumka AH YPCP (IIPEC; Tenep
Hanjionanbuuit 6otanivyamit cag im. M.M. Ipum-
ka HAH Ykpaiun). Moro HaykoBuM KepiBHUKOM
craB Curusmynj, CemeHoBrdu XapKeBUY, BioMMii
y4YeHui, HDOKTOp OionoriyHmMx Hayk, npodecop,
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3acmy>XeHui1 jifad Hayku. HaB4aHHA B acmipaHTy-
pl mepepMBa€eTbCs Ha ORMH PiK CIY>KO010 B apMii
(12.1973-10.1974), a 3akiHuyerbca y 1976 pouni
YCIIIITHMM 3aXMCTOM JyucepTalil Ha 3[00yTTs Ha-
YKOBOTO CTYIIeHA KaHAMAaTa OionoriyHmMx Hayk
Ha TeMy "JlararreBi Ykpainu (BupjoBMit cKiaf, no-
IIVPeHHs, 3amacy, 6ioforis, paljioHanbHe BUKO-
pucTaHHs, OXOpoHa i 36aravenHs)". ¥V wiit pobori
I.B. Iybuna oxapakTepusyBaB BUIOBUII CKIaf Ta
MOLIVPEHHS BUJIIB JTATATTEBUX, HaBiB 0COOIMBOCTI
IXHbOI Mop(bonori'i, 6ios1orii, exomnorii Ta 1eHosIori],
OIVICaB OCHOBHI ()opMM Ta PiSHOBU/M NATATTEBMX,
0CO0NMMBO [IeKOPaTUBHI Ta JiKapchbki. Benuka ysa-
ra TpupineHa iXHbOMY 36epexxeHHI0. Mormozoro
MIEPCIEKTUBHOTO CIIelliaicTa IPUIHAIM Ha I10Ca-
Iy MOJIO[IIOTO HAayKOBOTO CHiBpOOiTHMKA Bifmimy
npupopHoi ¢nopu IIPBC. Toro x poxy Imurpo
BacunpoByuu mocis nepue Micue B KOHKYpCi Mo-
JIOOVIX JOC/IiNHMKIB, a 32 LMK/ IIpallb 3 €KOJIOTiI Ta
dironenornorii Bumoi BogHOI pocIMHHOCTI Ykpa-
inu BiH OyB Haropomxenuit Ipamotorn ITpesmpii
Axapiemii Hayk YPCP. OxpiM HaykoBoi po6oru,
MOJIOJIOTO KaHJy/laTa HayK 3a/y4aroTb IO aJMiHi-
CTPYBaHHs Ta HAyKOBO-OpraHisaniiHoi poOoTH.
Hekinpka pokis JMutpo BacunboBud BUKOHYBaB
060B's13ku yyeHoro cekperaps IJPBC.

¥ 1977 poui Imutpy BacunboBudy nmomacTusio
B3ATY Y4acTb y OK€aHIYHiNl eKCIIeAMIii Ha HayKo-
BO-fociigHoMy cymHi "AkapeMik Beprapcpkuir”
(14-11 pevic, ArmanTruHuii oxean). ITix yac i€l exc-
IeiNLIil BiH 03HaJIOMMUBCA 3 POCIMHHUM IIOKPUBOM
Itanii, Icmanii, KaHapcbkux ocCTpoOBiB, OCTpOBiB
3enenoro mucy (Kabo-Bepae), mpubepesxHux peri-
oHiB ExBaropianbHoi A¢dpuky, 3aiiMaBcs BUBYEH-
HsM 1 300pOM HAaCiHHEBOTO i cafMBHOTO Marepiany
TPOIIYHUX i CYyOTPOMIYHMX KBiTKOBO-JEKOpPATVB-
HUX POC/IVH JI/IS1 IOTIOBHEHHSA JKMBOI KONEKIII poc-
nmuH 3akpuroro rpyHTy LIPBC.

Y 1978 poui [I.B. [lybuHa mIpOmOBXMB CBOIO
npodeciiiHy Ta HayKOBY Ris/IbHICTD Y Bifgini reo-
6oraniku [ncTuTyTy 60Taniky iMm. M.I. XomogHoro
AH YPCP monopimyM HayKOBUM CIHiBPOOITHIKOM.
Y 1979 poui itoro o61parTh Ha HOCALy CTAPLIOTO
HayKoBOro criBpobiTHMKa, B 1994 poui — mposif-
HOT'0 HayKOBOTO CIIiBpOOiTHNUKA Bifiny reo6oTaHi-
K1, ay 2015 p. — roJI0BHOTO HayKOBOTO CIiBPO6iT-
HJIKa Bififliny reo6oTaniku Ta ekoyorii Incturyty.

OcHoBow pucepraniiaoi po6oru Imurpa Ba-
CIM/IbOBMYA Ha 300y TTs BUCHOTO CTYIEHS JOKTOpa
610710T{YHNMX HAyK CTaIM JOCTIKEHHS POCIMHHO-
r0 IIOKPMBY IUIaBHEBO-ITiTOPAIbHMX JaHAUIadTiB
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ITpuuopromop’s.  [ucepranis "IlnaBHeBo-m1iTO-
panbHi  ¢irocucremu IliBmivnoro IlpuyopHo-
Mop’si" (HayKoBui KOHCYJIbTaHT akagemik IO.P.
Mlensr-Coconko) 6yna ycninrHo 3axuiena y 1992
p. ¥ wiit [I.B. ly6ruHa po3po61B KOHIIEIIIiI0 [10XO-
IKeHHA, popMyBaHHA Ta (QYHKI[iOHYBaHHS II/IaB-
HeBO-JIITOpanbHUX OioreocucTeM i 3alponOHYBaB
IPUHIVIIOBO HOBY IxHIO fiediHiniro. Ymepue Bin
[IpOaHasi3yBaB TUIIM J1 eTany iXHbOI Oprasisanii,
IaB LIiICHE YABJIEHHA IIPO POCIMHHUI IIOKPUB
[UTaBHEBO-TITOpabHUX Gioreocucrem, reorpadiu-
Hi 0c06/MBOCTI IXHPOTO TEPUTOPiaIBHOTO PO3IIOA-
Iy, po3pobuUB cXeMy reo6OTaHIYHOrO pailOHyBaH-
Hs, 3'ICYBaB AMHAMIi4Hi TeHIEHIl pOCTMHHOCTI,
3[i/ICHUB aHaji3 pelpe3eHTaTUBHOCTI 00 €KTIB
OXOpOHU, [iaB IPUPOJOOXOPOHHY OLIHKY papu-
TeTHMX BUJIIB i yrpynoBaHb, pO3pOOUB IIPUHIINAIIN
CTBOPEHHS MepCreKTUBHOI MOoTidyHKLiOHANTBHOI
IPUPOFOOXOPOHHOI Mepexi. OCHOBHI MONTOXKEHHA
LVX JOCTiKeHb BUK/IafieHi y MoHorpadii "TInas-
Hu ITpuaepromoppsa” ([Iy6eiHa, Ilensar-Coconko,
1989).

Y roit mepiop i nHapmam [I.B. dybuna mnigHO
CIiBIIPAIlOBAB i3 4eCHKVIMU Ta CIOBALIbKIMU O0Ta-
HiKaMmu. B pesynbrari Lji€i Mi>KHapOJHOI HayKOBOL
Koonepanii 6ys0 HiroToB/IeHe 3BeJeHHS aHaJIi3y
Makpo(iTiB K iHUKATOPIB 3MiH IPUPOTHOTO Ce-
penosua (JIyopina u ap., 1993). ¥V uiit Monorpadii
CUCTEMATM30BaHi Ta y3arajJbHeHi eMIIipM4Hi JaHi
po diromopdornoriuni, reorpadivni, exonoro-6i-
OJIOTiYHi, LIEHOTUYHI Ta TOCHOAAPCHKi 0cOOMMBOC-
Ti BOGHUX MakKpodirtiB. XapakTepucTuKa KOXXHOTO
BUZLY PO3IJISIHYTA B cucTeMi ¢iTofiarHOCTHKY Ha-
BKOJIMIIHBOTO CEPENOBUIIA.

OcobnuBe micie B HayKoBiit fisnpHOCTI [IMMTpa
BacnnpoBuya mocigaoTb GaraTopiuHi FOCTimKeH-
Hs pOCIMHHOCTI moHu3ss [lyHato Ta JlyHaiicbko-
ro 6iocdeproro samosigHuka. Bin 6paB akTUBHY
y4acTb y CTBOPEHHI IPMPOHOTO 3anoBifHmka "Jly-
HalicpKi 1aBHi', srogom — JlyHaricpkoro 6iocdep-
HOTO 3allOBiJHMKAa Ta PYMYHCBKO-YKPalHCBKOTO
pesepaty "Henbra lynawo". ¥V 1984 p. 6yma omy-
6nikoBana MoHorpadis "TocymapcTBeHHBIT 3aIo-
Beguuk “Jynaitckue mmaBuu ' (Ilemsar-CocoHko,
Iy6biHa, 1984), B sKill Bllepllle HaBeLCHO ITOBHMUI
KOHCIIEKT (p/1opM 3aIlOBiHMKA Ta 3[iiiCHEeHO i Je-
TAJIbHUII aHai3, po3pobneHo KiaacupikauiitHy
CXeMy POCIMHHOCTI, ONMCAaHO HAaABHI TUIIM pPOC-
JIMHHOCTI Ta OXapaKTEPM30BAHO IXHIO AMHAMIKY,
PO3IIAHYTO LUIAXM POPMYBAHHA Ta TePUTOPiab-
HUIT PO3IOJIT OCHOBHMX (pOpMaliil pOCIMHHOCTI.

J.B. Ty6una mip gac gocmimkens y [lyHaiicbkomy 6iocdep-
HoMy 3anoBignHuky 3 JLII. BakapeHko i cniBpobiTHUKaMu
3anoBigHuKa (2004 p.)

JI.B. Jlybuna si cmiBpobithukamm IHcTMTyTYy GOTaHiKM im.
M.I. Xonognoro HAH VYkpainu JLII. Bakapenko, JLI. besy-
cbKo, A.M. Onemxo i T.I1. [I31060t0 1py BUBYEHH] 3aIUTaBHIX
nyk p. ITaBrmiBka mo6mm3y c. CambkiB KuiBcbkoi 067, (2016 p.)

3’1COBaHO pOJIb Ta 3HAYEHHS 3aIIOBiTHMKA Y QYHK-
L[IOHyBaHHI IVIaBHEBO-TITOPAIbHNX €KOCUCTEM I10-
HU33s1 JIyHal0, OKpec/IeHO MUTAHHS OXOPOHM JI0TO0
¢mopn Ta pocnmHHOCT. Pe3ynbTaTy MOAa/IbIINX
[OCTimKeHb Oy/IM BUKIAJEHI Y YMCTeHHUX CTart-
TAX Ta JBoX MoHorpadisx: "bBiopisHomaHiTHICTD
Ilynaiicbkoro 6iocepHoro 3amoBigHuKa, 36epe-
JKeHH Ta ynpasiHHA" (1999) Ta "[lynaiicpkuii 6i-
ocepumit sanoBifHuK. Pocmnuumit cit" (Jyouna
Ta iH., 2003). Byo cknafeHo feTanbHy KapTy poc-
nmuHHOCTI JlyHaiicbkoro 6iocepHOro 3amoBigHu-
ka (Dubyna et al., 2002). Oco6mmBy yBary y4eHmit
NPULIAB JUMHAMIiLi POCIMHHOCTI Ta IPOTHO3Y II

ISSN 2415-8860. Y kpaircokuti 6omaniunuii scypHan. 2025. 82(3) 269



In Memoriam

I.B. Iybuna 3 axapmemixom SLII. Jlifyxom Ha HayKOBO-
TeopeTnuHil koHepennii "Knacudikania pocanHHOCTi Ta
6ioTomis Ykpaiun" (2016 p.)

JIMOBIpHMX 3MiH IIifi BIUINBOM IPUPOJHNUX Ta aH-
TPOIIOTEHHUX UMHHNKIB, 30KpeMa YBENEHHAM
B eKCIUTyaranilo cygosoro xogmy 'Hynari-Hopae
Mope", MiliTapHKX Jiilf BHACTIZOK POCIiCbKOI arpe-
cii, a TakoX 3axofaM 3i 30epeskeHHs1 6iopisHOMa-
HiTTsA. TpuBammit yac [I.B. lybuna O6yB 4eHOM Ha-
YKOBO-TEXHIYHOI pajy 3allOBifIHMKA I KEPIBHMKOM
perioHanpHOI rpynym crenianictis Mi>KHapogHOro
TOBApMCTBa 3 JOCTiKeHb [lyHato.

Y Jjioro HayKOBOMY NpPUPOLOOXOPOHHOMY JO-
pobKy — KpymnHoOMacuITabHe KapTorpadyBaHHs
J>KapuiranbKoro perioHaJbHOTO JIaHAUIA(THOTO
IapKy Ta IPUPOJ00XOPOHHE BIOPANKYBaHHA [IKa-
pWITanbKOTO peKpealiliHO-3all0BiJHOrO KOMIIEK-
cy A nineit 36epexxenHs 6iopisHomanirTa IliB-
HiyHoro IIpnyopHomop’ss (Korenko Ta iH., 2000;
Mensr-Coconko, Jy6una, 2000); HaykoBe 00IPyH-
TYBaHH:A CTBOpeHHA HIDKHbOHITPOBCHKOTO Halli-
OHAJIBHOTO HpupopHoro mapky ([y6siHa, 131064,
2007, 2008, 2009, 2010, 2011, 2014), AsoBo-Cu-
BAaChbKOTO HAIiOHAJIbHOTO IPUPOZHOTO IApKY
(Dubyna et al., 1994, 1995, 2000a,b, 2003; Jy6uHa
Ta iH., 2007; Jy6uHa, [I3106a, 2007), manamadTHO-
ro 3akasHuka 'TapytmHcbkmit cren” (BakapeHko,
Iy6una, 2013), KysanbHuIbKOro HallioHaJabHOIO
npupopHoro napky ([lyb6una Ta in., 2021). Bin 6pas
y4acTb i y MiArOTOBLI HAayKOBUX OOIPYHTYBaHb
CTBOPEHHA iHIINX YMC/IEHHUX IPUPOTOOXOPOHHNUX
00’exTiB YKpalHM — IIpPUPORHUX 3alOBiTHMKIB,
perioHa/bHUX MaHAMAPTHUX MapKiB, 3aKa3HUKIB,
IaM’ ATOK IIPUPOJY, 3aMIOBiIHIX YPOYMNIIL.

3HauHMi1 iHTepec Imutpo BacunboBud BUABIAB
i o po36ynoBu ekoMepexi Ykpainu. 30Kpema, HuUM
Oy/Iu pO3BUHYTI TEOPeTUYHi MONOKEHHA LIOAO il
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CTBOPEHHA, CTPYKTYpH, IPUHUMUIIB i Mogeni 1o-
OynoBu. Bin 6yB mepekoHaHMi1, 1110 MOOYZOBA €KO-
MepexXi € OJHUM 3 TOJIOBHUX YMHHUKIB €KOJIOTid-
HOI Oesmexu gepkaByu. OmparboBaHi HUM IigXOxU
Oynmu peanisoBaHi IpM po3poONIEHHI cXeMu eKo-
Mepexi A30BO-HOpHOMOPCHKOTO €KOKOPHUJOPY Ta
exoMepexi micocternoBoi 3ouu Ykpainu (Exomepe-
Xa..., 2013; Yerumenko Ta iH., 2018).

OynpamenTanbHi npaui JImurpa Bacunbosnua,
IPUCBSYeHI PI3HMM acleKTaM 30epexxeHHs 6io-
pisHomaniTTa IliBgHA YKpainm Ta peanisawii Hay-
KOBMX ITOJIOKEHb Y BI[IIOBIZHMX OpraHisalliliHMX
3aXOflaxX, CIPAMOBAHMX Ha OXOPOHY >KMBOI IIPUPO-
IV, BBIIUIA 10 LIKITY pobir KOJIEKTUBY aBTOPiB
"Po3po6eHHs Ta BIPOBA/PKEHHA HAyKOBUX OCHOB
i mpakTMYHUX 3acaj 306epe>keHHs 6I0PI3SHOMAHITTS
SIK HEOJMiHHOI YMOBU CTaJIOTO PO3BUTKY YKpaiHu',
ypocroeHoro JlepxaBHoI npemii YKpainu B ramysi
Hayku Ta TexHiku (2005).

3nauHuM BHeckoM [I.B. [lyOunu y npupopooxo-
POHHY CIIpaBy CTajy HAPUCK IIPO PifKiCHI BUAU Y
IBOX BUAaHHAX YepBoHOI KHUrM YKpainm (1996,
2009). HuM i Ko7meKTMBOM HayKOBLIB Biffiny re-
oboraHikyu Oyna mifroropneHa mepa y cBiti "3e-
neHa kHura Ykpainn' (1987). Bin 6yB 3acTynHMKOM
Bi[IIIOBiZla/IbHOTO pelaKTOpa i IPOBiAHNM aBTOPOM
Apyroro BumaHHA "3eneHol KHury Ykpainn' (2009),
sAKa 6yna nigrorosneHa BigmosigHo mo IlonoskeH-
Ha "TIpo HanioHanpHy 3eneHy KHMry YKpainm',
3aTBepKeHOro nocraHoBolo Kabinery MinicTpis
y 2002 poui, i € o¢iniitHuM ep>KaBHUM JOKYMeH-
TOM, B AKOMY 3BEJEHO BiJOMOCTI IIPO CyYaCHUIA
CTaH PifKICHUX, TaKMX, 10 HepeOyBaloTh Mif 3a-
TpO30I0 3HUMKHEHHs, Ta TUIIOBUX IPUPOSHUX POC-
JIMHHUX YIPYNOBaHb, fIKi MiJIATal0Th OXOPOHi. Bin
TaKOXX OYO/IMB MiITOTOBKY TPEThOTO BUJAHHA 3e-
JleHOl KHUTY YKpaiHM, sKe Ile Ma€ H0OAUUTH CBiT.

Bynyun Hacamiiepen reo60TaHIKOM IIMPOKOTO
npodinto, Imutpo Bacunposuy ybuna spijicHuB
BAaromi HaIlpalllOBaHHA B Talay3i CMHTAaKCOHOMIl,
ekororii Ta 30epeXXeHHS POCIVHHOTO IOKpPUBY,
PO3pOO/IeHHI TeOpeTMYHNX MUTAaHb OpraHisanii Ta
nuHaMikn ditoneHopisHOMaHITHOCTI Ta i O0XOpO-
HIL. BiH 0490/110BaB HayKOBY TEMATUKY 3 HOCTiXKEHb
BOJIHOI, raJIO(biTHo'l', [IiIOHEPHOLI, XasMocbiTHo'l' Ta
aHTpoIoreHHoi pociMHHOCTI Ykpainu. Li pesynb-
TaTu ysaraabHeHi B MoHorpadiax "Knacupikanisa
Ta NIPOJIPOMYC POCIMHHOCTI BOJOIIM, IE€PE3BOJIO-
JKEHMX TepuTopii Ta apeH IliBHivyHOTrO IIpNyopHo-
Mop’s" (JJybuHa Ta iH., 2004), "Pocniuuuicts Ykpa-
iny. Buma BogHa pocmmuHicTs" ([Iy6una, 2006) ta
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"PocimunicTs Ykpainu. TanmodirHa pocnmHHICTD'
(Oy6una Ta in., 2007). Komo 3HaHb HailBUILOTO 3a-
rasbHOOI0MOriYHOrO PiBHS LO3BOIUIO JIOMY OYO-
JIATY, OpraHisyBary i 3piiicHuty BupaHHA IIpo-
fpoMycy pocmuHHOCTi Ykpainn" ([ly6mna Ta iH.,
2019). LIi ¢pynmameHTaIbHI Ipali BUCOKO OLjiHeHi
HayKOBOIO CIi/IbBHOTOIO fIK B YKpaiHi, Tak i 3a ii Me-
JKaMI.

TamaHoBUTHMII i TPOXYKTUBHMIT BUeHMIt, [IMUTPO
BacuiboBny 3arasoMm € aBropoM moHaj 500 Hay-
KOBMX IyOrmikaliii, cepep sikux 27 MoHorpadiit ta
15 iHMMX KHIOKKOBUX BUZaHb. Ilepenik ocHOBHUX
jioro mpaup BMillleHnit y BuganHi "Bik Mmynpocti ta
cwn. Jo 70-pivus Imutpa Bacunbosnya Jyouun"
(Yctumenko Ta iH., 2019). Voro iM’s 3akap6oBaHo
y YMCIEHHUX CHMHTAKCOHAX PISHUX PAHTIB, 30Kpe-
Ma: Lemno gibbae-Azolletum carolinianae Dubyna
2006, Ceratophylletum tanaitici Dubyna 2006,
Potametum sarmatici Dubyna 2006, Heliotropio
dolosi-Brometum japonici Dubyna et al. 1995,
Centaureo odessanae-Stipetum capillatae Dubyna
et al. 1995, Puccinellion giganteae Dubyna et
Neuhéuslova 2000, Tripolio pannonici-Caricetum
extensae Dubyna et Neuhduslova 2000, Scorzonero
parviflorae-Taraxacetum bessarabici Dubyna et
Neuhduslova 2000, Ofaisto monandri-Salicornietum
Dubyna et Neuhduslova 2003, Plantagini salsae-
Limonietum meyeri Dubyna et al. 2007, Ta 6aratpox
IHINNX.

3 im'sim [IMutpa BacunpoBrya mos's3aHi TakoX
i HayKOBi JOCIIIPKEHHA POCIMHHOCTI YKPaiHChKMX
Kapnar Ta 3akapmarTs, AKMM y4eHWI IIPUCBATUB
10 pokiB cBoro HaykoBoro >xutts (2005-2014 pp.).
Hum pasom 3 Konmeramu OLiHEHO CTaH €KOCHCTEM
pomHM p. Tuca 3a IOKasHMKaMM POCIVHHOTIO
CBiTy, BCTaHOB/IEHO (iTolleHOPOH Ta BU3HAYe-
HO papUTETHY CK/IAaJJOBY PE€rioHy, IpOaHaji30BaHO
BIUIMB aHTPOIIOreHHUX YVHHMKIB Ha POCIVMHHICTD
(Yctumenko Ta iH., 2015); 3milicHeHi TOCTimKEHHS
POCIMHHOCTI 3amoBigHOro Macupy '[onmHa Hap-
nucis” (Kapmarcekuit B3) ta 3akaproBaHo itoro
pocmuHicTh (YetuMenko, y6buna, Tamop, 2007;
Hly6una, YcrumeHnko, 2007); IpoBefieHO BUBYEHHS
6yxoBux npanicis HIIIT CuneBup 3 MeTOI0 BU3HA-
YeHHS CTAaHy iXHbOTO IIPMPOJHOTO IOXO/PKEHHS,
BCTAHOBJICHHS CMHTAKCOHOMIYHOTO CKJIafy KIIIO-
YOBUX AIMAHOK (YcTMMeHKO Ta iH., 2012). Pesynb-
TaTV IMX HAYKOBUX IOCII/PKeHb Oy/M BUKOPMCTaHi
JU1s1 BK/IIOUeHHs1 6yKoBuX mpaiciB [Tapky o 06’ex-
1y FOHECKO "Bykosi npanicu i saBHi nicu Kapmar
Ta iHMNUX perioHiB €Bpomn’.

JI.B. JlybuHa akTMBHO IIpalloBaB y CKIafi pe-
HAKLifHUX Koseriit "YKpaiHChKOTO OOTaHIYHOTO
KypHany', "YOpHOMOpPCHKOr0 GOTaHIYHOTO XYP-
Hany', XypHaniB "[HTpopykuis Ta axmimMarusanis
pocnun", "bionoris Ta exomorif’, "ArpoHomis i
6iomoris", cepiftnux Bupanp "Kmacudikanis poc-
7mMHHOCTI Ta 6ioToniB Ykpainu" i "IIpupogno-3a-
noBifHi Tepuropil Ykpainu. Pociuuumit cgit", 6yB
He3aMiHHUM, KBasIidikoBaHUM i JOO6PO3NYIMBUM
PELIEH3€HTOM YMCAEHHMX PYKOINCIB, YTIEHOM
YkpaiHcpkoro 60oTaHiuHOTO TOBapuCTBa. IMMUTPO
BacumpoBuu 6paB y4yacTb y 6araTbox HalliOHaIb-
HUX Ta MDKHapopHux ¢opymax, BUCTYIIaB Ha Te-
ne6adeHHi, BCI/IAKO IOIy/IAPU3yBaB HAyKOBi JOCTi-
IPKEHHA.

Tpusanmuit gac [Jmurpo Bacunposuy OyB Hafiil-
HMM i BiJjIIOBiJalbHMM 3aCTYIIHMKOM 3aBiJyBadya
Bifiminy reob6oTaHiKM Ta €KOJIOTil, a TAaKOX IIpe-
KPacHMM OPraHi3aTOpOM HayKH, KM KOMIIETEHT-
HO i 3/71arOfIXKeHO KepyBaB 60TaHIYHOIO CIIIIBHOTOIO
He NM1le y Bififisi, ae if, BijIIOBiIHO 1O KOOpAMHA-
1ii HAyKOBOI TEMATUKIU, B YCill YKpaiHi.

AKTMBHY HAayKOBY Ta TI'POMAfICbKYy HifiIbHICTb
JIMutpo BacunpboBudY yCIiIMHO NOERHYBaB 3 IIe-
[aroriuHoio, 60 BiH Garato cui i eHepril BifmaBaB
MiAroTOBLI HayKOBMX Kazpis. Ilig itoro xepiBHuII-
TBOM Oy/I0 3axmineHo 18 pucepranili Ha 3E00yTTA
HAyKOBOTO CTYIIeHs KaHAMAaTa OiONOriYHMX HayK
Ta TPY AMCEPTaLii Ha 300y TTSA HAYKOBO-OCBITHBO-
ro piBas "mokTop dinocodii” 3a crerjianbHOCTAMM
"6oranika" Ta "ekoynorisf’; 3apas roTyoTbcs o 3a-
XICTY 1e /IBi JOKTOPChKi AncepTanii. OkpiM cBoix
BJIACHUX Y4YHIB, BiH OIIIKyBaBCA HayKOBOIO JOJIEIO
i 6araTboX iHINMX KOJIET, SAKi TeX CIIyIIIHO BBaXKa-
I0Tb Jioro cBoiM BunreneMm. OT>Ke, HAayKOBa LIKOJIA
HOMutpa BacunboBrya € 9MCIEHHOIO i MOTY>KHOIO.
Voro yuHi mpaIfioloTh y HayKOBMX i OCBiTHiX 3a-
KIajiaX, a TAKOX B YPANOBUX CTPYKTYpax, O4O/IIO-
I0Tb HayKOBi Ta IPUPOIOOXOPOHHI mifposmimm. Y
2004 p. ImMutpo BacunboBud OTpuMaB 3aciy>KeHe
BYeHe 3BaHHA Ipodecopa.

Imutpo Bacunbosuy 6yB Y7IeHOM JIBOX CIeIlia-
Mi30BaHMX BYEHUX pajf i3 3axmcry aucepraniin: In-
crutyry 6otaniku im. M.I. Xonognoro HAH VYxkpa-
inu ta HanjonanpHoro 6oraniuHoro cagy im. M.M.
Ipumika HAH VYkpainu, BiH 4acTO OIOHYBaB JuC-
epTaliliHi po6oTH i MaB penyTalilo yBaXKHOTO, pe-
TEJIbHOTO, aJie I BOJHOYAC JOOPO3NUINBOIO OIO-
HeHTa. KpiM Toro, BiH umuTaB /IeKUii Ta IpOBOJUB
CeMiHapChKi 3aHATTA /I CTY[EHTIB Ta acllipaHTiB,
KepyBaB KypCOBUMM Ta AMIUIOMHMMU poOOTaMI,
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Y pigHomy Binaini reo6otaniku Ta exosnorii (2015 p.). Y nepuomy pany (snia Hapaso) — JI.A. [JaBupos, ILM. YcTumeHrko,
JLII. Bakapenxo, A.IL. dingyx, T.B. ®inaiino, [I.B. ,[[y61/n-1a, T.IL. [13106a, I.C. Kourap; y npyromy — I0.B. Posen6mir, O.0. Yy-
coa, B.C. [TaBnenko-bapumesa, A.C. Mocsxkin, [I.C. Bunokypos, €.B. ITombosuii, 10.1. Mana

6yB rOMOBOIO KOMICiJi 3 3aXICTy MaricTepChbKUX po-
6iT y Ki/IbKOX BUIIMX HaBYa/IbHMX 3aK/IafiaX. YBaXK-
HicTh JIMuTpa BacuiboBnya 10 MOMOAMX HayKOB-
11iB, TOTOBHICTb JJOIIOMOI'TH Y BUPIIIEHHi CK/IaTHUX
IUTaHb BifoMi maneko 3a Mexxamu IHcTUTYTY 60-
taHiky iM. M.I. Xonognoro HAH VYkpainmn.
Jlep>xaBa Ta HayKoBa CIJIbHOTA OLiHMINM BHU-
matHi 3acnyru JImutpa Bacunbosuya mepep Ykpa-
Hot0. Bin OyB Haropomkennit Megasnio "B mam a1
1500-pivuss Kuepa" (1986), Tppoma BifzHakamm
HanionanbHoi akameMii Hayk Ykpainum: "3a migro-
TOBKY HaykoBoi 3minn" (2019), "3a HaykoBi mocsr-
HeHHs" (2021), "3a npodeciiini 3no6yTku" (2024)
Ta 6ararbMa OYECHVIMY IPaMOTaMI i OfAKaAMM.
Jmutpo BacumpoBuy 3amam’ATaBCs TAKOX BU-
K/TIOYHOIO ITPaLe/TioOHICTIO Ta PaHTACTIYHOIO Ipa-
1[€3/JaTHICTIO, YMIHHAM IMCKYTYBaTH I aKTMBHO
BifIcTOIOBATY CBOI HAYKOBI i TPOMA/IAHCHKI ITO3MIL],
0e3KOMIIPOMICHICTIO i1 a3apTOM INPUPOLOAOCIIif-
HJIKa, TI000B’I0 §O HOCTiIKeHb 0e3MOCepesHbO Y
npupopi. Lli sikocTi, a TakoX BUCOKMiT mpodecio-
Hajli3M, MOTYTHIill iHTEIEKT Ta HayKOBa epyAulis
MOEJHYBA/INCA B HbOMY 3 HEOPAVHAPHVMMA SACKpa-
BUMI JIOFICBKUMM SKOCTAMU — HOOPOTOM0, 4yii-
HICTIO, CEPAEYHICTIO, MYJPIiCTIO, NPUHIMIIOBICTIO,
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MIOPAJHICTIO, BiFKPUTICTIO, iHTEIr€éHTHICTIO, Yec-
HICTIO, CaMOBiIJaHICTIO, LIe[pPicTI0, pOMaHTHUYHi-
CTIO, ICKPUCTYUM IIOYYTTAM TYMOPY, [0 IpUBaOIIO-
BaJIO JIO HBOTO BCiX, XTO IIPAIIOBAaB i CIINIKYBaBCA 3
Y4EHUM.

Bin BUnpoMiHIOBaB yneBHeHICTh Ta crokiii. Ko-
JIeTH LIiHyBaJIy 0T0, I/IMOO0KO IaHyBaIu i 00N,
IOmutpo BacuiboBuY BOIOAIB €HIMK/IONEAVYHU-
MM 3HaHHAMM 3 icTopil Ykpainu, 6yB npekpacHUM
3HABLEM Ta IIOLIiHOBYBayeM YKpPaiHCbKOTO MMCTe-
IITBa Ta JMiTepaTypy, 6yB MMPOI0 MOANHOI i3 Mmu-
POKOIO yILIE0, CIIPABXKHIM IIaTPiOTOM.

IMmutpa BacunboBnya yacTo Mo)kHa 6yr1o moba-
uynty B [HCTUTYTI HaBiTh Hi3HO BBeuepi abo y Bu-
XiIHWI1 leHb, KOJIM BiH y THILI i CITOKOI IIMCaB CBOI
po6oTn abo penaryBas, peljeH3yBaB, IIOKpAI[yBaB
pyxonucu Koser. Pasom 3 TuM, y Taki fgHi Ta 9acu
IIpY BUIIAJKOBIN 3yCTpivi 3 KOJIErolw BiH Mir Ha
MEeBHUIT Yac BIBOIKTUCS Biff OCHOBHOI poborn i
3 3aXOIUICHHAM OOMIHATHCA JYMKaMM IIPO HOBU-
HI JIiTepaTypy, abo X 3raflaTu MUHYII eKcIennii,
3acijaHHA BYEHMX paJl, JMCKYCil Ta BiIKPUTTA...
Voro mam'sTh 36epirana yHikanbHi momii 3 icto-
pii 60TaHiyHOI Hayky (OZHUM i3 TBOPILIB SAKOI BiH
OyB cam!), XUBiI Bpa)keHHA IIPO KOJIeT, IIMOOKe
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PO3YMIHHA IPUYMH 1 HACTIKIB IOMiI MUHYJIOTLO.
IIpukpo, 110 Take >Kepeno 3HaHb PO MUHYJIE Ha-
mworo [HcTuTyTy, npo icropito 6oraniku B Ykpaini
y Apyriit nonosuHi XX CTOMTTA — mepuii usep-
1i XXI cromiTra He 3HAMIIIO Bif06paXKeHHA Y
3ammcaHux Memyapax JImurpa BacwaboBuua, 60
ne Oyna 6 yHikajbHa, 3axoIUiMBa KHura. Ilpore,
BENNMYE3HOI € 3aciayra JIMmurpa BacmnboBmua sk
IPeKpPacHOTO pefaKTopa y IifroToBIi ¢yHIaMeH-
TaJIbHOI 30ipKM KUTTENNCIB HAayKOBLiB [HCTUTYTY
6oranikn im. M.I. Xomognoro HAH Ykpainu no
IQO—piqq:l Iacruryry "IC.TO)piH IncTuTyTy 60TaHIKM
B imenax" (2022). Tenep im’st Imutpa BacuaboBuya
3alHANIO CBOE 3HAMEHHE Miclle cepef TMX BM3HA-
YHUX iMeH, AKi MpOCIaBUIM Hall [HCTUTYT MpoTA-
TOM B>Ke OiTBII HiXK CTOMITHBOI 10TO icTOPI.
IMutpo BacumboBuy 6yB 6e33acTepesxHO Bina-
HMII Haylli Ta pa3soM 3 TUM 3irpiTuil TEIJIOM CBO€EL
popyHu. Bin munraBcs cBOIMU HaMOMVDKINMIUL: IPY-
JKIMHOIO-TOCIIOAVHe0 Banentnnono IOxuMiBHOIO
ta cuHoM IOpxom, BunmyckHukom HarjionanbHoro
yHiBepcutery "KueBo-MorunsHcpka akafeMia' —
¢daxiBuem y ranysi iHpopMalifHMX TEeXHOJIOTN.
Bin mupo mo6uB CBOI BEIVKY POAUHY, 3 TEIIO-
TOIO Ta YBAarolo MifITPUMYBaB 3B'A3KY 3 YMC/ICHHU-
MU popyyaMy, f0aB npo O1M3bKKX, He 3a0yBaodn
JKOJIHOI piffHOI IFOAMHY, 1 3aBX/ OYB IIOPYY, KON
noTpibHa 6yra mormomora uu nopaza. Jmurpo Ba-
CUIBOBUY YMIiB 00'€ZHYBaTy IOKOMIHHSA, 30epiraB

cimertHi Tpapuuil Ta 6yB HafillHOIO OIIOPOIO /IS
pimaux. Iupi cmiBuyrTa popuni Omutpa Bacu-
TbOBMYA MAIOTD BIIZTYHHs CYMY, ajle J1 pa30M 3 TUM
CYM Lieit CBiT/mii, 60 BiH IIPOXKUB ACKpaBe, HacHde-
He >KUTTA, 3a/IMIINB SACKPaBMIl C1ifj y 6araTbox Ha-
npsiMax HayKM, a TOMY ¥ CBiT/Ia ITaM ITb IIPO HbOTO
KUTUMe Hafasmi.

3aBepmIMMO PO3MOBilb IPO 10 HelepeciuHy
0CcoOuUCTICTb croBaMM 3 Toesii itoro ymo61eHol
Jleci Yxpainku: "Hi, s xuBa, 1 Oyny BiuHO *XuTn!
S B cepui maio Te, mo He BMupae!”. I ons gacrou-
Ka 6e3MexxHoro cepus JImmrpa Bacumbosnmda, —
YacTOYKa TOrO, 110 HE BMMPAE, — 3a/IUIINTHCA B
KO)KHOMY 3 TUX, XTO JIOTO 3HaB, B JKUTTi KOrO BiH
3a/MIIMB CBili He3albyTHiN cmim. 3ammmmrecsa y
jtoro my6mikanisx, ski akTMBHO BUKOPUCTOBYIOTb,
LOUTYIOTh i OYAyTh 3 IOIIAHOK i BASAYHICTIO Liu-
TYBaTy HUHIINIHE J1 NPUILEIIH]I ITOKOMIHHA IIPK-
POAO3HaBIiB. 3a/MNIINTLCSA Y Ha3BaxX OMMCAHMX i
0XapaKTepM30BaHMX HIM POCIMHHUX yTPYIOBaHb,
y 1ioro repbapuux 36opax B HanionanpHoMYy rep-
Oapii YkpaiHu, y 30epe>KeHux 3a j10ro y4acTio 3a-
MOBIJHMX KYTOYKaX YKpalHCbKOI INpPUPOAU, AKY
BiH TaK MI00MB, BUBYEHHIO i 30epe>KeHHI0 SIKOI BiH
IIPUCBATUB BCE CBOE HAYKOBE XKUTTS.

Tersna [I3K0BA, ITasmo YCTVMIMEHKO,
Sxis OIYX, Aana KY3EMKO,
Ceitnana EMEJIBAHOBA, Cepriit MOCAKIH
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