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RESEARCH ARTICLE

Terrestrial algae and cyanobacteria of the
Holosiiv National Nature Park (Kyiv, Ukraine), with the description
of Leptochlorella arboricola sp. nov. (Trebouxiophyceae, Chlorophyta)

Tatiana I. MIKHAILYUK * (2, Oksana M. VINOGRADOVA ! (2, Eduard M. DEMCHENKO ! (2,
Viktoriya R. PETLOVANA 2 (), Karin GLASER 3 (), Ulf KARSTEN *°
! M.G. Kholodny Institute of Botany, National Academy of Sciences of Ukraine,
2 Tereschenkivska Str., Kyiv 01601, Ukraine
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64/13 Volodymyrska Str., Kyiv 01601, Ukraine
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3 Albert-Einstein-Strasse, Rostock 18057, Germany
> Interdisciplinary Faculty, Department of Maritime Systems, University of Rostock,
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*Author for correspondence: t-mikhailyuk@ukr.net

Abstract. The article provides the results of a study on terrestrial algae inhabiting various substrates in the Holosiiv National
Nature Park, which was established to protect the remnants of natural ecosystems in the Kyiv metropolitan area, Ukraine.
Totally, 75 species were identified: Cyanobacteria (10 species), Chlorophyta (52), Charophyta (7), and Heterokontophyta (6).
The largest number of species was recorded on concrete (44 species) and dead wood (41); both substrates exhibited the most
diverse composition of dominant species of algae. Less species were found on tree trunks (34), soil crusts (25), and fruiting
bodies of the polypore fungus (18). The genera Klebsormidium (5 species) and Stichococcus (4 species) were the most diver-
sely represented on different substrates. Representatives of green algae, Stichococcus bacillaris, Coccomyxa subellipsoidea, In-
terfilum terricola, Desmococcus olivaceus, Elliptochloris subsphaerica, and Trentepohlia cf. umbrina, were most frequent in the
studied habitats. Some new and noteworthy taxa have been revealed using molecular phylogenetic methods. Among them,
three genera (Wilmottia, Chromochloris, and Leptochlorella) and five species (Wilmottia murrayi, Drouetiella epilithica, Chro-
mochloris zofingiensis, Neocystis mucosa, and Coccomyxa arvernensis) were for the first time recorded for the algal flora of Uk-
raine. In addition, five rare species of the genera Coelastrella, Pseudochlorella, Coenochloris, Dictyochloropsis, and Coccomyxa
are also reported. Finally, a new species of the genus Leptochlorella, L. arboricola Mikhailyuk, is described.

Keywords: algae, biological soil crusts, cyanobacteria, dead wood, forest phytocenoses, fruiting bodies of polypore fungi, ITS,
Leptochlorella arboricola, rbcL, stony substrates, tree trunks, Ukraine, 16S/18S rRNA
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Introduction

Cyanobacteria and microalgae are important com-
ponents of terrestrial ecosystems. Inhabiting soil,
rocks, tree trunks, and other substrates of natural
and artificial origin, they not only enrich the envi-
ronment with carbon and nitrogen, but also exert a
direct and/or indirect impact on its substrate due to
their biological activity or presence (Evans, Johan-
sen, 1999; Buidel et al., 2014; Hauer et al., 2015; Bau-
mann et al., 2017, 2021). The diversity of this ter-
restrial group has been studied much less than that
of aquatic forms, although in recent decades the
interest in studying terrestrial algae has noticeably
increased (Hallmann et al., 2017). A special focus
was placed on taxonomic studies using an integra-
tive (polyphasic) approach, which has resulted in
the description of numerous taxa of various ranks
(Neustupa et al., 2013a, 2013b; Skaloud et al., 2016;
Rybalka et al., 2020; Kastovsky, 2023, etc.). It is ob-
vious that terrestrial habitats, with their almost in-
finite variety of microecological conditions, are an
inexhaustible source of new knowledge about the
diversity of microalgae and cyanobacteria. In this
context, algological studies of protected areas are
especially important.

The Holosiiv National Nature Park (HNNP) was
established in Kyiv in 2007 (Decree of the Presi-
dent of Ukraine, 2007) to protect and preserve the
especially valuable natural complexes of the For-
est-Steppe (the western reaches of the East Europe-
an Forest Steppe ecoregion) and Kyiv Polissya (the
eastern edge of the Central European Mixed Forests
ecoregion). The uniqueness of this territory is evi-
dent from the fact that the national park is located
within the metropolitan area, in the southern (and
western) parts of Kyiv City, west of the Dnipro River.
It includes several territorially separated forest areas:
the Holosiiv Forest (together with the Maxim Ryl-
skyi Holosiiv Park), the Bychok and Teremky forest
tracts, the Lisnyky protected area (Southern sec-
tion), and the Svyatoshyn-Bilychi Forest. The soils in
the park are relatively rich, formed on loess deposits.
The territory of the HNNP belongs to a region with
a temperate continental climate along with the back-
ground microclimatic influence of a large industri-
al city. The average annual temperature is +7.2 °C,
with an average annual rainfall of 600 mm, which
provides sufficient moisture to the study site.

Due to its location within and near the terri-
tory of Kyiv City, this area has long attracted the
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attention of naturalists. Scientific research has been
conducted here for a century and a half; in par-
ticular, its flora and vegetation have been reported
in a number of publications (Onishchenko et al,,
2012, 2016, and references therein). Considerable
attention has been paid to algae occurring in wa-
ter bodies of the park (Radzimovskyi, 1928; Frolo-
va, 1955; Dubyna et al., 2002, 2005; Tsarenko et
al., 2004; Klochenko et al.,, 2006, 2010, 2018, 2022;
Klochenko, Tsarenko, 2007; Zub et al., 2007; Bere-
zovska, 2018). There exists also some information
on terrestrial algae, in particular, soil algae of the
Lisnyky tract (Demchenko, 2000, 1996; Kostikov et
al., 2001, 2009).

The aim of our research was to study the diversi-
ty of cyanobacteria and microalgae in various ter-
restrial habitats of the HNNP, using an integrative
(polyphasic) approach, with special attention to
their taxonomy and ecological peculiarities. Under
terrestrial habitats we understand, as proposed in
Hoffmann (1989), all habitats situated outside wa-
ter bodies, such as soil and aerophytic habitats on
stony substrates, bark of trees, decomposing wood,
etc.

Materials and Methods

The material for the study was based on 43 samples
taken in different parts of the Holosiiv National
Nature Park: Lisnyky (22 samples), Holosiiv Forest
(10), Teremky (8), and Bychok (3), collected during
2012-2015, usually in spring and autumn. Samples
were taken from the soil surface (biological soil
crusts), hard substrates (mainly pillboxes, concrete
fortifications of World War II), dead wood, fruiting
bodies of polypore fungi, and trunks of living trees.
Fragments of algal biofilms were collected as intact
as possible with a scalpel and placed in a paper box
or a Petri dish. In the laboratory, samples were dri-
ed and stored in the dark.

Strains isolation, cultivation, and morphologi-
cal studies. To obtain enrichment cultures, samples
were placed in Petri dishes with Bold (1IN BBM)
agarized medium (Bischoff, Bold, 1963). The cul-
tures were grown under standard laboratory condi-
tions: with a 12-hour alternation of light and dark
phases and irradiation of 25 pumol photons e m2 ¢ 5!
at a temperature of +20 + 5 °C. Microscopic obser-
vation of enrichment cultures began in the third
week of cultivation. Unialgal cultures were estab-
lished using an Olympus ZS40 stereomicroscope
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(Tokyo, Japan), isolated and purified from other or-
ganisms through multiple passages. Purified strains
of cyanobacteria were cultivated on BG-11 medium
(SigmaAldrich, Stanier et al., 1971), eukaryotic al-
gae — on 3N BBM (Bischoff, Bold, 1963), under
the conditions specified above. Identification and
morphological treatment of isolated cultures were
performed using Olympus IX70 and BX51 light mi-
croscopes with Nomarski differential interference
(DIC) optics. Photomicrographs were taken using
ColorView II and Olympus UC30 digital cameras
attached to the microscopes, and then processed
with analySIS and cellSens Entry software.

The algae that did not grow on nutrient media
(including those dominating on tree trunks) were
studied using a humid chamber. Particles of the
bark with algal biofilms were placed on the surface
of agar medium in Petri dishes for the period of
several days to 1-2 weeks, and examined.

Molecular studies. Phylogenetic analysis was
performed for 19 strains of cyanobacteria and
eukaryotic microalgae based on the sequences
of the 165/18S rRNA, ITS, and sometimes rbcL
genes. Genomic DNA was extracted using a spe-
cial DNeasy Plant Mini Kit (Qiagen GmbH, Hilden,
Germany) using the manufacturer's instructions.
Nucleotide sequences of the 165/18S rRNA gene
together with the 16S-23S ITS/ITS-1,2 region was
amplified using the Taq PCR Mastermix Kit (Qia-
gen GmbH) in a T gradient Thermoblock thermo-
cycler (Biometra, Germany) under the conditions
described in Mikhailyuk et al. (2016). Information
on the primers used and sequencing conditions was
also provided in earlier publications (Rybalka et al.,
2020; Mikhailyuk et al., 2021). For the Leptochlorel-
la strain, primers PraslF and ellaR2 were used for
PCR and sequencing of the rbcL gene (Nozaki et al.,
1995; Neustupa et al., 2013a).

The resulting sequences were assembled and ed-
ited using Geneious software (version 8.1.8; Bio-
matters) and deposited with GenBank under the ac-
cession numbers PV102503-PV102512, PV102579,
PV107113, and PV156796-PV156800.

For comparison with the original strains, nucleo-
tide sequences of cyanobacteria and eukaryotic mi-
croalgae from the GenBank database were used, as
well as the BLASTn software (http://blast.ncbinlm.
nih.gov) to search for similar sequences. Multiple
alignment of nucleotide sequences was performed
using the MAFFT web server (version 7: see Katoh,
Standley, 2013) with subsequent manual editing in

the BioEdit program (version 7.2). Alignment for
phylogeny along the 16S-23S ITS/ITS-1,2 region
was performed manually in BioEdit, taking into ac-
count the secondary RNA structure of this region
(see below). The evolutionary model that best fits
the available data sets was selected based on the
smallest AIC index (Akaike, 1974) calculated in
MEGA (version 6, Tamura et al., 2013).

Phylogenetic trees were constructed in MrBayes
3.2.2 (Ronquist, Huelsenbeck, 2003), using the
GTR+G+I evolutionary model, with 5,000,000
generations. Two of the four runs of the Markov
chains Monte Carlo method were performed simul-
taneously, with the trees selected every 500 genera-
tions. Split frequencies between runs at the end of
the calculation were below 0.01. The trees selected
before the likelihood rate reached saturation were
rejected. The reliability of tree topology verified by
the maximum likelihood analysis (ML) was per-
formed using iqtree (version 2.3.6) with the model
GTR+G4+1 and 1000 bootstraps (Minh et al., 2020;
Hoang et al., 2018). Bayesian probability below 0.9
and bootstrap support below 75 are not shown in
the phylogenetic tress for better visibility.

To model and visualize the secondary struc-
ture of the 16S-23S ITS region of cyanobacteria or
some helices of 18S rRNA and ITS-2 of green algae,
the online service mfold (Zuker, 2003) and Pseu-
doviewer (Byun, Han, 2009) were used.

Species identification and the adopted classi-
fication. For identification of cyanobacteria and
algae, we used appropriate identification manuals
and monographs (Lokhorst, 1996; Komarek, An-
agnostidis, 2005; Komarek, 2013; Ettl, Gartner,
2014), as well as publications on phylogeny of some
taxonomically problematic groups (Proschold et
al., 2001; Darienko et al., 2010, 2015, 2016; Fucik-
ova, Lewis, 2012; Elias et al., 2013; Neustupa et al,,
2013a; Skaloud et al., 2016; Kim et al., 2023, etc.).

Taxonomic position of the revealed cyanobac-
terial species is given according to Strunecky et al.
(2023). Eukaryotic algae are presented according to
the system adopted in the compendiums Algae of
the Soils of Ukraine (Kostikov et al., 2001) and Algae
of Ukraine (2006, 2009, 2011, 2014), with changes
according to the modern interpretation of Chloro-
phyta s. 1. (Guiry, Guiry, 2025).

The frequency of occurrence (F) was defined as
the ratio of the number of samples in which the
species was detected to the total number of studied
samples.
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Results

As a result of the cultural study of the samples from
terrestrial habitats of the HNNP, 75 species from 4
divisions and 8 classes of cyanobacteria/algae were
identified (Table 1). The leading role in the taxo-
nomic diversity (Table 2) is played by green algae
sharing 68.0% of all revealed species, while cya-
nobacteria (13.3%) ranked second. The divisions
Charophyta (9.3%) and Heterokontophyta (8.0%)
were less diverse. Among classes, Trebouxiophyceae
(48.0%) and Chlorophyceae (17.3%) prevailed.

Hard substrate was represented by concrete for-
tifications of World War II. The largest number of
microalgae (44 species) was found there. The sam-
ples were also the most species-rich, containing 8
to 17 species, on average 11.8 species per sample.
Green algae (63.6%) were the most diverse group,
followed by cyanobacteria and charophytes (13.6
and 11.4%, respectively). Representatives of Hetero-
kontophyta (xanthophytes, eustigmatophytes, and
diatoms, 2.3, 2.3, and 6.8%) were scarce. Among
the green algae, representatives of the class Tre-
bouxiophyceae prevailed (40.9%). The taxonomic
spectrum of dominant species was also most di-
verse among all studied types of substrates. It was
formed by representatives of Chlorophyceae (Tetra-
cystis vinatzeri, Fig. 11, M), Trebuxiophyceae (Cocco-
myxa subellipsoidea, Fig. 3H; Elliptochloris bilobata),
Ulvophyceae (Pseudoendoclonium sp.), and Klebsor-
midiophyceae (Interfilum terricola, Fig. 3I; Klebsor-
midium flaccidum, Fig. 3E; K. cf. dissectum, Fig. 3N;
K. nitens). The species composition of microalgae
on concrete was most specific: 34.9% of the species
were revealed only on this substrate. From this mi-
crohabitat, we isolated strains of two genera (Wil-
mottia O. Strunecky, J. Elster & J. Komarek and
Chromochloris Kol & Chodat), which are new for
the flora of Ukraine (see below).

Biological soil crusts mainly occurred on paths,
fallen trees, and near-trunk areas. They were char-
acterized by a small number of species, 25, among
which green and charophyte algae prevailed (64
and 20%, respectively, see Table 2). Cyanobacteria
(12%) and xanthophytes (4%) were less diverse. The
crust framework was mainly formed by representa-
tives of the genus Klebsormidium P.C. Silva, Mattox
& W.H. Blackwell (K. flaccidum; Fig. 3E; K. cf. dis-
sectum, Fig. 3N; and K. crenulatum), sometimes by
moss protonema. Other species were found sporad-
ically, only Nannochloris sp. (Fig. 2]) was abundant.
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The number of species in biocrust samples ranged
from 7 to 11 and averaged 8.8 species per sample. A
strain of the taxonomically interesting alga Cocco-
myxa subellipsoidea was isolated from the biocrust
(Fig. 3H).

On tree bark, 34 algal species were identified;
among them chlorophytes (82.4%) from the class
Trebouxiophyceae (64.7%) prevailed (see Table
2). Charophyta (11.7%) and cyanobacteria (5.9%)
were sporadically found. The number of species per
sample ranged from 3 to 12, with an average of 6.4
species. On the tree trunks, algae formed macro-
scopic spots mainly colored green and, sometimes,
orange-brown. The dominant species of green bio-
films were Desmococcus olivaceus (Fig. 2N) or Apa-
tococcus lobatus (Fig. 20, P), of orange-brown
ones — Trentepohlia cf. umbrina (Fig. 3L, M). Al-
gal growths on tree trunks were studied at different
distances above the ground. On the pine trunk at a
height of 1-2 m from the ground A. lobatus domi-
nated, while at a 10-20 cm from the ground Kleb-
sormidium cf. subtile prevailed. At the same time,
the samples were similar in the number and com-
position of accompanying species. This difference
in dominant taxa probably was caused by higher
humidity and soil particles that fall at the base of
the tree trunk.

Some differences in abundant species on the
tree bark were noted at different sites of the park.
In particular, in the Holosiiv Forest and Teremky;,
D. olivaceus dominated in green biofilms, while in
the Lisnyky and Bychok tracts the dominant spe-
cies was A. lobatus. Although both species have a
similar sarcinoid morphotype, they differ in certain
details of morphology, in particular, in cell dimen-
sions, structure of chloroplasts, etc. (see Fig. 2N and
Fig. 20, P). This allows to confidently confirm their
occurrence in a particular site of the park.

In the present study we investigated samples of
the bark from various tree species: Quercus robur L.
(20 species of algae were revealed), Pinus sylvestris L.
(18), Robinia pseudoacacia L. (12), Carpinus betulus
L. (16), Acer platanoides L. (8), Betula pendula Roth
(7), and Populus nigra L. (7). In general, we did not
observe notable effect of the tree species on the
algae composition, except for one case. The green
powdery coating on the bark of R. pseudoacacia
(black locust) was characterized by the consistent
occurrence of the dominant species (D. olivaceus)
regardless of the tract in which it grew. Probably,
the bark chemistry or some physical properties
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contribute to the development of this particular
species. Earlier we conducted a similar compara-
tive study in Rostock, Germany. It has been found
that A. lobatus dominated on the bark of birch and
maple. However, on the black locust trunks neigh-
boring these trees in the same locality, D. olivaceus
dominated. We additionally examined the bark of
other taxa of Fabaceae (Caesalpinia L., Gleditsia L.)
cultivated in the city of Rostock, but their trunks
were covered by A. lobatus as well.

The most interesting records were made on the
Scots pine bark. There we isolated the strains of
Leptochlorella Neustupa, Veseld, Nemcovd & Ska-
loud, a genus new for Ukraine (Fig. 3A-D, F), and
the rather rare taxa Drouetiella epilithica (Fig. 1A)
and Coccomyxa arvernensis (Fig. 3G). These species
are first observed and hence reported for the algal
flora of Ukraine.

Dead wood, unlike the bark of living trees, was
characterized by a rather diverse composition of al-
gae, as 41 species were found. Green algae (75.5%),
mainly Trebouxiophyceae (56.1%), were signifi-
cantly predominant, followed and accompanied
by cyanobacteria, charophytes, xanthophytes, and
diatoms (see Table 2). The number of species per
sample ranged from 10 to 12 and averaged by 11.7
species. The dominant biofilm complex was rich
in species, including the trebuxiophycean algae, S.
bacillaris, D. olivaceus (Fig. 2N), C. subellipsoidea
(Fig. 3H), Elliptochloris subsphaerica, Chloroidium
ellipsoideum (Fig. 3]), Dictyochloropsis splendida
(Fig. 2K, L), Gloeocystis cf. polydermatica (Fig. 2H),
and the ulvophytes Trentepohlia cf. umbrina (Fig.
3L, M) and Printzina lagenifera. Quite often the
dominant species on dead wood were identical to
those that sporadically occur on the bark of living
trees (see Tab. 1). The most interesting and rare spe-
cies of the genera Coelastrella Chodat, Coccomyxa
Schmidle, Neocystis Hindak, and Dictyochloropsis
Geitler (see below) were found on dead wood.

Fruiting bodies of polypore fungi. Green bio-
films on the fruiting bodies of Trametes versicolor
were also studied. This fungus is usually charac-
terized by significant greening of its fruiting bod-
ies due to the associated microalgae. On this living
substrate, 18 species of algae were found; 77.7% of
them belonged to green algae and 16.7% to charo-
phytes. Cyanobacteria were represented by only one
species, Nostoc cf. edaphicum. The number of spe-
cies per sample ranged from 5 to 8 (mean 7 species).
The dominant taxa were S. bacillaris, D. olivaceus

(Fig. 2N), C. subellipsoidea (Fig. 3H), and Interfilum
terricola (Fig. 3I). Similar to the pattern observed
on dead wood, some of the dominant species are
those that occur sporadically on the bark of living
trees. A strain of a rare alga belonging to the genus
Pseudochlorella JW.G. Lund was isolated from the
fruiting bodies (see below).

Comparison of the species composition of
algae on different substrates. The genera Kleb-
sormidium P.C. Silva, Mattox & W.H. Blackwell (5
species) and Stichococcus Nageli (4 species) were
most diversely represented on the different sub-
strates investigated. Nostoc Vaucher ex Bornet et
Flahault, Chloromonas Gobi, Coccomyxa, and El-
liptochloris Tschermak-Woess had three species
each. Representatives of the green algae, S. bacil-
laris (F = 69.0%), C. subellipsoidea (66.7%), I. ter-
ricola (47.6%), D. olivaceus (40.5%), E. subsphaer-
ica (40.5%), and Trentepohlia cf. umbrina (38.1%),
were most common in the studied habitats.

Comparison of the species composition of algae
according to the Serensen-Czekanowsky coeffi-
cient (Fig. 4) showed that the closest (most sim-
ilar) communities are those on woody substrates,
i.e. bark of living trees and dead wood, followed by
concrete, soil crusts, and fruiting bodies of poly-
pore fungus.

Study of isolated strains using an integrative
approach. Nineteen strains isolated from the terres-
trial habitats of HNNP were studied by molecular
phylogenetic methods. This helped to clarify their
taxonomic position and species affiliation. On phy-
logenetic trees based on the 18S rRNA gene strains
of cyanobacteria joined molecular clades formed by
representatives of the genera Wilmottia, Drouetiel-
la Mai, J.R. Johanson & Pietrasiak, and Timaviella
Sciuto & Moro, associating with the already known
species: W. murrayi, D. epilithica, and T. edaphica
(Fig. 5). For the original strain of Drouetiella, its
relation to D. epilithica was also confirmed by the
analysis based on the 16S-23S ITS region (Fig. 8A)
showing a high level of support.

The strains of green algae of the class Chlorophy-
ceae on the phylogenetic tree based on the 185 rRNA
gene were included in the clades of the genera Chlo-
romonas, Lobochlamys Préschold, B. Marin, U.G.
Schlosser & Melkonian, Chromochloris, and Coe-
lastrella (Fig. 6). Analysis of this phylogeny and the
phylogeny based on the ITS region (Fig. 8B, Sup-
plementary Fig. SIA) showed the clustering of our
strains with the species Chloromonas reticulata, L.
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Table 1. Species composition of algae found in terrestrial habitats of the Holosiiv National Nature Park
(* — species whose strains were studied by molecular phylogenetic methods; D — dominant species)

Con- | Bio- | Tree | Dead |Polypore fungus

Taxon crete | crusts | bark | wood | fruiting bodies

CYANOBACTERIA
Cyanophyceae 6 3 2 2 1
Drouetiella lurida (Gomont) Mai, R.J. Johansen & Pietrasiak + - - - -

*Drouetiella epilithica D.-H. Kim, N.-]. Lee, H.-R. Wang, A.-S. Lim & - + + - -
O.-M. Lee

*Timaviella edaphica (Elenkin) O.N. Vinogradova & Mikhailyuk + + - + -

Phormidium corium Gomont - + - - -

Microcoleus autumnalis (Gomont) Strunecky, Komérek & R.J. Johansen - - + - -

Microcoleus vaginatus Gomont

*Wilmottia murrayi (West & G.S. West) Strunecky, Elster & Komarek

Nostoc cf. punctiforme Hariot

Nostoc cf. edaphicum N.V. Kondrateva

Nostoc sp. - - - + -
CHLOROPHYTA

Chlorophyceae 8 6 4 6 1

Chlamydomonas sp. - - + - -

*Chloromonas sp. + + - +

*Chloromonas reticulata (Goroschankin) Gobi - - - + -

Chloromonas chlorococcoides (H. Ettl & K. Schwarz) Matsukaki, Y. Hara - + - - -
& Nozaki

Lobochlamys culleus (Ettl) Proschold, B. Marin, U.W.Schlésser & - + + + +
Melkonian

Chlorococcum sp. - - + - -
Tetracystis vinatzeri Ettl & Gartner D

Chlorosarcinopsis sp. +

Bracteacoccus cf. minor (Schmidle ex Schodat) Petrova + + +
Bracteacoccus giganteus H.-W. Bischoft & Bold + + - + -
*Chromochloris zofingiensis (Dons) Fucikovd & L.A. Lewis +

Coelastrella sp. +

Coelastrella cf. multistriata (Trenkwalder) Kalina & Punkocharova +

Trebouxiophyceae 18 10 22 23 13
Neocystis sp. - + +
*Neocystis mucosa Krienitz, C. Bock, Nozaki & M. Wolf - - +
Gloeocystis cf. polydermatica (Kiitzing) Hindak
*Coenochloris cf. signiensis (Broady) Hindak

+
+
+ 9+ +

Keratococcus bicaudatus (A. Braun ex Rabenhorst) J.B. Petersen
Nannochloris sp.

Apatococcus lobatus (Chodat) J.B. Petersen - -
*Leptochlorella arboricola Mikhailyuk sp. nov. - -
Chlorella vulgaris Beijerinck - + -

+ O +
+ +
|

Chlorella sp. - - +
Stichococcus bacillaris Nageli + + + D D
Stichococcus minutus Grintzesco & Petefi +

Stichococcus sp. - - + + +
Pseudostichococcus undulatus (Vinatzer) Van & Glaser - - + - -
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Taxon Con- | Bio- | Tree | Dead Pol){p.ore fungus
crete | crusts | bark | wood | fruiting bodies
Desmococcus olivaceus (Persoon ex Archarius) J.R. Laundon - - D D D
Diplosphaera chodatii Bialosuknia + - + + +
*Pseudochlorella signiensis (Fried]l & O’Kelly) Darienko & Préschold - - - - +
Elliptochloris subsphaerica (Reisigl) Ettl & Gértner + + + D +
Elliptochloris bilobata Tschermak-Woess D - - - -
Elliptochloris cf. reniformis Ettl & Gartner - - + - -
Chloroidium ellipsoideum (Gerneck) Darienko & al. + + + D -
*Chloroidium saccharophilum (W. Kriiger) Darienko & al. + - + + -
Myrmecia biatorellae ].B. Petersen - + - + -
Lobosphaera incisa (Reisigl) Karsten & al. + - - - -
Parietochloris cf. alveolaris (Bold) Shin Watanabe & G.L. Floid + + - + -
*Dictyochloropsis splendida Geitler + - + D +
Symbiochloris cf. symbiontica (Tschermak-Woess) Skaloud, Friedl, A. - - + - -
Beck & Dal Grande
Symbiochloris cf. reticulata (Tschermak-Woess) Skaloud, Friedl, A. Beck + - - + -
& Dal Grande
Trebouxia ct. arboricola Puymaly + - + + +
Trebouxia cf. crenulata Archibald - - + - -
Asterochloris sp. - - - + -
*Coccomyxa subellipsoidea E. Acton D + + D D
Coccomyxa cf. simplex Mainx - - + + +
*Coccomyxa arvernensis Jaag - - + + +
Leptosira sp. + - - - -
Xerochlorella minuta (].B. Petersen) Mikhailyuk & P.M. Tsarenko - - - + -
Ulvophyceae 2 - 2 2 -
Pseudoendoclonium sp. D - - - -
Trentepohlia umbrina (Kiitzing) Bornet + - D D -
Printzina cf. lagenifera (Hildebrand) R.H. Thompson & Wujek - - + D -
CHAROPHYTA
Klebsormidiophyceae 5 5 4 4 3
Interfilum terricola (].B. Petersen) Mikhailyuk & al. D - + + D
Interfilum cf. massjukiae Mikhailyuk & al. - - + - -
*Klebsormidium flaccidum (Kiitzing) P.C. Silva, Mattox & W.H. Blackwell =~ D + + -
Klebsormidium cf. subtile (Kiitzing) Mikhailyuk, Glaser, Holzinger & + + D + +
Karsten
Klebsormidium dissectum (E. Gay) Ettl & Gértner D D - - +
Klebsormidium nitens (Kiitzing) Lokhorst + + - + -
Klebsormidium crenulatum (Kiitzing) Lokhorst - D - - -
HETEROKONTOPHYTA
Xanthophyceae 1 1 - 2 -
Pleurochloris cf. meiringensis Vischer + + - + -
*Xanthonema bristolianum (Pascher) P.C. Silva - - + -
Eustigmatophyceae 1 - - -
Vischeria magna (J.B. Petersen) Kryvenda, Rybalka, Wolf & Fried] + - . - -
Bacillariophyceae 3 - - 2 -
Luticola cohnii (Hilse) D.G. Mann + - - - -
Luticola mutica (Kitzing) D.G. Mann + - - + -
Hantzschia amphioxys (Ehrenberg) Grunow + - - + -
Number of species, units 44 25 34 41 18
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Fig. 1. New and rare representatives of cyano-
bacteria and green algae of the Holosiiv National
Nature Park. A: Drouetiella epilithica; B: Timaviel-
la edaphica; C: Wilmottia murrayi; D: Chloromo-
nas reticulata, optical section (left) and surface
(right); E: Nostoc cf. edaphicum; F: Chloromonas
sp; G: Lobochlamys culleus, optical section (left)
and surface (right); H: Chlorosarcinopsis sp.; I, M:
Tetracystis vinatzeri (I — mature cells, M — zoo-
spore); J: Trebouxia cf. crenulata; K: Chromochloris
zofingiensis; L: Coelastrella cf. multistriata. Scale
bars: A, C,F — 5 um, B, D, G-M — 10 um

10
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Fig. 2. New and rare representatives of Trebouxiophyceae
(Chlorophyta) of the Holosiiv National Nature Park. A: Trebo-
uxia cf. arboricola; B, C: Coenochloris cf. signiensis; D: Pseudo-
chlorella signiensis; E, F: Neocystis mucosa (F — mucilage
stained with methylene blue); G: Neocystis sp. (mucilage stai-
ned with methylene blue); H: Gloeocystis cf. polydermatica; I:
Chloroidium saccharophilum; J: Nannochloris sp.; K, L: Dicty-
ochloropsis splendida (K — optical section, L — surface); M:
Dictyochloropsis symbiontaca (optical section — top, surface
— bottom); N: Desmococcus olivaceus; O, P: Apatococcus lo-
batus; Q: Diplosphaera chodatii. Scale bars: F, ] — 5 um, A-E,
G-I, K-Q — 10 pm
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Fig. 3. New, rare, and dominating species from Trebouxiophyceae,
Ulvophyceae (Chlorophyta) and Klebsormidiophyceae (Charophyta)
of the Holosiiv National Nature Park. A-D, F: Leptochlorella ar-
boricola Mikhailyuk sp. nov. (A, B, F: vegetative cells, C, D: spo-
rangia); E: Klebsormidium flaccidum; G: Coccomyxa arvernensis;
H: Coccomyxa subellipsoideas I: Interfilum terricola; J: Chloroidium
ellipsoideum; K: Parietochloris alveolaris; L, M: Trentepohlia um-
brina (appearance in culture); N: Klebsormidium dissectum. Scale
bars: 10 pm
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Table 2. Taxonomic structure of the terrestrial algal flora of the Holosiiv National Nature Park

Number of species, units (%)
Taxon Concrete | Biocrusts | Tree bark Dead Polyppre fungus In total
wood | fruiting bodies
CYANOBACTERIA 6(13.6) 3(120) 2(5.9) 2(49) 1(5.6) 10 (13.3)
Cyanophyceae 6 (13.6) 3(12.0) 2(5.9) 2(4.9) 1(5.6) 10 (13.3)
CHLOROPHYTA 28 (63.6) 16 (64.0) 28(82.4) 31(75.5) 14(77.7) 51 (68.0)
Chlorophyceae 8(18.2) 6(24.00 4(11.8) 6(145) 1(5.6) 13(17.3)
Trebouxiophyceae 18 (40.9) 10(40.0) 22(64.7) 23(56.1) 13(72.1) 36 (48.0)
Ulvophyceae 2(4.5) - 2(5.9) 2(4.9) - 3 (4.0)
CHAROPHYTA 5(11.4) 5(20.0) 4(11.7) 4(9.8) 3(16.7) 7 (9.3)
Klebsormidiophyceae 5(11.4) 5(20.0) 4(11.7) 4(9.8) 3(16.7) 7 (9.3)
HETEROKONTOPHYTA 5(11.4) 1(4.0) - 4(9.8) - 6 (8.0)
Xanthophyceae 1(2.3) 1(4.0) - 2(4.9) - 2(2.7)
Eustigmatophyceae 1(2.3) - - - - 1(1.3)
Bacillariophyceae 3(6.8) - - 2(4.9) - 3(4.0)
Total, units (%) 44 (100)  25(100) 34 (100) 41 (100) 18 (100) 75 (100)
Mean number of species per sample 11.8 8.8 6.4 11.7 7.0 8.4
culleus, Chromochloris zofingiensis, and C. multist-
riata. However, one of the original Chloromonas dead tree  concrete  biocrusts  polypore fungus
strains formed an independent branch on the tree wood bark fruiting bodies
based on the ITS-2 region. The strains of the class
Trebouxiophyceae joined the clades of the genera
Coenochloris/Gloeocystis, Chloroidium Nadson, Dic-
tyochloropsis, Pseudochlorella, Neocystis, Leptochlo-
rella, and Coccomyxa, while only one strain joined
the combined clade of Nannochloris- or Chlorel-
la-like algae (Fig. 7). This phylogeny and analysis 67.6
of the ITS region showed the association of our
strains with the clades of known species: Coeno-
chloris signiensis, Chloroidium saccharophilum, Dic- 489 454
tyochloropsis splendida, Pseudochlorella signiensis, I :
Neocystis mucosa, Coccomyxa subellipsoidea, and C. s

arvernensis (Figs. 9, 10A, Supplementary Fig. S1B).
The Leptochlorella strain formed a separate branch
in the phylogeny of this genus according to the
18S rRNA gene. It was also confirmed by the tree
based on the rbcL gene (Fig. 10B). The strain of the
streptophyte algae of the genus Klebsormidium on
the phylogenetic tree based on the ITS-1,2 region
joined the clade formed by K. flaccidum strains
(Supplementary Fig. S2).

Discussion

Concrete is a mixture of cement, water, and sand.
Cement, in turn, consists mainly of calcium oxide
and silicon dioxide. Therefore, it is most similar in
chemical properties to natural sandstone, although

Fig. 4. Dendrite of the floristic resemblance of the species
composition of terrestrial algae of different habitats of the
Holosiiv National Nature Park according to the Serensen-
Czekanowsky coefficient (%)

some types of concrete have a low pH (John, 1988).
Concrete is a light and porous material often inha-
bited by algae of various taxonomic groups (Ferrari
et al., 2015; Nowicka-Krawczyk et al., 2022). High
overall algal diversity and significant diversity of
dominant species for similar substrates, such as
concrete fences and building walls, in the Kaniv Na-
ture Reserve were also previously noted (Mikhai-
lyuk, 1999).
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1/-

H Trichocoleus (KF307604, EF429297)

0.99/80

-/80

HMO018690 Drouetiella lurida Lukesova 1986/6*
ONB897677 Drouetiella ramosa SYKOA C-013-09*
HMO018689 Drouetiella hepatica Uher 2000/2452*

KYQ78770 Drouetiella fasciculata GSE-PSE-MK29-07A*

PV102502 Drouetiella epilithica Golos-2-3
11100 ' OP577851 Drouetiella epilithica ACKU670*

Pegethrix (AY493573, KY078764 )
KY078773 Timaviella radians GSE-UNK-7R*
MZ518094 Timaviella edaphica Golos-9-1
MZz518092 Timaviella edaphica KZ-7-1-2*
LT634149 Timaviella circinata GR4*
MH688850 Timaviella dunensis Us-6-3
0.96/84 LT634150 Timaviella karstica GR13*
0.99/84 HMO018691 Timaviella obliquedivisa GSE-PSE28-08A*

%] Oculatella (HM0186687, EU528672)

Tildeniella (MK861909. KY498228)
AY493607 Leptolyngbya antarctica ANT.L18.1
FM210757 Leptolyngbya laminosa ETS-08

gjjenenoid

1/97
-/81

ejjoinew|

-[74

Stenomitos (KF417430, KU175690)

KU219719 Leptodesmis paradoxa LK021
1/99 Phormidesmis (KU219715, KU219739)

AY493583 Plectolyngbya hodgsonii ANT.LPR2.2
W HF678483 Leptolyngbya boryana CCAP 1446/2
Myxacorys (KJ939052, KJ939079)
099/&: KM019997 Microcystis aeruginosa SAG 46.80

1/100 MK861872 Gloeothece membranacea KL21

_LFR{MSS?S Aphanothece stagnina H7
-/90 HF678499 Merismopedia glauca CCAP 1448/3

197 EF490447 Brasilonema terrestre CENA116

1789 KM268888 Roholtiella edaphica LG-S11
Wﬂ'j HE974995 Nostoc commune CCAP 1453/24
1/98 JQ083651 Tolypothrix tenuis f.terrestris

AY423710 Anagnostidinema carotinosum AICB 37
MZ700337 Edaphophycus epilithus FBCC-A203
JQ712613 Kamptonema formosum P010
Microcoleus (EF654084, EF654074)
1/86 KC463199 Leptolyngbya cf. compacta EcFYyyy 10
Coleofasiculus (NR125521, EF654051)
Pycnacronema (MF581657, MT311243)
EF654090 Microcoleus paludosus SAG 1449-1a
0.99/- HQ873481 Wilmottia murrayi KG128*
JF925319 Wilmottia murrayi CYN75
OR288167 Wilmottia murrayi Les-4-8
MN473877 Wilmottia murrayi FBCC-A401
AY493627 Phormidium murrayii ANTLACV5.2
HQO012544 Wilmottia arthurensis LCR-OSC4b*
KY288996 Wilmottia stricta 31PC*
MN473879 Wilmottia koreana FBCC-A812*

NR074282 Gloeobacter violaceus PCC 7421 - outgroup

1/97

0.96/75

enjowim

0.03

Fig. 5. Molecular phylogeny of Cyanobacteria based on comparison of the nucleotide sequences of the 16S rRNA gene.
Phylogenetic trees in Figs. 5-10 were inferred by the Bayesian Posterior Probabilities (PP) values (left) and Maximum
Likelihood bootstrap support (BP, right). Only values of PP above 0.8 and BP above 50% are specified. Sequences in bold

14

represent newly sequenced strains. Authentic strains are marked with an asterisk
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AJ410449 Chloromonas chlorococcoides SAG 15.82*
PV102510 Chloromonas reticulata Les-23-1
AJ410448 Chloromonas reticulata SAG 29.83*

AB624565 Chloromonas rosae SAG 51.72*

PV102509 Chloromonas sp. Les-2-1
FR865610 Chlamydomonas gerloffii CCAP 11/72

AB624566 Chloromonas typhlos SAG 26.86*

FR865606 Chlamydomonas hydra CCAP 11/6B

AB734109 Chloromonas kasaiae NIES 2862*
AJ410453 Chloromonas augustae SAG 9.87

LC012712 Chloromonas krienitzii MIES 3753*

1/100 AB906342 Chloromonas fukushimae GsCIl-11*

0.96/85 _:AJM 0445 Chloromonas actinochloris SAG 1.72*

1/100 FR865577 Chlamydomonas rotula CCAP 11/33

AY271674 Actinochloris sp. BCP-LG3VF20

Polytominia (AB001038, FR865616)
Stephanosphaerinia (KM020106, U41176)

Moewusinia (AJ781311, AJ628976)
Monadinia (KM020017, FR854385)
Reinhardtinia (JN903983, AB5111834, AB511838)
MT901371 Lobochlamys sp. Prim-8-12
JN903984 Lobochlamys culleus SAG 53.72
PV102503 Lobochlamys culleus Ter-4-1
AJ410461 Lobochlamys culleus SAG 17.73*
MH703735 Lobochlamys sp. Ru-6-5
AJ410459 Lobochlamys segnis SAG 9.83
0.99/100 AJ410456 Lobochlamys segnis SAG 82.72*
L Staurocarteria (FR865758, LC037440)
JX513880 Coelastrella multistriata CCALA 309*
PV156800 Coelastrella multistriata Ter-8-1
JX513879 Coelastrella aeroterrestrica SWK1-2*
JX513881 Coelastrella striolata CAUP H 3602*
AB012848 Coelastrella oocystiformis SAG 277-1*
ABO012847 Coelastrella terrestris CCAP 279-1
JX513884 Coelastrella rubescens CCALA 475*
MH176103 Coelastrella yingshanensis QW-2019e
HG328355 Coelastrella saijpanensis A1
FR865685 Coelastrella vacuolata CCAP 211/8C
MH176094 Coelastrella thermophila var. globulina QW-2019c
FR865726 Tetradesmus obliquus CCAP 276/49

FR865732 Pectinodesmus regularis CCAP 276/53
JQ922412 Desmodesmus communis AICB 141

AF388378 Radiococcus polycoccus SAG 217-1¢
KMO020085 Deasonia sp. SAG 2475
Pseudomuriella (KM020059, JQ259930)

AJ300526 Monoraphidium neglectum SAG 48.87
Bracteacoccus (KM020089,JQ259930)
/841 PV102511 Chromochloris zofingiensis Les-4-3

{KF673375 Chromochloris zofingiensis SAG 221-2*
1100L— GU827477 Mychonastes zofingiensis CAUP H6503

FR865677 Chloroidium saccharophilum CCAP 211/58| outgroup

1/100
GU017656 Dictyochloropsis splendida HEW11-R2

0.02

seuowoiolyD

1/99 -197

sAwejyooqo]

BjjaJjsee0)

1/100 0.98/-

1/98

Chromochloris

Fig. 6. Molecular phylogeny of Chlorophyceae (Chlorophyta) based on comparison of the nucleotide sequences of
the 18S rRNA
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0.97/99; JX169833 Coenochloris cf. signiesis SAG 2384
JX169834 Coenochloris signiensis CCAP 176/3*
IX166830 Radiocockacest sp. GOGrpn K43
adiococcaceae sp rpn_| ; ;
KX094807 Gloeocystis sp. KFFB60-U5-1 Coenochioris/ Gloeocystis
PV107113 Coenochloris cf. signiesis Golos-12-1
JX169835 Coenochloris cf. signiesis SAG 2375
FR865740 Gloeocystis polydermatica CCAP 31/5
KM116464 Pseudochlorella signiensis SAG 7-90*
LT560358 Pseudochlorella pyrenoidosa SAG 18.95*
X63520 Pseudochlorella Iprlngshelmll SAG 211-1a* Pseudochlorella
PV156798 Pseudochlorella signiensis Les-7-1
AM412750 Koliella sempervirens CCALA 363

LT560371 Eda hochlorella mirabilis SAG 211-30
572 Desmococcus olivaceus SAG 35.83

HE610125 Stichococcus bacillaris SAG 379-2
0.98/83) DQ275460 Stichococcus deasonii UTEX1706*
KF673370 Diplosphaera mucosa SAG 48.86
KMO020066 Pseudostichococcus monallantoides SAG 380-1
AB017435 Coenocystis inconstans
PV102506 Neocystis mucosa Golos-7-7
: i JQ920367 Neocystis mucosa SAG 40.88
MK541791 Neocystis mucosa CCAP 204/1* Neocystis
JQ920362 Neocystis brevis CCALA 393
KM020044 Neocystis brevis SAG 850-1*
KX62091 3 Lunachloris lukesovae CCALA 370*
0.99/98 HE984579 Leptochlorella corticola CAUP H8401*
FJ946881 Trebouxiophyceae sp. SC2-2
KF693810 Leptochlorella sp. UTEX EE84
FJ790649 Uncultured Trebouxiophyceae QE17 Leptochiorella
FJ790655 Uncultured Trebouxiophyceae QE29
PV102507 Leptochlorella arboricola sp. nov. Golos-2-1
EU878373 Parietochloris alveolaris UTEX 836
268696 Leptosira erumpens UTEX 979
1/98 JX070625 Chloropyrula uraliensis
0.98/100 PV156799 Chloroidium saccharophilum Les-4-4
1/100 FR865677 Chloroidium saccharophilum CCAP 211/58 L
0.99/93 FM946019 Chlorella angustoeliipsoidea SAG 2115 | Chloroidium
0-99/80~ I: 1/700- FM946012 Chioroidium ellipsoideum SAG 3.95
GUO017646 Symbiochloris symbiontica SAG 2099
KMO020187 Pleurastrosarcina longispinosa UTEX 1183

MN267184 Xerochlorella minuta UTEX-2993*
4‘_—|j4KM0201 10 Coccobotrys verrucariae SAG 16.97
1/100 Lobosphaera (EU878382, KM020046)
171100~ PV102504 Chlorella sp. Ter-8-v-1
4‘: KX094768 Uncultured Chlorellales HEW 1B_K3342
0.99/92 KX094778 Chiorellales sp. LH10HG7090
0.99/851 AY 195968 Nannochloris sp. AS 2-10
’ ABO080300 Nannochloris bacillaris
1100 >|: KF 144207 Marvania sp. WB67
KM020038 Marvania geminata SAG 13.96
_|—_<] Auxenochlorella (AJ439399, KM020039)
AB080303 Nannochloris atomus CCAP 251/7
——<] Chlorella (HQ111432, FM205832)
X169826 Apatococcus lobatus SAG 2359

J
4'——<Myr%acia (M62995, Z28971)
1799 Trebouxia (268700, EU123942)

iy S o ek o
017662 Dictyochloropsis splendida * . .
1 A‘i@um 7649 Dictyochloropsis splendida SAG 2071 Dictyochloropsis

GU017664 Dictyochloropsis asterochloroides SAG 2098*
KF693809 Trebouxiophyceae sp. BCP-MX219VF22
Elliptochloris (FJ648518, DQ530055)
—— HG972979 Coccomyxa polymorpha CAUP H5101
1/- -/96F HG972999 Coccomyxa arvernensis SAG 216-1*
1/100

-/94
1/100

PV102512 Coccomyxa arvernensis Les-5-3-1
HG973006 Coccomyaxa viridis SAG 2253
HG972998 Coccomyxa dispar SAG 49.84
HG972994 Coccomyxa vinatzeri
KM020051 Coccomyxa galuniae SAG 2253 Coccomyxa
FN298926 Coccomyxa simplex SAG 216-9a
HG972974 Coccomyxa subellipsoidea CAUP H5105
PV156797 Coccomyxa subellipsoidea Les-3-2
1/100t PV156798 Coccomyxa subellipsoidea Golos-7-1
A:AJMMM Lobochlamys culleus SAG 17.73 t
FR865528 Chloromonas rosae CCAP 11/112 | OULBroup

7002

Fig. 7. Molecular phylogeny of Trebouxiophyceae (Chlorophyta) based on comparison of the nucleotide
sequences of the 18S rRNA
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1/96

1/83

1/100

A 1/93[ ONB897677 Drouetiella ramosa SYKO C-013-09*
—— HMO018689 Drouetiella hepatica Uher 2000/2452*
1/100 HMO018690 Drouetiella lurida Lukesova 1986/6*
KY078770 Drouetiella fasciculata GSE-PSE-MK29-07A*
_ 1HO0 OP577851 Drouetiella epilithica ACKUG670*
W{ PV102502 Drouetiella epilithica Golos-2-3
HMO018688 Pegethrix olivacea GSE-PSE-MK46-15A - outgroup
0.03

B 0.96/89 JX513881 Coelastrella striolata CAUP H 3602*

JX513886 Coelastrella corcontica CCALA 308

PV156800 Coelastrella multistriata Ter-8-1

JX513880 Coelastrella multistriata CCALA 309*
MZ620280 Coelastrella striolata var. multistriata MZ-Ch23

MK478814 Coelastrella aeroterrestrica SYKOA Ch-047-11

11001 JX513879 Coelastrella aeroterrestrica SWK1-2*

—— JX513884 Coelastrella rubescens CCALA 475*

—— JX513887 Coelastrella oocystiformis SAG 277-1*

—— JX513882 Coelastrella terrestris CCALA 476

MH176129 Coelastrella yingshanensis FACHB-2311

r AB762691 Coelastrella astaxanthina Ki4

0.95/80 r OR457668 Coelastrella thermophila AAUBR A

0.04

H _,— AB762693 Coelastrella vacuolata SAG 211-8b*

ORG678637 Coelastrella tenuitheca ABL DPCR005b
HG514430 Tetradesmus wisconsinensis SAG 22.81 - outgroup

MF383401 Coelastrella saipanensis LY32-2

Fig. 8. Molecular phylogeny based on comparison of the nucleotide sequences of sites containing the ITS region.

A: Drouetiella, 16S-23S ITS; B: Coelastrella, ITS-1,2

The dominating species complex included rep-
resentatives of the genera Coccomyxa, Pseudoendo-
clonium, and Klebsormidium. Green filamentous
algae, such as Klebsormidium and Prasiola, have
been found to be typically abundant in biofilms on
buildings in Western European cities, along with a
high diversity of cyanobacteria under conditions of
high humidity (Rindi, Guiry, 2003; 2004). Green
algae and cyanobacteria are considered pioneers of
rocky substrate colonisation, with representatives
of Chlorophyta dominating sandstones (Macedo et
al., 2009). Representatives of Trebouxiophyceae and

Klebsormidiophyceae are the most common taxa in
terrestrial habitats, especially on hard anthropogen-
ic substrates (Leliaert et al., 2012; Nowicka-Kraw-
czyk et al, 2022). Diatoms occur sporadically on
rocky substrates with sufficient moisture (Nienow,
1996; Johansen, 1999). Luticola and Hantzschia
have been found on concrete structures, as they
are typical terrestrial representatives of diatoms
(Johansen, 1999). It has been reported that the de-
velopment of algae on substrates of anthropogenic
origin mainly depends on the physical properties
(porosity, roughness, hygroscopicity) and to a lesser
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A KU696488 Coccomyxa melkonianii SCCA048*

1/97 HG972986 Coccomyxa solorinae SAG 216-10*
HG972980 Coccomyxa elongata SAG 216-3b*
Coccomyxa simplex (HG972990, FN298926)
FN298927 Coccomyxa sp. CCAP 216/24
Coccomyxa sp. (AB917140, HE586518)
KF673374-AY328523 Coccomyxa subellipsoidea SAG 216-13*
0.97/75 | PV156797 Coccomyxa subellipsoidea Les-3-2
1/100| PV156798 Coccomyxa subellipsoidea Golos-7-1

1/98 HG972971 Coccomyxa subellipsoidea NIES 2353

HG972979 Coccomyxa polymorpha CAUO H5101*
ﬂG972994 Coccomyxa vinatzeri ASIB V16*

1/100 FN298928 Coccomyxa galuniae CCAP 211/97*
HG972998 Coccomyxa dispar SAG 49.84*

1/100 PV102512 Coccomyxa arvernensis Les-5-3-1
1/100

1/98

HG973000 Coccomyxa arvernensis Wien C19
0.97/93 HG972999 Coccomyxa arvernensis SAG 216-1*
97
MF465899 Coccomyxa greatwallensis Ua5

17100 Coccomyxa viridis (HG973001. HG973002)

MF465900 Coccomyxa antarctica FACHB-2140*

HG972969 Elliptochloris bilobata SAG 245.80 - outgroup
0.06

B JQ920363 Neocystis brevis CCALA 341
1/94| JQ920360 Neocystis brevis CAUP D 802

JQ920361 Neocystis brevis ASIB BS 319
1100 KM020044 Neocystis brevis SAG 850-1*

MK541791 Neocystis mucosa CCAP 204/1*
JQ920367 Neocystis mucosa SAG 40.88

72 JQ920366 Neocystis mucosa CAUP D 801
PV102506 Neocystis mucosa Golos-7-7

KX620913 Lunachloris lukesovae CCALA 370* - outgroup

0.02

Fig. 9. Molecular phylogeny based on comparison of the nucleotide sequences of 185 rRNA and ITS-1,2. A: Coccomyxa;
B: Neocystis
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LT560359 Pseudochlorella signiensis SAG 3.80

LT560363 Pseudochlorella signiensis var. magna SAG 2300*
LT560362 Pseudochlorella signiensis var. communis SAG 2110*
LT560365 Pseudochlorella signiensis SAG 7.90*

PV156796 Pseudochlorella signiensis Les-7-1
LT560360 Pseudochlorella signiensis SAG 2374

4'_7 LT560358 Pseudochlorella pyrenoidosa SAG 18.95*
0.99/91 LT560356 Pseudochlorella pringsheimii SAG 211-1a*

HE610126 Koliella longiseta SAG 470-1 - outgroup

1/100

0.007

AF189069 Trebouxia anticipata
JN573828 Trebouxia sp. CG383

B 1/100

0.98/-

1/100[ JNS73844 Asterochloris sp. Armal s.n.
JN573806 Asterochloris sp. CG572
1/100 1/100 JN573811 Myrmecia sp. OB14.461
—— AF499685 Myrmecia biatorellae SAG 8.82
KF693821 Leptochlorella sp. UTEX EE84

1/100

—— PV102579 Leptochlorella arboricola sp. nov. Golos-1-2
1195 — HEQ984583 Leptochlorella corticola 12e*

HE984582 Kalinella apyrenoidosa 14a - outgroup

0.03

Fig. 10. Molecular phylogeny based on comparison of the nucleotide sequences of 18S rRNA and ITS-1,2 (A: Pseudochlorella)
and rbcL gene (B: Leptochlorella species and relatives)

extent on chemical composition of these substrates ~ 2016). However, in temperate forests, the biocrusts,
(John, 1988; Nienow, 1996; Macedo et al., 2009).  as a rule, do not play such a significant role as abun-
However, the influence of the local climate on al-  dant vegetation, as they occur only sporadically in
gae is usually more significant than the properties  places where the plant cover had been damaged,
of the substrate (Rindi, Guiry, 2004; Macedo et al.,  for example, after wind breakage. Here, the domi-
2009; Nowicka-Krawczyk et al., 2022). In tropical ~ nance of mainly Klebsormidium and moss protone-
humid climates, buildings are predominantly cov- ma along with the low occurrence of cyanobacteria
ered with cyanobacteria and Trentepohliales, while  are typical for biocrusts of forest plant communities
in temperate latitudes green trebuxiophycean algae  (phytocenoses), which has been shown for forests
mainly develop (John, 1988). The seasonal changes  of central Germany (Glaser et al., 2017; 2018). Kleb-
are minor on stony substrates of anthropogenic ori-  sormidium is one of the main algal components of
gin (Mikhailyuk, 1999; Rindi, Guiry, 2004). biocrusts, especially in temperate zones (Mikhai-

Biological soil crusts are complex microecosys-  lyuk et al.,, 2015; Donner et al., 2017; Rindi et al.,
tems consisting of many organism groups that play ~ 2011). Forest biocrusts are characterized by an
a significant role in numerous phytocenoses, main-  impoverished and homogeneous species composi-
ly in drylands (Belnap, Lange, 2001; Weber et al.,  tion compared to sand dune biocrusts, where green
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algae and cyanobacteria are diverse and the num-
ber of taxa per sample can vary within wider limits
(from 16 to 31 species; Schulz et al., 2016). The bio-
crusts of deserts and other arid regions are more di-
verse, with a predominance of cyanobacteria, and
an important and often dominant ecological role
in phytocenoses (Tomas, Dougill, 2006; Biidel et al.,
2009).

Bark of living trees. The dominant algal species
D. olivaceus, A. lobatus, and Trentepohlia ct. umbri-
na are typical edificators of tree biofilms in temper-
ate zones (Hoffmann, 1989; Nienow, 1996). Such
algal communities have been described in Europe
(Barkmann, 1958), including Pleurococcocetum
(green biofilms on bark dominated by Apatococcus
or Desmococcus), Trentepohlietum (dominance of
trentepohlian algae, with the formation of orange or
brown biofilms) and Prasioletum (woolly green bio-
films dominated by Prasiola). It is known that with
the advancement from Western to Eastern Europe,
Klebsormidium replaces Prasiola as the dominant in
communities (Rindi, Guiry, 2003). Therefore, it can
be stated that in the Holosiiv NNP we revealed all
three communities of corticolous algae: Pleurococ-
cocetum or Trentepohlietum along the tree trunks,
and Prasioletum near the bases of trees.

The change of the main dominant taxa on tree
bark from D. olivaceus to A. lobatus probably occurs
due to the influence of microclimatic factors, in
particular due to the higher atmospheric humidity
of the Lisnyky and Bychok tracts, which are located
near the Dnipro floodplain. We observed a similar
replacement of D. olivaceus dominating on the bark
of trees in the forest tract of the Kaniv Nature Re-
serve, by A. lobatus on the trees of Zmiyini Islands
(not to be confused with Zmiinyi/Snake Island in
the Black Sea), which are surrounded by the waters
of the Dnipro River (Mikhailyuk, 1999). Apatococ-
cus lobatus is common in the aerophytic commu-
nities of Western Europe (Hallmann, et al., 2011;
Neustupa, Stifterova, 2013; Karsten et al., 2022). It
was also noted that Desmococcus and Apatococcus
can replace each other in aerophytic communities
(Hallmann et al., 2013).

Epiphytic algal habitats are generally among the
most arid sites compared to other terrestrial habi-
tats (Hoffmann, 1989). The bark of living trees does
not accumulate or retain moisture, unlike porous
or fissured rocky substrates and soil. Atmospher-
ic moisture is the main water source in epiphytic
communities (Barkmann, 1958; Hoffmann, 1989;

20

Nienow, 1996), therefore their development and di-
versity directly depend on the amount and frequen-
cy of precipitation and/or on the present air hu-
midity. The rapid runoff and evaporation of water
is also facilitated by vertically oriented tree trunks.
The low number of algae species found on the bark
is typical for this type of habitat in the temperate
zone (Mikhailyuk, 1999). The number of species on
tree bark is significantly higher in tropical regions
(Neustupa, Skaloud, 2010; Neustupa, Stifterovd,
2013), evidently because of the generally more hu-
mid air.

The species composition of corticolous algae is
significantly dependent on climate, so their distri-
bution clearly demonstrates geographical trends. In
particular, the distribution of typical inhabitants
of Pleurococcocetum decreases in tropical regions,
while the frequency of Trentepohlietum increases,
where they compete in distribution and diversity
with cyanobacteria (Nienow, 1996; Lemes-da-Silva
et al, 2010; Kharkongor, Ramanujam, 2014; Ar-
guelles, 2019; Saraphol et al., 2024). Trentepohliales
on tree bark can grow in the temperate zone locally,
where there is the sufficient moisture, but they are
common in humid tropical and subtropical regions,
where cyanobacteria (Scytonema, Brasilonema, etc.)
also form the main part of the epiphytic algal flora
(Hoffmann, 1989; Neustupa, Skaloud, 2008; 2010;
Neustupa, Stifterova, 2013). Terrestrial cyanobac-
teria require periodic moistening for their active
development; therefore, they are common on tree
bark only in regions with frequent rains, which pro-
vide water flowing down the trunks (Nienow, 1996).
They are probably not able to exist only due to water
evaporation (unlike representatives of Trebouxio-
phyceae), and therefore they typically lack occur-
rence in bark biofilms in the temperate zone.

The composition of tree bark algae depends
mainly on external conditions and much less on
the host tree species (Hoffmann, 1989; Mikhai-
lyuk, 1999; Neustupa, Skaloud, 2008; 2010; Neustu-
pa, Stifterovd, 2013). However, it is likely that such
parameters as the pH value of the bark and the de-
gree of its fracturing can affect the composition and
diversity of algae. A certain influence of these pa-
rameters on algae has been noted (in particular, the
higher the pH and fracturing, the more diverse the
communities), but it is rather indirect (Neustupa,
Stifterova, 2013; Kulichova et al., 2014).

Dead wood, unlike the bark of living trees, is a
completely different, much more favorable substrate
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for both algae and other cryptogams (Mikhailyuk,
1999; Neustupa, Skaloud, 2010). It is a porous ma-
terial capable of retaining water, which is available
in the form of vapor and liquid moisture (Nienow,
1996). In addition, water retention is often facilitat-
ed by the horizontal arrangement of fallen trunks
or fallen branches. Dead wood is also characterized
by its increased trophicity; decomposing wood pro-
motes active development of algae and occurrence
of representatives of various taxonomic groups
with different environmental requirements. The
fact that some dominant species on dead wood and
fruiting bodies of polypore fungi sporadically occur
on the bark of living trees has been reported earlier
(Mikhailyuk, 1999).

Fruiting bodies of polypore fungi. The liter-
ature concerning the development of algae on the
surface of fruiting bodies of fungi is scarce (Stoy-
neva et al., 2015). The question of what underlies
this phenomenon remains debatable, whether al-
gae use the fruiting bodies as a suitable substrate,
or whether there is some kind of consortial rela-
tionship between them and the fungus, similar to
recently described alcobiosis (Vondrak et al., 2023),
i.e. symbiotic relationships between algae and cor-
ticioid fungi living on trees. It has been proven that
carbon is transferred as part of the synthesized or-
ganic matter from the algae to the fungus. Interest-
ingly, one of the components of alcobiosis, Desmo-
coccus olivaceus and a representative of Stichococcus
s.l., were dominants of algal biofilms on polypore
fungi in the HNNP. The data on algal participation
in symbiotic relationships was obtained concerning
algae growing on wood-destroying fungi (Mukhin
et al., 2016, 2017). Such algae were called myceto-
bionts, although it was shown that they are not fun-
gi-specific taxa, but rather common aerophytic spe-
cies growing on tree bark. The number of species
in the fungal sample was low and ranged from 4 to
6, which is consistent with our data. Another study
(Voytsekhovich et al., 2015) showed that wood-de-
stroying fungi of the genus Hyphodontia can exist
both without algae and with them (species of Coc-
comyxa and Elliptochloris), forming symbiotic asso-
ciations.

Molecular studies and novel floristic discover-
ies. Our molecular phylogenetic study of the strains
isolated from terrestrial habitats of the HNNP al-
lowed not only to clarify their taxonomic affiliation,
but also to find a number of new floristic novelties
and the habitats of rare and noteworthy species.

In particular, the strains of cyanobacteria studied
using the polyphasic approach turned out to be
representatives of the genera Wilmottia, Drouetiel-
la, and Timaviella (Fig. 5). For Wilmottia, it is the
first morphologically and molecularly confirmed
record in Europe (for details, see Mikhailyuk et al.,
2023). The strain of fine-filamentous cyanobacte-
ria isolated from the pine bark, on a phylogenetic
tree based on the both the 16S rRNA gene and the
16S-23S ITS sequences joined the subclade of Drou-
etiella epilithica with a similarity level of 100% (Fig.
8A). This is the second discovery of this species in
the world. It was so far described only from a stone
monument in South Korea (Kim et al., 2023), and
hence our Kyiv record expands the ecological and
biogeographical spectrum of D. epilithica (Fig. 1A).
Another Leptolyngbya-like strain isolated from a
biocrust sample joined the subclade of Timaviella
edaphica (Fig. 1B, Mikhailyuk et al., 2022).

Among the studied Chlorophyceae strains, two
were found to be representatives of Chloromonas,
one each of Lobochlamys, Chromochloris, and Coe-
lastrella (Fig. 6). Phylogeny based on the ITS region
showed that one of the strains is Chloromonas retic-
ulata (Fig. 1D), while the other can only be assigned
as Chloromonas sp. (Fig. 1F, Supplementary Fig.
S1A). Both strains were isolated from dead wood.
The Lobochlamys strain (black locust bark) on the
18S rRNA tree joined the clade with L. culleus (Fig.
1G; Fig. 6), together with its authentic strain. The
ITS-1,2 sequence for the Chromochloris strain was
identical to the authentic strain of Ch. zofingiensis
(Fucikovd, Lewis, 2012). It also joined the clade of
Ch. zofingiensis on the tree based on 18S rRNA (Fig.
6). This record is a new genus and species for the
flora of Ukraine. Chromochloris zofingiensis (Fig.
1K) is a cryptic taxon widely distributed world-
wide (Fucikova, Lewis, 2012). Probably, based on
morphological features, it was previously identified
as a species of Bracteacoccus Tereg. or Muriella ].B.
Petersen. The Coelastrella strain on the ITS based
phylogenetic tree joined the clade of C. multistriata
(Fig. 8B). It is the second record of this species (Fig.
1L) in Ukraine; previously, it was reported from
granite outcrops of the Teteriv River (Mikhailyuk et
al,, 2011).

Nine strains, according to our phylogenetic anal-
ysis, belong to class Trebouxiophyceae (Fig. 7). Two
of them joined the clades of still unrevised groups.
Therefore, at present their molecular identification
is impossible. One of these strains (Fig. 2]), isolated
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from the dead wood, joined the clade of Nanno-
chloris- or Chlorella-like algae. Most often, such mi-
croalgae from terrestrial habitats are identified as
Chlorella minutissima or Mychonastes homosphaera
(Chlorophyceae), but phylogenetically they belong
to another class of green algae. The second strain
is a representative of the Coenochloris signiensis
!/ Gloeocystis polydermatica group (Fig. 7), which
has also not yet been phylogenetically studied in
depth. We identified this representative as Coeno-
chloris cf. signiensis (Fig. 2B, C). In Ukraine, it was
reported from the granite outcrops of the Southern
Bug, Teteriv, and Ros rivers valleys (Mikhailyuk et
al., 2011), sandstone outcrops of the Hutsulshchyna
National Nature Park (Mikhailyuk, Darienko, 2013),
and tuff breccias and lichen thalli (as an epiphyte)
of the Karadag Nature Reserve in Crimea (Voytse-
khovich, 2008; Voytsekhovich et al., 2009). Molecu-
lar phylogenetic data confirmed the morphological
identification of other trebouxiophycean strains;
among them, the common species, Chloroidium
saccharophilum (Supplementary Fig. S1B), and the
rare one, Dictyochloropsis splendida (Fig. 2K, L, Fig.
7; Prodromus, 2024). One of the strains was identi-
fied as Pseudochlorella signiensis (Fig. 2D, Fig. 10A;
on Trametes fruiting bodies) by the results of 18S
rRNA and ITS phylogeny. It is its second record
in Ukraine. Previously this species was found on
sandstone outcrops of the Hutsulshchyna National
Nature Park (Mikhailyuk, Darienko, 2013). Based
on the same molecular markers, two strains were
assigned to Coccomyxa subellipsoidea (Fig. 3H, Fig.
9A; dead wood and biocrust). This species has been
repeatedly found in Ukraine (Prodromus, 2024),
but its record has been molecularly confirmed for
the first time.

Several strains represent new taxa for the flo-
ra of Ukraine. Among them are Neocystis mucosa
(Fig. 2E, F, Fig. 9B) isolated from dead wood and
Coccomyxa arvernensis (Fig. 3G, Fig. 9A) inhabit-
ing Pinus bark. These species are difficult to identify
by morphological characters which are implicit, but
they are clearly separated by molecular phylogeny
(Fig. 7, Fig. 9A, B). Previously we identified C. arv-
ernensis as Elliptochloris bilobata due to their high
morphological similarity. Coccomyxa arvernen-
sis in mature culture has large broadly ellipsoidal
cells with a bilobate chloroplast without a pyrenoid,
which is similar to E. bilobata (Fig. 3G, Darienko
et al., 2015). Also, from the pine bark we isolated
unicellular alga with Chlorella-like morphology.
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According to 18S rRNA phylogenetic analysis, our
strain joined the clade of the rare monospecific ge-
nus Leptochlorella (Fig. 7; Neustupa et al., 2013a). It
was described from the bark of Cupressus semper-
virens L. in Slovenia, and up till now is known only
from this location. On the 18S rRNA based phy-
logenetic tree, the Ukrainian strain of Leptochlorella
distances itself from the type species of this genus
(Fig. 7); therefore, we propose the description of a
new species (see below).

Among streptophyte algae, molecular phyloge-
netic methods revealed Klebsormidium flaccidum
(Robinia bark, Fig. 3E, Supplementary Fig. S2). To
identify the strain of the yellow-green alga isolated
from the dead wood, the sequence of the chloro-
plast gene rbcL was analyzed. As a result, it turned
out to be a noteworthy species Xanthonema bristo-
lianum, which has already been reported previously
(Rybalka et al., 2020).

Description of a new species of the rare genus
Leptochlorella. Besides the authentic strain Lep-
tochlorella corticola (CAUPH8401) (Neustupa et al.,
2013a), other strains of this clade include Leptochlo-
rella sp. (UTEX EE84) isolated from the Negev De-
sert, Israel (Fucikova et al., 2014) and two uniden-
tified representatives, from hypolithic communities
growing on quartz in the high-altitude tundra of
Central Tibet (Uncultured Trebouxiophyceae clone
QE17 and clone QE29; Wong et al., 2010) and from
a lake in Antarctica (SC2-2, Schirmacher Oasis; De
Wever et al., 2009). Thus, this clade contains eco-
logically diverse algae inhabiting various extreme
habitats (tree bark in subtropical and temperate
climates, desert, high-mountain tundra or an Ant-
arctic lake). The strain we isolated forms a separate
lineage on the 18S rRNA tree (Fig. 7). Comparison
of the 18S rRNA sequence of our strain with oth-
ers showed that their similarity ranges from 90 to
93%, which corresponds to different species of the
same genus (Supplementary Tables S1, S2). Com-
pared to the authentic strain of L. corticola, the
Ukrainian strain has 16 different nucleotides of the
18S rRNA gene. A comparison of the most inform-
ative helices of the secondary structure of 185 rRNA
(E23_1/E23_2, 43 and 49, see Darienko et al., 2016)
showed their significant similarity (Supplementary
Fig. $3). The Ukrainian strain differs from L. corti-
cola (CAUPHS8401) by 1 hCBC, 2 mismatches and
3 changes in the loops of helix E23_1/E23_2. With
other helices (43 and 49), the differences were only
in a few nucleotides in the loops. A model of the
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Fig. 11. Leptochlorella arboricola Mikhailyuk sp. nov. A: mature vegetative cells; B: young cells; C: sporangium. Scale bar: 10 um

secondary structure of ITS-2 of our strain (Supple-
mentary Fig. S4) is characterized by a unique struc-
ture, since it consists of 3 helices, the last of which is
branched. Unfortunately, the ITS was not obtained
for the authentic strain of L. corticola; however,
the sequence of the rbcL gene was obtained (Neu-
stupa et al., 2013a). Comparison of the rbcL gene
sequences of the original strain and L. corticola
(CAUPHB8401) (Fig. 10B) showed a significant dif-
ference in 45 nucleotides (59% similarity, see Sup-
plementary Tables S3, S4). Leptochlorella corticola
strain CAUPH8401, Leptochlorella sp. UTEX EE84,
and Ukrainian strain Golos-2-1 have Chlorella-like
morphology, a parietal chloroplast without a pyre-
noid, and differ only in details. All of the above data
provide justification for the description of a new
species of Leptochlorella.

Leptochlorella arboricola Mikhailyuk sp. nov.
(Fig. 3A-D, E, Fig. 11).

Diagnosis: Vegetative cells solitary, uninucleate.
Cells widely ellipsoid, ovoid to almost spherical and
pyriform, (11.1-)13.9-17.8(-21.1) um in length,
(8.3-)10.6-15.6(-20.6) pm in width. Chloroplast
single, parietal, without a pyrenoid, divided into
two or three-four lobes. Vegetative cells richly filled

with transparent spherical droplets. Secondary ca-
rotenoids not produced. Asexual reproduction via
2-8(16) widely ellipsoid to spherical autospores,
5.6-8.3 x 5.0-6.7 um.

Morphologically differs from L. corticola by the
cell shape and transparent spherical droplets richly
filling vegetative cells. Phylogenetically differs by its
composition and secondary structure of 185 rRNA
region (PV102507) and rbcL sequences (PV102579).

Type locality: algal biofilm growing on the bark
of Pinus sylvestris, Holosiiv Forest, Holosiiv Nation-
al Nature Park, Kyiv, Ukraine.

Holotype (designated here): KW-A32656, pre-
served culture material of authentic strain Go-
los-2-1 (IBASU-A-812), Algotheca, Herbarium of
the M.G. Kholodny Institute of Botany of the Na-
tional Academy of Sciences of Ukraine (KW).

Iconotype (in support of the holotype indicated
here): Figures 3A-D, F, 11.

Authentic strain: Golos-2-1 was deposited in
IBASU-A collection, M.G. Kholodny Institute of
Botany of NASU of Ukraine, Kyiv, Ukraine, under
number IBASU-A-812.

Etymology: arboricola = from the Latin word ar-
bor, meaning tree (referring to the type habitat).
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Conclusion

As a result of the study of terrestrial algae and cy-
anobacteria of the Holosiiv National Nature Park,
75 species were discovered. Among them, Chloro-
phyta, especially representatives of class Trebou-
xiophyceae, dominated. The most diverse species
composition of algae was found on rocky substrates
(44 species) and dead wood (41), the same substra-
tes had the most diverse composition of dominant
species. Fewer species were found on tree trunks
(34), biocrusts (25) and fruiting bodies of polypore
fungus (18). The genera Klebsormidium (5 species)
and Stichococcus (4 species) were most diversely re-
presented on different substrates. Representatives
of green algae, Stichococcus bacillaris, Coccomyxa
subellipsoidea, Interfilum terricola, Desmococcus
olivaceus, Elliptochloris subsphaerica, and Trentepo-
hlia cf. umbrina, were most frequent in the studied
habitats. A study on the relationship between the
species composition of algae and the tree species re-
vealed a positive interaction only for Robinia, while
other tree trunks were dominated by the same algal
species regardless of the location. The algal speci-
es composition differed at the base of the tree and
at a height along the trunk. The dominant algal
species of dead wood and fruiting bodies of poly-
pore fungi are the same that sporadically occur on
the bark of trees. Woody substrates (tree bark and
dead wood) have the closest composition of algae.
A number of new and noteworthy taxa was revea-
led using molecular phylogenetic methods. Among
them, three genera (Wilmottia, Chromochloris, and
Leptochlorella) and five species (Wilmottia murrayi,
Drouetiella epilithica, Chromochloris zofingiensis,
Neocystis mucosa, Coccomyxa arvernensis) are for
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T.I. MIKHAILYUK et al.

BopopocTi HazeMHUX MicIIe3pocTaHb
HanjionarpHoro npupopnoro nmapky "lTonociiBcpkmit” (Kuis, Ykpaina)
3 ommcoM Leptochlorella arboricola sp. nov. (Trebouxiophyceae, Chlorophyta)
T.I. MUXAWJTIOK !, O.M. BUHOTPAJIOBA !, E.]M. IEMYEHKO !,
B.P. [IET/IbOBAHA 2, K. IJIA3EP 3, V. KAPCTEH *°
! Incturyr 6oraniku im. M.I. Xonoproro HAH Ykpainu, Ykpaina
2 OcBiTHbO-HayKOBUit LieHTp "THCTUTYT GioMorii Ta MeanuuHN",
Kuiscpknit ynisepcuret imeni Tapaca Illesuenxa, Ykpaina
3 IncturyT 6ioorivHNx HayK, bionoris/Exonoris,
Texniunuit yHiBepcuret ['ipHuua akagemis ®paitbepra, Himeuunna
* TncTuryt 6ionoriuxnx Hayk, Yaisepcurer Poctoka, Himeuunna
> Mibkancuurutinapauit gaxynbret, YHiBepcuteT Poctoka, HiMeuunna

Pedepar. Harjionanpumit nmpuponuuit mapk 'TomociiBcbkuit” CTBOPEHO 3 METO OXOPOHM HIPUPORHUX eKocucTeM Jlico-
crerry Ta KniBcbkoro ITormices, mo 36epernucsa Ha Teputopii Meranonicy Kuesa. Y mpupogHOMy IapKy aKTUBHO BJBYA-
7 MIKpOBOJZOPOCTi BOROIIM, TOAI fK JAaHi PO Ha3eMHi BOZOPOCTi Ay>ke o6MexeHi. JIOCTiKeHO Pi3HOMAHITTs BOZOPOC-
Tejl Ha3eMHMX Micle3pocTaHb B ypounuiax lonociiBebkmit jic, Tepemxuy, Jlichukn ta Bruyok. Beboro BusiBieHo 75 Bupis:
Cyanobacteria (10 sugis), Chlorophyta (52), Charophyta (7), Heterokontophyta (6). HaiipisHoMaHITHIIIWIT BUFOBNIT CKIIaf,
BIUAB/ICHO Ha KaM STHUCTUX Cy6CTpaTaX — OeTOHHUX JOBIOTPUBAINX 000POHHNUX TouKax JIpyroi cBiToBoi Bitau ([JOTax, 44
BUAY, 3 foMiHyBaHHAM Tetracystis vinatzeri, Coccomyxa subellipsoidea, Elliptochloris bilobata, Pseudoendoclonium sp. ta iu.)
Ta MepTBiit mepeBuHi (41, Stichococcus bacillaris, Desmococcus olivaceus, Coccomyxa subellipsoidea, Elliptochloris subsphaerica
Ta iH.). MeHIIe BUAIB BUsBIEHO Ha Kopi fepes (34, Desmococcus olivaceus, Apatococcus lobatus, Trentepohlia cf. umbrina,
Klebsormidium cf. subtile), rpynToBux Kipoukax (25, K. flaccidum, K. cf. dissectum ta K. crenulatum, Nannochloris sp.) Ta mo-
IOBMX TiNax TpyToBMKoBoOro rpuba (18, Stichococcus bacillaris, Desmococcus olivaceus, Coccomyxa subellipsoidea, Interfilum
terricola). Haitcenmivninmmm 3a BUZOBUM CKIIffOM BOJOPOCTET BUABIMINCSA KaM sTHUCTI CybcTpari, a HaiOimpr moaio-
HVIMU — JiepeBHi CyOCTpaTy, Kopa XXIBUX JiepeB i MepTBa JiepeBrHa. 3a JOIOMOrOK MOJIEKY/LIPHO-(IIOreHeTHYHIX METO-
IiB BUsABIEHO HU3KY HOBUX i pisKicHux TakconiB. Cepen Hux tpu popu (Wilmottia, Chromochloris i Leptochlorella) Ta ’stb
BUJIB yIeplie HaBefeHo A propu Ykpaiuu (Wilmottia murrayi, Drouetiella epilithica, Chromochloris zofingiensis, Neocystis
mucosa ta Coccomyxa arvernensis). BusiBieno mw'stp pigkicaux Bugis 3 popis Coelastrella, Pseudochlorella, Coenochloris,
Dictyochloropsis i Coccomyxa Ta omvicaHo HoBuil BUJ, 3 pony Leptochlorella.

KimrouoBi cmoBa: 6io0riuni IpyHTOBI KipOUKM, BOFOPOCTI, KaM sTHUCTi cy6cTpaTy, Kopa )XIBUX JepeB, icoi diToreHosy,
MepTBa JlepeBUHa, IJIOfIOBi Ti/la TPYTOBUKIB, YKpaiHa, iano6akTepii, 16S/18S pPHK, ITS, rbcL, Leptochlorella arboricola
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Nunamika apeany Hemipilia cucullata (Orchidaceae)
B MeKaX YKpaiHu

Bixtop I. MEJIbHUK * (), Onexcanpp P. BAPAHCHKU
Hauionanbuuit 6oraniynmit cap imeni M.M. Ipuirka HAH Ykpaiun,
Byn1. CapjoBo-boranivyna 1, Kuis 01014, Ykpaina

BTOP IJIsA MUCTYBAHHSA: melnykviktor@gmail.com
* ABTOp Yy Inykviktor@ 1

Pedepar. Hemipilia cucullata (Orchidaceae) — pipxicauit Bup ¢mopu Yxpainn. [etanbHe BUBYEHHS i10r0 reorpaditHoro
HOIIVPEHHS Jal0 3MOI'Y BCTAaHOBUTY OCOONMMBOCTI JMHAMIKM apeany BUAY B Hallill KpaiHi. 3a IOHaJ ABOXCOTpPIiYHUIL
nepiop 60oTaHiuHMX Kocmimkens (3 1805 mo 2018 pp.) B YkpaiHi 6ymo 3apeectpoBaHo 45 nokanbHux momymaniin H. cucul-
lata, soxpema 28 — Ha Ykpaincbkomy Ilomicci, 16 — y Jlicocteny Ta ofgHy — B ropax Kpumy. ¥ XIX — na novarky XX cr.
apeas BU/y OXOIITIIOBAB IIiBHIYHY YacTuHY YKpainu, y Kpumy icHyBaB okpemuit excknaB. Exoromamn H. cucullata e cocHOBi
JIicK 3 PO3BMHEHMM MOXOBUM sIpyCOM. [HTeHCUBHe BMPYOYBaHHS NMPUPOSHUX JICIB MPU3BENO [O PYIHYBAaHHSI MOXOBOTO
IIOKPVMBY Pa3oM 3 MiICTUIKOI Ta O MOPYLIEHHs BOFHOrO 6GaaHCy eKOTOmiB BUAY Ta emiminauii momyssiuiit H. cucullata
Ha TepuTopii YkpaiHu, B TOMY 4YNCIIi 32 PaXYHOK IOTipIIeHHS YMOB /A PO3BUTKY MiKOpPM3HOTO rpmba-cumbionTa Cera-
torhiza goodyerae-repentis. €guamnii, mwo 36epircs o HamMX AHIB, nokamiteT H. cucullata 8 HaljioHanbHOMY IPUPOJHOMY
napky "KpeMeHenpki ropu’” Temep Biffine NIt Bii OCHOBHOI YaCTIHIY 3aTa/IbHOTO apeany 3HaAYHOIO A13 10HKIie0. HasBHicTh
nomyanii H. culullata B 0xopoHHIl 30HI HAIIOHATBHOTO MPUPOJHOTO NMAPKY € XOPOIIOK IepefyMoBoIo 1i 30epexxeHHs. 3
OI/IANY Ha IHTEHCUBHY iHBa3il0 aJBeHTYBHUX POCIINH B eKoToll H. cucullata, mponoHyeTbCs IPOBOAUTI IIPUPOLOOXOPOHHUI
MeHe[PKMEHT, IIOB’A3aHNUi1 i3 MOHITOPMHIOM i IPOTHO3YBaHHAM IIOAA/IbIIOrO PO3BUTKY MOMY/LALIl BUAY, BUAAIEHHIM
YY>KOPi/JHUX POC/IMH.

Kio4oBi croBa: 3MiHI 4MCeIBHOCTI, OXOPOHA, CTaH mony/usinii, Yepsona kuura Ykpaiuu, Hemipilia cucullata

2020). Apea /e OFHOTO BUJY Liboro popy — He-
mipilia cucullata (Neottianthe cucullata) — BUXORUTD
3a Mmexi IliBpenno-CxigHoi Asii, i 1jeit Bup € eBpa-
3ilicbKIM OOpeanbHNIM efleMeHTOM ¢ropy YKpaiHu.

Beryn

Po3po6/ieHHsI HayKOBUX OCHOB OXOpPOHM (Iopuc-
TUYHOTO Pi3HOMAHITTA — aKTya/IbHe 3aBJaHHA 060-
TaHIYHUX KoCIimpKeHb. Oco6MMBOI yBary Ipy [IbOMY

HOTpeOYIOTh pifKicHi Ta 3HMKa04i Buan pocimH. Of-
HI€I0 3 HailbaraTInX Ha pinxkicHi Bupy € popnHa Or-
chidaceae. Yci npepcTaBHUKY Lii€l pofyHY B YKpaiHi
OXOPOHAITHCA Ha HalliOHa/JIbHOMY piBHI. Bupmu pomy
Hemipilia Lindl. mommpeni nepesaxuo B IliBpen-
Ho-Cxipniit Asii (Lang et al., 1997; Averyanov et al,,

Marepianu Ta MeToau

MeTor0 HalMX JOCTIIKeHDb 6y/10 BCTAHOBJIEHHS M-
HaMiYyHUX TEHJIEHILiNl apeany BUy B MeXax YKpai-
HJ, IPVWYMH JleTpafiallii Ta eliMiHalil IOyJIALii
H. cucullata i cienudixn 7ioro exoTomnis B YkpaiHi.
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B.I. MEJIbHUK, O.P. BAPAHCBKUI

O6’exTOM HOCTIIKeHD € TOKaIbHi momysnii H. cu-
cullata B Yxpaiui. [letanpuuit ananis reorpaditHoro
HOLIMPEHHS Ta eKOIOTO-LIeHOTUYHIX YMOB 3POCTaH-
Hi H. cucullata B icTopr4HOMY acekTi IIpoBefeHO
Ha OCHOBI /iTepaTypHUX, repbapHUX BimoMmocTell i
MaTepia/liB B/IACHMX €KCIIeAULINHNUX [JOCTiI>KEHb.
[omnpoBi gocnimxenHs nposopuau B 2022-2023 pp.
ditoneHoTrynHmit onuc Mmicuespocranus H. cuculla-
ta B ypouunii bapaban Ha TepuTopil HalliOHA/TbHO-
ro npupopHoro mapky (HIIIT) "Kpemenernpbki ropn”
(TepHominbcbka 0071.) IPOBORMIN 332 METORMKOIO,
npuitHaATor y Cxigniit €spomni (Rabotnov, 1984). ®o-
torpadii poc/MH i3 ommyCy MpefcTaBIeHo Ha pecypci
iNaturalist y npoexTi (Kremenets..., 2024-onward).
[IpuiinATi HayKoOBi HasBU CYAVHHMX POCIVMH Ha-
BefleHo 3a 6asoro manux Plants of the World Online
(POWO, 2024-onward), moxisB — 3a Global Biodiver-
sity Information Facility (GBIE, 2024-onward).

OmnpanpoBaHo rep6apui 3pasku H. cucullata 3
repbapuux gonpis Ykpainun (KW, LW, LWS, LUM,
UM); Ascrpii (LI, W, WU); Higepnangis (NL); Hi-
meuunnau (B, LZ); ITonpmi (KRA, KRAM, UGDA);
Pocii (LE, MW, MHA); CIITA (CAS, GH, MO; US);
@pannii (P); Yexii (BRNU); Isewnii (LD). Axpo-
HiMu rep6apiiB HaBefieHO 3a Index Herbariorum
(Thiers, 2024). ¥V Ilepeniky nokanireris Hemipilia
cucullata B Yxpaini nogano nosHy indopmauiio 3
repbapHMX €TMKETOK MOBOKI OpUTiHAIYy, JOZATKO-
BO B KBaJpaTHNX JY>KKaX HaBeleHO, 3a IIOTpeOH,
YTOUHeHi cydvacHi reorpadiuxi HasBM Ta BKa3aHO
KiNbKiCTh €K3eMIUIAPIB BUJY Ha KO>)KHOMY repbap-
HOMY apKy1ii.

Pe3ynbraTy Ta 06roBOpeHHA

Hemipilia cucullata (L.) Y. Tang, H. Peng & T. Yuka-
wa (Neottianthe cucullata (L.) Schltr., Gymnadenia
cucullata (L.) Rich., Orchis cucullata L., Habenaria
cucullata (L.) Hofft ex Ledeb., Ponerorchis cuculla-
ta (L.) X.H. Jin, Schuit. & W.T. Jin) — pigxicHuit
Buj, ¢opu €Bpasii, BHeceHnit 1o YepBOHUX KHUT
binopyci, Jlatsii, JInteu, Ionpmi, Pocii Ta Ykpai-
Hu (Cepurite, 2003; Ryla, 2007; Averyanov, 2008;
Protopopova, Mosyakin, 2009; Krusselnickij, 2014;
Lebedko, 2015), no YepBonux cnuckiB Kurawo ta
[ipennoi Kopei (Kim et al., 2014; Xiaohua et al,,
2023) i pexoMeH/I0OBaHMIT 10 BHeCeHHs o Yepso-
Hyx kaur Kasaxcrany Ta Monronii (Dulamsuren et
al., 2003; Kubentayev et al., 2023). Ieit Bug BHece-
HO TaKOX /10 €Bponeiicbkoro YepBoHOro CIMCKY
cyanHHMX pocvH (Biltz et al,, 2011).

32

Apean Hemipilia cucullata oxommoe mpocTip
Big Ilonpmi po fInownii 3 OKpeMuM €KCKIaBOM Yy
lNmanaax. €spomneiicbka YacTMHA apeany BKIIOYAE
B cebe Tepuropito Cxignoi Ilonbuii, JInteu, Jlar-
Bii, binopyci, Ykpainn ta Pocii. Asiiicbka qacTu-
Ha apeany oxomuoe Teputopitoo Pocii Big Ypamy
no Hanekoro Cxopny, gocaratoun Caxasiny, a Ta-
Kok Koxderapchky Brucounny B IliBHiunomy Ka-
3axcTtaHi, Monromir, Knurait (Tubercbke miaro,
Maupuwxypis), Kopeiicpknit miBocTpiB Ta SInoH-
cbki ocTpoBu (Xokaitno, XoHncio, Cikoky). Ima-
NAVICbKMI €KCK/IaB po3MillleHnii Ha TepuTopii In-
nii, Byrany i Hemany (Hultén, Fries, 1986; GBIF,
2024-onward).

Y mexax Ykpainu Hemipilia cucullata 6yna 3a-
¢ixcoBana Ha [Tonicci, B Jlicocteny Ta B I'ipcbkomy
Kpumy (mus. puc. 1; Ilepenik noxanireris Hemipi-
lia cucullata B YkpaiHi).

Ilepenik noxanireris Hemipilia cucullata B
Ykpaini

3OHA INCTAHUX I MIIIAHMX JTICIB
[TOJIICbKA HN3OBVHA

Bonuncvke Ioniccs

Bomuncpka o6m. Jlynpkuii p-a: Ur. Julanie pod
Luckiem [yp. Ynbanm, ok. c. JKabxa], 18.08.1935, S.
Macko (LUM s.n., 3 eksemmisipu (mani — exs.)); Ly-
Mmanb (Vandas, 1886); Volhynia, in silvis, 01.07.1890,
Vandas (CAS641435, 1 ek3.; LZ s.n., 1 ex3.).

PiBHeHcbKa 0671. PiBHeHChKMit p-H: Lasy sos-
nowe w Susku nad Horyniem, cz¢sto (Panek,
1939); Kocrominbcpkuit p-u: Maia, 20.07.1948,
Menpanuyk, det. M. 3arynbcpkuii, 8.10.1993
(LWS24573, 2 ex3.).

JKumomupcoke Ioniccs

JKuromupcoka 06n. Kurommpcbkmit p-H: Vo-
lynia, Zhitomir, 31.07.1874, C. Golde (LE s.n.,,
4 ex3.); ok. Psyscze (Zytomierz), [c. Ilcume, 3
1946 p. — c. 3apivanu], 29.07.1878 i 19.07.1890,
R. Sobkiewicz, (KRAMO076999, 8 exs.); >Kuro-
Mupckuit y., . Icoime [3apivann], cMermaHHBIT
nec, 25.07.1911, M. Kopaczewskiae (KW043491,
1 ek3.); okon. M. JKurommpa, cocHOBMIT i,
1.08.1925, [I. 3epos, II. Oxcirox (KW043493, 3
ex3.); Kopocruwis (Sovinskiy, 1878); Papgomu-
LI/IbCbKa C.I. OC/IiHA CTaHLisd, cTaHuia [pima, Mi-
LIaHWUM jic Koo cTtanuii, 18.07.1923, I1. Okciok,
A. Jlasapenko (KW043494, 6 ex3., KW043506,
4 ex3.; KWO043507, 5 exs3., KW043508, 6 exs.,
KW043510, 2 exs.).
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Puc. 1. Kaprocxema noumpents Hemipilia cucullata B Ykpaini. Jlokanpai nomyssanii, Bussiaeni B XXI (1), XX (2) i XIX

(3) cromiTTax

Fig. 1. Distribution map of Hemipilia cucullata in Ukraine. Local populations recorded in the 21° (1), 20t (2), and 19t

(3) centuries

Mane Ioniccs

JIbBiBCcbKa 0071. 3omouiBchkuit p-u: Brody, las
sosnovy, w Pasiece Szczpana, 1/4 mile od Brody do
granicy, 08.1860, zbr. Gomolinski, ozn. Lobarzewski
(LWS24560, 2 exs., LWS24561, 8 ek3.); Brody in Ga-
licia Austriaca, in pinetis muscosis, planities areno-
sa, 26.07.1868, J.C.Eqnes a Pittoni (BRNU060786,
1 ex3.; MNHN sn., 1 exs.; P02102484, 2 exs.);
Brody, w lesie sosnowym od strony rossyjski-
ej granicy, 26.07.1868, E. Kloeber (LW s.n., 1 ex3.;
KRAMO076996, 4 ex3., GH s.n., 1 ex3.); Brody, S. Trusz
(LW s.n. 2 ex3.); Brody, Nadelwalder [xBoitxmit jic],
July, E. Kloeber (B100745501, 2 ex3., B100745537,
3 ek3., B100745825, 2 ex3.; BRNUO060785, 2
ex3.; KRAMO076992, 8 ek3.; M0O2356823, 2 eks.;
MO103257562, 3 ex3.; W0271943, 1 ex3., W0271944,
3 ek3., W0271945, 4 exs3., W0271947, 4 eks.,
W0271948, 8 ek3., 0271954, 2 ex3.; WU0127625,
2 ek3., WU0282901, 3 exs.); An nassen stellen in

wildern bei Brody, Rehmann (WU0282902, 3 ek3.,
WU028903, 3 ex3.); M. bponn — m. Papusunis 1871,
1875, Rehmann (LW s.n., 2 ek3.; LWS s.n., 1 eks.).
Wilder um Brody in Galizien. Planta rarissima, 1874
(W0271949, 1 ex3.); Las Folwarszcyzna koto Brodéw,
las sosnowy na wydmach piaszczystych, 31.07.1937,
O. Duda (LW s.n,, 2 ex3., KRAM13696, 11 eks.); c.
boppynaku (Motyka, 1947). Bponiscbkmit p-: c. Tai
HitkoBelbKi, 3.06.1938, Illenect (LW s.n., 3 eks.).
PiBHeHCbKa 0071. [JybeHchkuit p-u: ®nopa Bo-
netan. Okp. T. Jly6HO, nec Ha 13 Bepcre no Kpe-
MeHelKoMy mocce [cydacHe CMuriBcbke JiCHU-
urso], 21.08.1899 H. Ilypuur (LE s.n., 5 ex3.).
PiBneHcbkmit p-H: Bonbiackas ry6., 6mus Octpora,
1.08.1886, I. Schmalhausen (KW s.n., 3 eks.).
TepHominbcpka 061 Kpemenenpkmit p-a: Kre-
menets, in pinetis, W. Besser (LE s.n., 1 ek3.); (Bes-
ser, 1809); micoBuit MacuB Mixk celamu BeceniBka —
Jlinus, ypounige bapa6an, 11.07.2017 (Itorpus,
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IITorysn, 2019); ypouniue bapaban, 31.08.2022 i
25.07.2023, B. Menbuuk, O. bapancokuii, O. Jle-
BoH, C. Higenko (iNaturalist https://www.inatura-
list.org/observations/176938010, GBIF), (puc. 3).

XmenbHunbka 06, llenerischkuii p-u: Stawu-
ta, 1846, F. Berdau (KRAMO076994, 9 exs.); Stawu-
ta na Wotyniu, 1887, K. Hanktwicz, (LWS24570, 3
ex3.); 6insg M. CnasyTa (Vandas, 1886).

Kuiscvke Ioniccs

KuiBcbka o06n. KwuiB: B cocHoBOM Jecy
6mm3 cranumy Bemwdn, In pinetis pr. p. Beliczi,
26.08.1902 A. Rakoczi (KW043500, 5 ex3.; LE s.n.,
9 eks3.; MHAO0011757, 2 ek3.; MW0297585, 4 eks.,
WUO0155124, 4 ex3.; UM s.n., 1 eks.); bi. cranuun
bBopijaroBka, /JOBOIbHO OOBIKHOBEHHO B CTapOM
COCHOBOM JIECY, MEXIy KycTapHukamu, 12.07.1923,
I0.H. CemenkeBunu (KW043495, 3 ex3.); Kijew,
Puschtscha, in pines, spa., 08.08.1911, A. Lonatsche-
wskij (BRNU003910, 2 ex3.; LE s.n., 4 ex3.; NL1731,
6 ex3.; P s.n., 1 ex3.; UGDA s.n., 3 ex3.; US1312592,
2 ex3.; WO0271955, 4 ex3., W0271956, 6 eks.,
W0271957, 6 ex3.); Kuis, ITymia, y 3minraHomy rnici
(cupe nit0), 26.06.1911, JlonaueBcokuit (KW043481,
3 exs.); Ilya, B cMelIaHOM JIecy, COp., CBIPOe JIeTO,
26.07.1911, A. JlonaueBckuit (KW043482, 8 eks.);
Rossija S-W Kijew. Puschtscha. In pinetis spa.,
08.08.1911, Lonatschewskij (B100745897a, 4 ek3.);
Topopckoit nec [Ilyma-Bopguual, “B 6opy Ha MXy
KyptuH Hypnum schreberi. Muoro” [Pleurozium
schreberi] (Vasilev-Yakovlev, 1915); Kues, Topox-
ckoit ntec [[Tyma-Bopuus], 12.07.1916, F0.H. Cemen-
keBnd (KW043477, 4 exs.); B oxon. m. Kuesa, bip
ITyma-Bopys, 23.07.1919, 1. 3epos (KW043512,
4 ex3.); B rmici 3a nitHiBKOIO BepHepa [ITyma-Bopu-
1] B Hampsami go [6onoTa) Imuanoro, mic cocHo-
BIII, MICIIAIMM B CyMillli 3 YOPHO/IICOM, I'PYHT IIilla-
Huii, 25.07.1919, O. Coxonoscbkuiz, (KW043511, 3
ex3.); cocrosuit mic Ilyma-Bommus, 01.08.1921, 1.
3epos, I1. Okciox, (KW043483, 5 ex3.); Toponckoit
nec [Ilyma-Bopuiisa], B cTapoM COCHOBOM HacaX-
IeHNN, JOBOJIBHO OOBIKHOBEHHO Cpefyl KyCTapHU-
KoB, 1.07.1923, 10.H. Cemenkenny, (KW043502, 2
ex3.); Okpecnoctn Kuesa, PomanoBka, 23.06.1905,
Bacunbes-AdxoBneB, (KWO043501, 5 eks.); Kuis-
CbKMII TIOBIT, COCHOBMII JjIiC KOO C. PomaHiBKu,
Hapg p. Ipnenem, 2.09.1918, II. 3epos (KW043480,
2 ex3.). acriBcokmit p-H: bus cranuym Bosipka,
COCHOBBII J1ec, 24.07.1893, H. Iunrep (LWS24568,
2 ex3.); Bojarka, in pinetis, raro, 27.07.1913, I. Pac-
zoski (LE s.n., 1 ex3.); Bosipckoe ecHn4ecTBo, ypo-
ynmie “Knaposas’, B cocHoBOM recy, 28.07.1916,
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I0.H. Cemenkesuubp (KW043498, 2 ex3.); Bosp-
Ka, COCHOBBIII J1ec, 1927, 1. Paczoski (KW043509, 1
eKx3.); c. [I3sBoHKoBas [[I3BiHKOBe], B COCHOBOM J1ecy,
1912, 10.H. CemenkeBuu (KW043478, 4 eks.); c.
3BonHKoBa [c. [[3BiHKOBE], cocHOBMIA ic, €. [Tomon-
cbKa, 5.08.1928 (KW043499, 5 exs.); BacunbkoBc-
KM p-H, [I3BOHKOBas1, IECHNYECTBO, CTapasi Cyoopb
180 net, 6.08.1945, M. Koros (KW043503, 10 eks.,
KW043504, 7 ex3.).

Yepniziecvke Iloniccs

Kuiscpka 061, Kuis: Mexxny Knesom u bposa-
pamu B cocHOBOM necy, 6.08.1884, A. Porosny, 1.
Schmalhausen (KW s.n., 4 ek3.); Kiev, in pineto ad
fl. Dnepr, 07.1889, I. Schmalhausen (LE s.n., 3 ex3.);
bmus cr. Jlapuuna, cocHosblit ec, 28.07.1898,
H.M. Jlapuenkos (LWS24569, 1 exs.); B cocHo-
BoM jtecy 6rmm3 Japuunsl, 1.08.1909, Esr. boppsu-
noBckuit (LE s.n., 4 ex3.); Oxp. Kuesa, [lapuurikoe
OIIBITHOE JIECHNYECTBO, B CTAPOM COCHOBOM JIECY,
MeXJy KycTapHuKamy, 12.07.1930, CemeHKeBUY
(KW043479, 1 exs.); Bposapckoii nec, 1894, s. coll.
(KW043496, 2 exs.). bpoBapchkuit p-u: ok. Cemu-
nonku, YepHuros. ry6., COCHOBBIII 11ec, 25.07.1901,
I. Cenexxunckuit (LE s.n., 3 exs.; WU0155127, 3
ex3.); JleTkoBckoe ecHuecTBO OCTEpCKOro yespa,
B COCHOBOM J1ecy, 39 KB. B TeHM neca, 10.08.1905, 1.
Cenexnacknit (KW043497, 3 exs.).

Yepniriscbka 0671. KoprokiBcbknit p-H: YepHur.
y. CoCcHOBBIII J1ec 0K0/I0 [JOMHMITKAaro MOHACTHIPSA, B
TeHU 6OJbIINX mepeBbeB, 12.07.1905, I. HeBomoBc-
xuit (LE s.n., 4 ex3., LW); JlToMHM1a, COCHOBBIII J1€C,
B TeHM OONBLINX JlepeBbeB, pascesiHo, 12.07.1905,
I. HepopoBckuit (KW043487, 3 exs.); YepHur. yesn,
JTOMHMLIKIIT MOHACTBIPb, COCHOBBII 1ec 12.07.1905,
I. HeBogoscxmit (LWS24564, 4 ex3.).

Hoeszopoo-Cisepcoke IToniccs

Cymcpka o6n. LlocTkuHcbknmit p-H: YepHu-
rOBCKas rybepHus, IIyXoBCKMil yesn, MEXAy fhe-
pesHero Yapropsieto [c. IlleBuenkoBe] u xyTopom
KypmromoBkoio, B necy, 17.07.1854, A. Porosuu
(KW s.n., 5 ex3.; LE s.n., 7 ex3.); Gub. Tschernigov,
prope Gluchov in sylvis, 27.07.1854, A. Rogovitsch,
det. K. Rechinger (W0271953, 4 exs.).

PO3TOYYA

JIpBiBcbKa 061. JIbBiB: 1805, W. Besser (Reh-
man, 1871); Pr. Leopolim [JIpBiB], Holosko, in pi-
netis, rarissime, 08.1883, Blocki, (KRAMO076995, 1
ex3.; LWS24559, 4 exs.); Holosko, in pinetis — solo
humida, sparse, 07.08.1891, Blocki (LW072678,
6 ex3., LW122364, 3 ex3., LW122365, 3 exs.);
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Hotosko, wielki las, 8.08.1881, Blocki (LW072673, 4
ek3. LW24568, 2 exs., LWS24569, 1 eks.); Holosko,
las sosnowy, 08.08.1881, Blocki (LW072680, 3 ek3.);
Hotosko, rzadko, 05.1881, S. Trusz (LW072674, 1
ex3.); Holosko (bei Lemberg), in Nadelwiéldern sel-
ten, 1885, Blocki (B100745861, 1 exs., B100745933,
1 ex3.); Holosko, 01.08.1888, Blocki (LD1822705, 2
ex3.); Polen (ehem. Galizien); Holosko b. Lemberg
[JIpBiB], 7.08.1891, J. Fleischmann (W0271950, 8
ex3.); Holosko pr. Leopolim (Galiciae) in pinetis
— solo arenoso — rasissimo, 07.08.1891, Btocki
(W0271951, 5 ex3., W0271952, 6 eks.). ABopis-
CbKUIt p-H: c. JlenexiBka (Besser, 1809); c. CraBku
(Besser, 1809); mix c. Crasku i c. Jlenexiska (To-
maschek, 1862).

JIICOCTEII
MPABOBEPEXHUN TICOCTEIT
BOJIMHCBKA BMCOYMHA

PiBHeHcbKa 0611. PiBHeHCHKMIT p-H: Ozhenyn [c.
Osxenun|, W. Besser (LE s.n., 1 exs.).

INTOJUILCBbKA BYICOYMHA

JIpBiBCbKa 001. 307104YiBCHbKMII P-H: M. 30710-
yiB, ypounie Pomanosa Topa (Gustawicz, 1880);
c. Iigropopume (Gustawicz, 1880); oxkomuii c.
BeniB [c. 3omouiBka] mobmusy 3omoueBa, “w lesie
sosnowym, w jednym tylko miejscu” (Trusz, 1883).
JIbBiBCchbKMIT p-H: Flora Galicia, in circulo Bobre-
censi [okon. m. Bibpka], 1878, Gustavicz (KRA s.n.,
3 ex3.).TepHominbcbka 0071., KpeMeHenbKuit p-H:
gub. Volhynia, distr. Kremenetz, Kolassowa [c. Ko-
nocoBal, 1898, Ricle (LE s.n, 2 eks.).

MPMAHIITIPOBCBKA BMCOYIMHA

JKuromupcpka o6m. JKuromupcepknmit p-u: Gu-
bernii Kiovienski, Chodorkow [c. Xogopxkis], 1845,
s.coll. (LE s.n., 3 ex3.).

KuiBcbka 06m., Kuis: B Tpunonbcbkom cocHo-
BOM J1ecy, Heflazieko IIuporosa, 1.07.1877, A. Poro-
Bud, B. Montpesop (KW043488, 3 exs.). O6yxiB-
cokumit p-H: Forét de Tripolje, 15.07.1878, 11.08.1895,
B. MonTpesop (KW043484, 7 ex3., KW043485, 6
ex3., KW043486, 10 eks.); Forét de Tripolje, entre
Tripolie x Bezradytchy [mix Tpuminnsam i Bespagu-
yamn], 27.07. 1889, B. Moutpesop (KW s.n., 5 ex3.,
KW043489, 5 exs., KW043490, 13 eks.).

Yepkacpka 00m., Yepkacpkuit p-H: Yepkach-
KIiT TIOBIT, COCHOBUIT 6ip K0/mo MOIIHOTiPCHKO-
ro moHactups [Momnu], 5.07.1923, . 3epos
(KW043492, 1 exs.).

JTIIBOBEPEXXHUM TICOCTEIT
[NIBHIYHOIIOJITABCHKA PIBHMHA

Cymcbka 061 Konoroncokuit p-u: Dmnackas Ily-
cThiHb, 17.05.1828, Yepusies, determ. S. Ganeschin
(LE s.n., 2 ex3.); [IyTuBnbCKMil ye3n, OKOIO MO-
HacTeipsa Inmunckasa Ilycteiab, 23.06.1861, As-
ryctuHoBnd (LE s.n., 3 exs.); IlytuBnbckuii yesn,
CroammHcKass Ka3eHHas [ava, ChIpOBaTble MecTa B
cocHsIKe, 26.06.1905, B. Cykaues (LE s.n., 2 ex3.).

KPM
KPMMCBKI I'OPU

ABroHomHa Pecny6nika Kpum. Tauria, [col. &
det.] M. Bieberstein sk Orchis cucullata, [det.] H.G.
Rchb. six Gymnadenia cucullata (W271942, 1 ex3.),
(puc. 2).

Ha Bomuncekomy Ilomicci B mepiom mix 1886
Ta 1948 p. Oy/10 BUAB/ICHO JINIlE YOTUPU TOKAIbHI
nonynsanii H. cucullata. ]. Panek (1939) Bkasysas,
IO IeMl BUJ, 4acCTO TPAIUIAETbCA B COCHOBMX JIi-
cax B okomuuax c. Cycpk nonay Iopunnio. S. Ma-
cko (1934, 1937) BusBus H. cucullata B ypounui
Vnpsun (Julanie) mo6mmsy Jlynpka. 3 ormsagy Ha
flagHy 3a0y7[0BOIO IIbOTO YPOUMINA B PafIAHCHKIUI
4ac, JI0ro IpUPOJHi eKOCUCTeMY, 30KpeMa COCHO-
Bi nicu 3 H. cucullata, 6yno sumieno. Bocranne
Ha Bomuucekomy Ilomicci H. cucullata BusiBneHo
B okommipix ¢. Mama Kocrominbcpkoro p-ny (re-
nep PiBHeHcpkuit p-H) B 1948 p. Y LlenTpanbHoMy
(Kuromupcpkomy) Ilomicci B nepion Bix 1874 mo
1925 p. 6yno 3adikcoBaHO /uIle YOTUPY MOMYIIALIT
H. cucullata (nus. [epenik nokamireris...).

IMicTy nokanbuux momymauin H. cucullata 6yno
3adikcoBano Ha KuiBcpkomy Ilomicci, mo migTBep-
IDKYIOTb TepbapHi 360pu (1893-1928 pp.). Haitvac-
Tile weit Bup 3Haxomum B Ilymi-Bopumi, me, Ax
cBifuarh miteparypui gaHi (Vasilev-Yakovlev, 1915),
pociuH 1€l opxinei 6ymo 6arato. Lo indopmariio
[OTIOBHIOE HAMINC Ha eTUKETIIi /10 3pasKa, 3ibpaHo-
ro I0.H. Cemenkesuuem y 1923 p. (KW043502), H.
cucullata TpamisBcs "HOBOMBHO OOBIKHOBEHHO'. Y
TOMY K POLi Lieil caMmil KOJIEKTOp repbapusyBaB
3a3HayeHuit BUf B okonuuax bopmarisku. Ha etn-
KeTIli BiffMi4eHO, 110 BiH TaM pic "[OBONTBHO OOBIK-
HOBEHHO B cTapoM cocHoBOM jtecy" (KW043500).

Ha JliBo6epexxnomy Ilomicci 6ymo 3adikcoBano
IIiCTb JIOKa/IbHYUX nonynauin H. cucullata, sokpema
vyotupu B KuiBcpkiit 0611., mo opHiit — B YepHiris-
cokiit i Cymcbkiit. Y KuiBcpkiit 06n. H. cucullata
repbapusyBamy B Iepion Bixm 1884 mo 1930 p.
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Hait6inpie repbapuux 36opiB moxoputsb i3 [lap-
Hui (nepenmicts Kuesa) — mw'satp. 3 iHmmx micip
B repbapisix mpepcrasieHo 1o ogHoMy 360py. Ha
YepniriBmyei Bup repOapyusyBanu JMIIE ORUH
pa3 Ha TepuTopii cydacHoro KoprokiBcbkoro p-Hy
B 1905 p.; y Cymcbkiit 061. — mo6nusy [myxosa B
1854 p. (LE, LW, KW) (guB. [lepenik mokamiteTis).

3a Bco icTopito (QIOPUCTUYIHMX [JOCTIPKEHDb
Ha Manomy Ilomicci 6yno 3agikcoBaHo He 6inb-
e BocbMy nonyssnin H. cucullata — Ha Teputo-
pii JIbBiBCBKOi, PiBHEHCcBKOI, TepHOMiNbCHKOI Ta
XMenpHMIBbKOI obmacreri. Haitgacrimme ueit Bup
repbapusyBanu B okonuisix M. Bponu Ha JIpBiBIn-
Hi B nepiop Mixx 1860 i 1937 pp. 3a cBiguenHam E
Herbich (1864), H. cucullata TyT Tpamisascs BOCUTb
gacro ("sehr hdufig") y xBoitaux nmicax. Y Mmunynomy
Buz 6yB poBomi uncensHuM ("ziemlich Zahlreich")
TaKOX B oKo/mmuAx M. CraByTa Ha XMeTbHNYYNHI
(Vandas, 1886), 3Bigku jioro repb6apusysanu B Iie-
pion 3 1846 o 1887 p. €.J1. llenect (Shelest, 1956)
HaBopuTh H. cucullata nnst 6poniBchKux JiciB, ove-
BIUJHO, ONMPAIOYNICh HAa CBOK OCTAHHIO 3HAXIIKY
Bupy B ibomy perioni (Illenect, 1938, LW). JInmre
ABi oKa/npHI momyAnii 6yno sadikcoBano Ha Ma-
nomy Iomnicci B Mexxax Teputopii PiBHeHCPKOI 0071
(repbapni 360pu 1886 Ta 1889 pp.). Ha Manomy
IMomicci B Mexax TepHominbcbkoi 0671, moHemaB-
Ha OyB BimoMmit egmumit nokanitet H. cucullata B
oxomuisix Kpemeniia ("Kremenets in pinetis”, 1809,
LE). ¥ 2018 p. 6yno BusABnIeHO HOBuUII mokamiret H.
cucullata B oxomuusax M. Kpemenus — B ypounuii
bapaban y binouepkiBcbkoMy JTiCHMITBI Ha Te-
puropii HITIT "Kpemenenpki ropu” (Bobryk et al.,
2018).

Y nicocrenosiit 3oni Ykpainu H. cucullata 6yno
3adikcoBaHO MeHIlle MiCIle3HaXO[KeHb, HDK Ha
Ionicci. JInmie 4oTHpy 0KaNbHi MONYyAALIl BUAY
6yno BusBieHo B Posrouui-Omimni. Hartuacrinre
ii s3Haxopmmm B ypounui fonocko mo6ausy JIbBo-
Ba. ¥ repbapisax YkpaiHu Ta iHIINX €BPONeNChbKIX
KpaiH 30epiraloTbcs 3pasky BUAy Ha 14 repbap-
HMX apKylIax, AKi 6ymu 3i6pani B mepiox 3 1805 mo
1891 p. (Ilepenik nmokamireTis...). TyT us opxiges
Tpamisiaacs B cOCHOBMX ficax (Szafer, 1914). Ha
IesKMX eTMKeTKaX MiCTUThCA iHdopMmalis mpo
pinkicuicts H. cucullata B npomy ypounmi ("In
pinetis, rarissimo", Bocki, 1883, KRAM; "In pine-
tis — solo humide, sparse", Blocki, LW, W). IBa
inmni nmokamiteTn Bupy Ha Postoudi 6ymm sadix-
cosani B.I. Beccepom (Besser, 1809) B oxonuisax
cin JlenexiBka Ta CTaBKM Ha TepUTOpii cydacHOI
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JIbBiBCbKOI 0671. Ta mimTBepmKeni Tomarnrekom
(Tomashek, 1862).

Ha Tloginbcpkiit BrcoumHi 6yno 3adikcoBaHo
Juiie YOTMPM JIOKAaNbHI IONY/ALLl, AKi HigTBEp-
mxKeHi repbapuumn 36opamn 3 1878 mo 1938 p.,
IpOBefleHNMM Ha TepuTopii cyd4acHMX 30/104iB-
cbkoro p-Hy JIbBiBcbkoi 0671. Ta Kpemenenbkoro
p-uy TepHominbcbkoi 067. S. Trusz (Trusz, 1883)
BusBuB H. cucullata B cocHOBOMY J1ici B OKOMUIIAX
c. BeniB [3onouiBka] mobnusy 3omoueBa TimbKu B
opHomy Micui. Ha BonmHcpkilt Bucounsi 6yno 3a-
¢dikcoBano muue opvH jnokaniter H. cucullata B
okommiax ¢. Oxkennd Ha PiBuenmuni (Besser, LW,
maTa 360py BifCyTHSI).

Yorupu noxanphi nonynsuii H. cucullata 6yno
sa¢ikcoano Ha IlpupHiNpoBCbKill BUCOYMHI —
nBi Ha Tepuropii KuiBcpkoi 0671 i mo opHiit — Ha
Teputopisax cyvacHux sKurtommpcbkoi Ta Yepkach-
Kol obmacreit. B apmiHicTparnBanx mexxax Kmesa
BYJ TepOapusyBaI TiIbKM B TiCOBOMY MacuBi I1iB-
nenHinte [Inporosa Ta fBiui — B okonuix c. Tpu-
nimns (cygacanit O6yxiBcbkmil p-H) 3a Iepiox Bif
1877 no 1899 p. (KW). Ha reputopii cygacnoi JKn-
TOMUPCHKOI 00/1. BiH OyB BUABIEHUIT B OKOMMIAX
c. Xopopis (LE, 1845). HajtniBaeHHiumit B piBHNH-
Hilt yactuHi nokanitet H. cucullata 3adikcoBano B
oxomusax ¢. Momny Ha YepkammHi (3epos, KW,
1923).

Y JliBo6epexxHomy Jlicocteny Ykpainu 6yno 3a-
¢ikcoBano muie opHy nonymsAnio H. cucullata Ha
TepuTopii cydacHoro Konoromncbkoro p-ny Cym-
CbKOi 00J1., [ie Ljeil BUfI Tpudi repbapusyBam yrupo-
nosx 1828-1905 pp.

YHikanpHUM 3a cBOiM reorpadiyHuM II0XO-
IKeHHsAM € 3pa3ok H. cucullata, mo 36epiraerbcst
y BimeHcbKOMy repbapii (W), sikuit 3i6paB D.A.
Mapurann ¢ou Bibepiureitn (puc. 2). Ha eruxer-
i BKasaHo Micue 36opy "Tauria", 6e3 3asHaueHHs
matu 3Haxigku. Ak Bimomo, TaBpieo B MuHyso-
My HasMBany nepeBakHo KpuMcpkmit miBocTpis.
BupatHmit Himenpkumit 6oranixk @pigpix Abrycr
Mapmann ¢on bibepurreitn (1768-1826) BuBuaB
¢nopy Kpumy B kinni XVIII — xa noyatky XIX cT.
Jlo 1bOro YacoBOro Bifjpi3Ky MO>KHA BiJHECTH J10TO
3Haxigky H. cucullata 3 jtoro teputopii. Ha namy
IOYMKY, BOHa HailiMOBipHime 3po0ieHa B ropax
Kpumy. OTxe, € Bci mificTaBu BBaXkatu 3apas H.
cucullata suukmum BugoM dnopu Kpumy.

3a 6inpur HX BOXCOTpiYHMIT nepiox 3 1805 mo
2018 p. B Ykpaini 6y7o 3adikcoBaHo 45 MOKaIbHUX
nonynsAuin H. cucullata, 3oxkpema 28 3 HUX — Ha
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Puc. 2. Tep6apumit 3pasok Hemipilia cucullata 3 Kpumy, 3i6paunit ®.A. Mapmanom ¢ou bibepurreitnom (W). ®oro m106’s13-
HO HaficnaB AHppeac beprep

Fig. 2. Herbarium specimen of Hemipilia cucullata from Crimea, collected by F.A. Marshall von Biberstein (W). Photo kindly
sent by Andreas Berger

ISSN 2415-8860. Y kpaincokuti 6omaniunuii scypran. 2025. 82 (1) 37



B.I. MEJIbHUK, O.P. BAPAHCBKUI

Tabmuis 1. IIpocTopoBo-4acoBmil posnopin nokansuux nonynsAuiin Hemipilia cucullata 8 Ykpaini
Table 1. Spatial and temporal distribution of local populations of Hemipilia cucullata in Ukraine

. . . . KinbKicTb T0KabHUX NMONYALN, BUABIEHUX Y YACOBOMY IIPOMIKKY
disuxo-reorpagiuyunii perion 3arasmom
1o 1900 p. 1901-2000 pp. 2001-2024 pp.
VYkpaincopke Ilomicea 11 16 1 28
Postouus i Jlicocren 13 3 - 16
Kpnmcpki ropu 1 - - 1
3aramom 25 19 1 45

Ykpaincekomy Ilomicci, 16 — y Jlicocreny, 1 — vy
ropax Kpumy (ra6m. 1).

Axmo B XIX CT. KibKIiCTh JIOKaTbHUX MOITY/IA-
uiit Hemipilia cucullata na Ilonicci Ta B Jlicoctemy
Oya npru6IM3HO OJHAKOBOIO 3 HEBEJIMKOIO IIepeBa-
rox pnsa Jlicocteny y cmipigHomenHi 11 go 13, To
ByXe y nepuriii monosyHi XX CT. criocTepiraemo pis-
KMt A1cOanaHc y IIbOMY CIiBBiTHOLIEHHI — Bifmo-
BigHO 16 pa Iomicea i mume 3 — pna Jlicocreny,
omxe B nepuriit monosuHi XX cr. H. cucullata pax-
TUYHO 3HMK Y JIicoCTeIry, OCKiIbKM IOMYJIALIL BUAY
3a3BMYall € BPAa3NMBIIIMMM Ha MEXi JI0ro apeany.
Ie sacBiguyloTh meTanbHi BiOMOCTiI IpoO crocre-
pexxenHs H. cucullata Ha MiBHIYHUX OKOMMIISAX
JIbBoBa B ypoumii lomocko. IIporsarom XIX cT.
OoTaHiky 6araTopasoBO CIIOCTepiraaym Ta KOJeK-
nionysamu H. cucullata B pisHUX 4acTUHAX ypodu-
1a, Tofi AK st XX CT. HeMae XKORHOI iHpopMariil
IIPO HAaSABHICTDb 1IbOTO BUJY Y BKa3aHOMY YPOUMIIL.
Takox y XX cT. Bupi Bxe He (pikcyBanu B paiire
BimoMux mokaniTeTtax Ha IlominbChKill BUCOYMHI,
Ha JliBo6epexxnomy Ilomicci Ta B Kpumy. Bocran-
He B XX c1. H. cucullata 6yna 3adikcoBana B 1948
p. Ha BonuHcpkomy Ilomicci B okonmuuax c. Mama
Kocromninbcpkoro p-Hy PiBHeHcbkoi 061 Ockinb-
KM B Jipyriit monoBuHi XX cT. i Ha movarky XXI cT.
He Oy/I0 BUSIB/ICHO HOBYMX i He IiATBEPI>KeHO Bifo-
mux nokamiretiB H. cucullata B Ykpaiui, BBaxanu,
IO Lie BUJ 3HUK 3i CK/Iafgy (Iopy Hauol KpaiHu
(Melnik, 2007). 3naxigka Bupgy B okommusax Kpe-
MEHIISl COPOCTyBaja Liell BUCHOBOK i flaa 3Mory
3apaxyBaTy JOTO JIO KaTeropil SHMKAK4YMX BUJIB
bnopu Ykpainn.

YkpaiHcbka wyacTuHa apeany H. cucullata pos-
TalIOBaHA y JIOro MiBIEeHHO-3aXifgHil yacTuHi. [le-
TaJIbHUI aHajli3 KOHKPETHMX JIOKaliTeTiB BUAY
TO3BOJISIE YTOYHUTY MEXY apeajty B ILiif YaCTUHi B
munynomy. N. Wisniewski (Wisniewski, 1976) Bxa-
3y€e Ha CKIagHy KoH(irypauiio apeany BULY B i10r0
3axifHiit yacTuMHi y BUIIANI OKpeMMx "A3UMKiB', y
Me>KaX KO>KHOTIO 3 AKX BimoMi nokauii H. cucullata
3HAYHO BiIpi3HAIOTHC MX cob6010. OfuH i3 Takux
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"A3MKiB", Ha AYMKy JOCIiJHMKA, 3alIMa€e TepPUTO-
pito Ykpainu Ta miBfeHHO-CXigHy yacTuny Ilomb-
i, inmmit — binopyce, JIuTBy, miBHIYHO-CXigHY
yactuHy Ilonpmii Ta miBgenHumit cxip JlaTsii. Taxe
TPaKTyBaHHA CTPYKTypu apeany H. cucullata B
JIOr0 3axifiHifl YacTMHI BBa)Ka€EMO HeIPaBUJIb-
HIUM, OCKiJIbKUM He 6yno BPaxOBaHO BilOMOCTIi IIpo
reorpadiune mommpeHHs BUAy B Po3Toudi Ta Ha
Ykpaincbkomy Ilomicci. Came TyT npoxopnaa Mexa
apeany H. cucullata Bip monbcpkoro micra JIro6mina
10 JTiHii HaceneHuX MyHKTiB JIbBiB — JIyLbK 1O M.
bpecr y Binopyci, mo cBifunTh npo Te, 0 B MUHY-
JIOMY He iCHyBa/I0O pO3pMBiB MDX HiBIE€HHO-3aXif-
HOI0 Ta MiBHIYHO-3aXiJHOI YacTMHaMM apeany H.
cucullata. OpHax Takowo 6yma Mexxa apeany B XIX
— Ha noyaTKy XX cT. Y Halll yac He 1uile B YKpai-
Hi, a /I B IHIINX KpaiHax 6isbIIIa YacTMHA JIOKAJIiTe-
TiB BUIY B 3aXifiHill 4acTMHI jioro apeany He 30e-
peracp, TOMy JIOTO Mée)Xa 3HayHO 3MicTmiaacd Ha
MiBHIYHMI CXiJ] 1 TPOXOANTD 32 MEXKaMI YKpaiHu.

AHani3 repbapuux matepianis XIX — novaTky
XX CT. ja€ 3MOry IPOBECTH MiBIEHHY MEXY apeany
H. cucullata o ninii HaceneHnnx myHkriB JlenexiBka
(JIpBiBcbKa 0671.) — JIbBiB — Bibpka — 30m04iB —
bpogn — Cnasyra — JKurtommup — KopocTuiis
— Kuis, ska B [IpnpHinpoB’i omyckaerbcs jo c.
Momnn Ha Yepkamuni. Ha JliBobepexoki Ykpainu
BOHa npoxoauna Bixg Kuesa go Yepuirosa i gani fo
Konoromna i I'myxoBa. fk i 3axigHa, miBjeHHa MeXa
IIOIIMPEHHA BUJY TAKOX 3MiCTHU/IACA, BUIIIOBILN
3a MeXi YKpaiHu i npoxopuThb Ha Tepuropii bino-
pyci mo niHil Hacenenux nyHkTiB bpacnas (Bite6-
cbKka 061.) — Inmmboke — Xortuub (Jloroichbkuit
p-H, MiHcbka 0671.) — Mornnis — Jlemens (Heuep-
cbkuit p-H, Tomenbcpka 0671.) (Lebedko, 2017).

Ilna toro, mo6 3’sACyBaTV NPUYMHU KaTacTpo-
¢divnux 3min uncensHoCTi H. cucullata B Ykpaini,
HoTpibHO 3HaTH crienn@iky eKOTOmiB 1[bOTO BUAY.
Ak cBigyaTh HeumcnenHi miteparypHi pmami (Sza-
fer, 1914; Kleopov, 1935; Panek, 1939; Bordzilovs-
kyi, 1950), micne3pocTaHHs LbOrO BUAY B YKpa-
iHi mpuypodeHi o cocHoBux iiciB. IIi BimomocTi
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JIONIOBHIOE iH(oOpMallis Ha eTMKeTKax [0 repbap-
HUX 3Pas3KiB, Ha AKMX 3a3Ha4Y€HO, 110, OKPIM COCHO-
BUX riciB, H. cucullata TparisiBest B MitaHux jticax
(Ilepenix nokasmireris...). O4eBUAHO, Y MilIaHUX
jicax Ieil BUJ LIeHOTUYHO OyB IIOB’sI3aHMII 3 IXHi-
M1 cocHoBuMM mapuenamu. Exkoromu H. cucullata
NIpMyPOYEHi N0 KUCINX I'PYHTIB, YTBOPEHMX Ha IIi-
IMaHMX JpiOHO3epHNUCTNX Bifkmagax. IymycoBui
TOPM3OHT YTBOPEHMUI i3 PO3KIaIEHOI COCHOBOI
xBoi (Motyka, 1947).

Y pobori M. Illtorpumna 3i cmiBaBTOpamu
(Shtohryn et al., 2023) cTucno ommcani exomo-
ro-IeHOTNYHI YMOBJ HOBOBUAB/IEHOI oy anii H.
cucullata B ypounii bapaban mo6nusy Kpemenus.
XapaKTepuUCTHKa €KOTOIly B IIbOMY OINCi € BKpaii
HeroBHOW0. Tak, y cximani ¢itoneHo3y HaBemeHO
jmile BiciM BUAIB TpaB’sAHNUX POCIMH i XKOFHOTO
BUJIy MOXONOAiOHMX. 3Ba)Kaloul) Ha HAYKOBY Ta CO-
30/IOTi4YHY I[iHHICTh I1bOTO JIOKAJITETY AK €JUHOTO,
110 36epircs o0 HalMX OHIB B YKpaiHi, HABOUMO
JIOr0 fleTanbHy (iTOLEHOTUYHY XapaKTepPUCTHKY.
Ypounine BapabaH, §o fKOro mpuypodeHe Mic-
uespocranusa H. cucullata, — 1e micoBuit Macus,
wrometo 72,5 ra, cpopMOBaHMIT Ha J{epPHOBO-IIif-
somuctux rpyurax. [lonymsauis H. cucullata sarimae
wrowy 250 mM?> B 19 kBaprani BinokpuHuUIbKOro
micHMLTBA. 3a OaHMMM OOMKiB, sKi NPOBOIUTDH
HIIIT "Kpemenenpki ropu” 3 2019 p. YMCENbHICTD ¥
pisHi pokn cranoBuia Bix 81 0 360 ocobuH pis-
Hux BikoBux crasis (Shtohryn et al., 2023). V mu-
HYJIOMY Lisl TepuTopisf Oyrma BKpuTa JyOOBUM JIi-
COM, SIKUJI IIOBHICTIO 3py0a B IiC/IABOEHHI POKIL.
Y cepepmui 1950-X pp. TYT 3aK/lIafieHO KyIbTYpu
cocun 3BmyaitHoi (Shtohryn et al., 2023). Ha cpo-
ropHi 1e HacagKeHHA 70-piYHOTrO COCHOBOTO JIiCy
31 3HAYHUM (PIIOPUCTUYHUM Pi3HOMAHITTAM.

Ilo cxnapy mepeBHOro sApycy, kpiM Pinus sylves-
tris L., Bxopsatb Acer platanoides L., A. pseudopla-
tanus L., Betula pubescens Ehrh., Carpinus betulus
L., Populus tremula L., Prunus avium (L.) L., Sorbus
aucuparia L., Juglans regia L. 3iMKHeHicTb KpoOH
cranoBuThb 0,7. Y migpocri spifka TpannArTbea Pi-
nus sylvestris, Quercus robur L., a Takox Juglans re-
gia. Y qarapHukoBoMy spyci 3adikcoano Chama-
ecytisus ruthenicus (Fisch. ex Wol.) Klask., Cornus
sanguinea L., Crataegus rhipidophylla Gand., Fran-
gula alnus Mill., Juniperus communis L., Prunus fru-
ticosa Pall., Salix caprea L., Rosa canina L., Rhamnus
cathartica L., Rubus caesius L., Viburnum opulus L.
OnopuctudHo 6aratmii TpaB’SHO-YarapHUIKOBUIL
HOKpUB MoO3ai4HMii 6e3 MOMITHOTO [JOMiHyBaHHS

JKOHOTO 3 BHJIB, 3 NPOEKTMBHUM IOKPUTTAM
70%. o tioro ckmamy BxopaTtb Achillea millefoli-
um L., Agrimonia eupatoria L., Ajuga genevensis L.,
Anemone sylvestris L., Anthericum ramosum L., An-
thyllis vulneraria subsp. polyphylla (DC.) Nyman,
Argentina anserina (L.) Rydb., Asarum europaeum
L., Asperula tinctoria L., Astragalus glycyphyllos L.,
A. onobrychis L., Betonica officinalis L., Brachypo-
dium sylvaticum (Huds.) P. Beauv., Bupleurum fal-
catum L., Campanula glomerata L., C. sibirica L.,
Carex leporina L., Carlina biebersteinii Bernh. ex
Hornem., Centaurea stoebe L., Chimaphila umbella-
ta (L.) W.P.C. Barton, Clinopodium vulgare L., Dac-
tylis glomerata L., Daucus carota L., Erigeron acris
L., Erigeron annuus (L.) Pers., Euphorbia cyparissias
L., Fragaria vesca L., Galium odoratum (L.) Scop.,
Genista tinctoria L., Gypsophila fastigiata L., Hemi-
pilia cucullata (pus. puc. 2), Hieracium lachenalii
subsp. irriguum (Fr.) Zahn, Hypericum perforatum
L., Knautia arvensis (L.) Coult., Lotus corniculatus
L., Luzula pilosa (L.) Willd., Medicago lupulina L.,
Melampyrum pratense L., Melilotus officinalis (L.)
Lam., Melittis melissophyllum L., Moneses uniflora
(L.) A. Gray, Monotropa hypopitys L., Mycelis mu-
ralis (L.) Dumort., Ononis arvensis L., Origanum
vulgare L., Orthilia secunda (L.) House, Paris qua-
drifolia L., Pastinaca sativa L., Picris hieracioides
L., Pilosella officinarum Vaill., Pimpinella saxifra-
ga L., Potentilla x collina Wibel, Prunella vulgaris
L., Ranunculus acris L., R. polyanthemos L., Salvia
verticillata L., Securigera varia (L.) Lassen, Scabiosa
ochroleuca L., Silene vulgaris (Moench) Garcke, So-
lidago canadensis L., Thalictrum aquilegiifolium L.,
Teucrium chamaedrys L., Thymus serpyllum L., Tori-
lis japonica (Houtt.) DC., Trifolium pratense L., Va-
leriana officinalis L., Verbena officinalis L., Veronica
spicata L., Vicia cracca L.

MoxoBuit HOKpuUB € 106pe po3BUHEHNM (IIPOEK-
TUBHEe MOKpUTTS 75%) i pisHoManiTHUM. [0 itoro
cxnapy BxopAth Abietinella abietina (Hedw.) M.
Fleisch., Dicranum polysetum Sw., Hypnum cupressi-
forme Hedw., Hylocomiadelphus triquetrus (Hedw.)
Ochyra & Stebel, Mesochaete undulata Lindb., Ptili-
um crista-castrensis (Hedw.) De Not., Hylocomiadel-
phus triquetrus (Hedw.) Ochyra & Stebel, Pleurozi-
um schreberi (Willd. ex Brid.) Mitt., Oxyrrhynchium
hians (Hedw.) Loeske.

Oxpim Hemipilia cucullata, y 3a3HadeHOMY JIO-
KaziTeri 3adikcoBani 7 iHmi Bugyu pomgmuu Or-
chidaceae — Cephalanthera damasonium (Mill.)
Druce, C. longifolia (L.) Fritsch, C. rubra (L.) Rich.,
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Puc. 3. Hemipilia cucullata B ypouumi bapaban (¢doro
O. Bapancskoro, 2023)

Fig. 3. Hemipilia cucullata in the Baraban tract (photo by
A. Baransky, 2023)

Epipactis atrorubens (Hoffm.) Besser, E. helleborine
(L.) Crantz, Goodyera repens (L.) R. Br., Neottia ni-
dus-avis (L.) Rich., Platanthera bifolia (L.) Rich., P
chlorantha (Custer) Rchb. Cepepn pinkicHux B Me-
xax TepHOMIIbCHKOI 061, BU/IB POC/IMH TYT ITOLIN-
peHi Bupleurum falcatum L., Moneses uniflora (L.)
A. Gray, Pyrola minor L., Juniperus communis L.,
Prunus fruticosa Pall.

JocuTh WiNbHUIT MOXOBUI TIOKPUB CIPUSE JO-
CTaTHbOMY i IIOCTITHOMY He3aJIeXXHO BiJi IOTOIHUX
YMOB 3BOJIO’KEHHIO IIJICTUJIKA i3 PO3K/Ia[IEHOI XBOI
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COCHI. Y TaKOMY CepeJJOBUIIi TPaIIAETbCA MiKO-
pusHuit rpu6 Ceratorhiza goodyerae-repentis (Cos-
tantin & L.M. Dufour) R.T. Moore — rpu6-cum-
6ioHT H. cucullata, 6e3 KOTO € HEMOXX/IUBUM PicT
i posBuTok i€l opxinei (Hadley, 1983). Aurpomno-
TeHHMII BIUIUB Ha nokasitet H. cucullata nmpusso-
IUTh O PYMHYBaHHSA MOXOBOIO IIOKPUBY pa3oM i3
HiJICTU/IKOIO, LII0 IIOPYIIY€E BOAHMI O6a/IaHC €KOTOITY
Ta pusocdepy i IpU3BOANUTD [0 eMiMiHalil momrysa-
min. Sk B>Ke 3a3Ha4YanoCs, AiCOCTEIIOB] JIOKAIITeT
H. cucullata savknmu paniure, Hbk nonicski. e, oue-
BUJIHO, TIOB’I3aHO 3 TUM, IO JIiCOBI €KOCUCTeMN JTi-
cocrenoBoi 300 YKpainu B XIX — Ha nmovatky XX
CT. eKCIUTyaTyBa/INCh Oi/bII iHTEHCUBHO, OCKi/IbKYU
TYT B Iieil Iepioy; BUpyOyBamuch Iicu 3apagu pos-
HMIVPEHHA IUIOL IIiji Ci/IbCbKOTOCIIOAAPChKi Yrifs
(Melnyk, 2022), 1110 He MOIJIO He BIUIMHYTY Ha CTaH
NONY/NALM BUAY B Lilt npupopHiii 30Hi. ITomichki
IPYHTM € MEHII NPOAYKTMBHMMM HNOPiBHAHO 3 -
COCTENOBUMM, TOMY JICOBi YTl TYT MEHIIOK
MipOI0 3aMilllyBajiCh Ha CLIbCHKOTOCIOAAPCHKI.
Ha Tlonicci Bupy6Ku 3ammianm nij npupopHe Io-
HOBJIEHHS 200 Ha HUX 3aK/Iafja/iM JIiCOBi Ky/IbTypH.
Bony iHTeHCMBHO 3apocTanM YarapHUKaMy, IO
KapAVHAaJIbHO 3MIiHIOBAa/lO CBITJIOBUII PEXMM €KO-
toniB. Hemipilia cucullata € Hap3Bu4aiHo 4y Tim-
BOIO [I0 PyJHYBaHHA HifICTUJIKM Ta MOXOBOTO IIO-
KpUBY IIiJ] Yac TPe/IIOBaHHA JepeBMHY Ta 3aKIa KU
micoBuX KynpTyp. lle mopymrye pexxuM 3BONTOXKEH-
Hs €KOTOIly Ta PYMHYE MiKOPMU3Y, 110 IPU3BOJAUTD
70 emiMiHaLii Oy AL,

Ixopu nomrynaniam H. cucullata B Ykpaini, Mox-
JIMBO, 3aBJJaJI0 i HeTIOMipHe KoNeKIionyBaHHA. Tak,
y repbapisx Ykpaiuu Ta cBiTy, 36epiraeTbcs moHap
455 exseMIUIApiB 3arep6apusoBaHux pocamH H.
cucullata, sSiKi KONMEKTOPM BMKONAMIU PasoM 3 KO-
peHeOynbO6aMM B IONMY/ALAX BUAY HAa TEPUTOPIl
Ykpainm, cepep Hux 340 ekseMnnApis 3 Tepuropii
ITonicca i 114 3 Teputopii Postoyusa ta Jlicocremy
(Tabm. 2).

3okpema, 127 exsemmspis H. cucullata 6yno
3arepbapnsoBaHo 3 okomuub Kuesa, BKIOUanun
74 3 Ilymi-Bopguui i 32 3 binnuis; 104 ekseMapu
— 3 okonmuub M. bponu, 49 — 3 oxonuup J/IbBOBA,
46 exsemiapiB — 3 c. Tpunimns, 32 — 3 okonmuITh
bospkmn, 23 — 3 oxkomuup Ipuri, 16 — 3 okonmuub
JKurommpa i T. i. Bpaxosytoun, 10 B JeAKUX JI0-
KamiteTax (Hanpukiag, B ypounii fonocko mo6bmu-
3y JIbBOBa) Lieit BUT 6yB PiAKiCHMM y>Ke Ha mepiof
rep6apusariii, HagMipHe KOJIeKL[iOHYBaHHSA He MOT-
JIO He BIUIMHYTH Ha CTaH JIOT0 MOIY/IALIN.
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Hemipilia cucullata — BuUg, sSIKUiT € BUMOIIMBUM
IO 3BOJIOKEHHA Y JITHIN BereTaliiHUII Iepiof,.
3rifHO 3 BiZOMOCTAMM Ha TepOapHMX eTUMKeTKax
O. JlonaueBcobkoro (1911, KW043481, KW043482),
BiH 0co0/muBO psicHO TpamiaBcs y Ilymi-Bopuui B
poxu "cuporo” nmita. OdyeBugHO, moHax 100 pokis
toMy Ha KuiBcbkomy Ilomicci sacymnmsi nepiogu
BereTallillHNX Ce30HIB He 6ym/1 TaKUMM TPUBAIVIMY,
AK Y Hall 4ac, 1o K03BOJLIo pocnnHaM H. cucul-
lata By>KMBaTH Ta iIHTEHCMBHO BereTyBaTH B CIIPU-
ATIVBI I pOCTY 1 PO3BUTKY BOJIOTi CE30HM JIiTa.
HuHi 5k, 3 or1aay Ha 17106a/1bHe MOTEIVTiHHA KTiMa-
Ty i Kcepodirusallito, BIPOTOBX eCATKIB POKIB y
JIITHI Tepiofyt MM CIIOCTEPIraEMO CYXY il CIIEKOTHY
IIOTOZY, IO TAKOXK MOIJIO HETaTMBHO BIUIMHYTH Ha
cral nonynauiit H. cucullata ta inmmx 6opeanbHUX
BUJIB IT00/IM3Y MiBIeHHNMX MeX IXHIX apeasis.

Perpecusni sminn apeany H. cucullata Binbysa-
I0TbCs 1 B iHmMMX itoro yactunax. Y Ilonpmi 6yno
3adikcoBaHo 6/m3bKo 20 TOKaTiTETiB BULY, Oi/bla
YJacTMHA 3 AKMX He Oyra migTBepmxeHa micma 1980
p- Jo cvoropui Bup 36epircst nuine B ABIycTOB-
cpkint Ilymi, MoxXmmBoO, TakoxX i B binosespkiii. Y
1980-x pp. B ABrycroBcbkiit ITymyi 6yno BusaBieHo
30 ocobuH 1poro BuAY. 3a Marepiamamn J. Sarosiek
et al. (1990) Tyt Oyno 3adikcoBaHO Tpy JIOKa/NbHI
nonynauii H. cucullata: (1) 1200 ocobun, B ToMy
yyucni 128 KBiTyrouMx, WIIBHICTD TONyAALii —
11-16 ocobun Ha 1 M%; (2) 800 ocobuH, 30kpema 86
KBITYI04MX, LI/IbHICTD momyAnii — 3-5 ocoOun
Ha 1 mM% (3) 710 ocobuH, 30kpeMa 69 KBIiTyHOUNX,
IIiTBbHICTD Hony/nALil — 6-9 0cobuH Ha 1 m2. 3rig-
Ho 3 maHumy M. Wodkiewicz (2004), Ha movaTky
XXI c1. B ABrycroBcpkiit Ilymi 6yma mocmimkena
nonynauis H. cucullata, sixa 3aiimana momy 1 ra.
Pocnmymun posmimysamuchk y KypruHax mo 10-200
0coOuH y KoXHiit. Binanadeno ¢mykryanii uncenn-
HOCTIi BUZly B LiiJi IONy/ALIL. Y pisHi POKM 4YMcenb-
HicTb KonuBanacd Bixg 280 mo 780 oco6buH. ITi3Hie
B LIill MicneBocTi pikcyBamm Bif KiTbKOX OFVHMID
0O Kimbkox pmecAtkiB ocobuH (Harmuszkiewicz,
2011; Krusselnickij, 2014).

Y Jlutsi H. cucullata 6yB 3adikcoBanuii B cxin-
Hill Ta MiBJeHHIM YacTMHax KpaiHm. bBinbmicTs
nokamiteTiB 6yno BusABIeHO B 1930-1970 pp. B
ocraHHiil fekani XX ct. 6yn0 BusBIeHO abo mif-
TBEpIPKEHO TIIbKM IIiCTb JIOKajiTeTiB. Ymcesnnb-
HICTb TONYNALiA KPUTUYHO 3MEHUIIYETbcA. Bup
3HUKA€ 4yepe3 BUPYOYBaHHA JICiB, 3aK/IafieHHA JIi-
COBMX KYIBTYpP, GOpMyBaHHA I'yCTOro MiIicKy Ta
pekpeanito (Gudzinskas, 2001a, 2001b). Hemipilia

Tabmuus 2. Kinekicts oco6un Hemipilia cucullata,
3i6paHux B YKkpaiHi A1 rep6apHIUX KOTEKIIiit

Table 2. Number of individuals of Hemipilia cucullata
collected in Ukraine as herbarium specimens

disuko-reorpadiuni perionn Kinpiicrs 3aranom
0co6MH
Ykpainceke [lomicca BIT* 7 340
JKII 38
MII 116
KII 128
411 35
HCII 16
Posroyus i Jlicocren | PO 48 114
BB
1B 5
I1PB 53
JJ1 7
Kpnm 1 1
Bcporo 455

* BIT — Bomuucbke Ilomicea, JKIT — JKutomupcbke Ilo-
niccs, MIT — Mane ITomnicca, KIT — Kuiscpke IMomices, Y11
— Yepniriscoke Ilomiccs, HCII — Hosropop-CiBepcbke
ITomicca, PO — Posrouus, BB — BonmHcbka BucodmHa,
IIJIB — Ilogminbcbka BucounHa, IIPB — Ilpmpninposcbka
BucounHa, JIJ — JliBobepexunii Jlicocren

cucullata — sHukarounit Bup B JIaTsii, sikuii 6yB 3a-
(ikcoBaHMIT IUIIe B YOTUPHOX JIOKAJITETaX Y CXifi-
Hilt yacTuHi 3axigHoi JIaTBii Ta Ha miBmHI CxigHOL
Jlatsii (Cepurite, 2003).

Hemipilia cucullata Takoxx 3Hukae B binopy-
ci, 6i1bIIa YacTMHA JOTO JIOKA/JBHUX ITOMY/IALIN
6yna 3apeectpoBana 70 1970 p. ¥ MiHcbKiit 067
y 1924-2002 pp. 6y70 BUABIEHO LICTD JIOKaiTe-
tiB. ¥ 1973 p. Oyno 3HalijieHO e ABi 0COOMHU
B okonutii ¢. Kpacua IlIBa6iBka JloraiicbKoro p-Hy.
VY 1990 p. momynALisa 3 KiTbKOX HeCATKIB 0COOMH
6yna BusBIeHa B jici MK cemamu Kpyntsaxu ta
Moppasunosuyi B Jlobancbkomy p-Hi (Bibikov,
1992). Y cocuoBomy Jici Ha 6epesi p. Binii B oko-
mmuAx c. 3ackoBudi MonogeyniBcbKoro p-Hy MiH-
CbKOI 0011., Ha minanni mwiomero 50-70 M x 200 M,
Oyno sadikcoBano 698 reneparuBHMX ocobun H.
cucullata (40% uucenbrHocTi momynaAnii) (Chuma-
kov, 2010). HeBenuka nonymnsauisa H. cucullata 6yna
BUAB/IEHA B OKo/MMLAX ¢. Bonmmuni Kapmencbkoro
p-Hy TomenbcpKoi 0071., IpUypoYeHa 0 COCHOBOTO
nicy B gonuHi p. Cox, i 3aiiMasna fiNAHKY II/IOILEI0
20 x 25 m. [Jo 1i cxmangy Bxopguiaa 71 reHepaTMBHA
ocobuna suny (Dubovik et al., 2018).
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¥V eBpomnericbkiit yactuHi Pocii HaliBuumMu mno-
KasHMKaMM BifsHavatoTbcs nonysauii H. cucullata
B MOCKOBCBKilT 00J1., YNCENIbHICTDh SKNX CTAHOBUTH
1200-2000 ocobuH. CepenHs LIIbHICTD IUX OITY-
nAniin cragosuaa 10-12 ocobun Ha 1 M? (Vakhra-
meeva, Zhirnova, 2003). Yotupu HeBemuki mory-
nauil H. cucullata, BussieHi Ha no4atky XX CT. B
Mopposii, HamidyBanu y cBoeMy cknafi Big 20 mo
171 ocobun. IIinpHicTh 1MX MOMyIALil BapitoBaa
Biz 1 10 73 oco6uH Ha 1 M? (Khapugin et al., 2016).
JIokanpHa MONYNALiA BULY, HEIIOGABHO BUAB/IEHA B
BpsHcbKilt 0611., Hamiuye 6/m3bko 1000 ocobuH (Sil-
chenko, Silchenko, 2023). Jlokambui momynswnii H.
cucullata B Kanininrpazcskiit 06m., ne 6ymo 3Hatife-
HO OoKpeMuii ekcnap apeany (Wisniewski, 1976), no
cvoropiHi He 36eperch (Ingelog et al., 1993).

Bup e pigkicHuM i B asiiicpkiit yactuHi Pocii. ¥
1980-x pokax MM CIOCTepiranu 4ucenbHy (6113pKo
2000 oco6bun) nonynauivo H. cucullata B cocHOBO-
My 6opy Ha 6epesi O6CbKOro BOJOCXOBMINA B 3e-
newiit 30oHi M. HoBocubipcpk. CepenHs LIiIbHICTD
nonyAnii ckaagana 12 ocobun Ha 1 M2 B ocran-
Hi pOKM MacoBO IIifi BUIVIAAOM CaHiTapHUX PyOOK
BUHMIIYIOTHCA BiKOBi COCHM, a BUPYOKM 3acajiKy-
I0TbCA KeIPOBOI0 COCHOIO, 1110 MOXE NPU3BECTU O
Jerpafialii Ta IIOBHOI €/1iMiHallil YHiIKa/IbHOI IIOIY-
nauii H. cucullata.

Y TioMeHCbKiit 0071 BUsIB/IEHA JIOKa/lbHA IOIY-
nauisg H. cucullata ancenpricTio 260 0co6uH, LiiTb-
HicTh — 9 ocobun Ha 1 M2 Y KemepoBchKiit 0671
3HalifleH0 momnyssaLilo uucenpHictio 500 0cobuH,
winpHicTh — 7 oco6un Ha 1 M (Kovrigina et al.,
2015).

JInmre wrictb nokanitetis H. cucullata 6ymno Bu-
asneHo B IliBHiuHoMy KasaxcraHi B COCHOBUX JIi-
cax KoHyeTaBcbKOI BUCOYMHM B AKMOIMHCBKIl Ta
I[TaBnomapcbkiit o6mactsax (Kubentayev et al., 2023).
Y Kwurai B ropax Tubery BusABneHo 51 10KanbHY
nonynayito H. cucullata na Bucorax 3348-4115 M.
Y IliBpenHiit Kopei sadikcoBaHo e AT J10-
KanbHuX nomyraniit (Kim, 2014).

TaxuMm unnom, H. cucullata — pigkicHuit Bug y
MeXXax BCbOTO CBOTO apeany, B €Bpoli BiH € 3HU-
Kalo4lM BUJIOM, a B YKpaiHi JIOMYy 3arpo>Kye II0OB-
He 3HMKHEHHA. 3 OIIA/ly Ha 1ie, OXOPOHU MOTpebye
KO)KHA JIOKa/IbHA TIOMy/ALiA Bupy. €nyHa 36epe-
JKeHa [0 HallMX [IHIB B YKpaiHi JIOKajbHa IOINY-
nauis H. cucullata B8 ypounui bapaban mo6musy
M. Kpemenia nepebysae B 3anosinHiit 3oni HIIIT
"Kpemeneupki Topu", ToMy OXOpOHYy LibOro BULY
B Halliil KpaiHi MOXXHa BBa)XXaTM 3alOBIIBHOIO.
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€nvHuM QakropoMm pusuxy mia H. cucullata ta
IHIIMX BUJIB OpXifieN, AKi TYT TPaIIAKThCH, € iH-
Basis arpecuBHUX afiBeHTMBHMX BUAIB (Solidago
canadensis, Juglans regia Ta in.). IIpore edekTus-
HUII IPUPORHNUIT MEHEI)KMEHT 3 PO3UMILEeHHSIM Te-
pUTOPII Bifl 3apocTent 9yKO3EMHNX POC/INH € 3aIl0-
pykomo 36epexxenns H. cucullata pazom 3 iHmMMu
BUJJAMM OPXijiell B IbOMY YHiKa/IbHOMY yPOYMIL.

BucHoBxu

Hemipilia cucullata — pigkicanit Bup dnopu €spa-
3ii, AKMI1 B EBPOIIi € 3HUKAIOUNM, a B YKpaiHi JioMy
3arpoXKy€ TNOBHE 3HMKHEHHs. YKpaiHCbKa YacTHHA
apeany Oyna posMilleHa HOOIM3Y JIOro miBjeH-
HO-3axifiHOI MexXi, AKa B XIX — Ha noyarky XX cT.
IIPOXOAIMJIA I10 JIiHiI HaceNeHNX IYHKTIB c. Jlenexis-
Ka (JIpBiBCcbKa 0011.) — JIbBiB — Bibpka — 30mouiB
— bpogun — Kpemenenp — CrmaByTa — JKnuromup
— KniB — Tpuninna — c¢. Momnn (Yepxacbka
0611.) — YepniriB — Konoton — ImyxiB 3 okpeMum
excmaBoM B ropax Kpumy. Cepen 45 nmoxanbHMX
nonysuin H. cucullata, 3adikcoBanux B YkpaiHi,
IO CbOTOZIHI 36eperacs luille €AVHA MOMY/IALIA B
ypouuii bapaban no6nusy M. Kpemenens.
Karactpodiuna perpapjanis momymaninn H.
cucullata B YkpaiHi Ta 3MillleHHS JIOTO apeany 3a
Mexi Hamoi KpaiHM IOB’A3aHAa i3 BUHMIIEHHAM
COCHOBMX JICiB, [0 AKMX IPUYpPOYEHi €KOTOIHN
Bupy. Ocobnusictio exoromis H. cucullata € Ha-
ABHICTh IIIIBHOTO MOXOBOIO IIOKPUBY, 3aBJs-
KI 4oMy (POpMYyeTbCS IIACTUIKA i3 pO3KIafeHol
COCHOBOI XBOI, III0 CTBOPIOE YMOBU JJI1 PO3BUTKY
mikopusHoro rpuba Ceratorhiza goodyerae-repen-
tis. IligcTunka IpyHTY € JOCTaTHHO 3BOJIOKEHONO
Hesa/leXXHo Bif moroguux ymos. Ilpu npomy mo-
BepxHeBa KopeHeBa cuctema H. cucullata nocriitHo
3afesredyeHa BOJIOrOI Ta MIKOPU3HMMM 3B sI3Ka-
MU 3 TpuOOM, IO € HeoOXifHMM HyIs ii pO3BUTKY.
HapMipHa ekcIuryaralis jiciB IpusBena [0 pos-
PUBY LeHOTMYHUX 3B’sA3KiB H. cucullata B itoro
JIOKajIiTeTax Ta A0 MalkKe IMOBHOI eliMiHallii J10To
HonynALnin B Ykpaini. Tako)X KpUTUIHUMU [/I BU-
>KuBaHHs nony/sinin H. cucullata cramu Taki 4uH-
HUKMU, K I100anbHe MOTeIUTiHeA i KcepO(biTnsauiH,
iHBa3iA IiJ HAMET JIiCy arpeCUBHUX aJiBEHTUBHUX
BUJIiB, HaZIMipHe KOJIeKIIIOHyBaHHA i 36ip opxifeit.
Vei i dakropu CopuYMHUIN [erpajalin Micib
noumpenHs H. cucullata ta npusBenu o enimina-
uii monynAuiit Bupy. OCKiZIbKY €AYHA BiloMa B Cy-
vacHilt Ykpaini momynanisa H. cucullata B ypouni
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bapaban mo6musy KpemeHnus mnepefyBae B 0XoO-
ponHilt 30HI HanjioHasbHOro npupogHOro mapkKy
"Kpemenenpki ropu”, il 0XopoHa € 3aZOBiIbHOIO.
HeoOxifHuMM € MOCTiiiHMII MOHITOPUHT i Bupa-
JIeHHs iHBa3iliHUX BUAIB GIopH, SIKi MOXYTD 3a-
TPOXXYBaTy iCHYBAaHHIO YHiKa/JIbHOI momynAnii H.
cucullata.

Iogsaxu

BucnosnioemMo BpsAuHicTb pupexTopoBi Hario-
HaJIBHOTO IpUpofHOro napky "Kpemeneunbki ropn"
K.C.H. Muxoni IIITorpuny ta 3aBifiyBady Bifminom
ditocosonorii Kpemenerpkoro 60TaHiqYHOrO cany
K.06.H. Jliani OHYK 3a CIIpUsIHHS B IPOBEfieHHI I10-
nmpOBUX pocmimkenb. upo Basuni k.6.H. Bitamio
Tonvapenky (J/IbBiBCbKUIT HalliOHAIBHMII yHiBep-
curer im. LS. @panka), k.6.H. Onexcanppy Kyss-
piny (Hepxapumit npupopHuumii myseit HAH
Ykpainu y JIpBosi), Amici Hlyminosiit (rep6apiit
Incturyry 6oraniku im. M.I. Xonognoro HAH
Ykpainu), npodecopy Mapuiny Hobicy (Marcin

CIIMCOK ITOCUTAHb

Nobis) (Imcturyr 60Tanikm SrenoHCHKOrO yHi-
BepcuteTy B Kpakosi), nokropy Arxemmni Hikernp
(Agnieszka Nikel) (Inctutyr 60oraniku im. B. Ila-
¢depa ITAH B Kpakosi), nokropy Augpeacy bepre-
py (Andreas Berger) (BimeHcbKuit IpupogHUYMit
myseit), poktopy Hitepy Paiixy (Dieter Reich)
(Bipencpkuii yuiBepcurert), nokropy IOpato ITay-
ne (Juraj Paule) (Boraniunmit capg bepnin-Ianem
B Himewunsi), k.6.H. Apremy JleocTpiny 3a formo-
MOTY B OIpalll0BaHHi rep6apHuX 3pasKiB Ta K.0.H.
Biranmito Bipuenky (Incturyr 60Tanixm im. M.L
Xonopunoro HAH Vkpainu) 3a fornoMory y BusHa-
YeHHi MOXOIOIiOHMX.
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The range dynamics of Hemipilia cucullata (Orchidaceae) within Ukraine

V.I. MELNYK, A.R. BARANSKY
M.M. Gryshko National Botanical Garden, National Academy of Sciences of Ukraine,
1 Sadovo-Botanichna Str., Kyiv 03142, Ukraine

Abstract. Hemipilia cucullata: Orchidaceae is a rare species in the flora of Ukraine. A detailed study of its geographical distri-
bution was carried out to establish the peculiarities of the species range dynamics in the country. Over the two hundred-year
period of botanical research since 1805 till 2018, in total 45 local populations of H. cucullata have been recorded in Ukraine,
including 28 in the Ukrainian Polissya, 16 in the Forest-Steppe, and one in the Crimean Mountains. In the 19 and early 20
centuries, the species range covered the northern part of Ukraine, with a separate exclave located in Crimea. The habitats of
H. cucullata are pine forests with a moss layer. Intensive deforestation in the species habitats resulted in the destruction of
the moss and litter cover, disruption of water balance, decreased growth of the mycorrhizal fungus Ceratorhiza goodyerae-re-
pentis, and elimination of the populations of H. cucullata in Ukraine. The only locality of H. cucullata is currently known in
the Kremenets Mountains National Nature Park, which is separated from the main part of the species range by a significant
disjunction. Growth of the population of H. cucullata within the protected area is a prerequisite for its preservation. Due to
large-scale invasions of alien plants into habitats of H. cucullata, it is proposed to carry out environmental management, mo-
nitoring of the species population, and control of alien plants.

Keywords: conservation, Hemipilia cucullata, population changes, Red Data Book of Ukraine
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New nomenclatural combinations in Cleome sensu stricto (Cleomaceae)
from Eastern Europe and the Caucasus

Mykyta M. PEREGRYM 2 (2, Thor G. OLSHANSKYT 3*
! University of Oulu, P.O. Box 3000, Oulu 90014, Finland
2 Taras Shevchenko National University of Luhansk,

90 Gogol’ Str., Myrhorod 37600, Poltava Region, Ukraine

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

2 Tereshchenkivska Str., Kyiv 01601, Ukraine
* Author for correspondence: olshanskyl982@ukr.net

Abstract. The genus Cleome sensu stricto comprises ca. 22 species naturally distributed across several regions of western
Eurasia and Africa, but taxonomic uncertainty persists, particularly in Eastern Europe and the Caucasus. This study addres-
ses conflicting taxonomic viewpoints regarding several Cleome taxa, namely C. canescens, C. donetzica, C. circassica, and C.
daghestanica, which some authors consider distinct species, while others synonymize them under C. iberica or C. ornitho-
podioides. Based on morphological distinctions and geographic isolation, the recognition of these taxa as subspecies within
C. iberica is proposed. The necessary nomenclatural combinations are provided. This study contributes to standardizing the

taxonomy of Cleome s. str., offering nomenclatural options for future floristic research and plant conservation efforts.

Keywords: Cleome, endemics, plant naming, subspecies

Introduction

A recent study indicates that the genus Cleome L.
sensu stricto comprises ca. 22 species distributed
across regions from the western Mediterranean to
Central Asia, India, the Arabian Peninsula, and
northern and eastern Africa (Roalson, 2021). How-
ever, different opinions still exist regarding the
number of species and general circumscription of
Cleome (sensu lato or sensu stricto). For example,
the Plants of the World Online database (POWO,

2025-onward) accepts Cleome in a wide sense
(including Andinocleome Iltis & Cochrane, Are-
ocleome R.L. Barrett & Roalson, Arivela Raf., Co-
chranella E.M. McGinty & Roalson, Corynandra
Schrad. ex Spreng., Physostemon Mart., Podandro-
gyne Ducke, Pterocleome Iltis ex E.M. McGinty &
Roalson, etc.) and lists in this genus ca. 200 spe-
cies. Here we accept the genus Cleome as circum-
scribed by Roalson (2021).

Current and previous revisions of Cleome s. str.,
whether at the genus level or lower taxonomic
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ranks (e.g., Tzvelev, 1963, 1979, 2012; Carlstrom,
1984; Iljinska, 2014), rely predominantly on mor-
phological approaches. This has led to persistent
debate over the precise number of species within
the genus. Eastern Europe and the adjacent region
of the Caucasus exemplify this uncertainty, as many
taxa of Cleome s. str. were originally described from
this region. To date, no unified consensus exists
regarding the circumscriptions and reliable diag-
nostic characters of these taxa. If there have been
practically no discussions regarding the acceptance
of C. stevensiana Schultes, the situation is the op-
posite with other taxa of Cleome series Ornithopo-
dioides Tzvelev. For instance, Carlstrom (1984) and
Roalson (2021) synonymized several Cleome names
under C. iberica DC.,, including C. canescens Steven
ex DC., C. ornithopodioides subsp. canescens (Ste-
ven ex DC.) Tzvelev, C. ornithopodioides var. sessilis
Boiss., C. circassica Tzvelev, C. ornithopodioides f.
daghestanica Rupr., C. daghestanica (Rupr.) Tzve-
lev, C. donetzica Tzvelev, and C. ornithopodioides
subsp. donetzica (Tzvelev) Tzvelev. This taxonomic
view is currently supported by databases such as the
Plants of the World Online (https://powo.science.
kew.org/taxon/urn:Isid:ipni.org:names:147109-1,
here and below accessed 15 December 2024) and
the Euro+Med Plantbase (https://europlusmed.org/
cdm_dataportal/taxon/26f1f7cd-e27d-4832-ba8d-
75¢b2326f0fF).

In contrast, other taxonomists argue that C. ca-
nescens, C. donetzica, C. circassica, and C. daghes-
tanica should be recognized as distinct endemic
species (Tzvelev, 2012; Iljinska, 2014; Dzotsenidze,
2024). This ongoing disagreement underscores the
need for detailed molecular studies, which could
potentially resolve these taxonomic uncertainties.
Unfortunately, the ongoing Russian-Ukrainian war
and broader political instability in the region hin-
der prospects for such studies in the near future.

Our study does not aim to provide a comprehen-
sive revision of the genus Cleome s. str. in the region
concerned. Instead, we focus on standardizing the
nomenclature of taxa found within the region. This
effort holds particular importance for plant conser-
vation, because C. ornithopodioides subsp. canescens
and C. ornithopodioides subsp. donetzica are recog-
nized as rare taxa (Dubovik, Tkachenko, 1967; Per-
egrym, 2006; Didukh, Burda, 2007; Onyshchenko
et al,, 2022), and they both, as C. ornithopodioides
L. s.l,, are currently listed in the Red Data Book of
Ukraine (Ostapko et al., 2009).

Nomenclature

In this study, we mainly adopt the viewpoints of
Carlstrom (1984) and Roalson (2021), treating C.
canescens, C. donetzica, C. circassica, and C. dag-
hestanica within the widely circumscribed taxon C.
iberica, because of their strong arguments including
the differences in seed morphology among Cleome
series Ornithopodioides. However, considering the
morphological distinctions previously highligh-
ted (Tzvelev, 1963) and the geographic isolation of
these taxa, occurring, respectively, in the Donetsk
Upland (C. donetzica), the Crimean Mountains (C.
canescens), and the westernmost (C. circassica) and
eastern (C. daghestanica) parts of the Caucasus, we
propose recognizing them at the subspecies level
within C. iberica. Accordingly, we provide the ne-
cessary nomenclatural combinations below:

Cleome iberica subsp. canescens (Steven ex
DC.) Peregrym & Olshanskyi, comb. nov.

Basionym: Cleome canescens Steven ex DC.,
Prodr. 1: 241 (1824).

Type: UKRAINE, Autonomous Republic of
Crimea: In Tauria merid., 1820, Steven (lectotype,
designated here (or perhaps holotype): G00207233;
isolectotypes: H, LE) (Tzvelev, 1963; Roalson, 2021).

In formally designating the lectotype, we follow
the advice of McNeill (2014: 1113).

Homotypic synonym: Cleome ornithopodioides
subsp. canescens (Steven ex DC.) Tzvelev, FL. Ev-
ropeiskoi Chasti SSSR 4: 30 (1979).

Cleome iberica subsp. donetzica (Tzvelev)
Peregrym & Olshanskyi, comb. nov.

Basionym: Cleome donetzica Tzvelev, Bot. Mater.
Gerb. Bot. Inst. Komarova Akad. Nauk S.S.S.R. 22:
131 (1963).

Type: RUSSIAN FEDERATION [Rostov Re-
gion, near Krasnodonetskaya settlement, formerly
Ekaterininskaya]: In declivitate saxosa ad vallem
fl. Donetz. bor. prope pag. Ekaterininskaja, 21.VI
1887, D. Litwinow (holotype: LE) (Tzvelev, 1963).

Homotypic synonym: Cleome ornithopodioides
subsp. donetzica (Tzvelev) Tzvelev, Fl. Evropeiskoi
Chasti SSSR 4: 30 (1979).

Cleome iberica subsp. circassica (Tzvelev)
Olshanskyi & Peregrym, comb. et stat. nov.

Basionym: Cleome circassica Tzvelev, Bot. Mater.
Gerb. Bot. Inst. Komarova Akad. Nauk S.S.S.R. 22:
132 (1963).

Type: RUSSIAN FEDERATION [Krasnodar Krai,
near Novorossiysk]: In viciniis urb. Novorossijsk,
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07.VII 1892, V. Lipsky (holotype: LE; isotype: LE)
(Tzvelev, 1963).

Cleome iberica subsp. daghestanica (Rupr.)
Olshanskyi & Peregrym, comb. et stat. nov.

Basionym: Cleome ornithopodioides f. daghestan-
ica Rupr., Mém. Acad. Imp. Sci. Saint Pétersbourg,
Sér. 7, 15(2): 137 (1869). [https://www.biodiversi-
tylibrary.org/item/176551#page/407/mode/1up]

Type: RUSSIAN FEDERATION, Republic of
Dagestan: Caucasus orientalis, supra pag. Tindi,
07.VII 1861, E Ruprecht (lectotype or perhaps holo-
type: LE [not seen]).

Homotypic synonym: Cleome daghestanica
(Rupr.) Tzvelev, Bot. Mater. Gerb. Bot. Inst. Koma-
rova Akad. Nauk S.S.S.R. 22: 128 (1963).

Conclusion

Thus, the genus Cleome s. str. within the flora of
Eastern Europe and the Caucasus is represented by
five subspecies of C. iberica (C. iberica subsp. iberi-
ca, C. iberica subsp. canescens, C. iberica subsp. do-
netzica, C. iberica subsp. circassica, C. iberica subsp.
daghestanica) and C. stevensiana Schultes.
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HoBi HoMeHKIaTypHi KoM6iHanii B pofi Cleome sensu stricto (Cleomaceae)
3i Cxignoi €Espomm ta KaBkasy

M.M. IIEPETPUM "2, 1.T. OJIbITAHCBKU 3

! VuiBepcrer micta Oyiry, a/c 3000, Oyry 90014, ®insupin

2 JlyraHcbKuit HallioHa/bHMIT yHiBepcuTeT imeni Tapaca IlleBuenka,
By Torona 90, Mupropop 37600, ITonraBcpka 0611, Ykpaina

3 IncturyT 6otanixu im. M.I. Xonogaoro HAH Ykpainu,
By Tepemenkicbka 2, Kuis 01601, Ykpaina

Pedepart. Pig Cleome sensu stricto Bkmodae 22 Bujy, IOIIVPeHi B pisHuX perioHax €spasii Ta Adpuku. TakcoHOMIYHNUI
paHr 6araTbox i3 HUX € CIipHMM, a 0COOMMBO TAKCOHIB, sAKi omucaHi 31 CxigHoi €Bpomnn Ta KaBkasy. Y ubomMy gocmipkeHHi
posrisryto C. canescens, C. donetzica, C. circassica ta C. daghestanica. 111 TakcoHU [esiKi aBTOpY PO3ITIAAAIOTH SIK OKpeMi
BU/M, a iHm BifHOCATD 10 cuHOHIMIB C. iberica abo C. ornithopodioides. Ha ocHoBi mopdonoriuanx BigmiHHOCTEI! i reorpa-
hivHOI i3071:11i1 3aIPONOHOBAHO BM3HAHHS 1{uX TaKCoHiB migBuaamu C. iberica. BifmoBijHO, HaMu 3aIIpOIIOHOBaHI HOBi HO-
MeHK/IaTypHi kombinamii. Ile focmimKeHHs cipusie cranfaptusanii TakconoMii Cleome s. str. Ta BHOCUTb HeOOXifHY SICHICTD
1712 MOy THIX GIOPUCTUYHMX JOCTIIKEHD i 3aX0MiB 31 36epeXKeHH:A POCINH.

KmiouoBi cmoBa: Cleome, enieMiky, Ha3BU POCINH, TiABUAN
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Ilepmi BepudikoBani 3Haxigku B Ykpaini rpu6a Diaporthe caulivora
(Diaporthales, Ascomycota) — 36ygHMKa IBHIYHOTO paKy cTedna coi

Banentun A. KPACHOIITPKA * ¥, Anacracia C. 3ABOJIOTH “¥/, Onekcanap 10. AKYJIOB
XapkiBcbknil HaljioHanbHMIT yHiBepcuTeT iMeni B.H. Kapasina, kadenpa mikosnorii Ta ditoimyHnonorii,
Marinan CBo6opu 4, Xapkis 61077, YkpaiHa

*ABTOp 1A MUCTYBaHHA: krasnopirko@gmail.com

Pedepat. Cos € ofHi€ero 3 HalBaXKMBIIINX CiTbCBKOTOCTIONAPCHKIX KYNBTYP YKpaiHM, i B yMOBax BiifHM 1ytomi mif, ii mociBn
HaBiTh 36inpmmmmcs. 11a Ky/nbTypa noxoputb i3 IliBgenno-CxigHol Asii i Bupoliyerbcsa B YKpaiHi BiffHOCHO HeTpyBasuii
vac. BinpuricTs 30yHMKIB XBOPOO €OI € afBEHTUBHIMY BUIAMI, 1 JlesAKi 3 HUX IHOTPaIIu I0 Kpainy auie HewjoasHo. Ha
OCHOBIi MOJIEKY/IIPHO-T€HETUIHMX JIOCTI/PKEHb IBOX YMCTUX KY/IbTYP, i30/IbOBaHMX i3 ypa)KeHOTO HACiHHA COi, BUPOIIEHOTO
B 3axifjHux perioHax YKpainu, 6yno igeHtudikoano Diaporthe caulivora — 36ynHmKa miBHIYHOro paky crebma coi. Ile
nepura BepudikoBaHa 3Haxifika BMAY B YkpaiHi. ¥ cTaTTi ommcaHO MOPQOIOro-Ky/IbTypaabHi XapaKTepUCTUKU LIbOTO
rpuba Ta 0COOMMBOCTI J10T0 AiaTHOCTUKY Y 3pa3kax HaciHHA. OKpeMy yBary IpUAiNTeHO iCTOPUIHOMY PO3BUTKY BMBUEHHS
pony Diaporthe, mounnaroun Bix jioro Buokpemnents y XIX crt. i gotenep. [TpoaHami3oBaHO BUAOBUIT CKIak 30yIHNUKIB
domoricuo3y coi, HaBeeHO iH(OopMALIiio PO PEECTPALIiI0 OKPEMIX ITPeACTABHUKIB y EBPOIIL Ta 00rOBOPEHO MEePCIIeKTUBI
iX BUAB/IEHHA B YKpaiHi.

KnrouoBi cnoBa: Glycine max, Phomopsis, TiarHOCTMKA, KY/IbTYpH, HaCiHHEBA ingexuis, [TJIP

Mmarepiany. OpHak HajiliHa igeHTUdiKanis BUAIB,
BU3HA4YeHH: IXHbOI cybCcTpaTHOI creniamisarii Ta
HOTeHIITHOI Hebe3IeKy A/ POCIMH € CKIAJHUM

Bceryn

Diaporthe Nitschke — Benukmit pig ditorpoduux

cyMyacTux rpu6is, 10 BKI04Ya€e (iTOMATOreHHI,
eHpoQiTHi Ta canpoTpodui Buan. IlpeacraBHUKY
LbOTO POAY TPAIIAIOTbCA Ha BCiX KOHTMHEHTAX,
IpUYOMY JieAKi 3 HUX MalTh I71006anbHe IOIIN-
pennsa. Cepen Hux € 6arato 30ygHMKIB Hebes-
IEeYHNUX XBOPOO Ky/IbTYPHMUX POCINH, SKi MAalOTh
BeJIMKe TOCIOJAapCchKe 3Ha4YeHHA. Bupu popy 4va-
CTO BMABNIAITHCA IIiJi Yac aHaji3y POCIMHHOIO

3aBJaHHAM, L0 HOTpeOye BUKOPMCTAHHS KYIIb-
TYPaJbHUX I MOJIEKYIAPHO-TEHETUYHUX METOMIB
pocmimkenna (Gomes et al.,, 2013; Hongsanan et
al., 2023).

Cepen Bupis Diaporthe, 110 BUKINKAIOTbh 3aXBO-
PIOBaHHA Ci/IbCHKOTOCIIONAPCHKMX POC/INH, HAVIII-
1€ TOC/TiHKeHMMM Ha CbOTOJIHI € 36YHH]/IKI/I XBOpPO6
BUHOTpafy Ta LutpycoBux. OpgHak [ 6araTbox
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iHIMX KyIbTYpHMX pOCIuH iHopManis mpo Bu-
IOBUII CK/Iaf], reorpadivHe IMOLIMPEHHS Ta CTpaTe-
rii JKMBJIEHHS NPeICTaBHUKIB L[bOr0 pofy rpubiB
foci sammmmaerbes HepocrarHbolo (Udayanga et al.,
2015). 3oxpeMma, Lie CTOCYETbCA BUJIB, AKi BUK/IN-
KalOTh ypakeHH:A cTebern i 606iB coi (Glycine max
(L.) Merr.) — opHi€l 3 HAMOMMPEHIIINX CITBCHKO-
TOCIONAPCHKUX KYIAbTYP Y CBiTi, B TOMY YMUCHi B
VYkpaii.

[71s1 Mo3HaueHHsT XBOPOO POCIuH, 30yTHUKaMU
AKUX € rpubnu pony Diaporthe, TpaguniiiHO BUKO-
puUcTOBYIOTH TepMiH "(pomoncuposn’. Lle mos'asa-
HO 3 TUM, 11O IIPOTATOM TPUBAJIOr0 4acy I Hali-
MEHYBaHHS HECTATEBOI CTaJjii CIIOPOHOLIEHHA LUX
rpubiB BMKOpPUCTOBYBajiach pomoBa HasBa Pho-
mopsis (Levchuk et al., 2022).

Ha cporopHi Ha coi 3apeecTpoBaHo 6/113bko 20
BuziB pony Diaporthe, sixi BinpisHsioTbCs 6ioy0-
TiYHUMH B/IaCTUBOCTAMH, ITATOT€HHICTIO, 9y T/IN-
BicTIO /10 (yHTiuAHNX IpemapariB Ta iHIINUMU
BOX/IMBUMU O3HaKaMm. [lesiki 3 IUX BUJIIB MAIOTh
kapantunHe 3HaueHHs (Petrovi¢, 2012; Hossei-
ni et al.,, 2020; Hongsanan et al., 2023). OgHak B
YkpaiHi nutaHHA BupoBoro cknapy Diaporthe Ha
coi moci He 6y/0 MpegMeTOM LieCHPsIMOBAHOTO
HAyKOBOTO JOCTiJKEeHH:A. Y HayKOBili jiTepaTypi
HAMM He 3HA[eHO BiZOMOCTeil o0 Bepudiko-
BaHNX (TOOTO MiATBepIKEHUX MOJIEKY/ISIPHO-Te-
HeTWYHUM aHaIi30M) 3HaxioOK INpefcTaBHUKIB
LIbOrO pojy Ha Tepuropii Ykpainm. BitumsHani
¢itonarosnoriyni mxepena 4acTo He MICTATH iH-
¢dopmauii mpo 36ygHUKIB poMoncKuaosy coi, a B
TUX BUNAJKaX, KOIM BOHU 3rajlyl0TbCs, BU3Ha-
JeHHA IIaTOTeHiB 3a3BMYail OOMEXYETbCA PiBHEM
pory (https://www.syngenta.ua/klyuchovi-khvo-
roby-soyi-v-sezoni-2022; Kyrychenko et al., 2016;
Markov et al., 2019; Levchuk et al., 2022). Tomy
METOI0 IIPOBEICHOTO HaMU JOCTiIPKeHHs Oyyo
YTOYHEHHA BUJIOBOTO CKIajy i momupeHHA Dia-
porthe spp. Ha coi B YkpaiHi.

Marepianu Ta MeTogU

MarepianoM I HOCHiJI)K€HHA C/IyTyBalay 3pas-
KJ HaciHHsS coi, BUpPOILIEHOI B 3axigHMX obmac-
Tsax Ykpainu (IBaHo-®paHkiBcbka, JIbBiBCbKa
ta TepHominbcbka 06051.). EkcnepumeHTanbHa
yacTMHa poboTu Oyna posmouara y 2021 p. Ha
6a3i xadenpu mikosorii Ta ¢iroimynonorii Xap-
KiBCBPKOTO Hal[iOHA/IbHOTO YHIiBEpCHUTETY iMeHi
B.H. Kapasina (Zabolotnia, 2022). Bracmimox

noBHOMaciTabHoro BTOprHeHHs P® B Vkpai-
HY BCi Ky/nbTypu Oynum BTpadeHi, a ZOCTiKEHH
npusynuHeHi. ¥ 2023-2024 pp. po6oTy Branocs
BiITHOBUTM y HAyKOBO-[OCHiZHOMY Bifjii arpo-
xonpunry "Konrinenran ®@apmeps Ipyn". [Ins go-
CIIiJ)KEeHb 3aCTOCOBYBA/NINCh BereTalliliHi, Ky/lIbTy-
pasbHi Ta MOJIEKYIAPHO-T€HETUYHI METON.

Ins pesindekuii moBepxHi HaciHHA 3pasky 3a-
HypioBa/u Ha 3 XB Y 0,5%-Huil pos4MH Tiloxjo-
PUTY HaTpilo, IiC/IA 40ro TpU4i IPOMUBAIN JNC-
TUJIbOBAHOIO Bopomw. IToTiM HaciHHA poskiajgann
y crepunbHi yamky [leTpi Ha mifKucnennii kKapro-
IUIAHO-fleKcTpo3Huit arap (PDA) 3 pH 4,5. Yamxku
3 HaCiHHAM iHKyOyBa/iu B TEPMOCTATi IpU TeMIle-
parypi 25 °C, i 3 po3BUTKOM Mille/lilo NaTOTeHHUX
rpubiB jtoro mepeciBamy y 4mcTi KynpTypu. s
imenTndikanii oTpUMaHMUX KYIBTYp BUKOPUCTO-
ByBa/Iy MOJIEKYIAPHO-T€HETUIHNI aHaTIi3.

ExcrparyBanna renomuoi [JHK nposogumm
3 KyIbTyp rpmbiB 3a pgomomorow Habopy Neo-
Prep100 DNA plant reagent kit (Neogen, YkpaiHa).
Amnnigikanito ITS-periony pubocomanbroi JTHK
3[I/ICHIOBa/IM 3 BMKOPUCTAaHHAM IIap IpaiiMepiB
ITS1 (5"-CTTGGTCATTTAGAGGAAGTAA-3") ta
ITS4 (5'-CAGGAGACTTGTACACGGTCCAG-3")
(Vilgalys, Hester, 1990; White et al., 1990).

Peakuirina IIJIP-cymim (12,5 MKI) cKmagamacs
3 6,25 M1 OneTaq” Quick-Load® 2X Master Mix
(New England BioLabs), 0,25 mxn mpsmoro Ta
3BOPOTHOTO IpaiiMepis, 4,75 MKI Bogu Ta 1 MK
excrpakTy JHK. ITJIP mpoBognu B amiutidikaro-
pi Biometra thermal cycler i3 cranmapTHUMM 11
peakuiit ymoBamu (White et al., 1990). IIpopykru
ITJIP 06’eMoM 2 MKJI BidyaslisyBa/iu 3a JOIIOMOTOIO
enekrpodopesy B 1% araposHomy refi 3 gogaBaH-
Ham Tris-acetate-EDTA (TAE) 6ydepy 3 6pomuc-
M etupieM (0,1 mr/min). CekBeHYBaHHS IPOIYK-
tiB IIJIP spijicHIOBanu Ha KOMEPLIiNHII OCHOBi B
komnanii Macrogen Inc. (Higepnanmm).

Jns mepeBipKu AKOCTI XpOMaTOrpaM Ta IXHbO-
ro pepmaryBaHHsA (0Opi3aHHA HeAKICHMX IIOYar-
Ky Ta KiHL TNOCTIZOBHOCTI) BUKOPKCTOBYBAIU
nporpamy MEGA X (Kumar et al., 2018). ITomyx
CXOXXMX HYKJICOTUJIHVX IIOCTiOBHOCTEN ¥ 6a3i pa-
Hrux GenBank mpoBopum 3a ZOIIOMOroO0 aaroput-
MmiB BLAST (http://www.ncbi.nlm.nih.gov/BLAST).
Hyxneotuphi nocnigoBrocti ITS-periony puboco-
manbHoOi [THK s mocnimkeHnx Kynsryp Oyno pe-
moHOBaHO B 6asi manux GenBank (NCBI) mig pe-
ectpanirtaumy HoMepamu PQ877696 ta PQ877669

(https://www.ncbi.nlm.nih.gov).
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Pesynbratn

Y pesynbraTi IpoBefeHNX JOCIi/pKeHb HaMu O6yyo
moBefeHo, o Diaporthe sp. € CKIajOBOI0 4acTU-
HOI0 HaciHHeBoi iH(exuii coi B VYkpaini, omHax
YPa>KeHIiCTh HACiHHA M IIaTOT€HOM 3a3BMYail He
nepesuiiye 5%. Bunarkom Oyno HaciHHA BpOXalo
2022 p., Koy 4epe3 HafI/IMIIOK OMAfiB Iif 9ac Jo-
3piBaHHs coi 36ip BpoXKaio 3aTpUMaBCs MayDKe Ha
MicAnb. Y Takux BUIAJIKaX YpPaXKeHiCTb HaCiHHA
¢dhoMOoICKU030M IepeBUIYBala I'PAaHNYHO JOIy-
ctuMi 15%, gocAraroum B OKpeMUX 3paskax 27,4-
39,8%.

KinbKicHy [iaTHOCTMKY NpeACTaBHUKIB pOLY
Diaporthe 3Ha4HO yCK/IaJIHIOE HASABHICTb CYIyTHIX
HaciHHeBuX iHdekuiit. BapTo 3asnauurty, mo iHoai
Ha OJHil HacCiHMHI MOXYTb OJJHOYaCHO PO3BMBa-
TUCS KiZlbKa BUAiB rpu6iB. Hampukan, 3 HaciHHS
copry Apeca (Saatbau, 1 penponyxkuis) 6ymo Bupi-
neHo 39,8% Diaporthe spp., 38,3% Alternaria alter-
nata (Fr.) Keissl. Ta 33,0% Fusarium spp. Kpim Toro,
19,3% HaciHuH O6ynmu 3apakeHi 6akTepio3oM, a Ha
6,7% HaciHuH, He3BaXKalo4ulM Ha BUKOPUCTAHHA I10-
BepXHEBMX [e3iH(eKTaHTIB, PO3BUBAIUCS CAIIPO-
tpodHi rpubwu, taxi ax Aspergillus spp., Epicoccum
nigrum Link ta Penicillium spp. (puc. 1).

Mu migTBeppuIM miTeparypHi faHi, W0 BUAM
pony Diaporthe 3paTHi KooHi3yBaTH pisHi dacTn-
HM HAaCiHMHU — TKaHUHU 0OOJIO0HKM, ciM'Anoni Ta
HaBiThb 3apopok. IHdikoBaHe HaciHHA 3a3BUYAll
€ HEJOPO3BMHEHMM, 3i 3MOPLIEHMMM TbMAHO 3a-
6apBIeHMMM, YaCTO BJAB/ICHUMY NOKPUBAMIM, ajle
3a He3HAYHOTO ypakeHH: iHpiKyBaHHA Moxe 6yTn
6escumnromunm (Li, 2011). 3anexxHo Bif cTyme-
HSl YpaKeHHs, XBOpe HaciHHA abo He MPOPOCTAE,
abo mpopocrae nosinbHilIe i popMye aHOMaNbHI
npopocTKM (puc. 2), 3HaYHA YaCTUHA SKUX LIBUJ-
Ko rmHe. Hampuknaz, y spasky copTy Afeca, 1o
6yB HaBefeHMUIl Buile, 19,6% HaCiHUH BUSBUINCS
HEeXNUTTE3NATHUMI, a 22,5% MPOPOCTKiB 6ym/1 aHoO-
MaJIbBHMMU i HEB/IOB3i 3aTMHY/IN, 1[0 IIPU3BEIO [0
3HIVKEHHS IOIbOBOI CXO0XKOCTI 10 57,8%.

Y cepnni 2024 p. Ha okpemmx nonax Kpeme-
HelbKoro p-Hy TepHominbcbkol 061 Hamu 6yno
3adikcoBaHO IepefyacHe BcuxaHHsA col (mo 12%
pocmmH B mocisi). Ilicna posmimenns ¢parmen-
TiB iH}piKOBaHMX cTeOes Ha IOXXNMBHE CepefoBMUILle
PDA, Ha HUX MacoBO po3BUBaUCA KOJIOHII IIpes-
craBHMKa popy Diaporthe. Inentudikamis nux
KYJIBTYp Ha BUJOBOMY PiBHi Ile TpuBae. 3a3Haun-
MO, III0 Ha Ypa)KeHUX POCIMHAX He OY/I0 BUSABIEHO
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nikHig rpuba, ToMy 6e3 BMKOPMCTAHHS KY/IbTY-
PAIbHUX MeTOAiB XBOPOOYy MOXHA IOMMIKOBO
inenTndikysarn Ak ckaeporuHios. Ha maHOMy
€Talli JOCIIJPKEHD y>Ke MO)KHAa KOHCTaTyBaTy HaAB-
HicTb (hoMoncuzo3y crebna coi B 3axifHux obmac-
TAX YKpaiHM Ta JI0r0 WKiUIMBIiCTD Yy IJbOMY PETiOHi.

Ina mnpoBeeHHA MONEKYIAPHO-T€HETUYHOIO
aHayi3y Hamy Oyno BifiOpaHO ABi TUIIOBI Ky/IbTY-
pu 3 ypaxxeHoro HaciHHs: ZA4 (3i JIpBiBcbKOI 0071.)
ta Khé6 (3 TepHominbcbkoi 0671.). AHam3 mOCmifoB-
Hocteit ITS-periony pubocomanpuoi JHK Bmes-
HEHO IATBepAMB IXHIO HajmexHicts fo Diaporthe
caulivora. OTpuMaHi HYK/ICOTUAHI MOCTIZOBHOCTI
3a3HaYeHMX KY/IbTYp 3apeecTpoBaHi B 0asi ma-
Hux GenBank (NCBI) mig nHomepamn PQ877696 i
PQ877669, BimnmoBigHO.

Yucri kynprypu D. caulivora po6pe po3pusa-
I0TbCA Ha KapTOIIAHO-TEKCTpo3HoMy arapi 3 pH
5,5-6,5, ane mnA NPUTHIYEHHSA PO3BUTKY KOHKY-
PEeHTHUX rpubiB Mif Yac BUJi/IEHHS 3 XBOPOTrO Ha-
CiHHA cepenoBuIle 3akUCIITD Ao pH 4,5. Konowii
3a3BUYall IIBUIKO PO3POCTAIOTDCA, JOCATAIOUN Ji-
amerpa 5-7 cM 3a 7-10 1i6 mpum temmeparypi 25 °C.
Kynprypy MaioTh xapakTepHuiil rabiryc, mo mos-
BOJII€ IIPOBECTU IEPBUHHY ifeHTH]iKaIio rpubda
IpMHaMHI Ha piBHI popy 6e3 3amydyeHHs Hopart-
KOBIUX MeToAiB aHasnisy. Kosonii MaloTb LinbHY
KOHCUCTEHII{I0, Y MOJIOIOMY CTaHi IJIafieHbKy abo
3/IETKa 3€PHUCTY IOBEPXHIO, 3 BiKOM — BMpa3Hi
panianbHi MinemianpHi TsOKI, 3ab6apBieHHs Bif 6i-
JIOTO 10 KONMbOpy CnoHOBOI KicTku. Kpai KonoHii
piBHiI ab0 37erKa XBWIACTI, ZoOpe OKpecieHi, 3
YiTKOI0 MEXX€I0 MDK Mile/lieM i MOKUBHUM cepef-
oBuIleM. PeBepc KOMOHIl crioyaTKy CBIiT/INIA, afne B
CTapuXx Ky/IbTypax IIOCTYIIOBO HabyBae TeMHO-KO-
pu4HeBOro 3abapBiieHHA. IIpOTArOM TPUBAIOroO
Jacy Milleniii rpuba 3aaMIIa€TbCsl CTEPUIBHUM, i
NMIIE B CTapUX KYAbTYpax CIOCTEPIra€Thcs yTBO-
peHHA mikHixg (puc. 3).

O6roBopeHHsA

Kynerypha cos (Glycine max) noxopursp i3 Ilis-
meHHo-CxigHoi A3ii. CphorogHi BOHA € OJHI€0
3 HaWIOWIMPEHIMMX  Ci/IbCBKOTOCIOAAPChKUX
KyJIbTYyp Yy CBiTi, IIOCifalouyM TpeTe Micle micnA
KyKypynsu Ta nmenuni. Ilompm cBoe asiiicbke
MOXOM)KeHH:, CYyJacHi L[eHTpY BUPOILIYBAHHA COi
posTamoBaHi y BcboMmy cBiti. Haitbinpmmmu ii
Brpo6uukamu € bpasumis, Aprentuna ta CIIA,
AKi pa3oM 3abesnedynTh 6113bK0 80% CBiTOBOrO

ISSN 2415-8860. Ukrainian Botanical Journal. 2025. 82 (1)



ITepui BepudikoBani sHaxigku rpuba Diaporthe caulivora B Ypaini

Puc. 1. PosBurok Minernito rpuba Diaporthe sp. (OKpeceHO 4epBOHMM KOJIOM) IIifj dac
(iTomaTonoriYHoro aHasi3y 3paskiB HaCIHHS 3 BUKOPUCTAHHIM KapTOIUITHO-IEKCTPO3-

HOTO arapy

Fig. 1. Mycelium growth of Diaporthe sp. (outlined in red) during the phytopathological
analysis of seed samples using potato dextrose agar

BupoOHuITBa. Hait6impumM BUpPOOHUKOM COI B
€spori € Ykpaina (Hartman et al., 2011; SoyStats,
2024; FAS USDA, 2024).

Bapro 3asHaumTy, 1m0 Ha novarky XX CT. cos B
YkpaiHi 6y/1a Maii>ke HEBiTOMOIO Ky/IbTYPOIO, i il BI-
POLITYBaHHA OOMEXYBamoCs eKCIepyMeHTaTbHIMI
minaukamu. JInme B cepenyui XX CT. BOHA IToyasa
BIIPOBA/PKYBATHCS B CIIbCBKOTOCIIOfAPChKE BUPOO-
HILITBO, IIPOTE IO IIOCIBiB 3a/IMIIaNNcsA He3Had-
Humu. Ha mouarky 1990-x pp. mioma nocisis coi
B YKpaiHi craHoBuIa 61m3bko 50 THC. Ta, a BigTOfi
CTPIMKO 3pocya, focArnysin y 2022 p. 1,82 miH. ra
(Kyrychenko et al., 2016; FAS USDA, 2024).

B ymoBax BiilHM 3Ha4eHH: cOi /i1 €KOHOMIKM
VYkpainu sHauyHO 3pocno. Hespaxkaroum Ha BTpary
YaCTUHM NPUJIATHUX I TOCIIOJAPIOBAHHA 3EMeb,
IVIOLi Tif 1Li€l0 KYIbTYpol B YKpaiHi CyTTEBO
361IbIIVIIVICA, pocarnysmm y 2024 p. 2,3 MiH ra.
Take 3pocTaHHs Bifj0y/10Cs MepeBaKHO 32 PaXYHOK

CKOPOYEHHS IUIOI MifJ, KYKypYy/3010. BpoxaliHicTb
coi B YKpaiHi Bapiloe 3a/1e)KHO BiJj peTioHy Ta arpo-
TEXHIYHMX YMOB, ajlé B CEPEJHbOMY CTaHOBUTb
2,5-3 T 3 TeKTapa, TOMi AK KYKypyZA3a MOXKe [aBaTu
6mm3bko 10 T 3 rekrapa. [Ipu npomy IiHa Ha OO
6inpIn HDK BABiUi IepeBUIyeE IiHY Ha KYKYPY/A3Yy.
Kpim TOro, BupoLIyBaHHA KyKypyAsu HOTpebye
6inpINX BUTpAT Ha ii KMBJIEHHA, @ TAKOX CYLIiH-
Hs, 30epiraHHs i TpaHCIOPTYBaHH 3epHa, 1O Po-
OUTDb 4aCTKOBE 3aMillleHHA KYKYPY/3¥ CO€EI0 3aKO-
HomipHuM npouecom (FAS USDA, 2024).

B YkpaiHi cost BUpOILy€eThCs IEPEBAXKHO Y 1j€H-
Tpa/lbHUX i 3axigHux perionax. Hacuyenicts ciBo-
3MiH Ta KIIMaTM4Hi OCOONIMBOCTI LMX perioHiB
CIPUAITh PO3BUTKY 4YUC/IEHHUX 3aXBOPIOBAHD,
30KpeMa (OMOICHIO3iB, IO CIPUYMHIOTHCA
cymyacTumyu rpubamu 3 popy Diaporthe. 11i xBo-
poOM HeraTMBHO BIUIMBAIOTb Ha BPOXail COI Ta
J10TO AKICTD.
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Puc. 2. 3osHimmHiit Burag Hacinua (A-D) i mpopoctkis (B-D) coi, ypaxkeHnx ¢poMoIcnmzosom
Fig. 2. External appearance of soybean seeds (A-D) and seedlings (B-D) affected by Phomopsis blight

Puc. 3. Ynucra kynbrypa Diaporthe caulivora ZA4 Ha KapTOIIISHO-IEKCTPO3HOMY arapi depe3 12 fi6. A: OBepXHs KOJIOHII;
B: pesepc
Fig. 3. Pure culture of Diaporthe caulivora ZA4 on potato dextrose agar after 12 days. A: colony surface; B: reverse

PonoBy HasBy Diaporthe Bnepme sukopucraB  Fuckel. Opnak peranbHmit Mopdosnoriynmii ommc
JI. ®ykenb y 1867 p., pO3MICTUBIIN y IUATOMY TOMi  PORY Ta XapakTepucTuky 70 JIOro IpefcTaBHUKIB
mikonoriunnx excrkariB "Fungi Rhenani Exsiccati"  Tppoma pokamm misHinre Hazgas T. Himmke y mpy-
repbapHuit 3pa3ok HOBOTO fyis Hayku Bupy D. alnea  romy Tomi MoHorpadii "Pyrenomycetes Germanici"
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(Nitschke, 1870). ABTOp 3a3Ha4mB, L0 BUAY PORY
Diaporthe po3BUBaIOTbCS NIePEBAXKHO Y cTeO/IaX BU-
IIMX POCMH i XapaKTepU3YITHCA JBOMa TUIIAMM
CIIOPOHOIIEHHS: HECTaTeBMUM i3 IpocTuMu abo 6a-
TaTOKaMEpHVMM IiKHifaMy, 110 MIiCTATb gBa TUIN
CIIOp — OBaJIbHO-BEPETEHOMO/iOHI Ta HUTKOIIOAI0-
Hi, i CTaTe€BUM, NIPEICTABJIEHNM IIEPUTELIAMMN, 3aHY-
PEHUMM B TKaHVHU POCIMHY 200 CTpOMU, fAKi IIpo-
PUBAIOTbCS HA30BHI KOPOTKMMIY 200 TIOZOBXXEHNMI
ocrionaMu. CyMKM MiCTATb 8 CIIOP, pO3TAIIOBAHUX
B OfiuH psifi; criopu 6e36apBHi abo cmabko 3abapsie-
Hi, OBa/IbHi 200 BepeTeHONOAIOH], B 3pioMy cTaHi
CENTOBAHi, 3a3BMYail 3 2-4 BENMKUMM KpaIUIAMMU
onii; mapadism Bigcyrai (Nitschke, 1870).

Xoua 3ampomoHoBaHa T. Hiummke HasBa pomy
He € IIPIOPUTETHOIO, CaMe BiH IEPIIVM HAJIaB JI0r0
leTa/IbHy XapaKTepUCTUKY. Y 3B’A3Ky 3 LIUM, Has-
By Diaporthe Nitschke 6yno 3axkoHcepBoBaHO, i
BOHA Hapasi BBa)XKa€TbCA BiJIIPAaBHOI TOYKOI Yy
BuBYeHHI pony (Rossman et al., 2015). Ockinbkn
B OpPUTiHaJIBHIN POOOTI TMIIOBUIT BUJ POy He OYB
BUOKpeMyIeHU, ¥ 1931 p. HuM 6y10 06paHo OfHO-
rO 3 HAMMOIIVPEHINX NpefCcTaBHUKIB — Diapor-
the eres Nitschke (Clements, Shear, 1931).

IIporsarom 60 poKiB mic/IA BUOKPEM/IEHHA POLY
Diaporthe pisHi aBTOpM TpaKTyBamyu OTo MO-pi3-
HOMY, IO NPU3BENO A0 onucy mnoHapn 600 Bupis,
AKI He 3aBX[AM BifIIOBifla/lM OPUTiHAJIBHIA KOH-
peruii T. Hinmke. Ileprny pesisio pogy B 1933 p.
spificaus JI. Bemaiiep, AAkuil 3apoloOHyBaB 3a/u-
muTH B cKnafi Diaporthe s. str. muie Ti BUanM, sKi
YTBOPIOIOTD YiTKi YOPHIi 30HM Ha MeXi MiX 3/J0po-
BOIO J1 ypaKeHOI0 TKaHMHOIO POCIVMHM Ta MaloTh
IABOK/IITVHHI piBHOOIuHI cymkocnopu. Ha ocHoBi
HeperiAfly 4YUCIeHHUX repbapHux Marepiamis JI.
Bemaiiep sammumB y cknaji popy 70 BUiB, TOLI AK
6araTo paHille 3aIIpOIIOHOBAHNX Ha3B Oy/I0 3Befe-
HO jio cuHOHiMiB. KpiMm Toro, 6arato Buais, pasirie
ONMCAHMX fK NpefCTaBHUKM pory Diaporthe, 6ymn
HepeHeceHi o iHIMX pofiiB ab0 BU3HAHI CYMHIB-
Humu (Wehmeyer, 1933).

Bapro 3asHauuTH, IO NPOTATOM TPUBATIOrO
Jacy B Mikojioril Oyia mommpeHa IpaKTUKa Ha-
TaHHA OKPEMHUX DONOBMX Ha3B CTAaTe€BUMM i He-
CTaTeBMM CTaJisIM CIIOpPOHOIIEHHs rpmbiB. s
HOo3HaueHHs aHamop¢ popy Diaporthe BuKO-
pucroByBanu Ha3By Phomopsis Sacc., Ky 3ampo-
nonysas II. Cakkapgo B 1884 p. Ha mouatox XXI
cT. 6yno Bimomo 6mmspko 1000 Bupis Diaporthe
Ta IPUOIN3HO CTiIIBKM X BUAIB mif HasBowo Pho-
mopsis. I1pu nboMy gesAxi Bupm 6ymu Bigomi nuie

B aHaMOpQHiit crapii, nesaxi — B TeneomMopdHiii,
ajie YMMaso BUJIB MaM PisHi HayKOBi Ha3BU JJIA
ixHbOI cTaTeBoOi i HecTareBol Mopdu (Rossman et
al., 2016). O6upnsi pomosi Haseu Diaporthe (cra-
teBa Mopda) i Phomopsis (HecTateBa Mopda) pe-
TY/IAPHO BUKOPUCTOBYBAMUCA Mikomoramu Tta ¢i-
tomnarosnoraMu. Ilicna sanpoBagKeHHA IPUHLUITY
"Opun Bupg — opHa HasBa" (Norvell, 2011) mocTa-
710 IUTAHHA, AKY 3 JBOX Ha3B saymmuru. Y 2015
p. MixxnapojHa MiKOJIOTi4Ha aconjialisa cTBopuia
po6ody TpyIy 3 YHOpAAKYBaHHA HOMEHK/IATYpH,
B T.4. IPeJCTaBHUKIB [iamopToBuX rpubiB, sKa
3aIpOIIOHYBajla HajaTyu nepesary Hassi Diapor-
the. BigmoBizgHo, /s BCix BUAIB, sKi paHimte 6ynan
BiOMi BUKJIIOYHO Iif Has3Bolo Phomopsis, 6ymu
cTBOpeHi HOBi koMbiHauii B Mexxax popy Diapor-
the (Rossman et al., 2016).

Takox 3ayBakmmo, 1o 6inpuricte BumiB Dia-
porthe a6o Phomopsis 6yno onmcaHo Ha OCHOBI
KOMOiHaIil /BOX KpuTepiiB: yHiKajbHa POCIN-
Ha-TOCIIOJAp Ta YHiKaJabHI MikpoMopgoyoriuHi
ocobmuBocTi. OTHAK OCTaHHI MOJIEKY/IAPHO-TeHe-
TUYHI JOCTIJPKEHHSA II0Ka3a, 110 B MeXaxX POy
ICHYIOTh K Jy>Ke CIelia/ni3oBaHi BUAM, TaK i Ti,
10 MalOThb IMIMPOKMII CIeKTp rocnogapis. Craryc
6aratpbox BUpiB Diaporthe, siki Oynu BUOKpeMiIe-
Hi Ha OCHOBI cy6CTpaTHo'1' crieniasmisanii, miciasa
MOJTIaTKOBUX F'eHeTUYHUX AOCTI/KeHb He 6yB mifi-
TBep/pKeHNit. BogHovac ummano MopdosnoriqHo
NONiOHMX BUAIB BUABWINCA TE€HETUYHO BigMiH-
HuMu (Dissanayake et al, 2017; Dangal, 2022).
Hapasi mepexoHIMBO [OBefeHO, 110 Oi/MbIIiCTh
BuziB Diaporthe HeMOXXIUMBO BIIeBHEHO ifeHTHDi-
KyBaTy 0e3 aHasIi3y IIOCIiOBHOCTEI HYKICOTU iB
y MapkepHux reHax. IlapagokcanbHo, ane HaBiTh
30yJHMKIB 3aXBOPIOBaHb MOIIVPEHNUX CilbCbKO-
TOCHOJAPCHKMX POC/INMH YacTO He BJJAETHCA TOYHO
imenTHdiKyBaTH NMUIIE Ha 0OCHOBI MOp(dOIOriyHNX
osHak (Udayanga et al., 2012, 2015).

Il nepBuHHOI ifenTndikanii 6inbmocTi npen-
CTaBHUKIB pOJy 3asBM4all [IOCTaTHbO aHali3y
HyxneotusiiB ITS-periony p/IJHK. Opnak misa pe-
KOHCTPYKIii ¢inoreHii Ta posmisHaBaHHs CIOPif-
HEHMX BUJIIB JOLIIBHO IIPOBOAUTY MY/IbTUTE€HHUIA
aHaris i3 3anyuyenHawm renis TEF (translation elon-
gation factor 1-a), TUB (B-tubulin), CAL (calmo-
dulin) Ta HIS (histone) (Gomes et al., 2013; Gao et
al., 2017; Norphanphoun, 2022). ¥ 2024 p. meTonu
MmynbrureHHoi ¢inorenii GCPSR 6ynu sactocoBaHi
[t gocmimkenHs 82 isonstiB Diaporthe 3 Kuraro.
Y pesynbraTi pig 6yB pospimeHuit Ha ciM cekIil,
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npy 1boMy 6y/In 3anponoHoBaHi Mexi A 13 Bu-
miB i 15 xomruiekciB BupiB. Hapasi Hait6inpummMu
3a KiZIbKiCTIO BiloMUX BUAIB € cexuii Sojae Ta Foe-
niculina (Dissanayake et al., 2024).

Pin Diaporthe MiCTUTD Ki/lbKa €KOHOMIYHO BaXK-
JIMBJYIX IATOT€HIB COI, AKi BUK/IMKAIOTh 3arHMBAHHA
6006iB 1 HaCiHHsI, @ TAKOXK THUJIb Ta PaK crebert, 1o
HIpU3BOJATD IO 3HAYHMX BTPAT BPOXKAIO AK Y Ki/lb-
KiCHOMY, TaK i B IKICHOMY BiHOIlIeHHi. 3aTHMBaH-
Hs HacinHs (Phomopsis seed decay, PSD) € opniero
3 HalOiNbLI IWIKiIMBMUX XBOPOO coi. 3a yMOB Te-
17101 Ta BOJIOroi morou GOMOIICHUIO3M COi MOXKYTh
cipuuuHUTH BTpati Bpoxkaio g0 40% (Li, Chen,
2013; Rossman et al., 2015).

Y 1920 p. amepukaHcbki ¢iTonatonoru @. Bonpd
i C. JlemaH BHeplie NMOBiOMMUIN PO IIAMUCTICTD
creber i 606iB col, BUK/IMKaHy HEeBU3HAYEHNM BU-
moM pogpy Phoma. Y 1922 p. C. Jleman omnucas 1ieit
BUJ 1ij Ha3Bowo Phomopsis sojae Lehman, a y 1923
p. mepeomucas sk Diaporthe sojae Lehman. ITig
vac pesisii JI. Bemaiiep nmonusus cratyc D. sojae o
piBHs pisHOBMAY i 3amporoHyBaB KoMbiHanjio D.
phaseolorum var. sojae (Lehman) Wehm. (Hobbs et
al., 1985). OgHak, Ha CbOTOMHI 1€l TAKCOH 3HOBY
PO3IAfAIOTh K BUJ Iif HasBoio Diaporthe sojae
Lehman (https://www.mycobank.org, accessed Au-
gust 30, 2024). ¥V 1954 p. K. Eroy ta P. Kongyenn
mocmimKyBanu pak creben coi Ha miBHoui CIIA i
BU3HAYIIN 30yIHIKA XBOPOOU AK HOBUIT PiSHOBMT
— D. phaseolorum var. caulivora Athow & Caldwell.
(Hobbs et al., 1985). Y 2011 p. 11eit TAKCOH OTPUMAB
craTyc camocriitHoro Buny — Diaporthe caulivora
(Athow & Caldwell) J.M. Santos, Vrandecic & A.
J.L. Phillips (https://www.mycobank.org, accessed
August 30, 2024). ¥ 1974 p. K. KmeTn 3i criBaBTO-
pamu Bupimumm isonAar Phomopsis i3 HaciHHA coi,
SIKUIT MOPQOIOTiYHO Ta MATOTeHeTMYIHO Bifpi3-
HABCA Bif D. phaseolorum var. sojae Ta var. caulivo-
ra. el i307AT BUABIAB BUCOKY arpecUBHICTb 1O
IIPOPOCTKIB, IO MPU3BOAWIO O IXHBOI LIBMAKOI
sarmbeni micna mrydHoi iHOKymALii. Y 1985 p. T.
X066c 3i cmiBaBTOpaMu 3aIrpoIOHYBaB /IS 1[bO-
ro rpuba HasBy Phomopsis longicolla Hobbs, sxuii
Hapasi Bigomuit sik Diaporthe longicolla (Hobbs)
J.M. Santos, Vrandec¢i¢ & A.J.L. Phillips (Hobbs et
al., 1985; https://www.mycobank.org, accessed Au-
gust 30, 2024). BapTo 3asHaunTy, 1O BCi TpM 3ra-
maHi Buie Buay Oymu onmcadi 3 teputopii CHIA,
ajie 3rOJOM iX BUABWM/IN 11 B iHIIMX PETiOHAX, 30Kpe-
Ma B €spormi (Petrovi¢ et al., 2018; Hosseini et al.,
2020). Taxox 6y710 BCTAHOBJIEHO, 110 Iii BUY He €
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Xa3sAIH-CneniyHNMy apasuTaMy, aje ixHs B3a-
€MOJis 3 Pi3HMMU POCIMHAMU MOXe CYTTEBO Bifi-
pisustucsa. Hanpuknag, D. caulivora Mmo>kxHa Bupi-
UTK 31 cTeOen COHSIIHNKA, ale BiH PO3BUBAETHCS
B HJIX IIepeBaXHO AK eHpo¢it (Dangal, 2022).

Harirmm6ini - mocnmipkenns  pisHomanittss  Dia-
porthe Ha coi B €BpOII IPOBOANINCS Ha TePUTOPIi
komumHboi IOrocmasii. ¥ 1980 p. Tam ynepiue 3a
mexxamu ITiBHigHOT AMepuky 6yB BUABJIEHUIT PO3-
BUTOK IiBHIYHOTO paKy cre6ma coi. Cro4aTKy XBoO-
poOy HasBamM YOPHOK IUIAMMUCTICTIO cTebma coi, a
HisHillle 3a CYMITOMAaMJ YpaKeHHS Ta MOpQoo-
TiYHMMM 0COONMMBOCTAMM CIIOPOHOLICHHS 30y/JHIKA
imentudikysanu sk D. caulivora (Jasnié, Vidi¢, 1981,
1983). 3 rteputopii Cepbii Ta Xopsarii, 3aBaskn
BUKOPUCTAHHIO MOJIEKY/ISIPHO-T€HETHYHIX MapKe-
piB, OyJ10 MiATBEP/KEHO HAABHICTb Y €BpoOII TPhOX
"amepukaHcbkux' Bupis: D. caulivora, D. longicolla
i D. sojae (Santos et al., 2011; Vidi¢ et al,, 2011). ¥
2011 p. sBigTV OmMCany HOBMII I HAYKU BUJ I1a-
toreHHoro rpu6a D. novem J.M. Santos, Vrandeci¢
& A.]J.L. Phillips, Binomuit Takox sk D. pseudolongi-
colla K. Petrovi¢, L. Riccioni & M. Vidi¢ (Santos et
al,, 2011; Petrovi¢ et al., 2018). Kinpka pokiB 1o Tomy
Oyn0 BHeplle BCTAHOBJIEHO, [0 XBOPOOU HACiHHA
coi MO>KYTb CIIPMYVMHATH i IPECTABHUKN KOMIIIEK-
cy BupiB D. eres (Petrovic et al., 2015).

HemopaBHe pgocnimxennsa 32 isonAtiB Diapor-
the, BUiNeHNX i3 ypa>keHOro HaciHHA coi HiMellb-
KUMJ BYEHVMY, JO3BOMWIO ifeHTUdIKyBaT! Yo-
tupu Bupu: D. caulivora, D. eres, D. longicolla ta D.
novem, MpU4IOMy Haitdactime tpamnascs D. longi-
colla (Hosseini et al., 2020).

Ha ocHOBI niTepaTypHMX JaHMX HABOAVMO y3a-
rajibHeHy iHdopMaliio Ipo mifTBepyKeHi 3Haxif-
KI HeOesIe4Hux BupiB popy Diaporthe Ha coi B
€spomi: D. caulivora (ABctpis, Itanis, Monnosa,
Cepbist, Xopsartisi), D. eres (ABcrpis, Cepb6ist), D.
longicolla (ABctpis, Ipenis, Himeuunna, Cep6is,
Xopsarist), D. novem (ABctpis, Icmanis, Itanmis,
[Mopryranis, Pymynis, Cep6is, ®@pannis) ta D. so-
jae (Itanmis, Cepb6ist, Yropinuna, ®pannis). Bapro
3a3HAYUTH, 110 3a HOOAVHOKVIMY 3HaXifIkaMu B €B-
pomi Ha coi Takox Bifomi D. citri (H.S. Fawc.) EA.
Wolf, D. endophytica R.R. Gomes, Glienke & Crous,
D. foeniculina (Sacc.) Udayanga & Castl., D. inferti-
lis Guarnaccia & Crous, D. lusitanicae A.].L. Phillips
& J.M. Santos, D. masirevicii R.G. Shivas, L. Morin,
S.M. Thomps. & Y.P. Tan, D. melonis Beraha & M.].
O’Brien, D. neotheicola, D. rudis (Fr.) Nitschke,
D. sparsa Niessl, D. ueckeri Udayanga & Castl. Ta D.
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ITepui BepudikoBani sHaxigku rpuba Diaporthe caulivora B Ypaini

viticola Nitschke. OgHak OKM HEMAE MifCTaB BBa-
XKaTy iX moumypeHnMy i HebesmneuHNMN 30yHMKA-
My xBopoO 11iei kynprypu (Petrovié, 2012; Hongsa-
nan et al., 2023).

Y kpainax A¢puky, IliBgeHHol AMepuxu Ta
Asii Bigomi iHmIi HeOesmeuyHi IapasuTu coi, TaKi
sk Diaporthe aspalathi E. Jansen, Castl. & Crous (=
D. phaseolorum var. meridionalis F.A. Fernandez).
B Ascrpaii 6y omucanuit D. gulyae R.G. Shivas,
S.M. Thomps. & A.]. Young, skuii misHille BuABuU-
i Ha tepurtopii Knuraro (Hongsanan et al., 2023).
AJte OCKinbKM KOJIeH i3 X BUJIIB MOKM HE BUSB-
JIeHuit Ha TepuTopii EBpomN, M1 He IPULINAEMO IM
0co0/IMBOI yBary y Hauiii cTaTTi.

B Vkpaini s6ygankn domoncunosy coi Diapor-
the caulivora Ta D. phaseolorum var. sojae 5o HepaB-
HBOTO YacCy BXOJWIN JIO TIepeyliKy HeOe3neyHnX Ka-
paHTMHHUX 00'exTiB. OgHak y 2023 p. KapaHTUHHI
BYMOTHU IIOJIO IIUX BUiB 6ym/[ [OM sIKIIIeH], i Terep
TOIIYCKAETbCA MAKCUMA/IbHUIL PiBEHb 3apakeH-
Hs1 HaciHHA LuMu 30ygHMKaMu 1o 15%. BogHouac
BapTO 3a3HAYUTH, 1[0 KpUTepii imeHTndiKaLil 1{ux
BUMIB, a TAaKOX iHQopMalis mpo iXHe BUSBIICH-
HA B YKpaiHi B odiniliHux mokyMmeHrax [lepkas-
HOI C/Ty>KOU 3 KApaHTUHY POC/IUH He HaBeneHi (Me-
todychni vymohy..., 2023).

BucHoBkn

Cos Bifirpae crpareriyay posnb B €KOHOMili YKpa-
iHM, a B yMOBax Bi/IHM ii 3HA4YeHHA IIe 6inpie
3pocrae. PoMonCUmo3n Coi € MOIMPEHOK Ta He-
6e311eYHOI0 IPYIIOI0 XBOPOO, 30yIHMKAMM SIKMX MO-
KyTb 6yTu pisHi Bumy pogny Diaporthe. 3a pe3yib-
TaTaMJ aHali3y JiTepaTypHUX JpKepel Hamu OyIo

CIIMCOK ITOCUTAHb

YKIaIEHO CINCOK BUJIB, 3apEECTPOBAHUX Ha LIill
Ky/IbTYypl B KpalHaX 3 IOMIpPHMM K/IiMaTOM, KU
HapaxoBye Maibke 20 BupiB; 3 HUX y €spomi odi-
LiliHO BU3HaHI ciM. B YkpaiHi nuTaHHA BUIOBOTO
cxiaany Diaporthe Ha coi foci He 6y/10 IpeaMeTOM
1i/IeCIPAMOBAaHMX HAYKOBMX JOCTi/KEHb, a 3Ha-
4yeHHs (OMOICUAIO3IB SIK 30YQHMKIB XBOPOO Ijiel
KYJIBTYPU 3a/IMIIAETHCA 3HAYHO HEJOOIIHEHUM.

3aBJAKM 3aCTOCYBAHHIO KY/IbTYPaIbHUX i Mo-
JIEKY/IAPHO-TEHETUYHUX METOfiB, Ha KYIbTypax
rpuba 3i JIpBiBcbKOI Ta TepHoIiNbChKOI 0OIacTEI!
HaMM BHeplle B YKpaiHi Oy/0 3aOKyMEHTOBaHO
HasaBHicTb BuAy Diaporthe caulivora — 36ymHnka
niBHiYHOrO paxy crebnma coi. Hapasi oTpumanux
[NaHMX HEOCTATHBO /IS TOro, I[0O poOuTm BU-
CHOBKM IIPO BUJOBUII CK/IAf 1 IOIIMPEHHA BUMIB
pony Diaporthe na HaciHHi col y 3aXifHUX perioHax
Ykpainn. IIpore, 1ie nepie 3aJlOKyMeHTOBaHe II0-
BiIJOMJIEHHA NIPO BUABJIEHHA 36y,z[HI/H<a MiBHIYHOTO
paKy coi B YKpaiHi.

BpaxoByoun BOCBif iHIINX €BPOIENCHKIX KpaiH,
MO>KHa O4iKyBaTJ Ha 3Ha4HO Oijblie pisHOMaHITTA
30ymHUKIB Pomorcnpnosis coi B Ykpaini. Tomy npo-
TOBXXEHHA JJOCMI/PKEHD Y IIbOMY HAIIPAMKY 3a/IMI1Ia-
€TbCs AKTYaTIbHUM HayKOBUM 3aBJaHHAM.

JOTPMMAHHA ETUYHVX HOPM

ABTOpM NOBiIOM/IAIOTH HPO  BifICYyTHICTDH 6y,ub—ﬂKoro
KOHQJIKTY iHTepeciB.
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First verified records in Ukraine of Diaporthe caulivora (Diaporthales, Ascomycota),
a causal agent of northern stem canker of soybean

V.A. KRASNOPIRKA, A.S. ZABOLOTNIA, O.Yu. AKULOV
V.N. Karazin Kharkiv National University, Department of Mycology and Plant Resistance,
Svobody Square 4, Kharkiv 61077, Ukraine

Abstract. Soybean is one of the most important crops in Ukraine, and the area planted with this crop has increased since
the beginning of the full-scale war. Originated in Southeast Asia, soybean is cultivated in Ukraine for a relatively short time.
Most pathogens affecting soybeans here are alien species, with some of them recently introduced to the country. Based on
molecular studies of two pure cultures isolated from the infected soybean seeds grown in the western regions of Ukraine,
we identified Diaporthe caulivora causing northern stem canker in soybeans. This is the first verified record of the species in
Ukraine. This article provides morphological and cultural characteristics of the fungus, along with the diagnostic methods
for detection of the disease in seed samples. Special attention is paid to a brief history of studies of the genus Diaporthe since
its description in the 19 century until present. The species composition of the Diaporthe pathogens of soybeans is analyzed,
with information on the reports of certain species in Europe which may occur in Ukraine.
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Abstract. Subclass Caryophyllidae is a paraphyletic group among the clade of superasterids; its taxonomic circumscription
has undergone major changes due to molecular phylogenetic results. The present study is aimed at analyzing the available
information on the morphological diversity of fruits and the gynoecium structure in representatives of this subclass in the
Ukrainian flora. Three basic fruit types are recognized in Caryophyllidae: capsular, berry-like, and one-seeded fruits. In the
annotated list of morphological fruit types, the characteristics and morphological diversity of fruits according to different
sources are reported for each family. The occurrence of apocarpous fruits, inferior fruits, and placentation types are analyzed,
as also the functional types of fruits adapted to autochory, ballistochory, anemochory, and ornithochory. The carpological
spectrum of basic fruit types at the levels of family, genus, and species demonstrates the widespread occurrence of capsular
and one-seeded fruits (with a slighlt predominance of one-seeded fruits at the species level), while only four species have
berry-like fruits.

Keywords: Caryophyllales, circumscissile capsule, free-central placentation, gynoecium, morphology, one-seeded fruit,
superior ovary, Santalales

Introduction

The changing view in angiosperm systematics from
the evolutionary-taxonomic to the molecular-phylo-
genetic paradigm caused several large-scale changes
in the circumscription and taxonomic composition
of the order Caryophyllales Juss. ex Bercht. & J. Presl
(Walker et al., 2018; Yao et al., 2019; Morales-Briones
et al,, 2021). First, evolutionary relationships of fami-
lies were revisited; as a result, the view on the ances-
tral group was re-evaluated. Second, a considerable

expansion of the order was caused by the inclusion of
the dialypetalae carnivorous plants, which resulted in
the concept of the expanded Caryophyllales (Cuéno-
ud, 2003; Walker et al., 2018). The third novelty is the
shift of the order position from the basal-middle pla-
ce among dicots (see Eckardt, 1976; Cronquist, 1981;
Takhtajan, 2009) to the superasterid clade, close to
the true asterids (APG IV, 2016). The close relation-
ships of Caryophyllales with the small (in terms of
the number of taxa included) order Berberidopsidales
Doweld have been also supposed (Zeng et al., 2017).
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Morphological and taxonomic overview of fruits in representatives of subclass Caryophyllidae

Currently, the order Caryophyllales is composed
of core Caryophyllales (former Centrospermae)
and non-core Caryophyllales; the latter group is
subdivided into the carnivorous clade (Drosera-
ceae Salisb., Nepenthaceae Dumort, Drosophyl-
laceae Chrtek & al., Ancistrocladaceae Planch. ex
Walp., and Dioncophyllaceae Airy Shaw) and the
FTPP clade (Frankeniaceae Desv., Tamaricaceae
Link, Plumbaginaceae Juss., and Polygonaceae Juss.)
(Walker et al., 2018; Yao et al., 2019). Core Caryo-
phyllales are supposed to evolve in arid or semi-arid
environments, thus obtaining common adaptations,
such as often succulent leaves or stems, and salini-
ty resistance (Cuénoud, 2003). Three synapomor-
phies were recognized for the core Caryophyllales,
which refer to the reproductive features, namely,
their free-central placentation, campylotropous
ovule, and the perisperm in a seed (Eckardt, 1976;
Bittrich, 1993a; Ronse De Craene, 2013). Other
synapomorphies are betalaine pigments instead of
anthocyanins, P3-type plastides in sieve elements,
and the bound ferulic acid in unlignified cell walls
(Eckardt, 1976; Cuénoud, 2003).

The paraphyletic group of superasterids, before
branching out the asterids, comprises orders Caryo-
phyllales, Santalales R. Br. ex Bercht. & J. Presl, and
Berberidopsidales (APG IV, 2016). Currently, in the
world flora, Caryophyllales contains 37 families, 749
genera, and 11620 species, while Santalales embraces
14 families, 151 genera, and 1992 species, and Ber-
beridopsidales embraces 2 families, 3 genera, and 4
species, according to Stevens (2001). It looks like the
orders Caryophyllales, Santalales, and Berberidop-
sidales have never been considered as closely related
taxa before molecular phylogenetic studies (Takhta-
jan, 2009), as also the clades of core and non-core
Caryophyllales (Cuénoud, 2003). Hence, the mor-
phological diversity of floral parts and fruits has not
been analyzed in detail for this set of taxa as a whole.

In the pragmatic system of angiosperms pro-
posed for the flora of Ukraine (Mosyakin, 2013), this
paraphyletic group is treated as subclassis Caryo-
phyllidae Takht. According to Mosyakin (2013),
subclass Caryophyllidae in the flora of Ukraine
embraces 18 families, which totally cover 103 gen-
era and approximately 520 species (Mosyakin, Fe-
doronchuk, 1999); however, the number of spe-
cies-rank taxa is possibly overestimated and will be
reduced in the forthcoming list (Mosyakin, person-
al communication). Most of the included families
belong to the order Caryophyllales, and two families

belong to the order Santalales, namely, Santalaceae
R. Br. and Loranthaceae Juss. The order Berberidop-
sidales is not represented in the Ukrainian flora. Six
families are represented only by one to a few species
that are cultivated or sometimes escaped (Aizoaceae
Martinov, Basellaceae Raf., Cactaceae Juss., Nyctagi-
naceae Juss., Phytolaccaceae R. Br., Plumbaginaceae
Juss. s. str.), some taxa are naturalized: e.g., Mirabi-
lis nyctaginea (Michx.) MacMill. (Oxybaphus nycta-
gineus (Michx.) Sweet) of Nyctaginaceae, some spe-
cies of Opuntia Mill. (Cactaceae).

The updated family composition and new place-
ment of the Caryophyllidae among eudicots invoke
the re-evaluation of the phenotypic features of the
group in a new taxonomic context. The objective of
this study is to analyze the morphological diversity
of fruits in Caryophyllidae in the framework of the
local taxonomic composition revealed in the flo-
ra of Ukraine. In the order Caryophyllales, various
fruit types were earlier described: capsular fruits,
achenes, berries, drupes, and nuts. Dry fruits more
likely belong to the ancestral fruit type among core
Caryophyllales, many representatives of which are
adapted to arid environmental conditions (Bittrich,
1993a). Capsular fruits with loculicidal, septicid-
al, and circumscissile dehiscence predominate for
basal representatives of the order, while dry inde-
hiscent fruits appear in taxa with a reduced ovule
number. Berries and drupes are found to be rare.
No quantitative treatment of the occurrence of fruit
types according to the common approach has been
made so far.

Materials and methods

Descriptive and morphogenetic characteristics
of fruits of the representatives of Caryophyllidae
occurring in Ukraine were referred from Kaden
(1965), Roth (1977), Spjut (1994), Takhtajan (2009),
and other sources. The information on the gynoeci-
um structure (carpel and ovule number, placenta-
tion) was obtained from Eichler (1875, 1878), Takh-
tajan (2009), as also from the treatments of families
in The Families and Genera of Vascular Plants, Vo-
lumes 2, 5, and 12 edited by K. Kubitzki et al. (see
Results for specific citations). Three basic fruit ty-
pes were recognized for the Caryophyllidae of the
flora of Ukraine, comparable with those recognized
for the monocots (Odintsova et al., 2022) and ro-
sids (Odintsova, 2023a). Fruit coverings (envelo-
ped or covered) are described in the second article
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mentioned above. These basic fruit types are outli-
ned below.

Capsule — dry dehiscent fruit composed of unit-
ed carpels. In Caryophyllidae, superior or semi-in-
ferior, mostly multi-seeded capsules with various
dehiscence modes occur. In many species of Ama-
ranthus L., the capsule is few- to one-seeded, called
"utricle" (Ukr. mimeuok) and it transforms into in-
dehiscent one-seeded fruit in the other species. Cap-
sules are paracarpous, lysicarpous, or of combined
types (syncarpous multilocular at the base and lysi-
carpous or paracarpous unilocular above). Placen-
tation is axile (at the base), parietal, or free-central
(above).

Berry — totally fleshy indehiscent fruit. The
studied representatives of Caryophyllidae possess
oligomerous and polymerous, superior and inferi-
or berries (uva and bacca, correspondingly), com-
posed of united carpels or partially united carpels
(Phytolacca acinosa Roxb.), with axile, parietal or
combined placentation, with many to one ovule
per carpel.

One-seeded fruit — monomerous, oligomerous
or pseudomonomerous indehiscent fruit contain-
ing typically one seed and dispersed as a dissem-
inule or as a multiple fruit in the dense infructes-
cence. Most fruits of this category are called nut
or nut-like (utricle) fruits. We excluded from this
category one-seeded capsular fruits of many spe-
cies of Amaranthus, because in that case, a disse-
minule is a naked seed fallen out from the fruit. In
Caryophyllidae of the flora of Ukraine, one-seeded
fruits mostly develop from the uni-ovulate uni-
locular ovary, composed of 2-3(5) united carpels,
with the basal placenta. Only in Nyctaginaceae the
gynoecium is described as monocarpellate and
apocarpous.

In the annotated list of morphological fruit
types, we reported for each family the approximate
number of representatives occurring in the flora of
Ukraine (with genera and species numbers indicat-
ed). The numbers of taxa were referred from Mo-
syakin and Fedoronchuk (1999) (where it was not
mentioned) and other mentioned sources. Culti-
vated or escaped taxa were marked with an asterisk
(*). Families are recognized according to Mosyak-
in (2013) and listed in alphabetical order, grouped
in the orders Caryophyllales and Santalales. Then,
we counted families, genera and species that pos-
sess each basic fruit type and created a carpological
spectrum for each taxonomic level.

62

Results

Order CARYOPHYLLALES

*Aizoaceae Martinov (Mesembryanthemum xvas-
cosilvae (Gideon E. Sm., E. Laguna, E. Verloove &
PP. Ferrer) Sdez & Aymerich [=M. cordifolium L.
f. x M. haeckelianum A. Berger; Aptenia xvasco-
silvae Gideon E. Sm., E. Laguna, E. Verloove & P.P.
Ferrer]) (Mosyakin, Mosyakin, 2021). The fruit is a
loculicidal hygrochastic capsule as in most Mesem-
bryanthemoideae Thlenfeldt, Schwantes, Straka; it is
pentalocular in Mesembryanthemum L. and tetra-
locular in Aptenia N.E. Br. s. str. (now often inclu-
ded in Mesembryanthemum s. 1.) (Hartmann, 1993;
Spjut, 1994). Sometimes in Mesembryanthemum re-
lated species, false septas growing from the midribs
of the carpels; the fruit is designated as loculicidal
schizocarpous capsule, with several fruitlets which
are formed by splitting of false septas, so each fru-
itlet is composed of two halves of neihboring car-
pels (Roth, 1977). The ovary is inferior, with carpels
partly sunken into the cup-like receptacle; columel-
la composed of conical axis covered with ascidiate
parts of carpels (Roth, 1977). In Aizoaceae (as also in
Cactaceae), the conical floral axis is extremely sun-
ken (invaginates) during flower development and
causes a shift of the placentas from the axile into
basal and basal-laminar position. The other result
is a shift from the superior ovary into the inferior
or semi-inferior ovary (Leins, Erbar, 2010). The su-
perior part of the ovary dehisces with valves when
moistened (Eichler, 1878).

Amaranthaceae Juss. s. str. (3/20) — utricle ly-
sicarpous, di- or tri-merous, enveloped (Kaden,
1965). The ovary is superior, unilocular, with 2-3
stigmas, ovule mostly solitary, paired or numerous,
placentation basal; the fruit is designated as dry thin-
walled irregularly rupturing capsule (Townsend,
1993). The fruit features two bracteoles and a bract
(Eichler, 1878).

A. The fruit is entitled a pyxidium-like utricle
(Ukr. xprHouKomoniOHMIt Miledok) in most Ama-
ranthus species; irregularly and circumscissile de-
hiscence of fruits occur (Kaden, 1965; Costea et al.,
2001; Oyama et al., 2010). Spjut (1994) defined the
fruit in most Amaranthus species as a pyxidium,
while in A. viridis L. as an utricle — a small blad-
derlike fruit with one seed, thin fruit wall, dehiscent
or indehiscent (Spjut, 1994: 121). In Celosia L., the
fruit is circumscissile dehiscent, and has two or sev-
eral seeds (Townsend, 1993). In Celosia argentea L.
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(=C. cristata L.) the ovary is tricarpellate, ovules are
numerous on basal-central placenta (Eichler, 1878).
In Gomphrena globosa L., the ovary is dimerous
(Eichler, 1878). In Gomphrena L., ovules are solitary
and basal (Takhtajan, 2009).

B. Indehiscent or irregularly dehiscent fruit — in
Amaranthus blitum L. and some other taxa of Ama-
ranthus.

*Basellaceae Raf. (Anredera cordifolia (Ten.)
Steenis). The fruit is an indehiscent, thin-walled
nutlet, surrounded by two persistent winged sepals,
sometimes they are considered as winged persis-
tent bracteoles (Sperling, Bittrich, 1993; Takhta-
jan, 2009). Fruit is a diclesium — dry or fleshy
one-seeded fruit covered or enveloped by fruiting
perianthium (Spjut, 1994). Carpels three, ovary
superior, unilocular; ovule solitary, basal (Eichler,
1878). Ovule is considered to be cauline in Basella
alba L. (incl. B. rubra L.) (Sattler, Lacroix, 1988) or,
alternatively, of carpellary origin (Sperling, Bittrich,
1993).

*Cactaceae Juss. (Opuntia humifusa Raf.; several
other species are also reported as locally escaped).
The fruit is an inferior unilocular multi-seeded con-
spicuous berry, composed of three or more carpels.
Seeds are embedded in a fleshy pulp; the ovary is
surrounded by pericarpel — a stem tissue enclosing
the carpels; placentas are formed separately from
the septa and alternating with them (hypanthial
placentation) (Barthlott, Hunt, 1993). Pericarpel
has no homologs in other taxa of Caryophyllales, it
is evidence for the receptacular origin of the infe-
rior ovary wall (Rosas-Reinhold et al., 2021). The
fruit is an arcosarcum — indehiscent fruit with
an undifferentiated fruit wall surrounded with an
accrescent fleshy exocarp derived from perianthi-
um or receptacle, synonim to inferior berry (Spjut,
1994). Placentas are basal-laminar, very flat, and
broadened; see Aizoaceae (Leins, Erbar, 2010).

Caryophyllaceae Juss. (We accepted 46/209
taxa from the list of 49/231 taxa according to Fe-
doronchuk (2023), with the exclusion of 18 sub-
species and taxa which need confirmation). Fruits
are a capsule (mostly with loculicidal and/or sep-
ticidal dehiscence), berry, dry nutlet, or achene
(Bittrich, 1993b). The ovary is superior (weaky in-
terior in Paronychia Mill.), sometimes on a short
gynophore (anthophore) (Bittrich, 1993b). Accord-
ing to Eichler (1878), isomerous 5-merous (ex-
ceptional 4-merous) gynoecium with episepalous
carpels appears in Arenaria L., and other Alsineae

DC., Cerastium L., Coronaria Guett. (often includ-
ed in Silene L. s. 1; see also taxa mentioned below),
Lychnis L. (Silene s. 1.), Melandrium Roehl. (Silene
s. 1.), Silene p. p., and Viscaria Bernh. Carpels are
epipetalous in Agrostemma L. and Spergula L. with
a 5-merous gynoecium, and in Sagina L., Spergella
Rchb. (Sagina s. 1.) with a 4-merous gynoecium.
Gynoecium is trimerous in Alsine L. (Stellaria s.
1.), Arenaria, Corrigiola L., Cucubalus L. (Silene s.
1.), Heliosperma (Rchb.) Rchb., Holosteum umbella-
tum L., Moehringia L., Silene s. str. (most species),
Spergularia (Pers.) J. Presl & C. Presl, and Stellar-
ia L. s. str. Gynoecium is dimerous in Dianthus L.,
Gypsophila L., Herniaria L., Moehringia muscosa L.,
Paronychia, Saponaria L., Scleranthus annuus L., S.
perennis L., Vaccaria Wolf (now included in Gyp-
sophila s. .). In the trimerous gynoecium, the odd
carpel is posterior; in the dimerous gynoecium, car-
pels are always median (Eichler, 1878).

The ovary is septate during flower development
in most species (Bittrich, 1993b), but becomes uni-
locular at anthesis (sometimes only basally mul-
tilocular), with free-central placentation (only in
Paronychieae (Juss.) Dumort. the central column is
short, the ovule is often solitary and basal) (Eichler,
1878). During the flower development, septas are
dissolved from top to bottom, and sometimes the
basal part of the ovary remains septate (Bittrich,
1993b). In the ovary, synascidiate and symplicate
zones are present, the ovules in pluriovulate ovaries
may be inserted in both zones but in Paronychieae
the placenta is restricted to the synascidiate zone
(Bittrich, 1993b). Ovules in Sileneae DC. are nu-
merous, in Alsineae there are often only two ovules
per carpel; ovules are arranged in two series in each
carpel (Eichler, 1878; Bittrich, 1993b).

A. Capsule — fruit which occurs in most genera.
The capsule is often denticidal — it dehisces regu-
larly, incompletely, by teeth not more than one-fifth
of its length (Spjut, 1994) with various combina-
tions of dorsal and septicidal slits (Fig. 1A-R).

Classification of capsular fruits follows Kaden
(1965).
1. Syncarpous trimerous covered, dorsi-laterally
dehiscent — Alsine.
2. Hemi-lysicarpous.
1) pentamerous, enveloped, incomplete disjunc-
tive dehiscent — Viscaria;
2) trimerous, enveloped, incomplete disjunc-
tive-dorsally dehiscent — Silene;
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3) dimerous, enveloped, incomplete disjunc-
tive-dorsally dehiscent — Vaccaria.
3. Lysicarpous.

1) pentamerous, covered;
a) incomplete disjunctive-dorsally dehiscent — Cer-
astium, Dichodon (Bartl. ex Rchb.) Rchb. (except D.
viscidum (M. Bieb.) Holub [Cerastium dubium (Bas-
tard) Guepin], Myosoton Moench. (Stellaria s. 1.);
b) disjunctive dehiscent — Sagina nodosa (L.) Fenzl.,
Spergula (except Spergula arvensis L. subsp. linicola
(Boreau) Janch.);
c) indehiscent or rupturing — Spergula arvensis L.
subsp. linicola (Boreau) Janch.;

2) pentamerous, enveloped;
a) incomplete disjunctive dehiscent — Agrostemma,
Coronaria, Lychnis;
b) incomplete disjunctive-dorsal dehiscent — Mel-
andrium;

3) tetramerous, covered, disjunctive dehiscent —

Sagina procumbens L.;

4) trimerous, covered;
a) disjunctive dehiscent — Minuartia, Spergularia;
b) disjunctive-dorsal dehiscent — Moehringia, Stel-
laria;
¢) incomplete disjunctive-dorsal dehiscent — Arena-
ria, Dichodon viscidum (M. Bieb.) Holub [Cerastium
dubium (Bastard) Guepin], Holosteum Dill. ex L.;

5) trimerous, enveloped, incomplete disjunc-
tive-dorsal dehiscent — Elisanthe (Fenzl ex
Endl.) Rchb. (Silene s. L.);

6) dimerous, enveloped, incomplete disjunc-
tive-dorsal dehiscent — Dianthus, Gypsophila,
Saponaria.

B. Berry — fruit is trimerous in Cucubalus bacci-
fer L. [now mainly accepted as Silene baccifera (L.)
Durande] (Bittrich, 1993b). According to Kaden
(1965), C. baccifer has a lysicarpous trimerous cov-
ered capsule, indehiscent or rupturing. Morpholog-
ically, the fruit in C. baccifer resembles the capsular
fruit in Silene s. str.: it is trimerous, with free-central
placenta and gynophore. However, it has a fleshy
fruit wall, and is indehiscent. In the sectioned fruit,
the remnants of septas on the thin fruit wall are vis-
ible, as well as three free-central placentas (Fig. 2A,
B).

C. Nut (achene or utricle) — fruit lysicarpous
dimerous, enveloped, indehiscent in 10 species of
genera Herniaria, Scleranthus L., Paronychia cepha-
lotes (M. Bieb.) Besser, and Queria hispanica L.
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Fig. 1. Arrangement of dehiscence slits in fruits of Caryo-
phyllaceae (after Eichler, 1878), names of taxa are given
according to the original work. A: Agrostemma; B: Lychnis;
C: Spergula; D: Viscaria; E: Alsine; F: Bufonia; G: Melan-
drium vespertinum; H: M. sibiricum; 1. Malachium; K, L:
Arenaria; M: Cerastium; N: C. quaternellum; O: Stellaria;
P: Moehringia muscosa; Q: Silene; R: Dianthus. Sepals are
presented in figures surrounding the fruit; black circles in
the center of the capsule mark the carpels' tips
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BG, U3 - 5 5 : B AR

Fig. 2. Dissected fruits of Cucubalus baccifer [now mainly accepted as Silene baccifera (L.) Durande]
(Caryophyllaceae) (A, B) and Beta vulgaris (Chenopodiaceae) (C-F). A: fruit in longitudinal section; B: fruit in
transversal section, black arrows mark remnants of septas; C: indehiscent ripe fruit from the above; D: fruit in
longitudinal section; note the inferior ovary and curved embryo in seeds, circumscissile slit is marked with white
arrows; E, F: dehiscing fruit with radicle enforcing the lid to detach the base; ba — fruit base, cc — central column;
gp — gynophore, lid — fruit lid; pe — perigonium members; ra — radicle; se — seed. Scale bars 1.0 mm
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Chenopodiaceae Vent. [included in Amaranth-
aceae Juss. sensu APG IV (2016)] (20/124) — fruit
is a superior lysicarpous utricle (Kaden, 1965).
The fruit is a nut, utricle or achene, sometimes de-
hiscent, the pericarp is membranous. The fruit is
covered by persistent perianth, bracts, and bracte-
oles (the latter are accrescent and modified), often
dispersed in infructescences (Kithn, 1993). Spjut
(1994: 29) treated the fruit in Chenopodium L. as a
typical achene, a uni-seeded indehiscent fruit with
a pericarp contiguous to the seed. In Atriplex L. and
Salsola L., the fruit is interpreted as a diclesium, a
simple dry or fleshy achene-like or utricular fruit
covered with a dry accrescent fruiting perianthium
(Spjut, 1994). The ovary is unilocular, uni-ovulate,
with a basal ovule (Eichler, 1878).

According to Kaden (1965), fruits are classified
as follows.

A. Fruit tetramerous, covered with bracts —
Spinacia L.

B. Fruit dimerous.

1. Pyxidium covered with perigonium, dehiscing
with a circumscissile lid — Beta L. In Beta, the ova-
ry is almost inferior (Eichler, 1878; Volkens, 1893);
the fruit opens with a lid being forced to detach by
a germinating embryo (Volkens, 1893). The fruit
in Beta vulgaris L. was called by Spjut (1994: 53) a
catoclesium, a compound unit of indehiscent fruit-
lets enclosed by leaves, bracts or fused perigonium
parts. As it has been found earlier, the fruit in B.
vulgaris dispersed as a diaspore with a seed inside
(Fig. 2C-D); it dehisces during the germination of
the embryo (Fig. 2E, F). Therefore, we consider the
fruit of Beta vulgaris to be of a one-seeded basic
fruit type.

2. Fruit indehiscent, dry.

1) enveloped with perigonium — most genera
(Chenopodium, Kochia Roth (now included in Bas-
sia All.), Salsola s. 1., Suaeda Forssk. ex ]J.FE. Gmel,,
etc.);

2) covered — Corispermum L.;

3) enveloped by bracts — Atriplex, Ceratocarpus
L., Krascheninnikovia Gueldenst.;

4) semi-inferior, enveloped with a perigonium —
Halocnemum M. Bieb., Salicornia L.

Heteromorphy of fruits and seeds is widespread
in the family; it was reported in Atriplex, Chenopo-
dium, Suaeda, Salsola, Salicornia, and other genera
(Levina, 1957; Pijl, 1982; Kithn, 1993).

Droseraceae Salisb. (2/5) — Fruit is a paracarpous
superior 3-5-merous, covered, dorsally dehiscent
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capsule (Kaden, 1965). Fruit is a loculicidal capsule
(Spjut, 1994; Kubitzki, 2003a). Placentation is pa-
rietal, ovules are numerous. Aldrovanda vesiculosa
L. has 5-merous ovary, with 1-4-ovulate placentas
(Eichler, 1878); seeds are released underwater after
fruit rotting (Kubitzki, 2003a).

Frankeniaceae Desv. (Frankenia hirsuta L., F
pulverulenta L.) — a paracarpous superior 3-mer-
ous enveloped capsule, dorsally dehiscent (Kaden
1965). The fruit is a loculicidal capsule (Spjut, 1994;
Kubitzki, 2003b). Placentation is parietal, ovules are
numerous (Eichler, 1878).

Molluginaceae Bartl. (Glinus lotoides L., Mollu-
go cerviana (L.) Ser.) — superior trimerous syncar-
pous enveloped capsule, dorsiventrally dehiscent
(Kaden, 1965). The fruit is a loculicidal capsule,
placentation axile (Endress, Bittrich, 1993). Spjut
(1994) suggested that the fruit in Molluginaceae
is a septifragal capsule — capsular fruit, opened
incompletely along the dorsal sutures and break-
ing the septas near the persistent central columel-
la. In Mollugo cerviana the ovary is 3-locular with
3 sessile stigmas, ovules numerous, arranged in
two rows in each locule; the fruit is a loculicidal
3-valved capsule with persistent stamens and stig-
mas, enveloped by tepals (Maddala, Aluri, 2019). In
Glinus lotoides, the ovary is 5-locular with 5 sessile
stigmas, containing about 200 (182-242) ovules,
arranged in two rows in each locule; fruit is a lo-
culicidal 5-valved capsule with persistent stamens
and stigmas, enveloped by tepals. In both species,
the capsule opens when moistures; seed dispersal
is anemochorous, ombrohydrochorous, and hydro-
chorous (Endress, Bittrich, 1993; Sulakshana, Raju,
2018; Maddala, Aluri, 2019).

Montiaceae Raf. (Montia fontana L.) — a lysi-
carpous, trimerous, superior, covered, disjunctive—
ly dehiscent capsule (Kaden, 1965). Placentation is
free-central or basal; the capsule dehisces with three
involute reflexed valves, thus forcibly ejecting the
seeds (Carolin, 1993). The ovary is trilocular, with a
solitary ovule in each locule, attached to the central
axis; the fruit is a trivalvate capsule (Eichler, 1878).

*Nyctaginaceae Juss. (1/3; *Mirabilis L. s. L,
incl. Oxybaphus, 3 spp., Mirabilis nyctaginea (=
Oxybaphus nyctagyneus) is locally naturalized) —
The fruit is an achene or thin-walled nutlet envel-
oped by persistent perianthium base (anthocarp)
(Bittrich, Kithn, 1993). An anthocarp is treated as
a lower portion of a corolla-like calyx (Vanvinck-
enroye et al., 1993). The fruit is a typical diclesium,
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like in Basellaceae, according to Spjut (1994). The
gynoecium is monomerous, ovule one, basal, fruit
is achen-like, covered with the lower portion of co-
rolla forming "induvium" (anthocarpium) (Eichler,
1878). The researchers who studied flower develop-
ment suggested that an ovule in Nyctaginaceae is of
cauline origin (Sattler, Perlin, 1982) or, from anoth-
er viewpoint, of carpellate origin (Vanvinckenroye
etal., 1993).

*Phytolaccaceae R. Br. (Phytolacca acinosa Roxb.,
P americana L.). The fruit is a berry, aggregate or
syncarpous, depending on the degree of connation
between carpels. Carpels are more or less united,
styles free, ovary superior, ovule one per carpel,
fruits indehiscent (Rohwer, 1993). Apocarpy is con-
sidered to be a secondary condition in Phytolacca,
a kind of secondary "apocarpy" or "pseudoapocar-
py" (Rohweder, 1965; Eckardt, 1976). Spjut (1994)
identified the fruit in Phytolacca as a baccarium
— a berry derived from the schizocarpic gynoeci-
um consisting of fleshy-indehiscent fruitlets. In
P acinosa, carpels are almost free, 7-8 in number,
with persistent stylodia (Fig. 3A, B), while in P
americana there are 10 carpels; in both species car-
pels are fused laterally during the early flower de-
velopment (Ronse De Craene et al., 1997). There is
no difference between apocarpous and syncarpous
gynoecium at the initiation stage in this genus, but
later during the flower development, septas develop
differently in different species, forming more or less
united carpels; so there is no true apocarpy in the
genus (Zheng et al., 2015). According to Endress
(2011, 2019), the gynoecium of Phytolacca with
bulged ovaries is often misinterpreted as apocar-
pous, but really is a syncarpous gynoecium with
common transmitting tract to ovules. The ovule in
Phytolacca develops separately from carpellary tis-
sue on the floral apex, thus the placentation as axile;
the synascidiate zone is small compared to the sym-
plicate and asymplicate zones (Ronse De Craene,
2021). The increasing size of the floral apex may be
responsible for the spatial separation and loosening
of the connections between carpels, which appear
almost free.

Plumbaginaceae Juss. (5/26; including Arm-
eriaceae Horan. and Limoniaceae Ser.) — The fruit
is a dry membranous one-seeded achene, enclosed
in persistent calyx, dispersed by wind (Kubitzki,
1993). Sometimes the fruit is a capsule with cir-
cumscisisle or valvate dehiscence (Kubitzki, 1993).
The fruit is lysicarpous, superior, pentamerous,

pseudomonomerous (Kaden, 1965). According to
Spjut (1994), the fruit is a diclesium. The ovary is
unilocular, uni-ovular, with five antesepalous stylo-
dia; the ovule is basal, on a long funiculus curved
around the ovule (Eichler, 1875); it has been called
circinotropous ovule (De Laet et al., 1995). The gy-
noecium is always pentamerous, ovule solitary, ba-
sal (Kubitzki, 1993). The ovule is born on the floral
apex (with no touching to the carpel blades) (De
Laet et al.,, 1995), thus, the gynoecium was treated
as acarpellate sensu Sattler and Perlin (1982) and
Sattler and Lacroix (1988). The prominent obtura-
tor is formed on the base of the style downwards
into the ovary by meristematic activity of the inner
epidermis (Roth, 1977; De Laet et al., 1995).

A. The fruit is an indehiscent achene in *Cera-
tostigma plumbaginoides Bunge and most species of
Limonium Mill.

B. The fruit is a capsule which dehisces by an
apical lid in Goniolimon Boiss. or by basal circum-
scissile slit in Armeria (DC.) Willd. (Pax, 1889). In
Psylliostachys spicatus (Willd.) Nevski capsule is ir-
regularly dehiscent (Kubitzki, 1993).

Polygonaceae Juss. (11/101). The fruit is a lysi-
carpous superior nutlet, enclosed by fruiting per-
igonium (Kaden, 1965). The fruit is an achene,
trigonal in shape, achene is winged in Fagopyrum
Mill., Oxyria Hill, Rheum L.; the perigonium is per-
sistent and enlarged serving for dispersal in Fallopia
Adans. and members of the tribe Polygoneae Ea-
ton (Brandbyge, 1993). According to Spjut (1994),
the fruit is a diclesium. The ovary is unilocular,
uni-ovular, with 2-3 carpels, ovule is basal. The
fruit is an achene, wings are formed by the fruiting
ovary (Eichler, 1878).

Below, fruits of Polygonaceae are classified ac-

cording to Kaden (1965).

A. Fruit trimerous, covered with a perigonium
— Fagopyrum.

B. Fruit trimerous, enveloped — Atraphaxis

frutescens (L.) K. Koch, Bistorta officinalis Delarbre,
Bistorta vivipara (L.) Delarbre, Fallopia convolvu-
lus (L.) A. Love, Fallopia dumetorum (L.) Holub,
Koenigia alpina (All.) T.M. Schust. & Reveal, Polyg-
onum arenarium Waldst. & Kit., P aviculare L., P
neglectum Besser (=Polygonum aviculare L. subsp.
neglectum (Besser) Arcang.), P. patulum M. Bieb., P.
salsugineum M. Bieb., Rumex L., Rheum.

C. Fruit dimerous, enveloped — rest of spe-
cies: Atraphaxis replicata Lam., Oxyria digyna (L.)
Hill, Persicaria Mill. (P. orientalis (L.) Spach, P
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Fig. 3. Dissected fruits of Phytolacca acinosa (Phytolaccaceae) (A, B) and cleistogamous fruit of Portulaca oleracea
(Portulacaceae) (C-E). A: fruit in longitudinal section; B: fruit in transversal section; C: fruit covered with sepals; D: fruiting
ovary with deleted sepals; E: longitudinal section of the fruiting ovary; the circumscissile slit (and sepal bases) is marked with
white arrows; cc — central column; re — receptacle; se — seed. Scale bars 1 mm

lapathifolia (L.) Delarbre, P. amphibia (L.) Delarbre,
P. diospirifolia (Cham. & Schltdl.) Funez & Hasse-
mer, etc.).

Portulacaceae Juss. (Portulaca oleracea L., *P. gran-
diflora Hook.) — capsule lysicarpous trimerous
semi-inferior, unilocular, many-seeded, envel-
oped by calyx, circumscissile dehiscent (Kaden,
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1965). Placentation is free-central or basal (Caro-
lin, 1993). Fruit is a pyxidium (Roth, 1977; Spjut,
1994). Eichler (1878) reported 4- or 5-carpellate
ovaries in P. oleracea and the polymerous (with 8
carpels) ovary in P. grandiflora. Roth (1977) de-
scribed the anatomy of the dehiscence line in P
oleracea. She revealed that basal portion of capsule
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(sunken into hypanthium) is rigid and lignified
while the lid is relatively thin. The dehiscence
zone occurs along the line of mechanical weakness
composed of thin-walled parenchyma. The lid sep-
arates from the capsule base due to the pressure
caused by growing seeds (Roth, 1977). According
to our personal observations, flowers of P. oleracea
found in Lviv City are often cleistogamous, dehisc-
ing with a lid being covered by a closed perian-
thium (Fig. 3C-E). The sepals are attached to the
ovary at the level of dehiscing.

Tamaricaceae Link (2/8, including a new spe-
cies in the flora of Ukraine Tamarix laxa Willd.:
see Bronskov, Bronskova, 2024). The fruit is a
paracarpous superior 3-4-locular covered cap-
sule, dorsally dehiscent (Kaden, 1965). The fruit
is a loculicidal capsule (Eichler, 1878; Spjut, 1994;
Gaskin, 2003). Carpels (2)3-4(5), ovary unilocu-
lar, sometimes almost plurilocular; placentation
parietal, basal or parietal-basal; calyx persistent
in fruit (Gaskin, 2003). In Myricaria Desv., there
are three carpels, in Tamarix L., the ovary can also
be 4-, 2- or 5-carpellate, ovules are numerous, ar-
ranged basally on parietal placentas; in Tamarix,
placentas are fused together at the bottom of the
ovary (Eichler, 1878).

Order SANTALALES

Loranthaceae Juss. (Loranthus europaeus Jacq.). The
fruit is an inferior one-seeded berry, crowned with
a calyx which is reduced to the calyculus (Kuijt,
Hansen, 2015a, 2015b). The ovary is inferior, tricar-
pellare, solid, with 1-6 embryo sacs inside (Eichler,
1878). Carpels 3-4; ovary is unilocular, with 4-12
ovules embedded in the basal tissue of the ovary
(Takhtajan, 2009). The placenta is missing, arches-
porial cells develop in the subepidermal layer of the
ovary bottom (Eames, 1961). The viscid layer is lo-
cated outside the vascular bundles of the fruit wall
(Teryokhin, 1977).

Santalaceae R. Br. (3/11) — fruits inferior, one-
seeded (Kuijt, Hansen, 2015a, 2015¢). Ovary infe-
rior, bicarpellate, solid, with one central orthotrop
ovule inside (Eichler, 1878). Gynoecium is sup-
posed to be lysicarpous, with free-central or re-
duced placentas (Teryokhin, 1977).

A. Inferior paracarpous (pseudomonomerous)
dry drupe — Thesium L. (Kaden, 1965). The fruit
is a small nutlet with conspicuous surface vena-
tion, petals persistent, calyculus absent, the ovule
is attached to the tip of the convoluted funiculus

(Kuijt, Hansen, 2015¢). In many Thesium species,
the elaiosome is formed from the pedicel and
the base of the ovary adapting fruit for myrme-
cochory; fruit is a nutlike achene or fleshy drupe
(Garcia et al., 2024). The gynoecium is composed
of (2)3(5) carpels, the ovary is superior to infe-
rior, completely uni-locular or with basal septa,
with straight or spirally coiled free-central placen-
ta bearing 1-4, less often 4-5 pendulous ovules.
Ovules are well-developed (Eames, 1961).

B. Inferior paracarpous (pseudomonomerous)
fleshy fruit, bacca (inferior berry) — Arceutobi-
um oxycedri (DC) M. Bieb. and Viscum L. (Kaden,
1965; Spjut, 1994). Carpels 3-4, fruit is 1-2 seeded
berry (Takhtajan, 2009). Since fleshy fruit of Visce-
ae does not consist only of carpel tissue (ovary is
inferior), it is not a true bacca, but rather a pom-
aceous fruit (pyrenarium with several stones), or,
alternatively, it was proposed to denominate such
fruit a "viscidio" in allusion to the presence of the
viscin layer, which is exclusive for this group of
plants (Polli et al., 2016). The fruit contains a seed
lacking testa, surrounded by endosperm and vis-
cid layer, which is located inside the vascular bun-
dles of the fruit wall (Fig. 4A) (Teryokhin, 1977).

In Arceutobium M. Bieb., the placenta is re-
duced to a central massive bulge, with two or more
ategmic ovules inside (nucellus undifferentiated)
(Eames, 1961). In the Arceuthobium fruit, peri-
anth members are two; the remarkable explosive
dehiscence of fruits occurs, in which the minute,
bullet-shaped seed may be shot away for 20 m or
more. In nature, the Arceuthobium fruit recurves
when mature and the seed is expelled upwards
through its base (Kuijt, Hansen, 2015d). In Ar-
ceuthobium oxycedri, the proximal part of the fruit
is light-green, and the distal part is dark-green;
the dispersed seeds are ballistic and ornitochorous
(Krasylenko et al., 2017).

In Viscum album L., the placenta is missing,
archesporial cells develop in the subepidermal lay-
er of the ovary bottom (Eames, 1961). The fruit a
1(2)-seeded berry, predominantly white, with green
endosperm; the seed is surrounded by a massive
layer of viscin (Kuijt, Hansen, 2015d). According to
our own observations, the fruit in V. album is spher-
ical, inferior, and white, with green endosperm and
embryo inside (Fig. 4B-D). In the fruit treated with
phloroglucinol and chloride acid, a positive reac-
tion for lignin in the inner zone of the fruit wall was
revealed (Fig. 4D). This test indicates that the fruit
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Fig. 4. Fruit structure in Santalaceae (A-F). A: fruit inner structure in Arceuthobium oxycedri (from Teryokhin, 1977: 151);
B-F: fruit in Viscum albumj; B: berry-like one-seeded inferior fruit with scars of four perianth members, viewed from above;
C: fruit central part released from viscid layer, green endosperm is visible, covered with whitish "endocarp"; D: longitudinally
sectioned fruit treated with phloroglucinol and chloride acid, positive reaction for lignin in thin "endocarp"” zone is evident;
E: lignified cells on the sectioned endocarp and endosperm; F: lignified endocarp; ec — endocarp; em — embryo, es —
endosperm, vb — vascular bundle, vi — viscid layer. Scale bar 1 mm (B-D); 100 mkm (E), 50 mkm (F)

has a thin lignified "endocarp” composed of a few
layers of elongated cells arranged in different di-
mentions (Fig. 4E, F). The external cell walls of en-
dosperm are also lignified (Fig. 4E). Therefore, we
suggested that the fruit in V. album is a one-seed-
ed berry-like pyrenarium (one-seeded basic fruit
type), not a true berry.
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Discussion

Morphogenetic characteristics of fruits

According to the concept of morphogenesis of the
fruit (Odintsova, 2022), we distinguish pre-anthe-
tic and post-anthetic stages in the morphogenesis
of the fruit. From this viewpoint, characteristics of
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the gynoecium of an anthetic flower are regarded
as characteristics of the fruit at the pre-anthetic
stage. The gynoecium in members of Caryophylli-
dae in the flora of Ukraine can be 2-, 3-, 4-, 5-me-
rous, or polymerous. The most common condition
is a trimerous syncarpous gynoecium, found in 11
families. The pentamerous condition of the gyno-
ecium (isomerous to the perianthium) is found in
Aizoaceae, Caryophyllaceae, Droseraceae, Plumba-
ginaceae, and Tamaricaceae, while the polymerous
gynoecium (with 8-10 carpels) appears only in taxa
of Phytolaccaceae. The true monomerous gynoe-
cium is found in Nyctaginaceae; it develops into a
monocarpous fruit sensu Leins and Erbar (2010).
Pseudomonomerous one-seeded fruits developing
from the oligomerous gynoecium are typical for
Amaranthaceae s. str., Chenopodiaceae, Polygona-
ceae, Plumbaginaceae, Basellaceae, and some Cary-
ophyllaceae. Most taxa of Loranthaceae and Santala-
ceae also have the uni-ovulate gynoecium; however,
their structure is not typical because of the absen-
ce of discrete ovules. The number of ovules varies
from many (Cactaceae, Caryophyllaceae) to one per
carpel (Montia, Phytolacca) or one per ovary (Ama-
ranthaceae, Basellaceae, Chenopodiaceae, Plumbagi-
naceae, Polygonaceae).

Within Caryophyllaceae, members of the earli-
est-diverging clade reconstructed from molecular
phylogeny (Greenberg, Donoghue, 2011) are inferred
to have had one-seeded, indehiscent or irregularly
dehiscent fruit (utricle), like those found in Amaran-
thaceae. The evolution of capsular fruits is inferred to
have taken place along the branch subtending a clade
that includes Sperguleae (mostly containing former
members of Paronychioideae) and the remainder of
Caryophyllaceae. This part of the family having cap-
sular fruits and some other morphological synapo-
morphies was referred to as Plurcaryophyllaceae A.K.
Greenberg and M.J. Donoghue (2011).

Apocarpous aggregate gynoecia and fruits have
not been found in the representatives of subclass
Caryophyllidae in the flora of Ukraine. However, in
Phytolacca acinosa the gynoecium is considered to
be secondary apocarpous (a syncarpous gynoecium
with reversal to the mininized carpel fusion). The
reduced connection between carpels may also have
facilitated the transition to a single carpel in close
relatives, as it has evolved in Petiveriaceae C. Agardh
and Nyctaginaceae (Ronse De Craene, 2021).

The inferior ovary occurs in the taxa of Aizoaceae
and Cactaceae cultivated and escaped in Ukraine,

as also in parasitic Loranthaceae and Santalaceae.
In Beta (Chenopodiaceae) the ovary is almost in-
ferior, too (Eichler, 1878); it is weaky inferior in
Paronychia (Caryophyllaceae) or semi-inferior in
Portulaca (Portulacaceae). These families are not
closely related, and for that reason we suppose the
inferior ovary in these families could have evolved
independently.

The syncarpous multi-locular gynoecium with
an axile placenta is characteristic for Aizoaceae,
Molluginaceae, and Phytolaccaceae. The gynoecium
is paracarpous and unilocular with parietal placen-
tation (or derived placentation) in Cactaceae, Dros-
eraceae, Frankeniaceae, and Tamaricaceae. The lysi-
carpous multi-ovulate gynoecium with free-central
or basal placentation is found in Caryophyllaceae,
Montiaceae, and Portulacaceae. The unilocular
pseudomonomerous gynoecia of Caryophyllales are
often regarded as lysicarpous, with a basal placenta
and reduced ovule number. Basal placentation is re-
garded to be a derived state from axile placentation
in the gynoecia with reduced ovule number.

One of the synapomorphic characters of Caryo-
phyllales is the absence of septas in the pluricarpel-
late gynoecium (Bittrich, 1993a; Takhtajan, 2009).
Septas can be partly reduced in the upper portion
of the ovary or totally reduced from the ovary base
to the top. The placentation is transformed from the
axile (if septas are present) to free-central or (sub)
basal (if septas are missing and the ovule number
is low or reduced to one). This condition appears,
for example, in Cucubalus baccifer and other Car-
yophyllaceae. The free-central placentation almost
exclusively occurred in the superasterid clade, while
in basal clades of angiosperms, and in rosid and
monocots, it is rare (Shivaprakash, Bawa, 2022).

Fruits in Santalaceae and Lorantaceae are
one-seeded and the fruit wall is presumably fleshy, so
most researchers consider them berry-like. If the lig-
nified cell layers are considered to be the endocarp,
the fruit should be named a pyrenarium. The ligni-
fied thin endocarp was found in Viscum fruits pre-
viously, for the first time, probably by Gjokic (1896),
later also by Von Grazi and Urech (1981), Godschalk
(1983), and de Almeida et al. (2023); the authors of
the two latter publications insisted that the seed coat
is absent. Consequently, it is most evident the origin
of lignified tissue from the fruit wall (endocarp) but
not from the rudiments of the seed coat.

There is a great diversity of dehiscence of cap-
sular fruits in Caryophyllales. It can be dorsal
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Table 1. Distribution of the basic fruit types in the families of Caryophyllidae in the flora of Ukraine

Basic fruit type

Families representing this fruit type

Capsule

Tamaricaceae
Berry-like fruit

One-seeded fruit

Loranthaceae, Santalaceae

Aizoaceae, Amaranthaceae (most species), Caryophyllaceae (most species), Droseraceae, Frankeniaceae,
Molluginaceae, Montiaceae, Plumbaginaceae (Armeria, Goniolimon, Psylliostachys), Portulacaceae,

Cactaceae, Caryophyllaceae (Cucubalus baccifer), Phytolaccaceae

Amaranthaceae (Amaranthus), Basellaceae, Caryophyllaceae (Herniaria, Paronychia, Queria,
Scleranthus), Chenopodiaceae, Nyctaginaceae, Plumbaginaceae (Ceratostigma, Limonium), Polygonaceae;

(loculicidal), dorsi-ventral, dorsi-lateral, disjunctive
(i.e. septicidal in the unilocular gynoecium without
septas), disjunctive-dorsal, transversal (circums-
cissile), or irregular (rupturing). The longitudinal
slits can be short (denticidal capsule in many Car-
yophyllaceae) or as long as the fruiting ovary. The
capsular inferior and semi-inferior fruits are found
in Aizoaceae and Portulacaceae, with dehisce above
the bases of sepals. In Aizoaceae, the longitudinal
dehiscence occurs, while in Portulacaceae the trans-
versal slit is formed at the level of sepal bases. The
same condition appears in Beta vulgaris with one
seed inside. According to our classification of vari-
ants of the location of dehiscence slits in the inferi-
or fruits (Odintsova, 2016), we can call this variant
a suprasepalous dehiscence. The opposite condition
was found in Onagraceae, where dorsal slits are
formed along the fruiting ovary beneath sepal bas-
es (i.e. infrasepalous) (Odintsova, 2016). Suprase-
palous dehiscence occurs in the carpellary tissues,
without engagement of the complex tissue of the in-
ferior ovary wall; and it is regarded to be an ances-
tral condition compared to the infrasepalous one.

Functional characteristics of fruits

Among Caryophyllidae of the flora of Ukraine, se-
veral functional fruit types have been found. Berries
and one-seeded fruits are indehiscent diaspores, de-
veloping adaptations for dispersal as a whole unite,
while capsular fruits release naked seeds which de-
monstrated dispersal adaptations as separate units.

Most capsular fruits of Caryophyllales have a
xerochastic trigger for opening the fruit during des-
iccation. Aizoaceae and Molluginaceae are known
to have a hygrochastic dehiscence, and their cap-
sules open suddenly, which is very characteristic of
plants in arid conditions (Roth, 1977). Many Caryo-
phyllaceae have fruits that open incompletely, which
is characteristic of ballistochores, keeping the seed
container almost intact (Pijl, 1982).
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According to Fedoronchuk and Didukh (2002),
most Caryophyllaceae have small seeds dispersed
by wind; the second most common dispersal mode
is barochory, while endozoochory, mirmecocho-
ry, epizoochory, and other modes are rare. In that
study, ballistochory was obviously regarded in the
category of anemochory, as well as tumbleweeds
(Gypsophila, some Silene species). Ballistochorous
plants can disperse by seeds or by one-seeded fruits
(Polygonum). The first variant is known as the Car-
yophyllaceae-type of dispersal of ballistochores and
the second variant as the Apiaceae-type (Levina,
1957).

One-seeded fruits of Caryophyllales are most-
ly autochorous and anemochorous, and small.
Anemochores have fruits winged with attached
wings derived from bracts (Atriplex, Ceratostigma),
perianth (Anredera), or pericarp (Polygonaceae).
There are no anemochorous one-seeded fruits with
hairy diaspores. Anthocarps of Nyctaginaceae can
be dispersed by various agents: animals, wind, or
water (Bittrich, Kithn, 1993).

Berry-like fruits of Caryophyllales and Santalales
are dispersed by birds (Pijl, 1982). The fruits are
usually red, black, purple, green, yellow, or white.
Among representatives of Santalales, it is related
with parasitism on tree branches (Krasylenko et
al., 2019). There are no parasites with small seeds
among woody plants of Santalales, while fruits in
herbaceous Thesium species are dispersed mostly by
ants (Garcia et al., 2024), and in Arceuthobium oxy-
cedri they are dispersed ballistically.

Distribution of basic fruit types among
Caryophyllidae

Only limited morphological diversity of fruit types
in the representatives of Caryophyllidae was found
in Ukraine (Table 1), compared with monocots and
rosids, where five and seven basic fruit types were
revealed (Odintsova et al., 2021; Odintsova, 2023a).
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Fig. 5. Number of taxa of the subclass Caryophyllidae of the
flora of Ukraine having basic fruit types, a capsule, berry,
and one-seeded fruit. A: families; B: genera; C: species

Within Caryophyllidae, there was no gynoecium
with postgenital carpel fusion found, and the me-
rosity of the gynoecium is various; the condition is
quite different from the monocot's gynoecium with
a widespread intermediate degree of carpel fusion

and trimerous condition (Odintsova et al., 2022).
Comparing to Rosidae (Odintsova, 2023a), there
were no multi-follicles, multi-seeded monocarps,
multi-seeded pyrenaria, schizocarps, and articulate
fruits found.

The three largest (in terms of species numbers)
families of Caryophyllidae in the flora of Ukraine,
Caryophyllaceae, Chenopodiaceae, and Polygonace-
ae, together compose 77 genera and ca. 434 species
that is 75% and 83% of genera and species richness,
correspondingly. Among them, Caryophyllaceae
have mostly capsular fruits, while Chenopodiaceae
and Polygonaceae have one-seeded dry fruits. Sev-
eral basic types of fruits were found in Amaranth-
aceae, Plumbaginaceae (capsular and one-seeded
indehiscent fruit), and Caryophyllaceae (capsule,
berry, and one-seeded indehiscent fruits).

Several fruits within Caryophyllidae could be
equivocally classified. In the first case, the fruits in
Amaranthaceae, Chenopodiaceae (Beta) and Plum-
baginaceae are one-seeded and sometimes dehisce
regularly or irregularly (utricle), or are indehiscent.
Thus, transitional stages from capsular to dry inde-
hiscent one-seeded fruits (achene or nut) appear,
which can be found even in a single genus. The
second case is the syncarpous fruit in Phytolacca
acinosa with a reversion to minimal carpel fusion.
This fruit can be alternatively treated as an aggre-
gate berry-like fruit; however, the derived character
of apocarpy is confirmed. In the third case, fruits
in Santalaceae and Lorantaceae are usually classi-
fied as berries or, according to our viewpoint, as a
one-seeded pyrenarium because of the presence of
the reduced stone in Viscum album.

The capsular fruits occur in the representatives
of ten families, and the one-seeded fruits in nine
families of Caryophyllidae (Fig. 5A). At the level of
generic diversity, capsular fruits are the most nu-
merous (57 genera versus 44 genera with one-seed-
ed fruits) (Fig. 5B). In contrast, at the species level,
one-seeded fruits are most numerous, but the num-
ber of species with capsular fruits is also very high
(Fig. 5C). The carpological spectrum of the Caryo-
phyllidae in the flora of Ukraine is pointed out by
the predominance of two basic types of fruits —
capsular and one-seeded, with some taxa equivocal-
ly classified as having one or another type of fruit.

Berry-like fruits of the Caryophyllidae in the flora
of Ukraine are uncommon; they were found only in
four species of three families. According to the resent
comprehensive research (Lorts et al., 2008), plants of
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tropical forests mostly have fleshy fruits dispersed by
animals, while plants inhabiting plains and prairies
(open arid habitats) often have capsules and achens
dispersed by wind. This is actualized by the preva-
lence of dry fruits in Caryophyllidae. The prevalence
of capsular and one-seeded fruits within Caryophyl-
lales and Santalales has support from the nuclear
phylogeny as a realization of the most frequent ova-
ry-fruit "modules” — syncarpous multi-ovuled and
syncarpous one-ovuled ones (Xiang et al., 2024). In
xerophytic Caryophyllidae, both modules are imple-
mented in dry fruit variants, capsule and achene.
Summarizing the data on fruit morphologi-
cal diversity patterns in Caryophyllidae (present
study), Rosidae (Odintsova, 2023a), and monocots
(Odintsova et al., 2021; Odintsova, 2023b), we re-
vealed quite different carpological spectra for all
these groups. In monocots, one-seeded fruits are
most numerous at the species level, too (Odintso-
va, 2023b), while in Rosidae, the capsular fruits are
the most numerous (Odintsova, 2023a). In Rosidae,
the prevalence of capsular fruits is twice more over
one-seeded fruits, and in monocots one-seeded
fruits prevail two times over the capsular fruits.

Conclusions

Poor morphological diversity of basic fruit types
within the subclass Caryophyllidae is related with
the low species richness of this subclass in the Uk-
rainian flora (about 520 species). The most speci-
es-rich family Caryophyllaceae has capsular fruits
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Mopdonoriunmii i TaKCOHOMIYHMII aHATI3 IIOXIB y
npeacTaBHUKIB migknacy Caryophyllidae prnopu Ykpainu
A.B. OIIHIIOBA

JIbBiBCHKMII HallioHaIbHUI YHiBepcuTeT iMeHi IBana dpanka,
By [pymescpkoro 4, JIpgiB 79005, Ykpaina

Pedepar. [Tinxmac Caryophyllidae e mapacdineTn4HO IpyIo0 y CKIai CylepacTepu, il TAKCOHOMIYHMIT CKIaf; 6yB CyT-
TEBO 3MiHEHMII 32 MOJIEKY/LIPHO-(QiTOreHeTMYHIMM JaHUMI. Y CTaTTi IpoaHai3oBaHo iHdopMalio mpo Mopdooriyne
Pi3HOMAHITTSA IJIOAIB Ta CTPYKTYPY riHeneto y npenctaBHUKIB Caryophyllidae y dnopi Ykpainn. Cepern Caryophyllidae pos-
misHaHO Tpu 6a30Bi TUIIN IUIOAIB: KOpO6YAcTi, ArOFONOKiOHI Ta OfHOHACIHHI. B aHOTOBaHOMY Iepeniky MOpQOIOriYHNIX
TUIIB IUTOAIB [/Is1 KOKHOI POAVHI 3a3HAYEHO XapaKTePUCTUKM Ta MOP(OIOTidHy Pi3HOMAaHITHICTD IUIOAIB STiTHO 3 PI3HNMU
mxepenamu. IIpoaHanisoBaHO HasABHICTb aIIOKAPITHYX IUIOAIB, HVDKHIX IVIOAIB, TUIM IUTAL[eHTALil, a TAKO>K (PYHKI[iOHa/TbHi
TUIN TIOAIIB, MPUCTOCOBAHNUX JIO aBTOXOpii, 6amicToxopii, aneMoxopii, opHiToxopii. Kaprnonoriunmii criektp 6a30Bux Tu-
IiB IUIOiB Ha PiBHiI POAVMHM, POAY Ta BUAY CBilYMTH IIPO 3HAYHE NOIIMPEHHSA KOpO6YacTuX Ta OFHOHACIHHMX IIORIB (3
HEBE/IMKIM IlepeBaXaHHAM OJHOHACIHHIX IUIOIB Ha BUJOBOMY PiBHi), IPM [IbOMY SrOROMOAIOHI IUIOAM BUSIB/IEH] e y
YOTUPHOX BUJIIB.

KmouoBi cmoBa: Caryophyllales, Santalales, BepxHs 3aB’s13b, TiHerell, MOPQOJIOTisl, OTHOHACIHHUI TN,
TIOIIePeYHO-PO3KPUBHA KOPOOOUKA, IIeHTPATbHO-KOTOHYACTA ITAL{eHTallis
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